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The Programme Director’s perspective on 2009 

The world is facing major environmental challenges, mainly caused by the activities of man. Global 
climate change resulting from fossil fuel use, lack of water, loss of land and biodiversity, as well as 
coming shortages of petroleum and phosphorous are serious enough. Taken together with a 
predicted increase in world population of 3 billion people to 2050, the need for action is urgent. 
According to FAO, this population increase will require 70-100% more food, in turn requiring more 
land, labour, energy, fertilizers, pesticides etc.  In developing countries, enormous quantities of 
agricultural products are also lost through post-harvest spoilage, mainly caused by insects and 
moulds in malfunctioning storage systems. The developed countries have similar problems, but at a 
smaller scale. However, the wasteful handling of food in the industrialised world, where in some 
countries 25 – 50% is thrown away, can not continue. The sustainability of agriculture and 
connecting industries will certainly be one of the major research and development issues for the 
coming decades.  

In this respect, wise use of microbes may make a difference. Microbial environmental technology 
can reduce the need for pesticides, enhance plant recovery of nitrogen and phosphorus, prevent 
post-harvest spoilage and reduce energy expenditure in storage systems, as well as transform plant 
biomass residues and waste to transport fuels and plant nutrients. The DOM programme has 
developed leading expertise in safety assessment, fermentation and formulation of various 
microorganisms for use in environmental technology. DOM is now well placed to assist various 
partners in joint R&D projects. During 2009, the financial crisis was strongly felt by the DOM 
partner companies, in many cases leading to both restructuring and temporarily changed priorities. 
In December 2009, the ”Second International DOM Symposium on Formulation of 
Microorganisms” was organised by Sebastian Håkansson in Uppsala, establishing DOM as a major 
international research center on stabilisation of microorganisms. During this meeting several 
international companies, now looking brighter on the global economy, expressed their re-newed 
interest in joint activities with DOM.  During the year, DOM safety assessment specialist Ingvar 
Sundh was asked by CABI publishing to be the main editor of a textbook on ”Microbes and the Law 
– safety assessment and regulation of beneficial microorganisms”. In 2009, DOM scientists have 
also participated in numerous international meetings. Personally, I have had the possibility to 
present DOM results at international meetings in Sweden, The Netherlands, Germany, and in 
particular in Japan, both at Japanese meetings and at the big Asian-Pacific Conference 
”Biotechnology for the Environment”. It was evident that Asian countries now both see the need for 
microbial environmental technology and that they have developed advanced technology and 
qualified research environments.  

I am convinced that DOM, now entering the final stage of the present Mistra funded form, will 
continue to play a role as the leading environment on safety assessment, fermentation and 
formulation of microorganisms for use in environmental technology. It is also with great confidence 
and trust that I now leave the position as DOM programme director to associate professor Sebastian 
Håkansson, to be assisted by professor Ingvar Sundh. I will move on to other tasks within SLU, but 
will maintain a close contact with DOM activities, in particular in relation to external cooperation 
and extension activities with academia and industry.  

Johan Schnürer, Professor, Programme director, Assistant Vice-chancellor 
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The Chairman’s comments  

The DOM programme in general advanced according to plans during 2009. The delays in industrial 
collaboration discussions (primarily due to industrial reorganisations following the crises) made the 
available time window for such collaboration projects very narrow. International regulatory events, 
underlining the importance of making DOM:s specific competences broadly available, also 
contributed to have our board approach MISTRA with an appeal to prolong the on-going 
programme. MISTRA decided by late autumn 2009 to prolong by one year, until end of June, 2011. 
No additional funding was made available, however, only redistribution over the extended period. 
Gratefully all the present board members have stated their willingness to stay engaged the full 
programme period.  

By the end of 2009 our programme director Johan Schnürer was appointed assistant vice-chancellor 
of SLU, with special responsibility for national and international collaborations. We indeed 
congratulate Johan and wish him success in his new role, and extend our warmest thanks for his 
indefatigable efforts to successfully build and manage the DOM programme. The board appointed 
Sebastian Håkansson our new programme director from January 1, 2010, well experienced from 
several years in his deputy role. We look forward to Sebastian managing DOM during its final 
period. As our new deputy programme director we all welcome Ingvar Sundh, in charge of the major 
Safety Assessment segment of the DOM programme. 

Programme planning during the autumn of 2009 was characterised primarily by the need to 
prioritize selected segments of the programme, focus resources to these and lay other parts aside in 
a controlled manner. Increased effort to obtain funding from other sources than MISTRA has also 
been made one of the obvious priorities, in order to secure as much as possible the availability of the 
key competences beyond mid 2011. 

Lennart Arlinger, Tekn. lic. Chairman of the Board 
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Beneficial microorganisms  

Microorganisms and their metabolic activities play a paramount role for both 
mankind and the environment. Human civilisation would be very dull indeed, without 
the ancient domestication thousands of years ago of yeasts and moulds for 
preservation of animal feed and use in bread, beer, wine and cheese production. 
Current agricultural production systems would certainly be very different if farmers 
could not use lactic acid bacteria for the energy-saving preservation of silage. 
Furthermore, microorganisms are important for the well-being of both humans and 
animals through the establishment of a balanced and functioning microflora in the 
gastrointestinal tract.  

Due to their collective wealth of metabolic capabilities, microorganisms can also be 
useful in a variety of novel applications, including efforts to reduce environmental 
problems. For instance, antagonistic organisms can be used as biological control 
agents to reduce the use of chemical pesticides, or efficient degraders can be applied 
as bioprophylaxis to minimise the spread of chemical pollutants. Microorganisms can 
also be used for the biological clean-up of polluted soil or as plant growth-promoting 
bacteria that stimulate nutrient uptake. The use of microorganisms as producers of 
biofuels (ethanol, butanol, biogas, hydrogen gas) is also rapidly expanding. 

