MaCuMBA was a four-year research project
that aimed to uncover the untold diversity of
marine microbes using cultivation-dependent
strategies. This joint venture of 22 partner
institutions from 12 EU countries was led by the
Royal Netherlands Institute for Sea Research
(NIOZ), and had a budget of more than €12 million,
of which €9 million was funded by the EU Seventh
Framework Programme.
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Introduction

Introduction to MaCuMBA
I think that if any good thing shall go forward, something must be adventured.
- Thomas More, Utopia

Microorganisms rule this planet

Marine microorganisms in the news

Microorganisms are responsible for the functioning of all
ecosystems on Earth and form the basis of the food web.
However, our knowledge of these processes is limited. Some
99,9% of the total number of species may still be unknown.
If only we knew how to understand, to isolate and to culture
them, microorganisms could become a tremendous source of
various useful products and applications.

While terrestrial microorganisms have been extensively
studied, it is now timely to explore the ocean. The ocean covers
70% of our planet and constitutes by far the largest continuous
ecosystem on Earth.

Marine microorganisms have the potential to provide solutions
to the big challenges of our present-day society, such as
resistance to antibiotics, energy and food crises, the increase
in temperature, the emergence of new diseases and pollution.
As natural resources are limited, it becomes imperative to
find new ways and means to increase food and fuel production
while giving due consideration to the biosphere’s ability to
regenerate resources and provide ecological services. Marine
microorganisms could play an important role in this context.

One million microorganisms
per one ml of seawater
”All together it is estimated that 1029 microorganisms live in the
ocean. We can say that in every millilitre of seawater live one
million microorganisms and perhaps thousands of species,”
said MaCuMBA Project Coordinator Prof Lucas Stal, NIOZ.

Tolypothrix, cyanobacteria often used as fertiliser © Matthew J. Parker
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In the past few years, exciting results of projects related to
the study of marine microorganisms have been receiving
high profile coverage in the European press. The enormous
potential of the ocean no longer goes unnoticed and promising
results are starting to emerge.
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“Immortal Irish Marine Animal Provides
Hope for Research into Ageing”




“Super Sunscreen from Fjord Bacteria”



“‘Super Bacteria’ Cleaning Up After Oil
Spills”

Unique to this project was that it covered a continuum from
fundamental science to applied science. In joining science and
industry, MaCuMBA strove to bridge the gap from discovery
to the market. The collaboration aspired to generate a more
direct impact on research and development and to provide new
products and services to the benefit of human society.

These articles (listed above) are only a handful out of many
results that made the headlines in the media. They all confirm
the same thing: in the mysteries of the ocean lies the key for a
future environmentally friendly and sustainable society.

How society can benefit from the
research conducted by MaCuMBA

“Researchers Make Breakthrough in Race
to Create ‘Bio-Batteries’”

The barriers to successful industrial
exploitation of marine biodiversity
Compared to the terrestrial sphere, we know little about the
richness and diversity of marine microorganisms. To unravel
the mysteries of the ocean is not an easy task. One of the main
barriers to successful scientific and industrial exploration
of marine biodiversity is that most of the marine microbes
require unusual cultivation conditions. In contrast to terrestrial
environments the ocean is ultra-oligotrophic, meaning that
the concentrations of nutrients are low and the adapted
microorganisms do not withstand high nutrient concentrations
or contaminations. Moreover, the sea is not homogeneous and
encompasses a plethora of different environments. There may
be high incubation temperatures, high salt content, unusual pH
and other factors that are often difficult to reproduce. To design
the perfect media and recreate the environmental conditions
in which each single microorganism is growing represents a
huge challenge that requires not only particular expertise and
skills but also an enormous amount of time and money.

