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About KiWiZ 

 
Dear reader, 

What exactly represents KiWiZ and how did this develop during the past years? 

Reading about KiWiZ, the Kiel Center for Marine Natural Products, may give various 

impressions and expectations in your mind. In order to provide information on history 

and activities of KiWiZ we have written this brochure. 

The idea for KiWiZ was born in summer 2004 at a local meeting to 

announce the programme on “Sea our Future” of the state Schleswig-

Holstein. After several discussions, a project proposal was submitted 

and despite the change of the government in Kiel in 2005 the project 

was granted and started in December of the same year. The project was 

named “Zentrum für Marine Wirkstoffforschung im IFM-GEOMAR 

Kiel”. The project funding was first for 2 years and aimed to install the 

basic structures such as laboratories and scientific equipment and 

second for 3 further years until December 2010. Due to generous 

sponsoring by a local industrial partner from Schleswig-Holstein, the 

project generated its own logo and homepage in 2007. It changed its 

name to “Kieler Wirkstoff-Zentrum KiWiZ am IFM-GEOMAR” (Kiel 

Center for Marine Natural Products at IFM-GEOMAR). 

The KiWiZ project essentially was a research activity of the Research 

Unit Marine Microbiology within Research Division 3 of IFM-

GEOMAR and followed two previous research projects on marine 

natural product research. Other activities of Marine Microbiology were 

related with deep sea hot vent and cold seep microbiology and with 

various aspects of marine microbial diversity including the development 

of functional gene approaches to study microbial communities and the 

diversity of functional groups such as nitrifyers, sulfur oxidizers and 

photosynthetic bacteria. During the KiWiZ project time, additional 

research projects followed and extended the KiWiZ activities. In the 

public they were promoted and perceived as projects and activities of 

KiWiZ, though they were formally projects of IFM-GEOMAR and later 

GEOMAR with principal investigators from the small Marine 

Microbiology Research Unit. The KiWiZ was established with a slender format having 

a single head and multidisciplinarity at the scientist level. You may keep this in mind by 

reading this brochure. 

I hope you enjoy the following short outlines on marine natural products in general and 

on KiWiZ in special. 

Yours faithfully, Johannes F. Imhoff 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marine fungi are potent producers of biological active natural products. They form 

fascinating structures and have mycelia with manifold and characteristic sporangia and 

spores. The figure shows a colony of the fungus Auxarthron conjugatum (upper left) and 

ascospores of this fungus (lower left) and formation of chlamydospores of an unidentified 

marine fungus (right). 
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Mission and Aims 

KiWiZ is a platform for natural product research specifically from marine 

microorganisms covering aspects from the habitat to the hit for drug candidates and 

aims to include research on ecological aspects of natural products as well as on their 

biotechnological production. It essentially studies the biology and chemistry of 

marine natural products and their producers, marine bacteria and fungi. The 

exploration of the marine microbial biodiversity with respect to natural products, the 

development of methods for their biotechnological production with minimised risks 

for nature and man as well as their sustainable use is considered by KiWiZ. 

 

The focus of the KiWiZ at GEOMAR is on identification, production and promotion of 

new natural products from marine microbial sources and the investigation of their 

biological activities and ecological function. Studies of the KiWiZ include all aspects 

from sampling, isolation and identification of the microorganisms in order to describe 

biodiversity, their preservation in culture collections, revelation of genomic potentials, 

as well as the extraction, purification, structure elucidation and characterisation of 

natural products from the cultured bacteria and fungi in order to describe and 

understand chemodiversity of marine microbes. In addition, optimisation of production 

conditions and scale up to a pilot scale for biotechnological production of bioactive 

natural products are considered as part of a sustainable approach for marine 

biotechnology. The research of KiWiZ relies on the extremely high diversity of marine 

microorganisms either newly cultured with special intention or contained in the large 

culture collections of KiWiZ containing marine bacteria and fungi covering more than 

15.000 isolates, with a high proportion of new and unknown taxa. Important aspects 

became the growing panel of biological assay systems, in which suitability for specific 

applications is tested and the establishment of a substance library of pure marine natural 

products. With its unique setup and resources, the KiWiZ has developed into an 

excellent scientific centre on new natural products from marine microorganisms, being 

operated by an interdisciplinary team of scientists. Basic aspects on biology and 

chemistry of marine natural products as well as applied research topics are considered. 

It is a research platform for studies on the biology and chemistry of marine natural 

products and offers continuous supply from marine microbial sources into early drug 

discovery.  

With its expertise in marine natural product research, KiWiZ represents a significant 

aspect of the marine biotechnology in Schleswig-Holstein, Germany and Europe. The 

KiWiZ is engaged in partnerships with local, national and international academic 

research facilities and commercial enterprises to promote natural products to the market 

for pharmacy, cosmetics, plant protection and food development.  
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Challenges of Marine Natural Products and Marine 

Biotechnology 

The need for novel substances for the treatment of severe human diseases such as 

cancer, microbial infections and inflammatory processes, combined with the recognition 

that marine organisms provide a rich potential source of such substances supported the 

intensive search for new substances from marine organisms during the past decades. 

The remarkably high hit rates of marine compounds in screening for drug leads makes 

the search in marine organisms highly attractive. Natural products in general play an 

important role in the development of drugs. Covering the period from January 1981 to 

the middle of October 2008 68% of anti-infectives (antibacterial, antifungal, 

antiparasitic and antiviral) and 63% of drugs used in the cancer treatment were naturally 

derived (Cragg et al., 2009).  

The oceans are the largest ecosystem on earth. They cover more than 70% of its surface 

and contain almost 80% of species on earth. Thus the oceans bear most of biodiversity 

on earth, the greatest part of which is still unknown. In addition, marine samples reveal 

a much higher hit rate for antitumor and antibiotic activities. These are very good 

reasons to intensively study and explore marine biodiversity for new drug candidates. It 

is now well recognised that in particular the diversity of chemical structures from 

marine and microbial sources is the greatest (Grabowski et al., 2008). Therefore, it is 

expected that in the future the major part of this pipeline will be filled from substances 

of microbial origin. 

During the past decades, numerous advances in the marine natural product research led 

to a number of substances of marine origin being on the market as drugs or in advanced 

stages of the drug pipeline. The highlights of marine natural products in the pipelines of 

pharmaceutical products are summarised in several recent reviews (Imhoff et al., 2011; 

Mayer et al., 2010; Gerwick and Moore, 2012). 

Quite astonishingly, the immense diversity of microbes in the marine 
environments and their almost untouched capacity to produce natural products, 
and therefore the importance of microbes for marine biotechnology was realised 
on a broad basis by the scientific communities only recently. This has 
stimulated world wide research activities dealing with the exploration of marine 
microorganisms for biotechnological applications, which comprise the 
production of bioactive compounds for pharmaceutical use, as well as the 
development of other valuable products, such as enzymes, nutraceuticals and 
cosmetics. 
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Scientific Background – why Marine Natural Compounds? 

The marine ecosystems are largely unexplored, understudied and underexploited in 

comparison with terrestrial ecosystems and organisms. Hence, the potential for 

discovering new taxa, new structures and new bioactivities is very high.  

Highlights in Marine Natural Product Research 

Over the late decades of the last century, studies on marine natural products largely 

involved the collection of organisms from the sea, their extraction and the analysis of 

these extracts. Numerous new compounds have been isolated and many were found 

with interesting biological activities, most of which were described from sponges, corals 

and other marine invertebrates. However, the application of many promising substances 

was hampered by disappointing difficulties regarding reproduction and scale up. In 

addition, problems to supply sufficient amounts of the pure substances limited further 

progress in many cases. Recovery rates of substances such as halichondrin, 

ecteinascidin or bryostatin of less than 1 g from a ton of marine organisms as well as 

widely unsolved problems with the mariculture of most marine macroorganisms made it 

extremely difficult to produce substances in amounts sufficient for further studies (for 

review see Molinski et al., 2009 and Mayer et al., 2010). Only few marine natural 

products, for which alternative production processes became available, entered 

preclinical or clinical trials. For the current pipeline of marine natural products and for a 

comprehensive discussion of the success stories see Imhoff et al. (2011). 

Marine microorganisms came into focus of natural product research only recently. 

Though microorganisms from terrestrial sources have been in focus for many decades 

already, for some unknown reasons microorganisms from the sea have been largely 

neglected for a long time. Besides pioneering work from the group of W. Fenical, 

systematic approaches to use marine microorganisms for biotechnological purposes and 

drug development were initiated only quite recently. Today it is realised that marine 

microbes represent an incredible huge reservoir of so far unknown bioactive substances.  

 

Examples of current highlights of marine natural products on the market or in advanced 

stages of the clinical pipeline. A) Salinosporamide A, B) Trabectin (Yondelis®). 

A B 
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Marine Microbial Biodiversity 

The oceans bear an almost unbelievable large diversity of microorganisms (DeLong, 

2007). Marine microorganisms inhabit all kinds of available niches from the polar ice to 

hydrothermal vents, from the deep biosphere to mangrove forests and from the 

oligotrophic open ocean waters to polluted coastal waters and sandy beaches. A 

particularly attractive ecological niche for many microorganisms is the surface of 

macroorganisms such as algae, sponges, fishes, and corals. In numerous cases, bacteria 

and other microbes live in close association with higher organisms and form mutalistic 

or symbiotic relationships. It is realistic to assume that today we know less than 0.1 %, 

probably only 0.01 % (Simon and Daniel, 2010) of all microbes in the oceans. More and 

more evidence is accumulating on a habitat-specific composition of microbial 

communities. This includes for example specific differences in communities found on 

the surface of different algae (Lachnit et al., 2009), between different parts of the 

phylloid and rhizoid of a single alga species Saccharina latissima (synonym Laminaria 

saccharina) (Staufenberger et al., 2008), and between cortex and inner part of the 

sponge Tethya aurantium (Thiel et al., 2007). 

Recent molecular approaches on the analysis of marine metagenomes have revealed a 

large number of phylogenetic lines of so far uncultured groups of bacteria and archaea 

(DeLong et al., 2006; Simon and Daniel, 2009). In addition, in the recent past a 

remarkable large number of newly described bacterial and archaeal taxa are of marine 

origin. Most important, we can hardly imagine the biotechnological potential of the 

cultured and even less of the uncultured and unknown microbes still hidden in the 

oceans. It appears to be almost unlimited: „Much of nature‘s treasure trove of small 
molecules remains to be explored, particularly from the marine and microbial 
environments“ (Newman and Cragg, 2007). 
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Microbes - the True Producers 

Increasing evidence is now accumulating that microorganisms are the true producers of 

a number of potent drug candidates, which were considered to be products of 

invertebrate animals in the early days of marine natural product research and whose 

development was seriously hampered by the supply problem. Three outstanding 

examples shall demonstrate this.  

One prominent example is represented by the bryostatins, which were first extracted 

from the bryozoan Bugula neritina (Pettit et al., 1982). Over many years all attempts of 

developing an economic production by mariculture and to provide sufficient amounts 

for the necessary studies failed. It was the discovery that genes for the biosynthesis of 

this compound family were found within a bacterium (but not in the bryozoan) 

associated with Bugula neritina which opened up new possibilities for the biotechno-

logical synthesis of the bryostatins (Sudek et al., 2007). The endosymbiotic Gamma-

proteobacterium Candidatus “Endobugula sertula” has not yet been cultivated, but 

molecular techniques enable heterologous expression and thereby further development 

as a drug. Currently, bryostatin-1 is in several phase I and II trials and is being assessed 

as an anticancer drug and an anti-Alzheimer’s drug (http://clinicaltrials.gov 2011).  