 

Lack of knowledge is a bottle-neck for new microbial solutions 

Many applications with microbes require large-scale cultivation of the organisms. 
Biomass production must then be followed by formulation steps to ensure long-term 
stability and convenient use. Moreover, safe use of the organisms demands a careful 
consequence analysis, which for some applications must be followed by a pre-market 
authorisation procedure. Lack of knowledge in these areas has hampered the 
development of microbiological solutions to environmental problems, and their 
transformation into a corresponding range of commercially available products. Thus, 
there remains an unfulfilled potential for growth of biotechnology industries based on 
such applications. 

 

The MISTRA programme DOM provides solutions  

MISTRA research solves key environmental problems 

The Foundation for Strategic Environmental Research, MISTRA, supports research 
with a long-term perspective that aims to solve environmental problems and have a 
positive impact on Sweden’s future competitiveness. Funding is mainly dedicated to 
broad interdisciplinary programmes.

 
 

 

 
Vegetative cells of the domesticated yeast 
Pichia anomala. This yeast has antifungal 
activities and has shown promise for post-
harvest biocontrol of spoilage fungi on 
cereals and fruit. Additionally, P. anomala is 
used for phytase production purposes. 
Photo: Inger Ohlsson. 

 
 
 

 

 
Streaks of the yeast Pichia anomala growing 
on an agar plate. Photo: Inger Ohlsson. 
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DOM: A bridge between academy, industry and authorities 

Since its inception in 2003, the DOM programme has evolved into an international 
centre of excellence that integrates expertise within safety assessment, formulation 
and fermentation of beneficial microorganisms. Two cornerstones of the DOM 
activities are research and arrangements of international symposia, workshops and 
courses. Strong links to partners in science, industry as well as authorities have been 
established, so that the new knowledge is efficiently disseminated to stakeholders in 
society. The DOM centre has also established a well-equipped fermentation and 
formulation research laboratory, which is available to industry for partnerships in 
product development, as well as for contract research.  

The DOM programme has built a unique bridge between university research and 
stakeholders in industry and regulatory authorities. For example, DOM generally 
improves the competitiveness of Swedish biotechnical industries by direct 
collaboration with BINAB Bio-Innovation AB, Medipharm AB (a Chr. Hansen 
company) and BioGaia and performs short-term industrial contract projects. 
Presently, we are negotiating with a number of additional companies to set up future 
collaboration. In autumn 2009, MISTRA prolonged the right of disposal of the grant 
until June 2011, to facilitate the transfer of the activities of the DOM research 
programme to alternative funding.  

 

 
 
Graphical illustration of DOM forming a bridge between scientific discovery and useful products available to  
the market. 
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The DOM programme also collaborates with other research projects, for example the 
MISTRA programme MASE (Microbial Antagonism for a Sound Environment) that 
identify new organisms with technical and commercial potential for environmental 
applications. MASE in turn actively collaborates with a number of stakeholders, e.g. 
Lantmännen BioAgri, Findus and The Swedish Golf Association. Another example is 
that DOM is now one of the participating partners in the EU-project BACSIN. Our 
regular contacts with the authorities responsible for the regulation of microorganisms 
used in biotechnical applications provides another significant bridge for 
dissemination of the new knowledge gained in the DOM programme. 
 
Safety assessment  

It is essential that risks to humans during production, manufacture, storage and 
application with microbial products are minimised. To meet demands for standardised 
methods to determine the human safety profile of novel strains, the DOM programme 
has developed and evaluated a new assessment system/package encompassing the 
collection and evaluation of relevant scientific literature and other information, in vitro 
testing of potential production of toxic substances, determination of antibiotic 
resistance pattern, and temperature range for growth. We also refine and adapt in vitro 
assays based on biosensor organisms, for more efficient and reliable screening for 
potential pathogenicity or production of toxic compounds in microorganisms. 

Where the organisms are released into the environment, it must be evaluated to what 
extent this may result in undesirable side effects. Presently, this assessment is often 
hampered by poor knowledge of the fundamental ecology of the organisms. In DOM, 
strain-specific genetic markers are developed with SCAR methodology (Sequence 
Characterised Amplified Region). These markers are used to determine persistence 
and spread of introduced organisms, but they can also give information about the 
organisms’ natural distribution. Such knowledge provides background information 
when evaluating whether the organism can have adverse effects in the environment.  

 

Growing and stabilising microorganisms: what is the problem? 

Knowledge about fermentation of microorganisms has largely focused on traditional 
model organisms such as Escherichia coli and Saccharomyces cerevisiae. Many of 
these organisms are used as producers of specific compounds, mainly for 
pharmaceutical purposes, with no interest in maintaining the viability of the cells 
after fermentation. The subsequent formulation and stabilisation of the organisms can 
follow a variety of paths that are often specific for individual organisms. Research 
within this area has been lagging behind, and existing know-how on long-term 
preservation of living microorganisms is largely based on trial and error with 
traditionally used organisms. Therefore, DOM develops fermentation and formulation 
methodology for novel groups of organisms with major biotechnical potential, e.g. 
gram-negative bacteria and non-conventional yeasts.  
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Development of efficient and cost-effective media and process parameters giving high 
cell yields are important priorities. This also involves establishing fermentation 
parameters yielding cells well adapted to subsequent formulation procedures. 
Collectively, these strategies deliver higher proportions of viable cells with good 
long-term survival. 