MaCuMBA faced the challenge to
culture the uncultured majority of
marine microorganisms
To face those challenges, microbiologists from various
European research centres and pharmaceutical and biotech
companies joined hands in the MaCuMBA project. Their chief
goal was to develop revolutionary new methods to isolate and
cultivate marine microorganisms that up until that point had
been considered “ungrowable”, and at a much faster rate than

previously possible. No less than 22 partners from 12 EU
countries collaborated in this ambitious project. It was a
large and diverse consortium of partners, each of which were
carefully chosen because of their expertise and skills in a
particular field or discipline.

The MaCuMBA project was established on the premise that
unknown microorganisms may hold the key to unlocking
knowledge that could contribute to the development of new
medicines and energy solutions, and could also potentially help
mitigate climate change and control the spread of diseases.
MaCuMBA offered opportunities in terms of microbial
systems and isolates, novel methods and technical platforms
for seeking novel marine active compounds. It used the sea as
a sustainable and never dwindling source for new medicines,
renewable energy and others.
A short overview of the areas that are expected to be impacted
by the MaCuMBA project:

industry: source of novel compounds for
 Health
a range of medical (e.g. anti-tumor, blood pressure
reduction, anti-bacterial, anti-viral) and veterinary
applications

industry: e.g. production of biofuels,
 Bio-energy
methane, hydrogen, and fuel cells
industry: source for healthy nutrition, food
 Food
additives, animal foods or probiotics (especially in
aquaculture)



Environmental remediation industry: removal
of pollution or contaminants from the environment (e.g.
mitigating oil spills)

products and processes: e.g.
 Industrial
contribution to industrial biotechnology and production
of nano-materials

How many millions of lives have been saved due to the discovery of penicillin?
How many new applications are hidden among the perhaps 99.99% of unknown
microorganisms?
- Prof Lucas Stal, MaCuMBA Project Coordinator, NIOZ
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Innovative approaches for isolating microorganisms
One of the main objectives of the MaCuMBA project was
to develop a range of innovative approaches for isolating
uncultured microorganisms with expected biotechnological
potential. To that end, traditional methods were refined and
adapted to face the particular challenges of the project. But
more importantly, a whole range of innovative approaches
and revolutionary techniques were developed to reach the
ambitious goal of culturing the uncultured. A good example
of the state-of-the-art approaches developed by MaCuMBA
partners is the Cocagne platform, a high-throughput system by
which single cells can be isolated, designed and developed by
the University of Western Brittany (UBO) in France.

MaCuMBA partners developed a range of well-established
protocols and methods for sampling, isolation and culturing.
The different environmental conditions are taken into
account, carefully analysed and thoroughly recorded from
the very beginning, when the sample is taken from its natural
environment. An interesting example is the ”Survival Box”
that was created by MaCuMBA partner Cyano Biotech. It is
a box that contains everything that is needed for collecting
cyanobacteria and micro-algae in the best way, and contains
LEDs that provide the phototrophic microorganisms with light
during transport to the laboratory.

Innovative engineering solutions yielded important
advancements. Partners from Heriot-Watt University (HWU)
in Scotland, developed optical tweezers for the isolation of
single cells out of a mixture of cells. They also developed an
integrated optical-microfluidic device to rapidly isolate a large
number of cells based on electrokinetic approaches.
”Both make use of the optical force that light can exert on
particles,” explains Dr Lynn Paterson, head of the Biophotonics
group at HWU.