A second example is represented by the first antitumor compound from marine 

organisms that is on the market (Yondelis® by PharmaMar) and which was first 

extracted from the tunicate Ecteinascidia turbinata. Complicated production processes 

have been developed over decades to produce this compound in a combined 

fermentation and chemical synthesis process, because aquaculture failed to deliver 

sufficient material. For the commercial production, a bacterial product, safracin, was 

used as a starter molecule for the chemical synthesis. However, on the basis of 

structural similarities of ET-743 to bacterial secondary metabolites, it was hypothesized 

that also ET-743 is the product of a marine bacterial symbiont (Rath et al., 2011). 

This holds also for the antitumor agent didemnin B from the Caribbean tunicate 

Trididemnum solidum, which was the first marine drug to be clinically tested in humans, 

but whose further development was hampered by the limited supply. Today, 

dehydrodidemnin B (called Aplidine®), a derivative thereof, is evaluated in various 

clinical trials. Quite recently, it was shown that the didemnins are bacterial products 

produced by the marine Alphaproteobacteria Tistrella mobilis and Tistrella bauzanensis 

and the putative didemnin biosynthetic gene cluster was identified in the genome of 

these bacteria. 

These few examples give rise to the assumption that a greater number of natural 

products originally isolated from marine macroorganisms are indeed produced by 

microorganisms.  
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Marine Biotechnology of Natural Compounds 

Marine Biotechnology. Marine biotechnology involves all aspects of the use of marine 

biological resources, either as the source for biotechnological applications or as the 

target. Facets of marine biotechnology range from off the shelf use of “-omics methods” 

in marine related R&D projects by academy and industry, through applications in 

products and processes in the industry, to the intricate development of the technology 

and knowledge itself. In the context of marine natural products, biotechnology includes 

all aspects of cultivation and harvesting biomass of the producer organisms, extraction 

and purification of the substances for further use. With sponges and algae this could 

mean cultivation in mariculture, with bacteria and fungi this means fermentation of the 

microorganisms in laboratory systems, extraction from cells and culture media and 

purification of the substances. Such biotechnological production is used in production 

of Yondelis® and Salinosporamid, two top candidates in the pipeline of marine drugs. 

Providing processes for the production of bioactive compounds. Whenever marine 

natural products shall be used, it is essential to provide sustainable modes of supply, 

which include chemical synthesis or/and biotechnological production by the producer or 

improved strains thereof. Also, analogues of bioactive natural products with improved 

properties are relevant for drug development. A serious bottleneck in developing natural 

products from marine sources to pharmaceutical products during the past decades was 

the availability of biomass and/or of optimised cultivation conditions to gain sufficient 

amounts of substances for preclinical and clinical studies. Additionally, low amounts of 

isolated marine bioactive compounds, limited knowledge of their biotechnological 

production and limited feasibility of chemical (semi)synthesis are important bottlenecks 

hindering the entry of new marine substances into the pipeline. Discovery of new 

marine microbes and compounds and their maintenance have to be complemented by 

process design including purification, which is an integral part of metabolite production.  

High added value chain from habitat to biotechnological product in marine biotechnology of 

natural compounds using microbes. Marine biotechnology leads to lead and process 

development and thereby provides the basis for e.g. pharmaceutical development. Upward 

arrows mark the necessary tools at the indicated steps. KiWiZ is a platform for all these 

tools.  
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The Political Frame - a Supportive Environment? 

During the past two decades science politics in Europe put special emphasis on the 

evaluation of the perspectives of marine biotechnology for future scientific, economic 

and social developments in their countries and in Europe. Examples among numerous 

reports are “Sea our future” of Schleswig-Holstein and “Marine natural products in blue 

biotechnology” (Kube and Waller, 2003) and the Position Paper (No. 15) of the 

European Science Foundation on “Marine Biotechnology: A new vision and strategy for 

Europe”, which predicts that with the right actions taken now, Europe could be a world 

leader in the field of marine biotechnology by 2020 (Marine Borad, Børresen et al., 

2010). All of these studies have recognised marine biotechnology as an important 
science of the coming century, which is highly promising in aspects regarding 
scientific development as well as economic and social aspects. They highlighted the 

special aspects of the marine natural product research as a promising field of the future. 

Marine biotechnology market 

Biotechnology in general is considered to be of growing importance for Europe and 

increasingly will contribute to shape the future of our societies. Marine Biotechnology, 
which involves marine bioresources for biotechnological applications, will fast become 

an important component of the global biotechnology sector. The global market for 
marine biotechnology products and processes is currently estimated at € 2.8 billion 

(2010) with a cumulative annual growth rate of 4-5 %. Less conservative estimates 

predict an annual growth in the sector of even up to 10-12 % in the coming years, 

considering the huge potential and high expectations for further development of this 

sector at a global scale (ESF Marine Board Position Paper 15, Børresen et al., 2010). 

Blue biotechnology in the 7th EU Research Framework Programme 

Marine and fresh-water biotechnology (blue biotechnology) is one of the research 

priorities of the 7th EU Research Framework Programme (2007-2013). Several calls 

have been related to blue biotechnology, though only a minor fraction (< 2%) of the 

budget devoted to “Food, Agriculture and Biotechnology” is deserved for this field. 

While marine biotechnology represents a large potential for European added value, the 

current level of collaborative research is not sufficient. Interdisciplinary cooperation and 

networking is needed. As it is realised trans-European collaboration will provide 

synergies and more value for money by a coordinated European funding, a preparatory 

activity was started in order to result in a future ERA-NET in marine biotechnology 

(CSA MarineBiotech). Additionally, special foci are set to the specific situation of the 

Baltic Sea, where the European Union's Baltic Sea Region Programme 2007-2013 

promotes regional development through transnational cooperation including 

technological development.  

In the following, the political and institutional situation of blue biotechnology on 

European, international and German level is summarised. 
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Major Challenges for Marine Biotechnology from an European View 

The Position Paper of the Marine Board of the European Science Foundation provides a 
roadmap for European research in this field and sets out an ambitious science and policy 
agenda for the next decade (Marine Board, Børresen et al., 2010). It addresses five 
major research areas of marine biotechnology, one of which is concerned with health 
and the development of novel drugs, treatments, and health and personal care products. 
Because of its importance for Europe and European countries and in relation to the 
activities of the KiWiZ, the major aspects of natural products and health aspects of this 
report are shortly summarised.  

Major challenges in the discovery of new drugs from marine biological resources were 
considered to be associated with identification of the marine resources (biodiversity), 
the efficient screening of compounds, securing access to marine resources and to the 
costs of drug development from natural products. 

Biodiversity issue. The lack of taxonomic expertise for marine species was pointed out 
as a bottleneck, because very few experts in taxonomy of microorganisms exist. Efforts 
are needed employing both classical and molecular methods for species identification to 
speed up and make more efficient of marine biodiscovery. 

Supply issue. The lack of sustainable supply of substances has stopped the further 
development of several highly promising marine compounds. The increased focus on 
marine microorganisms is in part due to the need to overcome the supply problem, 
because the fermentation and also the scale up of production processes using cultured 
microorganisms can eliminate the supply problem. Great improvements still have to be 
made in the identification, cloning, genetic manipulation and expression of biosynthetic 
pathways in order to apply these methods for production of identified natural products. 

Technical issue. Most important, the novelty of bioactive compounds needs to be 
determined by dereplication to avoid “rediscovery of the known”. With pure 
compounds this can be achieved through interfacing spectroscopic information with 
databases (sensitive high-field NMR and accurate MS data). It was pointed out that 
methods should be used that are suited to the high-throughput screening platforms. 

The search for new antibiotics has been declared as an urgent challenge. 
Multiresistance is recognised as a growing problem in treating infectious diseases. 
Nonetheless, industry has been reluctant in recent years to invest into research and 
development of antibiotics for several reasons. Also the World Health Organisation has 
identified antimicrobial resistance as one of the three greatest threads to human health. 
For these and a number of additional reasons the Position Paper recommends that 
special attention is given to the search for novel antibiotics from marine environments. 
Marine natural products, in particular those from actinobacteria and fungi were regarded 
as favoured sources of chemical diversity for the drug discovery. 
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International and European Marine Biotechnology Centres 

Intensive attempts are made world wide to study the immense potential of marine 
biological resources and to make use out of it for human health and nutrition, for plant 
protection and other applications. Tremendous amounts of investments are related to 
these activities. Marine institutions and research centres with a focus on marine 
biotechnology and marine natural products from marine organisms were established all 
over the world. Many countries have recognised the importance of marine 
biotechnology and established research institutions and national funding programmes. 
Only a few outstanding examples of such activities can be mentioned here. 

China has a national plan for bioscience and biotechnology out to 2050 and operates 
several research centres on marine biotechnology and natural product research e.g. at 
the Ocean University of China in Qingdao and at the South China Sea Institute of 
Oceanography with key disciplinary areas in sustainable utilisation of tropical marine 
biological resources and the Guangdong Province’s Key Laboratories of Marine Drugs, 
and Applied Marine Biology. The Scripps Institution of Oceanography (USA in San 
Diego) with the Center for Marine Biotechnology & Biomedicine initiated important 
drug development projects during the past years with several substances in clinical 
trials. It is the world leading marine institution on natural products research. 

The European Community is beginning to value the potential of marine resources, such 
as natural products, but lacks a coherent marine biotechnology research and technology 
transfer policy. Instead, some European countries support marine biotechnology with 
regional and national initiatives. Pioneers in this field are countries from Scandinavia 
and Great Britain. Only a few outstanding examples are mentioned:  

The European Centre for Marine Biotechnology is a business incubator for new and 
emerging marine biotechnology companies and is co-located with the Scottish 
Association for Marine Science (SAMS) close to Oban in Scotland. It is home to 
Aquapharm Biodiscovery Ltd (founded 2000), one of the first UK marine 
biotechnology companies dedicated to the discovery and commercialisation of novel 
compounds from the marine microbes, a Culture Collection of Algae and Protozoa 
(CCAP), and GlycoMar, a marine natural products and drug discovery company.  

The Marine Biodiscovery Centre (University of Aberdeen, UK) is another important 
centre for marine natural product research in Scotland.  

The Marine Biotech Cluster in Tromsø (Norway) comprises organisations with a core 
business within the biotechnological use of marine sources as drugs, nutritional 
supplements, or products for aquaculture. A major initiative is the Centre on Marine 
Bioactives and Drug Discovery (MabCent-SFI) hosted by the University of Tromsø. 
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Marine Biotechnology and Natural Product Research in Germany 

In contrast to a number of other European countries Germany currently lacks 
national efforts on a marine biotechnology initiative. In Germany research and 

development activities in marine biotechnology are scattered and studies on marine 

natural products lack a powerful institution to promote this topic. On the regional level, 

blue biotechnology has been recognised as an important field in Schleswig-Holstein and 

is part of activities formulated in a strategic “Masterplan Marine Biotechnology 

Schleswig-Holstein”. 

Though research on natural products is topic of the Leibniz Institute for Natural Product 

Research and Infection Biology-Hans-Knöll-Institute (HKI) in Jena and the Helmholtz 

Centre for Infection Research (HZI) in Braunschweig, marine natural products and their 

biotechnology are not in the focus of these institutions. 

Research on marine biotechnology and/or marine natural products is a major and 

strategic part of just a few German institutions: 

The Fraunhofer Research Institution for Marine Biotechnology in Lübeck has put 

its focus in the field of marine biotechnology e.g. on the isolation and utilisation stem 

cells of fish, on the use of fish cells as alternative of fish meal and on integrative 

aquaculture, but does not work on marine natural products. 

The Institute for Marine Resources GmbH imare in Bremerhaven has its focus on 

biosensor technology, technical applications of marine structures and nanomaterials, but 

does not perform marine natural products research. It was established in 2009 and is 

supported by finances through EFRE and from the state Bremen. 