Within formulation, DOM provides new fundamental knowledge by combining 
general formulation science within pharmaceutics with that of microbiology. The 
main focus is on developing more efficient drying techniques for microorganisms, 
particularly vacuum drying, freeze-drying, and fluidized bed-drying. The advantages 
of dry formulations are that storage and delivery costs are much lower than for liquid 
formulations and that the prospects of long-term survival are better. DOM also studies 
the effects of various kinds of additives that have beneficial effects on the viability of 
the organisms and the storage stability of the product. 

 
 
DOM organised the 2nd International Symposium on Microbial 
Formulation 
 
The goal with these symposia is to gather and present the most recent developments 
in the field of microbial formulation and stabilisation, and to stimulate productive 
exchange of ideas and expertise across different disciplines and areas of application. 
The first symposium on this topic was held in December 2007 at SLU in Uppsala and 
was very well received. The general consensus among the attendees was therefore that 
the meeting should be followed by a 2nd formulation meeting in two years time, hence 
arranged at the campus of SLU, Uppsala, 1-2 December 2009. Among the 61 
registered attendees were representatives from science and industry, as well as 
authorities and NGO:s from 16 countries and six continents.  
 
The symposium included four invited keynote speakers, submitted oral presentations, 
and a poster session. The DOM programme director Johan Schnürer gave an 
overview of DOM activities in a welcoming address, and DOM staff presented seven 
oral contributions and four posters. A symposium dinner was arranged at the Ultuna 
campus and the Uppsala choir La Cappella provided the dinner entertainment.  
The complete programme including abstracts can be downloaded from DOM:s 
webpage (http://www.mistra.org/dom). 

Peter Lillford (University of Birmingham, UK) gave the first invited keynote 
contribution. He focused on the relatedness of the fields of food science and 
microbiology. He also discussed how new insights into thermodynamics now allows 
us to study rates of thermal destruction of living cells and formulation materials. 
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The second keynote talk was given by Petra Först (Technische Universität München, 
Germany). She discussed the complex interplay between process- and formulation 
parameters during dry stabilisation of lactic acid bacteria. Her comparative studies 
have shown that drying protectants exert their effects during different stages of the 
drying process depending of which drying technique that is used, and thus that the 
protective mechanisms must be different. 

The third keynote speaker, Stefan T. Jaronski (USDA, Agricultural Research Service, 
Sidney, MT, USA), addressed the science, art and alchemy in formulating biocontrol 
fungi active against pest insects. He stressed the fact that we always need to 
acknowledge that the active ingredient consists of living microorganisms rather than 
synthetic chemicals and that, still, little information exists a forehand. This forces us 
to employ empirical approaches to formulation for each specific fungal species. 

The final keynote speaker of the symposium was Dominique Champion (Université 
de Bourgogne, France). She talked about the keys to stress resistance of bacterial 
spores. Results from her laboratory suggest that one of these keys can be found in the 
special compartmentalisation of water found in Bacillus subtilis spores. 

The contributed oral presentations were given by Stefan T. Jaronski (USDA, USA), 
Laura Fernanda Villamizar (BBC, Colombia), Denny Mahlin (Uppsala University, 
Sweden), Chalat Santivarangkna (TU München, Germany), Richard van Leeuwen 
(CBS-KNAW, The Netherlands), Jan Dijksterhuis (CBS, The Netherlands), Dietrich 
Stefan (Julius Kühn Institute, Germany), Margareta Hökeberg (MASE Laboratories, 
Sweden) and Sebastian Håkansson, Karin Önneby, Petter Melin, Åsa Schoug, Joakim 
Bjerketorp, Vadim Kessler, Leticia Pizzul, Su-Lin Leong, and Ingvar Sundh (Uppsala 
BioCenter, SLU, Sweden). 

 

First Ph.D. thesis defence within the DOM programme 

On the 28th of May 2009, Åsa Schoug successfully defended her Ph.D. thesis entitled 
“A Dry Phase of Life – Freeze-drying and storage stability of Lactobacillus 
coryniformis Si3 in sucrose-based formulations”. The faculty opponent was Professor 
Yrjö Roos from Department of Food and Nutritional Sciences, University College 
Cork, Ireland. The evaluation committee included Docent Brita Sjöström from 
Biovitrum AB (Sweden), Dr. Lars Axelsson from Nofima Mat AS (Norway), and Dr. 
Neus Teixidó from IRTA in Lleida, Spain. 

Åsa’s work focused on freeze-drying, which is a commonly used drying technique for 
sensitive biomaterials; such as live lactic acid bacteria. Lactobacillus coryniformis 
strain Si3 was selected as the model strain for the thesis work mainly due to its low 
freeze-drying survival but also potential usefulness as a biopreservative. 

Preconditioning Lb. coryniformis Si3 by subjecting cells to mild stress during 
fermentation induced changes in the lipid membrane and increased the uptake of the 
compatible solute betaine. However, freeze-drying survival of Lb. coryniformis Si3 

 
 

 
 
 
 

 
A simplified illustration of a gram-negative 
bacterium in an amorphous matrix. The lipid 
bilayer part of the outer membrane is red 
whereas the polysaccharide chains of the 
lipopolysaccharides (LPS) in the exterior 
leaflet are green. The inner membrane is 
shown in yellow whereas the flagellum is 
blue. Membrane associated proteins, purple, 
can be found in both membranes. Direct 
interactions between the matrix and the cell 
will primarily be located to the LPS layer of 
the outer membrane. 
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This cryo-transmission electron microscopy 
(cryo-TEM) image displays a Pseudomonas 
brassicacearum cell in a hypertonic 
environment. The high extracellular 
concentration of NaCl causes water to flow 
out from the cell which results in shrinkage 
of the cytoplasm. The black and white 
arrow-heads indicate the outer and inner 
membranes, respectively. The white arrow 
points to a vesicle that has been pinched off 
from the inner membrane. The black arrow 
points to a possible flagellum. Scale bar = 
500 nm. 