Contents of the Cyano Biotech Survival Box

Optical tweezers developed by MaCuMBA scientists at the HWU

Isolation and culturing was the
cornerstone of the MaCuMBA project.
It provided the input, i.e. microbes, for other
work packages. By having these protocols,
culture media and culture systems, we could
start isolating novel interesting microbes.
- Prof Gerard Muyzer, University of Amsterdam
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The techniques that were developed have led to the isolation of
thousands of new microorganisms, stocked in various culture
collections all over Europe. It also led to some particularly
exciting results. One of the most thrilling developments for
the project has been the discovery of the smallest aquatic
bacterium ever described worldwide. The discovery was made
by the research group led by Prof Rodriguez-Valera at the
Universidad Miguel Hernandez (UMH) in Spain. This organism,
measuring only 1/5000 mm, probably represents the limit of
what is possible in terms of containing all components that
are necessary for life (such as DNA, RNA, and a basic set of
enzymes) within such a tiny package.
Researchers from UBO have discovered 11 new genera of
alpha- and gammaproteobacteria and six other genera using
anaerobic culturing techniques, strains that are known to be
potentially highly significant.
MaCuMBA, with the approaches, protocols, techniques and
tools that it developed, has made a truly significant contribution
to unlocking the mysteries of marine microorganisms. These
exciting and pioneering discoveries hold promise for many
other discoveries and potential new avenues for biotechnology
and pharmacology.
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Improvement of culture efficiency
After several decades of focus on cultivation-independent
techniques, MaCuMBA switched towards culturing. To grow
marine microorganisms in the lab is important because it
is the only way to understand their nature, their function in
the microbiome, and their properties (including potential
applications). By using intelligent nature-mimicking
cultivation approaches to optimise growth, MaCuMBA
partners succeeded in improving the cultivation efficiency of
marine microorganisms with low growth efficiencies or low
bioactive metabolites production.

Marine Eukaryote growing on an MDCC (cultivation chip). This is a MaCuMBA isolate,
obtained during the sampling activity in Roscoff in 2013 from a sponge sample. The circular
areas are 180 microns across wells with a porous ceramic base and the image is around 7 mm
across

The main hypothesis behind the new strategies that were
developed was that growth efficiency in the lab could be
enhanced considerably if it were possible to mimic as closely as
possible the natural environment in which the microorganisms
live.
Many challenges had to be faced. MaCuMBA aimed at targeting
a diverse range of ecosystems - including coastal and open sea
water, and extremely salty, deep sea lakes and hydrothermal
vents - in order to reach the widest variety of microbial
communities possible (each with their own physiological
and metabolic properties). Depending on the type of natural
environment that was to be copied, different approaches had
to be used. These included the design of new culture media to
provide all the nutrients the newly-discovered microorganisms
need for growth, the development of nature-mimicking culture
systems, the optimisation of growth conditions in bioreactors,
the design of mixed cultures for greater stability, the
development of efficient harvesting protocols for organisms
with biotechnological potential and the invention of different
ways of co-cultivation.
One of the innovative approaches was the use of genomic and
metagenomic information to improve the ability to obtain
pure cultures of individual marine microbes. In this way, it
was possible to increase our understanding of their biology
which helps in engineering the right culture conditions. To that
end, the University of Amsterdam (UvA), the Netherlands,
developed computing tools based on genomic data to design
new culture conditions.
Improvement of the physicochemical conditions of the
culture (such as temperature, light, pressure, and nutrient
concentrations) are often difficult to reproduce in the lab.

Taking these conditions into account also marks a serious
advancement in the way of mimicking environmental
conditions, including the use of high pressure and high
temperature incubators, bioreactors, or in situ culture
chambers. Another example is the MicroDish Culture Chip
(MDCC) that was developed by MicroDish-BV to allow
incubation under a variety of situations and can be directly
deployed in the natural environment for co-culture and
enrichment.
One of the fundamental accomplishments of the MaCuMBA
project was to shift to an entirely new paradigm and thus set
the tone for future research.

The MaCuMBA consortium has
abandoned the old paradigm in
microbiology that microorganisms can only
be studied in pure single strain cultures. In
nature, organisms do not live alone, but in close
association with other species, with which they
cooperate or compete by communicating, and
exchange growth factors.
- Prof Lucas Stal, NIOZ
Building on this idea, several new co-cultivation strategies
were designed to separate the microorganisms physically
while preserving the interaction between molecules. One of
those methods is ”microencapsulation” and was developed
by UBO. MicroDish-BV has been working on microplates with
communicating walls between the microwells, and NIOZ
designed a special culturing device that separates different
cultures by a filter that enables communication through the
exchange of molecules and growth factors.