The Institute of Marine Resources e.V. IMaB in Greifswald exists since 1996 and 

operates with participation of members of the university Greifswald. It is build as a 

virtual institution organised in projects. Scientific activities include functional 

genomics, expression systems, natural products and marine enzymes. 

The Kiel Center for Marine Natural Product Research KiWiZ  is embedded in the 

Helmholtz Centre for Ocean Research GEOMAR and represents a minor activity of this 

centre. It was established in 2005 and financed through EFRE and the state Schleswig-

Holstein until 2011 and is now an exclusive activity of the small Research Unit Marine 

Microbiology of GEOMAR. It is specifically focused on the research of natural 

products from marine bacteria and fungi and represents a major research facility of 

marine biotechnology in Northern Germany. 
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The KiWiZ - a Platform for Marine Natural Product Research 

 
In December 2005 the starting point was set by State Minister Friedrich Austermann of 

Schleswig-Holstein (top) for the establishment of modern and well equipped laboratories for 

marine natural product research of the KiWiZ in Kiel-Kanal 44 (upper middle), including 

experimental fermentors (left lower middle). The large strain collections with capacities for 

liquid nitrogen storage (right lower middle) and a pure compound library depending on high 

capacity preparative HPLC systems and fraction collection (bottom right) are central facilities 

of the KiWiZ. A young and expert multidisciplinary team assured successful operation of the 

laboratories (bottom left).  
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The KiWiZ is Meeting the Challenges of Blue Biotechnology 

The expectations on the commercial exploitation of marine microbial resources have 

initiated a dynamic development in marine biotechnology. In view of the increasing 

importance of this field and the lack of national initiatives within Germany, the state 

Schleswig-Holstein made major efforts for the foundation of the KiWiZ and 

substantially supported its establishment from 2005-2011.  

The KiWiZ strategy was developed during 2004/2005 with the background of 
examples of highly active compounds found in marine organisms, the serious 
supply problem in mind, the problem of reproducibility, the recognition that some 
of the substances extracted from invertebrates may be the true products of 
associated microorganisms and that microorganisms represent a seriously under-
investigated group of marine life. As the KiWiZ was established in the recognition of 

the major importance of marine microorganisms in natural product biosynthesis and 

their neglect in this field of research over past decades, it specifically deals with 

research on marine natural products from marine microorganisms, especially bacteria 

and fungi. Fungi as a whole and among the bacteria specifically actinobacteria are 

regarded as most potent groups of natural product producers and therefore the KiWiZ 

pays particular attention to these groups. The major focus is the development of marine 

natural products with biological activities for the treatment of human diseases, for 

applications in plant protection and in cosmetics. 

The KiWiZ expertise and research profile is in line with the demands and research 

priorities pointed out by the ESF Position Paper 15: 

“to increase basic research on taxonomy, physiology, molecular genetics and chemical 

ecology of marine species, in particular from unusual and extreme environments” 

The KiWiZ has long standing expertise in bacterial taxonomy and taxonomic 

identification is achieved for all strains selected according to their bioactivities. 

Molecular genetics are also applied for identification of biosynthetic pathways relevant 

to natural product biosynthesis. Access to unusual and extreme marine habitats is 

ensured through activities of the Marine Microbiology Research Unit. 

“to improve technical aspects of the biodiscovery pipeline, including separation of 

bioactive substances, bioassays, dereplication strategies, and methods of structure 

determination” 

Significant improvement of the technical aspect is achieved in the KiWiZ due to the 

close coupling of chemical extraction and purification of compounds with the testing of 

bioactivities and early dereplication using HPLC- DAD/MS and data base information. 

“to overcome the supply problem” 

In order to overcome the supply problem, the KiWiZ exclusively searches for bioactive 

compounds in bacteria and fungi cultivated under defined laboratory conditions which 

can be reproduced and scaled up to meet the demand for larger amounts of substances. 
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General Information and Research Strategy of KiWiZ 

The KiWiZ is incorporated into the Helmholtz Centre for Ocean Research GEOMAR 

(formerly the Leibniz Institute of Marine Sciences) in Kiel. The formation of the 

platform was possible by fundamental financial support through the local government in 

Schleswig-Holstein, which supported the establishment of laboratory facilities, 

instrumentation and scientific personnel for marine natural product research for 5 years 

(2005-2010) and initiation of a pure compound substance library of marine natural 

products for 3 years (2008-2011) with altogether more than 8 Mio €.  

With the notification of the grant approval in December 2005 the KiWiZ started 

officially its work as a project of the Research Unit Marine Microbiology of the 
IFM-GEOMAR  (at that time). For the first year during whole 2006 provisional rooms 

were the basis to start the research work, while in parallel suitable laboratories were 

found, restored and installed during 2006/2007. In this year basic equipment for 

microbiological work and chemical analyses was established including HPLC/DAD-MS 

and liquid nitrogen freezer for strain preservation. In the following years, additional 

major equipment such as experimental and pilot scale fermentation systems (2008) was 

acquired and also a micrOTOF-II highly accurate mass detection system (2009) and 

several preparative HPLC-systems for substance purification.  

The research strategy of the KiWiZ covers the whole high value added chain from the 

habitat to the biotechnological product in a research platform with a broad 

methodological range from microbiological techniques including microbiological 

community analysis and taxonomic identification, to natural compound chemistry 

including establishment of secondary metabolite profiles and chemical structure 

analysis, to genetic and genomic approaches, determination of biological activities and 

fermentation technologies and process development. 

Large and unique strain collections and access to marine habitats are the basis for 

our research activities. The collections are described on page 17. 

Bioactivity tests are carried out with a large panel which was established at the KiWiZ 

and is extended by assay systems provided by partners. It includes approx. 40 antibiotic 

assays with bacteria and fungi, including phytopathogenic ones and human pathogens, 

tests with tumor cell lines, and several assays with key enzymes involved in widespread 

diseases such as diabetes and Alzheimer’s disease.  

Chemical structure analysis uses analytical and preparative scale facilities including 

HPLC separation with DAD/MS detection, HPLC-ELSD, GC-MS, accurate mass 

determination with HPLC-DAD/HRESIMS, data base analyses (Dictionary of Natural 

Products, AntiMarin database, SciFinder) and take advantage of NMR instruments of 

the Otto-Diels-Institute for Organic Chemistry at CAU.  

Process development technologies inclusive fermentation technologies at small scale 

experimental systems for process optimisation and a 250 L pilot scale fermentor for 
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biotechnological metabolite production with the necessary downstream processing, 

enable process development of substance production and purification.  

A substance library is established containing highly purified natural products from 

marine bacteria and fungi, which is offered to external academic and commercial users. 

More information on this library is found on page 18. 

KiWiZ has all facilities and laboratory capacity for marine biotechnology research. The 

required techniques are inhouse and if needed supplemented by external cooperations 

(e.g. NMR). The KiWiZ is operated by an interdisciplinary team of microbiologists, 

chemists, pharmacists and biotechnologists. Through the combined use of these 

different methodological approaches within one laboratory, a highly efficient research 

strategy is realised which meets the demands of the challenges in understanding the 

biological role of small bioactive molecules and employing marine microbes for blue 

biotechnology: 

� To increase the number of available strains and genomic microbial resources by 
securing strain collections and biobanks. Emphasis is put on metabolic and genomic 
resources and on the discovery of their role in biological interactions. 

� To understand the underlying regulation processes of the production of small 
molecules in order to control stimulation of biosynthetic pathways for 
biotechnological production. 

� To secure availability, extension and maintenance of compound libraries. 

Strategic outline of the research profile of KiWiZ for a sustainable discovery and 

development of marine microbial natural products.  
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Research Topics 

Research on bioactive compounds has two major aspects. The first relates to the 

multiple biological functions bioactive compounds can fulfil. They may play a role in 

cellular and interspecies communication, signalling and in the defence of predators and 

pathogens and even may contribute in shaping the structure of marine microbial 

communities.  

The scientific work of the KiWiZ aims to enlarge our knowledge on the biology of 
natural products by investigation of  

� the diversity and potential of new marine natural products and their producers 

� the role of bioactive compounds in marine microbial interactions 

� the genetics and regulation of biosynthesis of marine bioactive compounds 

The second major aspect related to marine natural products deals with the potential use 
of bioactive compounds in pharmaceutical applications, for crop protection, cosmetics 

and as food additives. Marine biological resources provided by the tremendous 

biological diversity of marine organisms, in particular bioactive compounds produced 

by the mostly untapped microbial resources offer a great potential for human uses. The 

exploration of these resources, the development of methods for their biotechnological 

production with minimised risks for nature and man as well as their sustainable use is 

included in our research strategy by: 

� the analysis of the genetics of marine bioactive compound biosynthesis and their 
application to improve substance spectra profiles and production rates 

� the analysis and evaluation of the biological activities of natural products as well as 
the development of new bioassay systems 

� the development of biotechnological processes for the production of bioactive 
compounds 

The performance of these research topics necessitates expertise in bacterial and fungal 

systematics, in natural product chemistry and structure analysis, in bacterial and fungal 

genetics and physiology, in pharmaceutical targets, in fermentation technology and 

process development. In addition, basic support is required to maintain microbial 

culture collections and the chemical substance library.  
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Small Bioactive Compounds – from Ecology to Marine Biotechnology 

The biosynthesis of small biologically active compounds from marine bacteria and 

fungi is strictly regulated. They are produced under specific environmental conditions 

and are considered to play an important role in interspecies interactions and even in 

shaping the community structure of microbial communities. Such functions can relate to 

intermicrobial interactions and also in interactions between microorganisms and their 

hosts. Most important for the natural product research, microbial interactions can 

stimulate the biosynthesis of secondary metabolites not known previously and not 

produced under standard conditions of laboratory cultivation.  

The following aspects are of particular importance for studies concerning the 

importance of biologically active compounds at their natural habitat:  

� Selectional advantages to the survival of their producers  

� Beneficial/deleterious effects on the hosts of the microbial producers  

� Formation and inhibition of biofilms in marine habitats 

� Establishment of specific associations of bacteria/fungi with their hosts and 
mediation of communication between microorganisms and their hosts 

� Shaping microbial communities via action as signalling substances e.g. for the 
biosynthesis of other bioactive compounds.  

In particular, microbial communities associated with sponges, macroalgae or bryozoa 

were intensively studied at KiWiZ both by genetic analysis with the 16S rRNA gene as 

marker molecule and by pure cultures investigations. Diverse microbial communities 

are associated with all of them and we have found not only species-specific association 

with different macroorganisms but also specific association of bacteria within a single 

sponge or alga. The role of small bioactive molecules in these interactions is an 

important aspect of future research at KiWiZ. Examples of this aspect are given below 

under “scientific highlights”. 

Small bioactive molecules are of particular importance in interactions between 

microorganisms. These include broad range and highly specific antibiotic interactions 

but also others, such as quorum-sensing inhibition and signalling in general. The 
interactions between different microorganisms can be studied under laboratory 
conditions and may have relevance in the ecological context as well as in 
biotechnological processes for optimising the production of bioactive compounds. 
Because little is known about this kind of microbe-microbe interactions and the 

biological function of microbial metabolites in marine habitats, this is an important 

topic of future research of KiWiZ. Thus, research on small biological active molecules 

from marine microorganisms provides great perspectives both for in depth ecological 

studies and for biotechnological applications.  
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Marine Biodiversity Conserved in Culture Collections of the KiWiZ 

Large and unique strain collections of original environmental isolates and access to 
marine habitats are the basis for our research activities and represent invaluable 
resources.  
In order to recover and maintain a broad spectrum of marine microbial diversity, the 

KiWiZ maintains large culture collections of both marine bacteria and marine fungi of 

approximately 15000 strains, which originate from all parts of the ocean. Different 

marine microbiologists have contributed to these strain collections during the past 

decades. Great biodiversity within these culture collections provides an enormous 

resource for the search of new bioactive substances. Though different ways of 

conservation are in use, the preferred mode is the conservation in liquid nitrogen, which 

ensures long term maintenance of viability and continued supply of constant strain 

material for sustainable production of metabolites. 