 

 

 
A cryo-transmission electron microscopy 
(cryo-TEM) image of a rehydrated 
Pseudomonas brassicacearum cell. The cell 
was freeze-dried in sucrose. Note the 
wrinkling of the rehydrated outer 
membrane. Scale bar = 500 nm.

was significantly lower after this preconditioning. After either growth at optimal 
conditions or mild heat preconditioning, Lb. coryniformis Si3 survived to 
approximately 70% in a skim milk and sucrose formulation. These results 
demonstrate that betaine was a poor cryoprotective and lyoprotective agent compared 
to sucrose, probably because it crystallised upon drying. By adding small amounts of 
sucrose to the betaine, crystallisation was inhibited and a 10-fold increase in survival 
was achieved. By this clarification of the interactions between formulation parameters 
(cell density and sucrose concentration) and the freeze-drying process, we were able 
to increase the survival rate from <6% to ~70%. 

Storage stability was dependent on the formulation parameters, and humidity and 
temperature during storage. At low temperatures, the matrix stability and cell viability 
of freeze-dried Lb. coryniformis Si3 in sucrose could be increased by addition of 
polymers. The suggested ‘rule of thumb’ of keeping the product 50 degrees below the 
temperature at which the glass matrix starts to deteriorate was applicable in our 
system to maintain high cell viability and technical quality of the products. By 
combining this ‘rule’ with the effect of moisture on the sugar glass matrix, it was 
possible to determine product-specific storage conditions to ensure high viability and 
good technical product quality. 
 

A continuation of the study on the matrix 

In 2009 Dr. Per Wessman joined the DOM programme as a new post-doc. He will 
continue the characterisation of the role of the surrounding matrix for freeze-drying 
survival. To increase cell survival during drying and rewetting as well as during 
storage, protectants are normally added to the cell suspensions prior to drying. In 
freeze-drying, one of the most important properties of the protectants is to offer a 
stabilising glassy matrix support around the cells. Certain disaccharides form glassy 
structures of relatively high stability in the dry state making them suitable as 
protectants when preparing dry formulations of microorganisms. This protective 
property of extracellular disaccharides is probably of less importance for intracellular 
metabolic processes, since the cell structures in need of protection during freeze-
drying are mainly found inside the cells and sugars do not diffuse passively over cell 
membranes. 

Organic polymers is another class of substances of interest with respect to 
formulation, as many of them can form a glass with reasonable stability when 
dehydrated. Generally, even short polymers are considered to be too large to replace 
water in cell structures such as the plasma membrane, which is another mechanism 
suggested for protective disaccharides. Thus, any positive effect that polymer 
protectants have on cell survival can be expected to be due to their stabilisation of the 
external matrix. This would thus distinguish between the two protective mechanisms 
and allow for their separate studies. 
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Drying and rewetting of microorganisms impose stress on the cell that often results in 
changes and defects in the cell membrane. This results almost invariably in leakage of 
important intracellular components and therefore cell death. During rapid drying an 
outward flow of water from the cell to the surrounding environment takes place, 
causing the volume of the cytoplasm to decrease. To adapt to the reduced volume the 
plasma membrane folds in on itself and membrane vesicles may be pinched off into 
the periplasmic space. If this process is irreversible, it may lead to a situation where 
the remaining plasma membrane cannot accommodate the original cytoplasmic 
volume when water flows in again. Subsequent rehydration of the dried cells may in 
those cases lead to cell rupture. To investigate if this phenomena plays a role in the 
success of microbial formulation, we will employ new advanced microscopy 
techniques that should be capable of visualizing the state of the membranes in dry, 
drying or newly rehydrated cells and test various counter measures and their effects.   
 

Other major results and events in 2009 

Biological assays to determine toxicity 

In the completed safety profiling work we used the BACTOX assay, where the 
phagotrophic (particle feeding) unicellular ciliate Tetrahymena pyriformis is used as a 
biosensor for toxic compounds. It was concluded that with further methodological 
development, the Tetrahymena assay could probably become much more efficient for 
toxicity evaluation of extracts and metabolites from microorganisms. We therefore 
developed a high-throughput system for rapid determination of effects of test 
substances on Tetrahymena growth kinetics. Using this system we determined effects 
of different fungal extracts and selected metabolites on Tetrahymena growth during 
2009.  

A genotoxicity assay based on qPCR technology was adopted and developed further 
during 2009. In this assay, circularised phage lambda genomes in E. coli cells are 
detected and quantified using specific primers. These circularised genomes are 
formed as a consequence of DNA-damage-dependent induction of the SOS-system. 
In addition to the specific primers for the circular lambda genome, primers specific 
for the host E. coli cells were developed. Using the two primer sets, we could 
quantify the amount of circular phage genomes per host cell as a measure of DNA 
damage induction. The next step will be to use the system to evaluate the possibility 
of detecting genotoxic microbial metabolites in different extracts from 
microorganisms. 
 
The DOM laboratories 

The programme maintains and continuously develops a well-equipped laboratory for 
fermentation and formulation of microorganisms. The DOM programme has 15 
fermentors ranging in volume from 0.2 to 15 L with non-invasive biomass monitoring 
possible. Addition of specified gas-mixtures, as well as on-line analyses of effluent 
gas composition (O2 and CO2) and redox potential is also possible. 

 
 

 

 
Swimming cells of the protozoan ciliate 
Tetrahymena pyriformis. This unicellular 
organism is test animal in our development 
and evaluation of new toxicity test 
methodology for certain model toxins mixed 
with complex extracts from microorganisms. 
 