Culturing with LED lights at NIOZ

The results are impressive and will completely change the
way microorganisms are cultivated in the future. MaCuMBA
researchers at the University of Warwick (UW) in the UK have
discovered that while certain marine cyanobacteria entered
the death phase after five to six weeks in pure culture, when
they were co-cultivated with a particular type of bacterium
they could live up to six months in the laboratory. Now that the
premises of a new paradigm have been established, spectacular
results will continue to emerge.

4

Legacy Brochure

Main highlights

Development of high throughput techniques and tools
One of the challenges when dealing with marine
microorganisms is that of infinity: infinity of marine
microorganisms means an infinity of possibilities to test for
each one of them as well as infinity of potential applications.
In order to overcome this problem and speed up the different
processes from isolation and cultivation to screening,
MaCuMBA developed robotic devices to substitute for the
researcher’s hand. Different platforms for automated high
throughput screening for isolation, improving cultivation and
selection of microorganisms, have been developed. Each of
these allows industry to investigate in a reasonable amount
of time the opportunities that marine microorganisms have to
offer.

MicroDishCC

For marine microorganisms unique approaches were needed,
and it was MaCuMBA which laid the foundation stones for
developing state-of-the-art techniques. The results achieved
so far are groundbreaking. Cyano Biotech has developed
colony-picking robotic systems and a robotic system for cell
inoculation. MaCuMBA partner HWU developed laser-tweezers
for picking single cells and transferring them to micropipettes
and systems in which cells are carried along by a water flow
through microfluidic channels past laser waveguides from
which cells can be isolated.

Automated cultivation system developed by Cyano Biotech

MaCuMBA partners have developed colony-picking robotics,
pipetting robots, a micro Petri dish, automated cell sorting
devices and other platforms that can handle thousands of
cells in an incredibly short amount of time. These are much
faster alternatives to the labour-intensive methods that were
traditionally used, but their complexity made it quite a journey
from the initial spark of an idea to the end product. It starts
with the concept, the design of the instrument, the proof-ofprinciple experiments to know if the system works, and finally
leads to the development of an automated device that can be
used routinely in a lab.

Co-cultivation and high throughput went hand in hand. The
MDCC that was developed for in situ cultivation, and that has
been tested for co-cultures, offers a good example of a new
way of using high throughput techniques for cultivation and
co-cultivation. Partners at UBO developed high throughput
gel microdroplet techniques for isolating microbes. The team
in HWU together with MicroDish created a related approach:
borrowing techniques from the electronics industry, they
developed miniature bioreactors with membranes or miniature
channels for the exchange of chemicals.
The technologies developed by MaCuMBA are expected to
have benefits far beyond the scope of the MaCuMBA project
itself. The technologies developed will undoubtedly have
applications for microbes from a variety of environments, not
exclusively those of marine origin.

While
in
some
areas,
like
the identification of microbes,
developments have been rapid and researchers
readily make use of sophisticated pieces of
equipment, microbiologists are happy to use
19th century technologies such as the Petri dish
to carry out cell isolation and initial culture.
- Prof Gerard Markx, HWU
Microdroplet developed by UBO
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Cell-to-cell communication in community cultures
Microbial interactions are critically important and strongly
affect ecosystem dynamics. It is therefore important to
describe and interpret how the lives of these microorganisms
are intertwined. Growing organisms together affects the
physiology of each organism, as well as the regulation of the
various genes in their genomes. But traditionally there was a
dearth of knowledge surrounding cell-to-cell communication in
the marine environment.
MaCuMBA adopted the study of cell-to-cell communication
to isolate the uncultured and improve cultivation efficiency
of marine microorganisms. The underlying idea was that
understanding their way of communicating could assist in the
design of conditions for lab cultivation.