In addition, the intimate interaction of the KiWiZ with the research group of Marine 

Microbiology at GEOMAR assures continued supply with new samples from all kinds 

of marine habitats, e.g. from the hot and warm deep sea, from the polar ice as well as 

from coastal areas and deep parts of the Baltic Sea, the Mediterranean Sea, the Atlantic 

Ocean, the Pacific Ocean and the Red Sea. With priority also samples from marine 

macroorganisms such as sponges, bryozoa, algae or others are used as sources. In order 

to isolate a broad spectrum of bacteria and fungi from selected unusual and extreme 

habitats, media and culture conditions for isolation procedures are modified. 

 

 

 

 

 

 

 
The preferred way of conserving bacteria as well as fungi is storage in liquid nitrogen (left). 

Among a number of other methods, lyophilisation (right top) and for shorter storage periods 

also agar slants (right bottom) are used. 
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The KiWiZ Library of Pure Marine Natural Compounds 

The library of pure compounds has been built up in the frame of the SUBBITO 
project supported by the state government of Schleswig-Holstein and EFRE. Collections 
of pure natural compounds are rare, especially those comprising marine derived 
compounds. Here, the KiWiZ fills a gap with a high quality library. Compounds 
originate from KiWiZ scientific work and a comprehensive screening, which is 
continued. Only compounds with a purity of more than 80% and an amount of at least 
10 mg are posted in the core library. Currently, several hundred compounds are stored 
in the collection. It has been approved that this library can be handled in high-
throughput screening systems as other compound libraries originating from synthetical 
and combinatorial chemistry. 

The KiWiZ library comprises a high structural diversity . Approximately half of the 
compounds belong to nitrogen containing structures like peptides and alkaloids, the 
other half are nitrogen free structures such as terpenes and polyketides.  

The KiWiZ library of pure marine natural compounds comprises a high structural diversity. 

Among the alkaloids are e.g. indole-, pyridine-, chinoline-, chinazoline-, pyrrole-, and 

pyrazinealkaloides, phenazines, and derivatives of the tetramic acid. The polyketides 

comprise e.g. macrolides, chinones, xanthones, coumarines, pyrones, polyenes, and furane-

containing structures. 

 
Besides the compounds itself, data of the KiWiZ library are connected to virtual 
libraries, increasing the value of the compounds: For every compound, informations are 
stored in a comprehensive laboratory information and management system. The system 
comprises the origin and identification of the producer strain, the cultivation, the 
extraction procedure, the structure elucidation and biological activity of all compounds 
and ensures reproducible production of each compounds in amounts needed for further 
procedures. These sustainable procedures make the library of pure compounds very 
attractive for a broad range of applications such as drug development. Since its initial 
establishment in 2009-2011, the library is continuously filled with new compounds.  
Because of the urgent need for new substances for the drug pipelines, the KiWiZ library 
is attractive and requested by colleagues and institutions, such as the Helmholtz Centre 
for Infection Research (HZI) in Braunschweig. It is also handled by the European 
Screening Port and used for various target systems, including new targets. 

Peptides and
Diketopiperazines

Alkaloides

Terpenes and prenylated
Phenols

Polyketides
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Achievements 

Strong efforts were made for the sustainable exploration of marine microbial resources, 

in part from available large culture collections of marine bacteria and marine fungi, in 

part from newly isolated microorganisms from promising marine sources. Major 

achievements first of all relate to the establishment of the research platform, second on 

publication and patenting of the research results and third on fundraising for 

continuation of the work. 

Establishing the research platform 

� We started to secure the great culture collections of marine bacteria and marine 
fungi available at the Marine Microbiology Research Unit at GEOMAR by 
increasing storage capacity in liquid nitrogen and by reviving, identifying and 
storing many of the cultures in a database-managed culture collection. 

� We established a large number of bioassays including antibacterial, antifungal, 
antitumor and several enzyme-based assays for the screening of biological active 
natural products. 

� We established analytical and preparative HPLC-analysis for separation and 
purification of natural products  

� We established methods and data bases for chemical structure analysis 

� We implemented scale up of fermentation processes including down-stream 
processing 

� We established a library of pure natural products of several hundred identified 
compounds with defined purity criteria for use by external partners 

Publications and presentations 

Research activities led to more than 60 publications during the last six years, including 

several review articles, and patents that are listed in the attachments. Some of these 

research aspects are shortly summarised as “Scientific highlights” in the next section:  

� a number of new bacterial species and genera (including a new family and order) 
have been described 

� an increasing number of new natural products has been found and their properties 
were published 

� marine microbial communities were evaluated for their potential of secondary 
metabolite production 

� the ecological role of marine natural compounds was reviewed and discussed 

� genetic tools were developed in order to improve screening strategies 

� antitumor active substances and their possible application have been patented 

� strategies for marine biotechnology in Europe were reviewed 

The KiWiZ was very active in presenting its results on scientific conferences and 

workshops as reflected by the lists of posters and talks also given in the appendix. 
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Scientific Highlights - Examples of Research at KiWiZ 

Spatial Association of Different Bacterial Communities in Tethya 

aurantium 

Highly specific association of bacteria is demonstrated not only with particular sponge 

species but also with different types of cells in the Mediterranean sponge Tethya 

aurantium, which consists of two clearly different types of cells forming the exterior 

cortex and the interior endosome. Tethya aurantium, the sea orange, is characterised by 

a globular shape and a thick and well developed cortex, which is clearly distinguishable 

from the endosome by texture and colour of the tissue. Surprisingly, the bacterial 

community associated with this sponge revealed completely different bacterial 

communities present in the cortex and in the endosome. This was clearly shown in 16S 

rDNA sequences of clone libraries and their phylogenetic affiliation seen in 

phylogenetic trees as well as in banding patterns of denaturing gradient gel 

electrophoresis experiments. Members of a new sponge-specific cluster of 16S rDNA 

sequences affiliated to Betaproteobacteria were found in both cortex and endosome of 

Tethya aurantium. These bacteria presumably are specifically associated with this 

sponge. Other bacteria such as Microscilla furvescens were found to be associated with 

the sponge cortex only. 

Tethya aurantium is unique in the clear differentiation of two bacterial communities 

associated with the cortex (blue clone sequence names) and the internal part (green clone 

sequence names). The specifically associated bacteria probably have adapted during 

evolutionary processes to the sponge environment. 

 

 

Thiel, V., Neulinger, S.C., Staufenberger, T., Schmaljohann, R. & Imhoff, J.F.: Spatial distribution of 

sponge-associated bacteria in the Mediterranean sponge Tethya aurantium. FEMS Microbiol. Ecol. 59, 

47-63 (2007). 

Gammaproteobacteria 

(a) Cross section of the marine sponge Tethya aurantium  

(b) Pyhlogenetic positions of Gammaproteobacteria 16S rRNA  

sequences found in different cell structures;   

(c, d, e) Scanning electron microsopic (REM) exposures  
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Antibiotics can Act as Signalling Substances 

Subinhibitory concentrations of antibiotics were found to enhance and modulate the 

production of new phenazines, streptophenazine A-H, in a marine Streptomyces isolate. 

The streptophenazines differ in length and substitution of an alkyl chain. The pattern of 

metabolites formed depends on the antibiotic used. In the presence of tetracycline, 

streptophenazines F and G were induced and the production of streptophenazines A-D 

was increased. When using bacitracin, mainly streptophenazine H was produced. 

Streptophenazines C and H showed moderate activity against Bacillus subtilis, while 

streptophenazine C was also active against Staphylococcus lentus. 

These findings like similar other studies demonstrate that antibiotics at subinhibitory 

concentrations may cause considerable transcriptional changes in various bacteria and 

that low antibiotic concentrations may lead to the augmentation of some adaptive 

characteristics.  

Growing evidence supports the idea that antibiotics act as “chemical weapons” 

suppressing bacterial growth at higher concentrations, but at subinhibitory 

concentrations induce different responses which may have relevance for microbial 

interactions at marine habitats. Taking into account the specificity of bacterial responses 

to different antibiotics, it is suggested that they act at low doses as signalling molecules. 

 

 

Chromatograms of extracts of a marine Streptomycetes strain (left, A1 without stimulation, 

A2 after addition of a subinhibitory concentration of tetracycline). Addition of subinhibitory 

concentration of antibiotics resulted in a dramatic shift in the secondary metabolite profile 

and the production of new compounds, the streptophenazines (R1 and R2 differentiate the 

various derevatives). 

 

Mitova, M.I., Lang, G., Wiese, J. & Imhoff, J.F.: Subinhibitory concentrations of antibiotics induce 

phenazine production in a marine Streptomyces sp. J. Nat. Prod. 71, 824-827 (2008). 
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Antitumor Substances from a Marine Fungus are Patented 

Two novel cyclodepsipeptides, scopularide A and B, were found in the fungus 

Scopulariopsis brevicaulis, which was isolated from the marine sponge Tethya 

aurantium. In addition, the known fungal metabolite paxilline was identified. The 

structures of the scopularides were elucidated by NMR, MS, and chemical 

derivatisation methods as cyclo(4-methyl-3-hydroxydecanoyl-Gly-L-Val-D-Leu-L-Ala-

L-Phe) and cyclo(4-methyl-3-hydroxyoctanoyl-Gly-L-Val-D-Leu-L-Ala-L-Phe) for 

scopularide A and B, respectively. The scopularides do not belong to any existing group 

of natural cyclodepsipeptides. Scopularide A und B showed similar inhibitory effects. 

Both did not inhibit Gram-negative bacteria and showed weak inhibition of Gram-

positive bacteria. They significantly inhibited growth of several tumor cell lines, 

including pancreatic and colon tumor cells. Recently, the genome of Scopulariopsis 

brevicaulis was sequenced. 

 

 

Scopulariopsis brevicaulis, the producer of the cyclodepsipeptides scopularide A (1) and B 

(2), being active against tumor cell lines. 

 

 

 
 
 
 

Yu, Z., Lang, G., Kajahn, I., Schmaljohann, R. & Imhoff J.F.: Scopularides A and B, cyclodepsipeptides 

from a marine sponge-derived fungus Scopulariopsis brevicaulis. J. Nat. Prod. 71, 1052-1054 (2008). 

Patents: DE10200800097 (2009), EP2229401 (2010) 
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Kiloniellales, a New Order of Alphaproteobacteria was Isolated from a 

Brown Alga 

Among antibiotically active colonies obtained from the marine macroalga Saccharina 

latissima (formerly Laminaria saccharina) a new bacterium (strain LD81), was 

isolated. This bacterium has a unique phylogenetic position, not fitting any of the 

known families of the Alphaproteobacteria. The 16S rRNA gene sequence revealed a 

distant relationship to species of several orders of the Alphaproteobacteria with less 

than 90% sequence similarity. The new bacterium has a low G+C content of the DNA 

(51.1%) and due to its distant phylogenetic position to all other Alphaproteobacteria is 

considered as type strain of the new species and genus Kiloniella laminariae, 

representing the type of the new family Kiloniellaceae and new order Kiloniellales. The 

bacterium is a mesophilic, typical marine bacterium. It is a chemoheterotrophic aerobic 

bacterium with the potential of denitrification. Growth optima are at 25 °C, pH 5.5 and 

3 % NaCl.  

Due to their distant relationship to Kiloniella, species of Terasakiella and Thalassospira 

are not considered members of the Kiloniellaceae family. They may be included into the 

order Kiloniellales as separate families.  