 
 
 
 
 
 
 

 
The effect of cycloheximide on the growth of 
the ciliate Tetrahymena pyriformis. This 
compound has a clear inhibiting effect on 
the ciliate. The assays are performed in 
micro-titer plates and absorbance measured 
automatically in a plate reader. 
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Transmission electron microscopy (TEM) 
views of Lactobacillus plantarum encap-
sulated in CaptiGel, a titanium dioxide nano-
shell (after heat drying). Photos: Vadim 
Kessler and Gulaim Seisenbaeva. 
 

For downstream formulation processing, platforms are in place for freeze- and 
vacuum drying, as well as fluidized bed drying. DOM also has excellent analytical 
platforms well suited for our work with improvement of the drying process and the 
stability of dehydrated cells. These include a high-end DSC (Differential Scanning 
Calorimetry) with autosampler capability, and set-ups for precise measurements of 
water content and water activity of formulated products. 
 
Spin-off company formed 

In collaboration with researchers at the chemistry department at SLU, Uppsala, DOM 
has established a new technique for encapsulation of biomaterials in inorganic sol-
gels that are based on common metal oxides. Data on the fundamentals of the sol-gel 
chemistry behind the invention and its application on microbial and pharmaceutical 
encapsulation have been published and the technology is protected by a published 
patent application. A spin-off company, CaptiGel AB, was formed in 2009 together 
with SLU Holding to hold and commersialise the IPR. 
 
Improving the survival of dried microorganisms 

Studies on the impact of cell density, concentration of drying protectant and freezing 
rate on freeze drying survival of biopreservative lactobacilli strains are completed and 
published. We have previously also studied the impact of preconditioning stress, such 
as high and low temperatures and pH, on membrane lipid fatty acid composition and 
freeze-drying survival of lactobacilli. In 2009, we published a study of different 
polymers in formulations and their varying effects on storage stability and viability of 
biopreservative lactobacilli freeze-dried in sucrose-based formulations. Currently, we 
are working on the combination effects of the solute betaine, accumulated by many 
lactobacilli when stressed, and the drying protectant sucrose in freeze-drying of 
Lactobacillus coryniformis Si3. These results will be submitted for publication in 
2010. 

In collaboration between the DOM and the MASE research programmes, vacuum 
drying and addition of sugar-based drying protectants were evaluated for the 
development of dry formulations of biocontrol and plant growth promoting gram-
negative bacteria. The drying protectants trehalose and polyvinylpyrolidone gave the 
highest initial survival rates and the most stable formulations, without significant losses 
of viability after storage for 1 month at 4ºC. These results will also be submitted for 
publication during 2010. 
 

Fluidized bed drying of microorganisms 

Fluidized bed drying is a relatively inexpensive but harsh drying technique. We have 
developed new fluidized bed formulations of plant growth promoting Pseudomonas 
spp. bacteria in collaboration with the MASE research programme. Direct survival 
was high and the specific plant growth promoting effect retained. We have also
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studied the importance of the drying kinetics and its impact on long-term storage 
stability by comparing air drying with fluidized bed drying. We aim to publish these 
results in 2010. 
 
Industrial cooperation: Fermentation and formulation of lactic acid bacteria 

Since our previous industrial partner Medipharm AB, was bought by the Danish 
company Chr. Hansen A/S, which resulted in a closing down of Medipharm’s 
production plant in Kågeröd, our former collaboration with Medipharm was 
transferred to the new owner. Together with Chr. Hansen projects concerning colour 
changes during storage of freeze-dried lactic acid bacteria and the effect of different 
formulation parameters on the stability and physical properties of some of their 
products were completed in 2009. 

 
DOM is a partner in the EU-project BACSIN 

The EU-project BACSIN (Bacterial Abiotic Cellular Stress Improvement Network; 
www.unil.ch/bacsin) is funded by the seventh framework programme. BACSIN is a 
16-member consortium with the objectives to increase the knowledge about the 
capacity of bacteria to adapt to abiotic stress, to understand the control of catabolic 
gene expression for pollutant degradation, to improve the environmental survival of 
microorganisms during bioremediation and to develop optimised bacterial 
formulations for large-scale application to achieve targeted removal of pollutants in 
the environment.  

Several pollutant-degrading bacteria (the “BACSINs”) are under study as model 
organisms: 

Pseudomonas putida: Gram-negative, aerobic, soil and aquatic systems, many 
different catalytic activities with relevance to aromatic compound metabolism. 
Arthrobacter chlorophenolicus: Gram-positive, aerobic, soil, cold tolerant, aerobic, 
various catalytic activities related to herbicide and pesticide metabolism.  
Alcanivorax borkumensis: Gram-negative, aerobic, seawater, salt tolerant, high 
catalytic activity to petroleum alkanes. 
Sphingomonas wittichii: Gram-negative, aerobic, soil/aquatic; Sphingomonads are 
known to possess catalytic activities even for some highly recalcitrant pollutants.  
Desulfitobacterium sp.: Gram-negative, anaerobic, soil/groundwater, dehalogenation 
activity for chlorinated solvents. 
The specific task for DOM is focused on the formulation of BACSINs into a useable 
form with an extended shelf life and maintained high survival and activity during 
bioremediation. In close collaboration with the BACSIN-consortium as a whole, we 
also investigate the molecular details and processes that occur during preparation of 
stabilised BACSINs. This new knowledge base is expected to facilitate the 
preparation and adaptation of optimally active BACSINs for specific degradation 
tasks by the use of directed microbial activities in the environment. 

 
Graphical illustration of the CaptiGel 
encapsulation process depicting how small 
TiO2 nanocapsules merges and forms a 
continous layer ontop of heterogenous 
surfaces, in this case a microorganism, in a 
water solution. 
 