Cell-cell communication is the broad
term used to describe how small
molecules, or chemical messages, produced
and perceived by bacteria effectively control
behaviour both within and between species. In
some cases, the secretion of signal molecules
can promote the growth of co-habiting bacteria.
- Prof Fergal O’Gara, University College Cork
(UCC)
In this particular area MaCuMBA’s work focused on microbial
communities from marine sponges, which are extremely
diverse and can account for up to 40% of the biomass of
marine sponges. They are engaged in the production of a
diverse repertoire of cell-to-cell signal molecules, secondary
metabolites, and enzymatic activities. Never cultured before,
MaCuMBA made their exploitation possible by providing the
techniques to cultivate them, and developed the capacity
to harvest the extensive range of activities in these marine
sponges.

The identification and description
of growth promoting signals can
be used to supplement cultivation media and
enhance the diversity of culturable organisms.
Conversely, interference with growth limiting
signal molecules would facilitate the growth of
species that would otherwise not be possible.
- Prof Fergal O’Gara, UCC

Bacterial colonies in Petri dish

The results are promising. New signalling molecules have been
identified, and partners have been working on the profiling and
characterisation of cell-to-cell signalling systems in the marine
environment. This knowledge was used by other partners to
develop improved culturing methods for marine organisms.
One of the most exciting developments was the identification
and characterisation of new pathways and new signal
molecules in species for which cell-to-cell communication had
not previously been shown. These new systems are extremely
important because they will lead to the development of novel
theories to understand cell-to-cell communication in a range of
niches far beyond the MaCuMBA project.

The expression of silent biosynthetic
gene clusters in response to these
signal molecules will provide a previously
untapped source of bioactive compounds for
both industrial enzymes and pharmaceuticals.
- Prof Fergal O’Gara,UCC
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Deep-sea environments: extreme habitats
The deep sea is one of the habitats that is particularly
interesting for exploring marine microorganisms. It is an
almost untapped environment containing ecosystems
that are up to 4000m below the surface of the sea or even
beyond, ecosystems that never see any light, often subject
to volcanic activity, or seismic shifts from deep in the subseafloor. What is so particular about this environment are the
stressful conditions under which the organisms live. They are
subjected to high pressure, low amounts of organic matter,
extreme temperatures, and fierce competition between
microorganisms.

The deep sea can be visualised
like a kind of chemical war. The
microorganisms need to synthesise a lot of
compounds to compete with other organisms.
So the idea was to isolate those species especially fungal strains - and make them
synthesise interesting compounds in the lab
that can be used to fight pathogens.
- Dr Gaetan Burgaud, UBO

Black fumes at a hydrothermal site in the deep sea © Prof Mohamed Jebbar, IFREMER
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Dr Gaetan Burgaud (UBO) and his team have specialised in
marine fungi, a group that has traditionally been neglected
by microbiological researchers although they present an
enormous genetic potential. Terrestrial fungi are known to
synthesise many interesting compounds that are regularly
used by industry. Stagnation in the pharmaceutical industry
and the scarcity of new discoveries urged for new paths
to be explored. Thanks to a specific genetic screening, the
group discovered that almost all deep-sea fungi possess
interesting genes involved in the synthesis of antimicrobial
or anticancer compounds – a number that is much higher
compared to terrestrial fungi. Hence, there is an enormous
untapped genetic potential out there.

~ 200 new species
of fungi isolated from the

deep sub-seafloor
These intriguing new discoveries will significantly contribute
to existing knowledge of these fascinating microorganisms
and might well lead to the next potent antibiotic.
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Genetic screening: database for each strain - pipeline
More than the genomes of any other living entity, the genomes
of microorganisms provide extremely useful information about
their lifestyles and overall biology. MaCuMBA originated from
the premise that if we know their identity and characteristics
before trying to culture them, we can improve culture conditions.
MaCuMBA used genomic and metagenomic information
to improve the ability to obtain pure cultures of individual
microorganisms, and to develop strategies to optimise their
growth (such as the design of more appropriate culture media)
and the production of their interesting compounds. To improve
culture conditions, scientists from UvA developed computing
tools based on genomic data in order to design new culture
conditions.
In addition to this, genetic screening was used to identify
uncultured microorganisms with potential biotechnological
applications. The presence or absence of certain genes can
be used to predict whether the microorganisms might be of
biotechnological interest, a key feature of the MaCuMBA
project.