 

The team involved in establishing Kiloniella as a new taxon (right) and microscopic picture of 

cells of the bacterium (left). 

 
 

 

 

 

 

 

Wiese, J., Thiel, V., Gärtner, A., Schmaljohann, R. & Imhoff, J.F.: Kiloniella laminariae gen. nov., sp. 

nov., a new alphaproteobacterium from the marine macroalga Laminaria saccharina. Int. J. Syst. Evol. 

Microbiol. 59, 350-356 (2009). 
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Mayamycin, a Potent Antitumor Substance  

During a systematic study of Actinobacteria isolated from marine habitats with regard 

to their potential to produce biologically active natural products, we isolated a 

Streptomyces strain HB202 from the marine sponge Halichondria panicea. This study 

included the selection of promising producers based on bioassay-guided analyses and 

the detection of genes encoding for the biosynthesis of secondary metabolites. Due to its 

ability to produce aromatic polyketides as indicated by genetic analyses demonstrating 

the presence of a type II polyketide synthase and its profound antibiotic activity the 

strain was selected for further detailed studies. A new benzanthracene derivative was 

identified in the Streptomyces and called mayamycin. The production of mayamycin 

was induced by variation of the culture conditions. The chemical structure was 

elucidated by HPLC-DAD/MS and NMR spectroscopy. Mayamycin exhibited potent 

cytotoxic activity against eight human cancer cell lines and showed activity against 

several bacteria including antibiotic-resistant strains, such as methicillin-resistant 

Staphylococcus aureus (MRSA). 

 

 

 

 

2D NMR correlations of mayamycin relevant for the structure elucidation (a) HMBC 

couplings; (b) NOESY correlations. 

 
 

 

 

 

 

 

Schneemann, I., Kajahn, I., Ohlendorf, B., Zinecker, H., Erhard, A., Nagel, K., Wiese, J. & Imhoff, J.F.: 

Mayamycin, a cytotoxic polyketide from a Streptomyces strain isolated from the marine sponge 

Halichondria panicea. J. Nat. Products 73, 1309-1312 (2010). 

 

Patents: DE102010006245 (2011), WO/2011/091778 (2011) 
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A High Diversity of Marine Fungi is Harboured by Tethya aurantium 

The marine sponge Tethya aurantium was found to be a valuable source of secondary 

metabolite producing fungi. Fungi isolated from Tethya aurantium were isolated and 

identified both by morphological criteria and phylogenetic analysis based on internal 

transcribed spacer (ITS) regions and were evaluated with regard to their secondary 

metabolite profiles. More than 200 isolates were obtained, part of these (81 isolates) 

were characterised. They belong to 21 different genera. Some of these were quite 

common, such as Acremonium, Aspergillus, Fusarium, Penicillium, Phoma, and 

Trichoderma, while others have rarely been reported from sponges. These include 

representatives of Botryosphaeria, Epicoccum, Parasphaeosphaeria, and Tritirachium. 

Members affiliated to the genera Bartalinia and Volutella as well as a presumably new 

Phoma species were not previously isolated from sponges. On the basis of their 

classification, strains were selected for analysis of their natural products. 

In addition to a variety of known substances, several new natural products were found. 

The new cyclodepsipeptides scopularide A and B were produced by a Scopulariopsis 

brevicaulis and these peptides and their activities have been patented because of their 

antiproliferative activities against several tumor cell lines, 

The new cillifuranone is another natural product produced by a fungus (Penicillium 

chrysogenum strain LF066) isolated from Tethya aurantium and additional compounds 

were detected of which the chemical structures are not yet described. The structure of 

cillifuranone was elucidated based on 1D and 2D NMR analysis and turned out to be a 

previously postulated intermediate in sorbifuranone biosynthesis. The application of 

alternative cultivation methods, which have not been used so far, are expected to further 

increase the spectrum of produced metabolites of our isolates obtained from T. 

aurantium. 

 
More than 200 strains of fungi were isolated from T. aurantium and identified. Secondary 

metabolites of less than half of the strain were studied and revealed >40 new and >40 

known compounds so far identified. 

 

Wiese, J., Ohlendorf, B., Blümel, M., Schmaljohann, R. & Imhoff, J.F.: Phylogenetic identification of 

fungi isolated from the marine sponge Tethya aurantium and identification of their secondary 

metabolites. Mar. Drugs 9, 561-585 (2011). 
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Genetic Approaches to Detect Pathways for Natural Product Biosynthesis 

Genetic approaches for the detection of secondary metabolite pathways are promising 

tools for the selection of biosynthetically talented microorganisms. So far, main targets 

in this respect were genes encoding for polyketide synthases (PKSs) or non-ribosomal 

peptide synthetases (NRPSs), which are involved in two prominent biosynthetic 

pathways for natural products. By focusing on polyketides and non-ribosomal peptides 

other interesting compound classes such as phenazines have been neglected so far. 

Phenazines turned out to be good drug candidates and therefore are promising 

secondary metabolites. They are heterocyclic, nitrogenous compounds that are 

substituted at different sites of the core ring system and therefore display a wide range 

of structural derivatives and biological activities. More than 100 biologically active 

(antibacterial, antifungal, antiviral, antitumor) phenazines from natural origin are known 

to date, synthesized mainly by Pseudomonas and Streptomyces species. A fast and 

efficient approach was established to identify bacteria possessing the potential to 

biosynthesize phenazines. Sequences of phzE genes, which codes for one of the 

enzymes of the phenazine biosynthetic pathway, were used to design one universal 

primer system and to analyse the ability of bacteria to produce phenazines.  

By the investigation of representatives of Actinobacteria, which were isolated from the 

marine sponge Halichondria panicea collected from the Baltic Sea (Germany), it has 

been demonstrated, that the presence of PKS and NRPS genes is a good indicator for 

the selection of strains to isolate new natural products. For the first time, a 

comprehensive investigation was performed with regard to phylogenetic strain 

identification, secondary metabolite profiling, bioactivity determination, and genetic 

exploration of biosynthetic genes, especially concerning the relationships of the 

abundance of biosynthesis gene fragments to the number and diversity of produced 

secondary metabolites. All strains were phylogenetically identified by 16S rRNA gene 

sequence analyses and were found to belong to the genera Actinoalloteichus, 

Micrococcus, Micromonospora, Nocardiopsis, and Streptomyces. Secondary metabolite 

profiles of 46 actinobacterial strains were evaluated, 122 different substances were 

identified, and 88 so far unidentified compounds were detected. The extracts from most 

of the cultures showed biological activities. In addition, the presence of biosynthesis 

genes encoding polyketide synthases (PKSs) and/or nonribosomal peptide synthetases 

(NRPSs) was shown in 30 strains. Strains in which either PKS or NRPS genes were 

identified produced a significantly higher number of metabolites and exhibited a larger 

number of unidentified, possibly new metabolites than other strains. 

 

Schneemann, I., Nagel, K., Kajahn, I., Labes, A., Wiese, J., & Imhoff, J.F.: Comprehensive investigation 

of marine Actinobacteria associated with the sponge Halichondria panicea. Appl. Environ. Microbiol. 

76, 3702-3714 (2010). 

Schneemann, I., Wiese, J., Kunz, A. & Imhoff, J.F.: Genetic approach for the fast discovery of 

phenazine producing marine Actinobacteria. Mar. Drugs 9, 772-789 (2011). 
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Genomic Approaches Offer Great Chances in the Discovery of New 

Natural Products 

The KiWiZ has initiated several genome projects to unravel biosynthetic pathways in 

bacteria and fungi. Genomes of five bacteria have been established, two out of them 

within a project on antibacterial peptides, and genomes of three marine fungi are 

currently under investigation within the EU-project “Marine Fungi” coordinated by the 

KiWiZ in order to unravel their potential for secondary metabolite biosynthesis. 

In the following, the first genome sequence of a Bacillus subtilis strain gtP20b isolated 

from the marine environment is discussed as example. Bacillus subtilis is a model 

organism of aerobic spore-forming Gram-positive bacteria and is of great industrial 

significance as the source of natural antibiotic peptides as well as diverse functional 

molecules. A subset of candidate genes and gene clusters were identified in the genome 

sequence, which are potentially involved in production of ribosomal and non-ribosomal 

antimicrobial peptides, demonstrating the great potential of this strain as a source for 

novel antimicrobial peptides. 

At least 59 genes were found to be involved potentially in bacterial secondary 

metabolism. These form diverse gene clusters in the contigs sharing a high degree of 

synteny to those in the released genomes of B. subtilis strains like srf, ppt and pks and 

also a subset of gene clusters, which did not show similarity with those of other B. 

subtilis strains. Hence, they were considered being involved in synthesis of functional 

molecules specific for strain gtP20b of B. subtilis subsp. spizizenii. Noticeably, a set of 

open reading frames (ORFs) was retrieved from antimicrobial peptides (AMPs) 

databases including subtilisin A (sboA), surfactin (sfp), beta-lactamase precursor (penP) 

and replicative DNA helicase (dnaC) with high sequence similarity. However, there is 

significant variation at both DNA- and amino acid level of the genes when compared 

with those of other B. subtilis strains, suggesting that the investigated B. subtilis strain is 

a unique source for AMPs.  

 

The genome of Bacillus subtilis subspec. spizizenii strain gtP20b. 

 
Fan, L., Bo S., Chen, H., Ye, W., Kleinschmidt, K., Baumann, H.I., Imhoff, J.F., Kleine, M. & Cai, D.: 

Genome sequence of Bacillus subtilis subsp. spizizenii gtP20b isolated from the Indian Ocean. J. 

Bacteriol. 193, 1276-1277 (2011). 
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Directed Biosynthesis Gives Rise to Derivatives of Abenquines 

Five new bioactive secondary metabolites, called abenquines were produced by a 

Streptomyces strain DB634 isolated from the Atacama Desert in the Chilean highland. 

They are composed of an amino acid linked to an N-acetyl-aminobenzoquinone. The 

chemical structure of abenquines was established by NMR analysis and mass 

spectrometry. The abenquines are simple benzoquinones substituted with different 

amino acids via the amino group and are uncommon microbial metabolites. Structurally 

related compounds which share N-substituted aminobenzoquinones as a structural 

feature are lepiotaquinone (from Lepiota americana) and lilacinone (from Lactarius 

lilacinus), which are found as pigments in fungi. Interestingly, apart from fungi, 

sponges also produce products emerging from benzoquinones and amino acids.  

Abenquines show moderate inhibitory activity against bacteria, dermatophytic fungi and 

phosphodiesterase type 4b. The amino acid attached to the quinone is relevant to the 

enzyme inhibitory activity and can be modified by the supplementation of cultivation 

media with different amino acids. Cultivation experiments and feeding with different 

amino acids revealed clear preferences for the incorporation of some amino acids. 

 

 

 

 

The biosynthesis of different derivatives of abenquines by Streptomyces DB634 depends on 

the amino acids supplied with the growth medium.  

 

 

 

 

 

 

 

Schulz, D., Beese, P., Ohlendorf, B., Erhardt, A., Zinecker, H., Dorador, C. & Imhoff, J.F.: Abenquines, 

aminoquinone derivatives produced by Streptomyces sp. strain DB634. J. Antibiotics 64, 763-768 

(2011). 
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Acetylcholinesterase Inhibitor Produced from a Marine Streptomyces  

Acetylcholinesterase (AChE) is an enzyme responsible for the degradation of the 

transmitter acetylcholine. Inhibitors of this enzyme such as galantamine or rivastigmine 

enhance the amount of available acetylcholine and thereby improve cholinergic 

transmission. These compounds are used to alleviate the symptoms of Alzheimer’s 

disease which is associated with degeneration of cholinergic neurons and impaired 

transmission. 