 

 
DOM:s instrument for fluidized bed drying of 
microorganisms. It is equipped with Top and 
Bottom spray, process parameter control 
and automated data analysis. In the photo, 
the instrument is demonstrated at the 
production facility of ProCept, Belgium. 
Photo: ProCept. 
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Light microscopic image of one of the 
BACSIN strains (dark rods) and grains of 
the mineral vermiculite used in a protocol 
for genome-wide investigation of dry 
formulation stress. The bacteria in the 
picture are between 1 and 3 m long and 
have recently been rewetted after being air-
dried. 

 
 
 
 
 
 
 

 
Picture by BINAB BioInnovation AB   

Sampling during spring 2009 of soil cores 
for analyses with our SCAR markers, of the 
abundance of the two Trichoderma fungi in 
the biocontrol products of BINAB. This golf 
green was treated with BINAB Golf during 
2009. 

Genetic SCAR markers for studies on persistence and spread of microorganisms 

A publication on our genetic markers for specific detection and quantification of the 
biocontrol bacterium Pseudomonas brassicacearum MA250 in a greenhouse 
experiment with winter wheat inoculated with MA250 was printed in 2009. The 
markers are now used to study the persistence and spread of this bacterium in field 
experiments. Analyses are completed and data will be prepared for publication during 
2010.  

In the product development collaboration project with the MISTRA programme 
MASE, we use our marker technique to determine to what extent the MA250 strain 
spreads in aerosols or organic dust particles during pilot scale seed treatment with this 
bacterium. The comparison of the abundance of MA250 with the total abundance of 
microorganisms in the samples will reveal whether this kind of operation contributes 
to increased air concentrations and hence increased potential exposure to this type of 
bacteria. The first seed treatment trials and air sample collections were performed in 
autumn 2009 and samples are now analysed.   

In collaboration with BINAB Bio-Innovation AB we developed strain-specific 
markers for their Trichoderma isolates that form part of the company’s products for 
biocontrol of fungal plant diseases. A multiplex Real-Time PCR method allowing 
quantitative determination of the two Trichoderma strains were set up during 2008. 
During 2009, post-doc Xinmei Feng refined the method and used the markers to 
determine the population development of the two Trichoderma strains on a golf green 
at S:t Arild golf course in Southern Sweden, where Binab’s product was applied. She 
also determined the growth and establishment of the two fungi in laboratory 
incubations of soil.  
 
 
Co-formulation of pesticides and pesticide-degrading microorganisms or enzymes 

In order to reduce pesticide contamination of surface- and ground waters, the 
co-formulation concept leads to pesticide degradation in the field as soon as possible 
after the intended effect has been obtained. This can be achieved by simultaneous 
spraying of the pesticide and pesticide-degrading microorganisms or enzymes. An 
article on the concept, where an isolated MCPA-degrading Sphingomonas sp. T51 is 
used to demonstrate proof-of-concept under laboratory conditions, has been published 
(Önneby et al., 2009). Since the Sphingomonas does not survive when mixed with 
formulated MCPA and since the bacterium must be possible to store and deliver in 
practical application, formulation of the Sphingomonas sp. T51 is currently studied. 
These studies include preconditioning procedures, testing of protective dehydration 
agents, different drying techniques and reactivation of the herbicide degrading activity 
after application to soil without losing the herbicidal effect. 
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White rot fungi produce extracellular ligninolytic enzymes which also have the 
ability to degrade several organic pollutants. We have found that these enzymes also 
degrade glyphosate and other pesticides (Pizzul et al., 2009) and that the lignin-
degrading enzyme laccase also can degrade the glyphosate metabolite AMPA. In 
cooperation with the Department of Chemistry at SLU we currently study the 
possibility to formulate these enzymes using the CaptiGel technique (see above). 
These studies show that CaptiGel-formulated laccase is very stable when stored at 
-20ºC and that the enzyme degrades glyphosate and AMPA in liquid mixtures and in 
sand after dispersion of the gel.  

 

Critical examination of regulations of micro- and macro-organisms for biological 
control  

New microbial biocontrol agents fall under the same legislation as the chemical 
pesticides and need pre-market authorisation. In contrast, many countries have no 
specific regulation of invertebrates – e.g. nematodes or insects – used in biocontrol of 
pest organisms. Instead, safety assessments of invertebrates are made in an ecological 
context, under general legislation covering sanitary aspects and uncontrolled spread 
of alien, invasive species. During 2009, we performed a critical examination of this 
division. The main conclusion was that assessments of microbial control agents could 
probably be simplified, but equally relevant, by giving less attention to potential 
effects of specific metabolites, and instead pay more attention to the organisms’ 
biological properties, in combination with realistic exposure scenarios. The study was 
presented at an international IOBC workshop in Uppsala, Sweden, June 2009 and will 
be published in the IOBC Bulletin 2010. 

 

Articles in international journals  
Johnsson Holmberg A-I, Melin P, Levenfors JP & Sundh I 2009. Development and evaluation of SCAR 
markers for a Pseudomonas brassicacearum strain used in biological control of snow mould. Biological 
Control 48:181-187. 

Larsbo M, Stenström J, Etana A, Börjesson E & Jarvis NJ 2009. Herbicide sorption, degradation, and 
leaching in three Swedish soils under long-term conventional and reduced tillage. Soil and Tillage 
Research 105:200-208. 