The degree of similarity of a
gene to other known useful
genes is important when considering its
biotechnological potential. High similarity
will mean that resulting products might be
too similar to others already available and
therefore not promising. The best combination
for genes is to have enough similarity to
establish a promising function but enough
unique characteristics to provide novelty.
- Prof Francisco Rodriguez-Valera, UMH

MaCuMBA partners not only secured genetic screening of all
organisms that are isolated and cultured, but also focused on
developing tools to make this data available to all interested
stakeholders. To process, analyse, and manage these enormous
new collections of genetic data in a user-friendly manner is
important because it is still often beyond the skill set of many
marine scientists.

Nowadays, mid-scale (meta)genome
projects are rapidly computed using
advanced software solutions, but transferring
this flood of data into biological knowledge is
still challenging.
- Dr Michael Richter, Ribocon
For the MaCuMBA project, Ribocon provided a data mining
client-server infrastructure to enhance collaboration in
processing, analysis, and mining of metagenomic and genomic
(reference isolates) datasets. Scientists now have access
to thousands of publicly available genomes and cost-saving
genome sequencing of their own isolates. Within the MaCuMBA
project, Ribocon developed ”JSpecies” software, facilitating a
more user friendly, flexible, and efficient approach. It includes
TETRA Correlation Search (TCS), which allows users to
search for similar organisms within the reference database
in seconds, based on their complete genome sequences. This
is particularly conducive to easily locating similar strains with
biotechnological potential.
The results of the genetic screenings of marine microorganisms
will improve our understanding of ”the language of life”, to use
the words of Prof Rodriguez-Valera, and, ultimately, help us
use these organisms to improve the sustainability of marine
ecosystems, our society, and our economy.

Consistent with the open access ethos of MaCuMBA and the
commitment to disseminating knowledge generated as much
as possible, the genetic information of each strain that was
isolated and cultured within the MaCuMBA project is now
freely accessible in a public genebank. This works towards the
project’s ultimate aim of increasing the chances of developing
biotechnological applications for these novel marine microbes
and their unique compounds.
In a field that is constantly evolving and improving, MaCuMBA
partners made use of the latest technologies to sequence
DNA. Colleagues at the UMH employed cutting edge advances,
so-called third generation methods, which are able to sequence
individual DNA molecules without any amplification. Using
state-of-the-art data, JspeciesWS – developed by Ribocon helped to taxonomically describe novel species.

JSpecies Web Service (http://jspecies.ribohost.com/jspeciesws/#Home), developed by
Ribocon
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Culture Collections: dissemination and long-term
preservation of the strains
Distribution of the novel strains and circulation of information
about all of the interesting microorganisms that were
isolated by the partners was an important goal of the project.
MaCuMBA wants to ensure the dissemination and long-term
preservation of the strains that were isolated and cultured
during the project. To achieve this goal, all organisms collected
during the project were deposited in culture collections in
order to make them available for research and industrial use.

Cryo-preservation

In these culture collections, marine microorganisms are
stocked, identified, and maintained. The genetic and
phenotypic information of the collected strains are compiled
and made available to potential users. In order to easily reach
all interested stakeholders, all information about the strains
is made available online, from where interested research
laboratories and private companies can order them.