Geranylphenazinediol is a new phenazine natural product, produced by Streptomyces 

sp. strain LB173, which was isolated from a marine sediment. The structure was 

established by analysis of NMR and MS data. Geranylphenazinediol inhibited the 

enzyme acetylcholinesterase in the low micromolar range and showed weak 

antibacterial activity. In order to get a more detailed picture of the activity profile of 

geranylphenazinediol, its inhibitory potential was compared to that of related structures. 

 

 

Geranylphenazinediol is an acetylcholinesterase inhibitor produced by a marine 

Streptomyces isolate. 

 
 

 

 

 

 

 

 

 

 

 

 

Ohlendorf, B., Schulz, D., Erhard, A., Nagel, N. & Imhoff, J.F.: Geranylphenazinediol, an 

acetylcholinesterase inhibitor produced by a Streptomyces species. J. Nat. Prod. 75, 1400-1404 (2012). 
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Saccharina latissima-Associated Bacteria are Potent Producers of 

Antimicrobial Compounds 

The bacterial communities of the brown macroalga Saccharina latissima (synonym 

Laminaria saccharina) harbour a large number of antimicrobial active bacteria, 

including several Pseudomonas species. Secondary metabolites are proposed to 

positively affect the survival of their producers. Also the host may benefit from 

inhibition of competing, degrading and potentially pathogenic surface-colonising 

microorganisms. 

Pseudomonas strains regularly were shown to be associated with the brown macroalga 

Saccharina latissima from the Baltic Sea over several years and were identified as 

producers of the antimicrobial active compound 2,4-diacetylphloroglucinol. The 

metabolite profile of the Pseudomonas strains comprised monoacetylphloroglucinol 

(MAPG), 2,4-diacetyl-phloroglucinol (DAPG), pyoluteorin (PLT) and several 

rhizoxins, which exhibited broad-spectrum antibiotic activities against Gram-positive 

and Gram-negative bacteria as well as against fungi 

Because DAPG, MAPG and PLT are active against Pseudoalteromonas elyakovii and 

Algicola bacteriolytica, which are hypothesised to cause disease of Saccharina japonica, 

we suppose, that through production of these antibiotic compounds the marine 

pseudomonads may be beneficial for the macroalgal host. 

 

 

Electron microscopy and genetic evidence demonstrate different colonisation of different 

parts of the alga Saccharina latissima by bacteria. 

 

 

 

Nagel, K., Schneemann, I., Kajahn, I., Labes, A., Wiese, J. & Imhoff, J.F. Proposed beneficial effects of 

2,4-diacetylphloroglucinol-producing pseudomonads on the marine alga Saccharina latissima. AME in 

press 
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Scientific Cooperations of KiWiZ 

The KiWiZ became a strong partner in networks on marine biotechnology in Schleswig-

Holstein and northern Germany and is partner for a number of small commercial 

companies and of numerous scientific research groups on local, national and 

international scales. 

� The KiWiZ is engaged in research collaborations on local, national and international 
level. The KiWiZ coordinates a EU cooperation project and is partner of a 
coordination activity in the FP7 of European Community.  

� Besides scientific publications and presentations (see chapter The KiWiZ - a 
platform for marine natural product research), the KiWiZ initiated the colloquium 
“Marine Natural Products” to enforce communication with German and foreign 
colleagues. 

� A number of visiting scientists were hosted at the KiWiZ and foreign PhD students 
supervised either in short term visits for education in specific methods or for the full 
length of the PhD thesis. 

 
Research Projects and Cooperations 

Marine biotechnology using small compounds is a key component in national and 

international interdisciplinary networks in an EU-wide framework. These networks 

connect the KiWiZ to integrated approaches in this innovative field. These activities 

form a bridge from environmental marine science to applied marine biotechnological 

research. They also form a strong link to the large fraction of Helmholtz Centres 

performing health related research. 

 

National level 

Cooperation with universities. Based on the wide methodological expertise of the 

KiWiZ, different aspects are attractive for cooperation partners. Major aspects of 

cooperations are related to assays on biological activities of natural products. In this 

context partners are from natural product chemist laboratories of the universities of 

Tübingen, Siegen, Berlin, Bonn, and from MPI in Jena. The KiWiZ is continuously 

extending its own panel of bioassays and in addition uses those of expert partners at the 

CAU Kiel (UK-SH Kiel) for e.g. antitumoral, antiviral and medicinal important 

antibacterial assay systems. Increasing importance is gained by the KiWiZ substance 

library which is requested for use in special screening systems by partner groups, such 

as the European Screening Port (Hamburg) and the Centre for Infection Research HZI 

(Braunschweig). 

Cluster of Excellence of the University Kiel CAU. The KiWiZ promoted the inclusion 

of marine natural products as a topic of the Cluster of Excellence “Future Ocean I” and 

also contributes to the actual phase II. KiWiZ is also partner within the Cluster of 

Excellence “Inflammation at interfaces”. 
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BIOCATALYSIS2021 . The KiWiZ actively promoted the concept and proposal of a 

cooperative project within the biotechnology cluster BIOCATALYSIS2021. The topic 

of the project was on antimicrobial peptides from marine bacteria, which is an important 

group of bioactive compounds. The joint project was funded from 2008-2011 and 

included the Planton GmbH (Kiel) and the University of Kiel (Prof. Cai, Department of 

Plant Pathology) as partners. 

 

European framework 

At the European level, the KiWiZ cooperates with a variety of partners via bilateral 

cooperation, acts as coordinator of the project “MARINE FUNGI” within the “Seventh 

Framework Programme” (FP7) and has applied for a large cooperative project with 20 

partners, including 7 industrial partners (highly ranked with 12.5 out of 15 points). It is 

involved in preparatory activities for the upcoming programme “Horizon 2020”. 

MARINE FUNGI.  The KiWiZ coordinates the EU project MARINE FUNGI aiming to 

demonstrate the sustainable exploitation of under-utilised marine natural resources for 

the production of antitumor substances. By providing appropriate culture conditions for 

marine fungi, the efficient production of marine natural products in the laboratory and 

the scale up in a sustainable process without harm to the natural environment is 

achieved. The therapeutic focus of MARINE FUNGI is the development of novel anti-

cancer compounds. The project will carry out the characterisation of these compounds 

to the stage of in vivo proof of concept ready to enter further drug development in order 

to valorise the results of the project. It will further promote natural product biosynthesis 

of three selected fungi by genome sequencing and genetic methods to improve our 

knowledge on biosynthetic properties of the fungi. A group of eleven institutions from 

seven different countries including four companies has joined forces to set up a 

consortium of experts to cooperatively conduct the ambitious project, which is funded 

by the European Commission under the “Seventh Framework Programme” (FP7). 

MARINE FUNGI partners from Europe, Indonesia and Chile working on the biology of marine 

fungi for the discovery and development of new anti-cancer drugs.  
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International level 

Major ongoing international cooperations include partners from  

� the Facultad de Recursos del Mar (Universidad de Antofagasta, Chile) covering 

aspects of diversity and secondary metabolites of selected bacterial groups 

(including fungi) from extreme habitats and from Chilean algal forests 

� the Diponegoro University (Semarang, Indonesia) with a project on natural products 

from marine fungi  

� the University Kunming (China) with an intensive exchange of strains and 

knowledge established during the past years, where currently the capacities of 

chemical analyses of KiWiZ are major aspects of interest by the Chinese partners. 

 
Signing contract of coperation with Prof. Cheng-Lin Jiang from the National Engineering 

Center for Research of Microbial Pharmaceuticals, Yunnan University, Kunming (China) (top 

left), celebrating this with a formal dinner (lower left), group photo with the research group 

of the Kunming institute (upper right). Marine natural products were topic on the World 

Ocean Congress in Manado, group photo (lower right) together with our former guest 

researcher and project partner Prof. Ocky Karna Radjasa from the Department of Marine 

Science of Diponegoro University in Semarang (Indonesia). 
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Scientific Colloquium ”Marine Natural Products” 

In order to enforce communication and cooperation with other scientists and scientific 

institutions as well as industrial companies a scientific colloquium was established with 

invited speakers from science and industry. The lectures gave a broad spectrum of 

specific aspects of natural product research and included aspects from the industrial 

perspective as well.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As representatives four guest speakers are shown in action : Prof. Dr. Jean-Paul Cadoret from 

IFREMER in Nantes, France (upper left), Prof. Dr. Axel Brakhage from the HKI in Jena (upper right), Dr. 

Eckhard Günther from Drug Discovery and Preclinical Development of Æterna Zentaris in Frankfurt 

(lower left) and Prof. Dr. Hans-Peter Fiedler from the University in Tübingen (lower right). 

 

Invited speakers of the colloquium ”Marine natural products” 

Dr. Joachim Rheinheimer, BASF, 18.3.2008: “Naturstoffe in der Pflanzenschutzforschung. 

Arbeitsweise und das Vorgehen bei der Bearbeitung von Leitstrukturen aus der Natur.“ 

Prof. Dr. Roderich D. Süssmuth, Technische Universität Berlin, 08.05.2008: “Vancomycin, 

Abyssomicin, Proximicin - Struktur, Biosynthese und Wirkmechanismus von alten und neuen 

Naturstoffen“ 

Prof. Dr. Jean-Paul Cadoret, IFREMER, Laboratoire de Physiologie et Biotechnologie des 

Algues, Nantes, Frankreich, 9.5.2008: “Microalgae: Biotechnology and applications“ 

Dr. Ute Dechert, Senior Scientist Analytics / Controlling R&D, BRAIN Aktiengesellschaft 

Zwingenberg, 15.05.2008: “BRAIN Philosophie“ 
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Dr. Eckhard Günther , Vice President, Discovery and Preclinical Development, Æterna 

Zentaris GmbH / Frankfurt / M., 29.05.2008: “Naturstoffe als Leads - Enttäuschte Hoffnungen? 

Das Beispiel des BioTech-Unternehmens AEterna Zentaris“ 

Prof. Dr. Lutz Heide, Pharmazeutische Biologie, Universität Tübingen, 20.06.2008: 

“Genetische Manipulation von Naturstoffproduzenten: Neue Aminocoumarin-Antibiotika durch 

Metabolic Engineering und Mutasynthese“ 

Prof. Dr. Christian Hertweck , Leibniz Institute for Natural Product Research and Infection 

Biology – Hans-Knöll-Institute (HKI), Jena, 15.07.2008: “Natural product assembly lines and 

their role in microbial interactions” 

Prof. Dr. Axel Zeeck, Institut für Organische und Biomolekulare Chemie - Abteilung 

Biomolekulare Chemie – Göttingen, 17.10.2008: “Wie findet man neue mikrobielle 

Naturstoffe? – Rückblick und Perspektiven“ 

Prof. Dr. Hans-Peter Fiedler, Universität Tübingen, Mikrobiologisches Institut, 7.11.2008:  

“Albidopyrone: Neue Wirkstoffe aus marinen und terrestrischen Actinomyceten“ 

Prof. Dr. Axel Brakhage,  Leibniz Institute for Natural Product Research and Infection 

Biology – Hans-Knöll-Institute (HKI), Jena, 4.6.2009: “Natural Product Discovery at the 

Leibniz-Institute for Natural Product” 

Prof. Dr. Rüdiger Schulz, Botanisches Institut CAU Kiel, 16.7.2009: “Mikroalgen-Screening: 

Optimierung der biotechnologischen und bioenergetischen Nutzung“ 

Prof. Dr. Frank Kempken, Botanisches Institut CAU Kiel, 1.10.2009: “Filamentous fungi as 

model systems in molecular genetics“ 

Prof. Dr. Fernando De la Calle, PharmaMar, Madrid, Spanien, 2.7.2010: “Marine Biodiversity 

and Biotechnology applied to human health. The experience of PharmaMar” 

Prof. Dr. Christian Peifer, Pharmazeutische Chemie CAU Kiel, 26.1.2012: “Structure-based 

design of kinase inhibitors” 

Dr. Philip Gribbon , European Screening Port, Hamburg, 28.6.2012: “Academic drug 

discovery in Europe” 

Dr. Fiona Chan, Xention Ltd., Great Britain, 29.6.2012: “Drug development in a nutshell” 
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Visiting Scientists 

The KiWiZ is an attractive research centre for foreign scientists as demonstrated by a 

great number of requests and applications to work as guest scientists in our laboratories. 