Omer ZS, Jacobsson K,  Eberhard TH & Johansson L K-H 2009. Bacteria considered as biocontrol agents 
to control growth of white clover on golf courses. Acta Agriculturae Scandinavica, Section B - Plant Soil 
Science, doi:10.1080/09064710902773637 

Pazik R, Tekoriute R, Håkansson S, Wiglusz R, Strek W, Seisenbaeva GA, Gun’ko YK & Kessler VG 
2009. Precursor and solvent effects in the nonhydrolytic synthesis of complex oxide nanoparticles for 
bioimaging applications by the ether elimination (Bradley) reaction. Chemistry, 28:6820-6826 

Pizzul L, Castillo MdP & Stenström J 2009. Degradation of glyphosate and other pesticides by ligninolytic 
enzymes. Biodegradation 20(6), 751-759. 

Önneby K, Jonsson A & Stenström J 2009. A new concept for reduction of diffuse contamination by 
simultaneous application of pesticide and pesticide-degrading microorganisms. Biodegradation DOI 
10.1007/s10532-009-9278-7.

 
 
 
 
 
 
 

 
Picture by BINAB BioInnovation AB     

A golf green at the S:t Arild golf course in 
southern Sweden. This green is treated with 
BINAB:s biocontrol products during 2009, 
and sampled for analyses of the persistence 
and potential spread of the two fungi in the 
biocontrol product. 
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Oral presentations at international conferences 
Bjerketorp J. Improved bacterial survival in formulations. “The 2nd general meeting of the EU-project 
BACSIN” (Bacterial Abiotic Cellular Stress Improvement Network), February 9-10, 2009. Granada, Spain. 

Schnürer J. Microorganisms and Biofuels. Invited key-note speaker at Japanese Industrial – Academic 
symposium “Biomass – to Biofuels”, March 18, 2009. Tokyo, Japan. 

Sundh I. Cytotoxicity assays with the ciliate Tetrahymena pyriformis. Invited speaker. “Alternative 
Methods Assessing Non-target Infectivity and Toxicity of Microbial Plant Protection Products and 
Biocides”, COST Action 862 Workshop, March 25-27, 2009. Salzau, Germany.  

Schnürer J. Domestication of Yeasts for Biocontrol Applications. Invited speaker, “Dutch Society for 
Microbiology, Annual meeting 2009”, April 24, 2009. 

Schnürer J. Domestication of Microorganisms for Sustainable Biofuel Production – The MicroDrivE 
research program. Invited speaker, Japanese society for Promotion of Science, Colloquium “Green 
Chemistry”, May 25, 2009. KTH, Stockholm, Sweden. 

Sundh I. & Goettel MS. A comparison of ecological elements of current safety assessments and regulation 
of microbial and invertebrate biocontrol agents. “Multitrophic Interactions in Soil”, IOBC/WPRS 
Workshop, June 11-13, 2009. Uppsala, Sweden.  

Håkansson S. Domestication of microorganisms; The European experience. Invited inaugural 
presentation. “Microbial Products: Exploiting Microbial Diversity for Sustainable Plant Production” 
Symposium, Dunedin, New Zealand, August 10, 2009.  

Castillo MdP, Torstensson L & Stenström J. Biobeds for environmental protection from pesticide use – a 
review. The Society of Chemical Industry conference on “Pesticide Behaviour in Soils, Water and Air”, 
September 14-16, 2009, York, UK.  

Schnürer J. Domestication of Microorganisms for Sustainable Biofuels Processes. Invited speaker “World 
Bioenergy Conference on Vehicle fuels”, September 18, 2009. Stockholm, Sweden. 

Schnürer J. Potential of antifungal lactic acid bacteria, propionibacteria and yeasts in bread preservation. 
Invited speaker, “IV International Symposium on Sourdough”, October 17, 2009. Freising, Germany. 

Bjerketorp J. Improved bacterial survival in formulations: an approach to advance the knowledge about 
bacterial desiccation tolerance. “The 3rd general meeting of the EU-project BACSIN” (Bacterial Abiotic 
Cellular Stress Improvement Network), November 16-17, 2009. Leipzig, Germany. 

Schnürer J. Domestication of Microorganisms for Sustainable Biofuels Processes and other Cleantech 
applications. Plenary speaker at “9th Asian Pacific Bioengineering Conference”. Environmental 
Biotechnology, November 27, 2009. Kobe, Japan. 

Håkansson S. An overview of DOM approaches to microbial formulation and stabilisation. “2nd 
International DOM Symposium on Microbial Formulation”, Uppsala, Sweden, December 1-2, 2009. 

Melin P & Svanström Å. Trehalose synthesis in filamentous fungi. “2nd International DOM Symposium on 
Microbial Formulation”, Uppsala, Sweden, December 1-2, 2009. 

Pizzul L, Castillo MdP & Stenström J. Degradation of glyphosate by encapsulated laccase. “2nd 
International DOM Symposium on Microbial Formulation”, Uppsala, Sweden. December 1-2, 2009.  

Schoug, Å, Mahlin D, Jonson M and Håkansson S. The intra- and extracellular components and relevance 
to freeze-drying Lactobacillus coryniformis Si3. “2nd International DOM Symposium on Microbial 
Formulation”, Uppsala, Sweden, December 1-2, 2009. 

Sundh I, Nilsson AI, Johnsson Holmberg A-I, Feng X-M & Melin P. The DOM approach to safety 
assessments of beneficial bacteria and fungi. “2nd International DOM Symposium on Microbial 
Formulation”, December 1-2, 2009. Uppsala, Sweden.  

Önneby K & Stenström J. A new concept for reduction of diffuse contamination by simultaneous 
application of pesticide and pesticide-degrading microorganisms. “2nd international DOM symposium on 
microbial formulation”, December 1-2, 2009. Uppsala, Sweden. 
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Other communication activities and expertise contribution 

March 19. Ingvar Sundh held installation lecture for new professors at SLU, Uppsala, Sweden. Att se det 
väldigt stora hos dem som är riktigt små (in Swedish). 