Many bacteria can easily be
preserved by simple freezing with a
cryo-protectant such as glycerol and then kept
in liquid nitrogen. However, we still don’t know
how to cryo-preserve some microalga and these
strains must be transferred into new medium
every month, which is labour-intensive when
you are dealing with thousands of strains.
We developed new protocols to cryo-preserve
microalgae based on optimum choice of cryoprotectant and on slow freezing at a constant
rate (e.g. lowering the temperature by one
degree a minute). This effort has proved quite
successful and at the RCC several hundreds of
microalgae can be preserved this way, which
drastically cuts down on transfer work load.
- Daniel Vaulot, French National Centre for
Scientific Research (CNRS), Station Biologique
de Roscoff
To maintain a culture collection, however, is highly labour
intensive. Therefore partners have worked on methods
to achieve the long-term preservation of isolated marine
microorganisms, especially through cryo-preservation and
other innovative approaches.

Key strains are housed in four major collections belonging
to MaCuMBA partners: Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH (DSMZ); The
Roscoff Culture Collection (RCC); UBO Culture Collection
(UBOCC) and Culture Collection Yerseke (CCY).

MaCuMBA Culture Collections

MaCuMBA Culture Collections © Katrien Vanagt, eCOAST
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Both the long-term preservation protocols that were
developed in MaCuMBA and the enormous number of novel
strains will be useful for future research far beyond the
project by securing novel bio-resources. A user-friendly
website linked to the collections enables visitors to search for
strains with special features and makes it easy for customers
to purchase strains through an online store, thus allowing
industry to rapidly investigate the opportunities that marine
microorganisms have to offer.
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Screening for industrial products
By using novel cultivation conditions and/or specific growth
media components, the ultimate aim of the MaCuMBA project
was to allow the discovery of new or optimised microbial bioindustrial products from selected marine microorganisms.
Unique in this project was the direct collaboration with
industry: industry carried out tests, developed test systems,
and assured the development and commercialising of the
products. To ensure that society can benefit from the promising
scientific discoveries, it is crucial to develop a marketable
product.

newly developed methods used in MaCuMBA can enhance the
biotechnological potential of marine microorganisms and their
future exploitation.
The nature-mimicking cultivation concept particular to
MaCuMBA, is expected to unlock hitherto silent activities
and thus enhance the biotechnological potential of cultivated
marine microorganisms. In the next decades, the outcomes of
the MaCuMBA project will undoubtedly have a huge impact on
our society.

We have discovered that the
compounds found through classical
cultivation and bio-assay-guided fractionation
are only a fraction of the compounds that
the genomes reveal could be produced. We
therefore hypothesise that these so-called
silent gene clusters, which encode compounds
that are likely to be bioactive, can be obtained
by cultivating the microorganisms under
conditions that mimic the marine environment.
Hence we use low nutrient conditions, addition
of marine polymers, co-cultivation with other
bacteria and the use of cell-cell signals.
- Prof Lone Gram, Technical University of
Denmark (DTU)
No less than 13 partners were involved in this ambitious
task, covering a wide range of bioactivities. Some search for
antibacterial activity, enzyme-activities or lipid and polymerproduction, anti-cancer, anti-Alzheimer, UV-protection,
anti-fouling properties and so on. In total, the potential uses
of these compounds range from ingredients to industrial
processing components and to pharmaceutical drugs. The

Bacterial colonies in Petri dish

Epilogue: a first step towards a promising future
Less than 1% of the known marine microorganisms had been
cultured until MaCuMBA partners decided to take up the
challenge. Four years later, many thousands of new strains
have been isolated, identified, stored in dedicated culture
collections, made available online, and are being screened for
bioactive compounds.
Thanks to the particular methods, approaches, techniques,
apparatus and tools that were developed by MaCuMBA,
many more spectacular results are expected to emerge in the

coming years. It is only in the next decades, when new products
will have been brought to the market, that the full impact of the
MaCuMBA project will be realised.
MaCuMBA represents a pivotal stage in the study into the
marine microbiome. It marks the beginning of a new area of
research. The paradigm shifts that MaCuMBA initiated will
set the tone and the agenda for much of the future research
programmes.
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