The requests come from many countries all over the world. 

Research fellows with financial support which worked as guests in KiWiZ laboratories 

came from Bulgaria (Dr. Maya Mitova, Humboldt fellow), Indonesia (Prof. Dr. Ocky 

Karna Radjasa, Humboldt fellow), China (Dr. Suping Yang (photo right), Prof. Dr. 

Chen-Lin Jiang (photo middle) and Prof. Dr. Yu Zhiguo (photo right), Egypt (Dr. 

Ahmed Mohamed El-Bondkly) and Chile (Dr. Cristina Dorador, DAAD, photo left). 

Currently, Martha Hengst Lopez (Universidad de Antofagasta, Chile) is visiting KiWiZ 

for research work. In Oktober 2012, Prof. Bin Wu from Zhejiang University of China 

started for a year at KiWiZ for to perform natural product chemical studies. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Foreign PhD Students 

The application rate of PhD students with special emphasis on the research work of 

KiWiZ is overwhelming and a strong selection is necessary to select those that can be 

supervised in the KiWiZ during their PhD studies. Students that came for special short 

term training were Ju Hyoung Lim from Korea and Sarijito from Indonesia. Students 

that finished her complete PhD thesis in Kiel were Yi Jiang from China and Franz 

Goecke from Chile. Currently, Sun Min from China and Mien Thi Pham from Vietnam 

are performing their PhD studies in the KiWiZ. 

 

 



 

 

The Kiel Center for Marine Natural Products      37 

Education 

The KiWiZ has a prominent position in education on marine biotechnology, although a 

formal curriculum is not offered. Marine natural product research and marine 

biotechnology attract students from whole Germany. The KiWiZ is naturally involved 

in the curriculum of Biological Oceanography through engagement of the Marine 

Microbiology Research Unit and offers special courses on “Microbial interactions” in 

this frame. In addition, it offers practical courses in marine biotechnology and 

supervises students in their work during bachelor and master theses (in the past also for 

diploma theses). More than 40 students were supervised during the past years in 

different stages of their education. In addition, a number of eight PhD students 

completed the thesis at the KiWiZ (see list below) and another eight PhD theses are 

ongoing. 

A major fraction of the students is coming from various German and Swiss universities 

(Aachen, Berlin, Bonn-Rhein-Sieg, Dortmund, Düsseldorf, Duisburg, Gelsenkirchen, 

Greifswald, Flensburg, Münster, Muttenz, Regensburg, Rostock, Ulm). Particular close 

cooperations in education exist with the Elly-Heuss-Knapp-Schule in Neumünster in 

education of technicians in biotechnology and to the University of Applied Sciences 

Flensburg in supervision of practical studies of biotechnology engineers. 

 
PhD Dissertations Completed 

Vera Thiel: Sponge-associated bacteria: specificity, diversity and antimicrobial 
potential (2006). 

Yi Jiang: Systematic research on Actinomycetes selected according to biological 
activities (2009). 

Andrea Gärtner: Isolation and characterization of bacteria from the deep-sea and their 
potential to produce bioactive natural products (2011). 

Imke Schneemann: Nachweis von Biosynthesegenen des bakteriellen 
Sekundärstoffwechsels sowie Isolierung und Strukturaufklärung von Naturstoffen aus 
ausgewählten Actinomyceten (2011). 

Herwig Heindl : Antimicrobially active microorganisms associated with marine 
bryozoans (2011). 

Franz Goecke: Association between microbes and macroalgae: host, epiphyte and 
environmental effects (2011). 

Tim Staufenberger: Chitinases in the tree of life. Ecological, kinetic and structural 
studies of archaeal and marine bacterial chitinases (2012). 

Katrin Kleinschmidt: Isolierung und Charakterisierung von Bakterien aus 
Meeressedimenten und ihr Potential zur Produktion von antimikrobiellen Peptiden und 
Polyketiden (2012). 
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Summer School on “Marine Biotechnology and Natural Products” 

The summer school on “Marine Biotechnology and Natural Products” is offered to 

selected Swiss students from the School of Life Sciences at the University for Applied 

Sciences Northwestern Switzerland (FHNW) in Muttenz/Basel since 2009. It is an 

optional module in the frame of studies on molecular life sciences with the title 

“Research in the context of knowledge and application”. This summer school is a highly 

appreciated choice of the Swiss students and gives a comprehensive introduction to the 

marine natural product research from the sampling on board of a research vessel to 

isolation and identification of the bacteria, to chemical extraction and purification and to 

testing of bioactivities within the frame of the possibilities available at the KiWiZ 

Research Laboratories.  

Contacts with our colleagues from the Swiss university also have initiated a research 

collaboration in which our substances are in silico characterised for structure activity 

relationship evaluation and rational structure based design.  

 

Students and supervisors of the summer school Marine Biotechnology 2009 (left) and 

participants of the technology summer school in front of the venue Wissenschaftzentrum 

Kiel (right). 

 

 

Summer School on “Methods in Biotechnology” 

An international summer school was organised with 35 participants from universities, 

companies and research institutions from China, Brazil, Spain, Lithuania, Vietnam, 

Belgium and Germany in 2011 together with the Helmut-Schmidt-University Hamburg 

and the cluster BIOCATALYSIS2021. Contributions from industry were presented by 

the companies BioLogics Richter-Helm, GE Healthcare, Knauer, BioSilta and 

Hamilton. The graduate students contributed to the topic with oral presentations and 

posters from their current research. Lively discussions complemented the lectures. 
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Awards 

Several awards have been given to scientists from the KiWiZ and to the KiWiZ as an 
innovative research facility. In 2009, the KiWiZ has been awarded as one of the “Ort im 
Land der Ideen” by the German Federal President for its outstanding concept in research 
and development of marine natural products. 

 

The KiWiZ receives certificate and award and celebrates this by opening the doors and 

presenting its laboratories to the public. 

 

In 2007 Prof. Johannes F. Imhoff received the “Paul J. Scheuer – Preis” for outstanding 
scientific work in natural product research together with Prof. Dr. Dr. h.c. Gerd 
Bringmann and Prof. Dr. Werner E.G. Müller, awarded by the Akademie 
gemeinnütziger Wissenschaften zu Erfurt. 

In 2011 Dr. Jutta Wiese received the IFM-GEOMAR publication award for outstanding 
scientific publication efforts. 

Work presented and published by KiWiZ scientists on congresses has been awarded 
several times for presented posters on scientific meetings. 
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KiWiZ as a Thriving Force for Networking and Promotion of 

Marine Biotechnology 

During the past years, the KiWiZ has established numerous contacts, bilateral 
agreements, and networks of partners in academia and industry on regional, national, 
European and international level. Many of these activities aim to strengthen the role of 
marine biotechnology and its visibility. In this framework, in particular innovative 
products of small companies in Schleswig-Holstein were supported by knowledge and 
know-how. Networking activities are supported by WTSH and NORGENTA. 
 

Networks for Marine Biotechnology 

Networks with research institutions and commercial enterprises are established to 
promote natural product research, to transfer research results into commercial 
applications and to support small companies in developing products for the market. 
 

Northern Network 

The “Northern Network of Marine Biotechnology” is a joint activity of research groups 
and companies in northern Germany to strengthen the research capabilities and 
promoting product development of marine resources. Members are 

� research teams and institutions dedicated to research on marine natural compounds 
� companies with products from marine natural compounds 
� organisations that support blue biotechnology in the region. 
 

Submariner: Sustainable Uses of Baltic Marine Resources 

The Baltic Sea Region (BSR) faces enormous challenges including growing transport, 

new installations, fishery declines, severe marine pollution, excessive nutrient input, 

and the effects of climate change. But novel technologies and growing knowledge also 

provide opportunities for new uses of marine ecosystems, which should not only be 

valued for their commercial appeal but for their potentially significant contribution to 

solving its environmental problems. Submariner paves the road for furthering those 

environmentally friendly as well as economically appealing innovative uses within the 

BSR, thus contributing towards its aim to become a model region for sustainable 

management of the sea. The KiWiZ participates in this process and coordinates the 

evaluation of aspects of blue biotechnology. The project is funded by the Baltic Sea 

Region Programme 2007-2013.  

 

Biotech Center Kiel 

The KiWiZ joined with two biotechnology companies (Planton GmbH and Proteo AG) 

under the umbrella of the Kiel Biotech Center to combine expertise in biotechnology 

and strengthen this field in Kiel. 
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Science Meets Industry: Support of SMEs and Local Structures  

As a network node between research and application, the KiWiZ expanded its contacts 

with the economy. These activities include pure analytical work but also application-

oriented research projects, which aim to develop or improve products or production 

methods. In some cases the cooperation has merged into joint product development. 

Most companies are located in Schleswig-Holstein and northern Germany, but requests 

come and projects exist with companies from other parts of Germany and from other 

European countries. A current EU research project and preparatory work for another 

proposal greatly stimulated contact with European biotechnological companies. 

The KiWiZ is research partner in the network of competence for food industry 

Schleswig-Holstein and offers service and support for product development to the 

participating companies. 

 

Blue Biotechnology Cooperation Event 

Within the scope of the SUBMARINER project, the KiWiZ and Norgenta North 

German Life Science Agency GmbH organised and hosted the international Blue 

Biotechnology Cooperation Event “New Strategies and Future Perspectives”. It took 

place in Kiel on 9 and 10 May 2012. 

 
Blue Biotech Cooperation event. More than 150 representatives of research institutions, 

private companies, politics and public institutions in the field of blue biotechnology 

participated in this event which offered a platform for networking and cooperation.  
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Competence workshop "Development of biotechnological processes and product 

preparation” 

In cooperation with BIOCATALYSIS2021 and Prof. Dr.-Ing. Bernd Niemeyer 

(Helmut-Schmidt University Hamburg), a workshop on "Development of 

biotechnological processes and product processing" was organised in 2010 in Lübeck. 

The focus of the event was an intensified networking of academic research and 

industrial application. Aspects of technical knowledge and transfer of biotechnological 

processes from the laboratory to industrial scale comprehensive were treated. Further 

topics were strategical linkages between various technological disciplines and a 

thorough understanding of knowledge on metabolic processes of microorganisms. Both 

the upscaling and downstream processing were additional tasks. 

 

From science to industry 

The KiWiZ was established with the specific goal to generate and transfer knowledge 

and products from science to industry. In the central focus of such activities were 

substances isolated from marine microorganisms and their biological activities with 

potential use in medicine and cosmetics. Such products are candidates for long term 

developmental strategies. In short term, scientific knowledge and methodological 

capabilities are major aspects of contacts to industry. In particular local companies 

request support in analytical problems or in process development. The wide range of 

analytical aspects available at the KiWiZ is asked for and includes microbiological and 

chemical analyses as well as determination of biological activity profiles of substances 

and extracts. Also individual substances available at the KiWiZ and the complete library 

of natural products are requested for different purposes. In addition, the KiWiZ has 

initiated the development of its own products to be transferred to the market by 

commercial partners. The commercial aspects are promoted by the small associated 

enterprise MicrobiMaris Biotec GmbH. Partnerships are sought preferably with small 

and medium-sized companies but also with larger corporations. 
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Presentations to Stakeholders  

 

 

KiWiZ presented its laboratories to the public and to the political community on a number of 

occasions. Examples are presented: The major of Kiel Angelika Volquartz was patron for the 

BIOTECH CENTER Kiel and honorary speaker at the celebration of awarding KiWiZ the “Ort im 

Land der Ideen” (top left). The director for North Sea and Baltic Sea affairs in the general 

direction Mare in Brussels Haitze Siemers together with Uwe Döring visited KiWiZ (top right). 

Prime minister of Kiel government Peter H. Carstensen and the parliamentary state secretary 

and coordinator of maritime economy of the German federal government Dagmar G. Wöhrl 

visited KiWiZ and were informed about ongoing work (middle). State secretary of the 

ministry for „ Ministry of Economic Affairs, Employment, Transport and Technology” 

Cordelia Andreßen visited KiWiZ (bottom). 
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Presentations to the Wider Public 

In order to promote aspects of marine biotechnology and in particular of marine natural 

products and their potential for drug development into the public, the KiWiZ has 

presented special topics of these aspects in several public exhibitions (see list in 

appendix). For this purpose specific media were developed to translate scientific issues 

for the wider public. These include a corporate video „Medizin aus dem Meer: Das 

Kieler Wirkstoff-Zentrum KiWiZ“, a touch screen and show and various exhibition 

items.  

The KiWiZ was presented twice at Biotechnica fair, a good possibility to interact with 

both, scientific and industrial partners. Within the scientific programme of Analytica 

and Achema, KiWiZ topics were presented. Additionally, the KiWiZ was present at 

specific fairs, such as Beauty (cosmetic sector) and the local Husum Innovation Messe 

in 2012. 

 

 
Exhibitions on board of the exhibition ship MS Wissenschaft “Jenny” (left) and at the fair 

Biotechnica 2008 in Hannover (right). 

 

 

Public Presence 

The KiWiZ was very active in promoting blue biotechnology but as well was topic or 
information source in newspapers, radio, television and press releases. It presents its 
activities in a flyer, project web sites (www.kiwiz.org, www.marinefungi.eu), as well as 
in interviews and public lectures. An overview on these activities is given in the 
appendix. 
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Resume and Future Perspectives 

Due to the facts that most big pharma companies have reduced significantly their 

research activities, that the pipelines of new drugs for the market are fading and that a 

strong demand is recognised for new substances to fill these pipelines, it is crucial that 

research institutions intensify the search for new bioactive compounds. The availability 

of new candidates for the drug pipelines is a recognised serious bottleneck for the 

development of new drugs. As nature is the master designer for chemical compounds 

with a high variety of structures and a large number of biological activities with 

experience of several billion years, natural products and derivatives thereof were the 

primary source for drug development. Hit rates for bioactive compounds are much 

larger in marine organisms than in other sources and therefore marine life is the 

preferred source for the search of new drugs. It is the high structural novelty coupled 

with new modes of biological activity that continue to make the study of marine natural 

products a rewarding venture (Grabowski et al., 2008). Opinions from leaders in the 
field of marine natural products all agree that the potential of marine 
pharmaceuticals significantly will contribute to the pharmacopoeia.  

In particular the microbiological focus of the KiWiZ offers great chances for the future 

of marine natural product research and of marine biotechnology. The almost unlimited 

microbial diversity of the ocean itself represents a huge potential for biotechnological 

exploitation, including marine natural products. No matter whether culture-dependent or 

culture-independent approaches are used, current and future technologies will multiply 

the possibilities of exploring the potential of producing natural products by marine 

bacteria and fungi. The potential of pure cultures of marine microbes will be much 

better explored by applying genetic screening methods, which have been developed 

during the past years at the KiWiZ and are currently applied, as well as by applying 

genomic approaches. The analyses of genome sequences already have shown that only a 

small fraction of the genetic potential is phenotypically expressed. Hence, the 

application of genomic approaches will enhance the search for new natural products.  

The research strategies of the KiWiZ together with the established research 
platform and the valuable biological and genetic resources available, as outlined in 
this brochure, are excellent conditions to successfully work and compete in this 
field.  

This in mind, it can be expected that the KiWiZ will significantly contribute to the 

marine natural product development in the coming years, if supported adequately to 
maintain basic structures and methodological know-how. 

Structural Opportunities and Challenges 

Marine biotechnology with all its facets relevant to application represents an enormous 

economic potential for Europe. The CSA „MarineBiotech“ (coordination support 

activity, an instrument of EU) will advance progress in this field towards the vision of a 
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European Research Area (ERA) and promote and position marine biotechnology as a 

sector which can deliver ‘smart, sustainable and inclusive growth’, a core objective of 

the Europe 2020 Strategy. A possible resulting ERAnet is in line with all KiWiZ 

activities. 

In general the research strategy of the KiWiZ is in accord with recognised demands 

by science and research priorities defined by political levels from the European 

Commission to the government of Schleswig-Holstein. This includes participation in 

current activities of “EU Openscreen”, an initiative for establishment of an European 

infrastructure of open screening platforms for chemical biology. 

Expected Outcome 

Depending on the future focus of the KiWiZ, we expect significant progress in our 

understanding of biology and chemistry of small bioactive molecules, their role in 

interactions between marine micro- and macroorganisms and in shaping microbial 

communities and even modifying ecosystem structure and biogeochemical fluxes.  

The huge potential of the marine microbial world to produce biological active 

metabolites and the excellent resources of microorganisms with their genetic and 

physiological potential available at the KiWiZ will give rise to the discovery of an 

increasing number of new chemical compounds. By systematic investigations of these 

resources, new lead structures with bioactivities of relevance for application in human 

diseases, in plant protection, in marine diseases and possibly other fields of application 

will be identified and promoted to products. 

The continued exploration of genomes from marine bacteria and fungi will lead to a 

significant broadening of our general understanding of marine biodiversity and in 

particular on evolutionary aspects of natural product biosynthesis. 

Considering that 
� the role of small bioactive molecules in biological interactions in marine organisms 

is almost unknown, 
� the marine microorganisms are a huge reservoir of bioactive substance producers 

that is almost untouched, 
� an increasing pressure will be on the search and identification of new natural 

products for pharmaceutical use, 
� KiWiZ has well equipped laboratories and excellent know-how, 
� KiWiZ has invaluable genetic and organismic resources and access to a wide range 

oceanic habitats, 

it is reasonable to assume that KiWiZ is in an excellent position to meet future 
challenges of marine natural product research for the coming decades if not the century. 

The established KiWiZ research platform is both, a basis for a comprehensive and 
sustainable exploitation of natural compounds from marine microorganisms and a 
great structural opportunity for leading an exciting field of marine sciences. 
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The Kiel Center for Marine Natural Products      65 

Life Science Nord, Ausgabe 1/2008, Gemeinsamer Firmenauftritt: Planton, Proteo und KiWiZ 
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Wirkstoffe aus Meeresorganismen.  
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LABOR & MORE, Mai 2008, Das Meer als Schatztruhe neuer Wirkstoffe.  
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Informationsdienst Wissenschaft, 25.5.2011, Meerespilze für mehr Gesundheit. EU-Projekt zur 
Gewinnung mariner Wirkstoffe startet in Kiel.  

Forum für Wissenschaft, Industrie und Wirtschaft, 25.5.2011, Meerespilze für mehr Gesundheit. 
EU-Projekt zur Gewinnung mariner Wirkstoffe startet in Kiel Innovations-Report. 

Tauchjournal, Abtauchen im Netz, 26.5.2011, Meerespilze für mehr Gesundheit. EU-Projekt zur 
Gewinnung mariner Wirkstoffe startet in Kiel.  

Life Science Nord, 1/2011, Ostsee unter internationaler Lupe, Das Projekt »Submariner« ist 
gestartet.  

Auf dem Weg zurück zur Natur, Frühjahr 2011, Flur und Furche.  

Kieler Nachrichten, 10.5.2012, Blaue Biotechnologie sieht rosarot. 
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Radio & TV Interviews 

Imhoff, J.F.: Apotheke Meer. Das Atlantische Aspirin. MARE Radio Sondersendung, 6.3.2006 

Imhoff, J.F. and Wahl, M.: Marine Botenstoffe. Interviews. Bayrischer Rundfunk, 6.3.2006 

Wiese, J. und Imhoff, J.F.: MARE Radio, Interview vom 11.12.06 

Imhoff, J.F.: Eröffnung KiWiZ, N3, 22.1.2007 

Imhoff, J.F.: Medizin aus dem Meer: Ostseereport, 6.5.2007, 18.00 Uhr, N3 

Imhoff, J.F.: Produkte aus dem Meer, N3, 13.5.2007 

Imhoff, J.F.: Neues aus dem Meer, N3, 13.6.2007 

Imhoff, J.F., Wahl, M,: "Marine Wirkstoffe": Beitrag für 3SAT/nano  

Imhoff, J.F:: „Marine Medizin“ beim Schweizer Fernsehen  

Imhoff, J.F.: InWaterTec, N3, 22.10.2007 

Imhoff, J.F.: Eröffnung Biotech-Center Kiel, N3, 15.11.2007 

Imhoff, J.F.: Interview ZDF, 21.2.2008 

Imhoff, J.F.: Neues Bakterium nach Kiel benannt: Kiloniella laminariae. NDR, Schleswig-
Holstein-Magazin, 4.2.2009 

Stöhr, R., Walhorn, M., Imhoff, J.F. (2011) Reportage für „Die Durchblicker“ über das KiWiZ. 
Sendedatum 6.5.2011 NDR Info 
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Presentations on Expositions 

Fairs 

BIOTECHNICA 2008: KiWiZ presents research strategies for early phases of drug 
development from habitat to hit candidate on Germans largest biotechnology exhibition, 
Gemeinsamer Ausstellungsstand mit Life Science Nord, Hannover, 7.-10.10.2008 

BIOTECHNICA 2009: KiWiZ presents research strategies for early phases of drug 
development from habitat to hit candidate on Germans largest biotechnology exhibition, 
Gemeinsamer Ausstellungsstand mit Life Science Nord, Hannover, 6.-8.10.2009 

Husum Messe "Innovationen zum Begreifen – Made in Schleswig-Holstein" 18.1.2012: touch 
screen slide show on „Marine Natural Products“ and show case „Das Meer als Apotheke“ 

Analytica 2012: Efficiency and material protection of a new cell disruption method for the 
extraction of bioactives from algae, bacteria and fungi. München, Germany, 19.-20.4.2012 

Achema 2012: Genome based methods for the exploration of natural products from marine 
fungi for the treatment of cancer. Frankfurt, Germany, 19.6.2012 

Exhibitions 

Exhibition ship „MS-Wissenschaft zum Jahr der Gesundheit“, 19.5.–29.9.2011: corporate video 
of KiWiZ, touch screen slide show on „Marine Natural Products“ and show case „Das Meer 
als Apotheke“. 

Exhibition on „Schätze der Tiefsee“ im Ozeaneum Stralsund (open since 19.8.2011): A show 
case on „Apotheke Meer“ 

11. Münchener Wissenschaftstage 22.-25.10.2011: touch screen slide show on „Marine Natural 
Products“, and show case „Das Meer als Apotheke“ 

 

Promotion Material 

Corporate video „Medizin aus dem Meer: Das Kieler Wirkstoff-Zentrum KiWiZ“ 
(http://www.geomar.de/index.php?id=filme) 

Touch screen slide show and interactive touch screen  

Show box “Wie der Brotkrumenschwamm in die Apotheke kommt: Medizin aus dem Meer”. 

Flyer “New Natural Products from Marine Microorganisms - Blue Biotech from Kiel” 
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The first word bacteria (a Streptomyces isolate) in KiWiZ can write. 
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