June 15-19. Sebastian Håkansson and Joakim Bjerketorp participated in the international conference 
“Bageco10: Bacterial Genetics and Ecology – Coexisting on a Changing Planet”. Uppsala, Sweden  

June 28 - July 2. Annika Nilsson and Ingvar Sundh participated in “FEMS 2009, 3rd Congress of European 
Microbiologists”, Gothenburg, Sweden. 

September 14-16. Karin Önneby, Maria Erikson, Leticia Pizzul and John Stenström participated in “The 
Society of Chemical Industry conference on Pesticide Behaviour in Soils, Water and Air”. York, UK. 

October 21. Ingvar Sundh participated in the one-day seminar “Genteknikens roll i ett förändrat klimat” 
(Gene Technology in a Changing Climate). The Swedish Gene Technology Advisory Board. Stockholm, 
Sweden. 

November 23. Johan Schnürer was invited seminar speaker at The University of Tokyo, Japan. 
Presentation: Microorganisms and Sustainable biofuels system. 

December 1-2. DOM arranged the 2nd International DOM Symposium on Microbial Formulation. Uppsala, 
Sweden. 

December 2. Johan Schnürer participated as invited speaker at SLU conference on “Sustainable 
agriculture”. Uppsala, Sweden. Presentation: Sustainable Agriculture with Domesticated Microorganisms. 

December 15. Ingvar Sundh was invited speaker at seminar arranged by the postgraduate school Microbial 
Horticulture, Alnarp, Sweden. Presentation: Safety and regulation of beneficial microorganisms used in 
crop production.  

John Stenström is member of the steering group for CKB (Competence Centre for Pesticides) at SLU. 

John Stenström is member of the scientific committee of the International Pesticide Microbiology Group. 

Annika Nilsson and Ingvar Sundh are members of KemI:s (Swedish Chemicals Agency) external expert 
group on microorganisms. 

In addition, DOM personnel presented several posters at the international conferences mentioned above. 

 

 

Budgetary report  

Allocation of resources during 2008 KSEK

Fundamental Safety assessment research 2 268

Fundamental Fermentation & formulation research 2 239

Partner project BACSIN (EU project)  700

Applied research (product development projects) 1 731

Management and common activities 928

Business development 318

Strategic allocations 31

Equipment 52

Over head-costs including premises 3 185

Total 11 453
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Organisation and management 

Both fundamental and applied projects 

DOM maintains a solid base of fundamental research on safety assessment, 
fermentation and formulation of microorganisms, but with priority on organisms with 
documented ability to solve real-world environmental problems and have commercial 
potential. This focus enables DOM to support industrial partners within specific 
partner and/or product development projects, and constitutes the foundation for seven 
projects: 

DOM Fundamental Research Projects 

– Safety assessment of bacteria and fungi  
– Formulation of non-conventional organisms 
– BACSIN 

Product Development Projects  

– Plant growth promoting rhizobacteria (PGPR) 
(MASE, Lantmännen BioAgri AB, Findus AB) 

– Co-formulation of pesticides and pesticide-degrading microorganisms  
(Banverket) 

Industrial Partner Projects 

– Safety assessment of Trichoderma fungi (BINAB Bio-Innovation AB) 
– Fermentation and formulation of lactic acid bacteria  

(Medipharm AB, a Chr. Hansen A/S company) 

Industrial Contract Projects 

– Short-term assignments from the enviro/biotech industry 

 
 
 
The DOM organisational matrix 

Research within the three core areas, safety assessment, fermentation, and formulation 
are integral parts of each individual DOM project. The DOM expertise and equipment 
within these core areas is also available for new industrial contract projects on novel 
environmental microbe applications.  
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Personnel 

 

 

 
Bjerketorp, Joakim 
PhD, Postdoc –  
EU-BACSIN 
2007- 

 

 

 
Jonsson, Anders 
Prof., Business 
Development 
Manager, 
Project Leader – 
Co-formulation 
2006- 

  
Stenström, John  
Prof., Project 
Researcher – 
Co-formulation 
2006- 

 

 
 

 
Eberhard, Thomas 
PhD, Senior Progr. 
Researcher – 
Fermentation, Web-
coordinator 2003- 

 

 

 
Lundquist, Anki 
Progr. Info Officer 
Administrator 
2002- 

 

 

 
Sundh, Ingvar  
Prof., Senior Progr. 
Researcher – 
Safety assessment  
2003- 
Ass. Progr. 
Director 2010- 

 

 

 
Holmberg, Anna-Ida  
PhD student –  
Safety assessment 
2005- 

  
Nilsson, Annika 
PhD 
Progr. Researcher –
Safety assessment  
2007- 

  
Wessman, Per 
PhD, Postdoc. 
Progr. Researcher – 
Formulation 
2009- 

 
 

 
 

 
 

Håkansson, Sebastian 
Assoc. Prof., Senior 
Progr. Researcher –
Formulation, 2003- 
Progr. Director 2010 
 

 
 

 
 

Pizzul, Leticia, PhD
Project Research 
Engineer – 
Co-formulation 
2007- 

 
 

 
 

Önneby, Karin 
PhD student –  
Co-formulation 
2006- 

 
 

   
Schnürer, Johan  
Prof. 
Progr. Director,  
2002-2009 
Senior advisor 
2010- 
 

  

 

 
 

 

 
 

 
 

 
 

 

 

 

 

 
Erikson, Maria 
Technician 
2007-2009 
 
 
 
 
 

Feng, Xinmei. 
PhD 
Progr. Researcher – 
Safety assessment 
2009 
 
 
 

Jonson, Mirela  
PhD 
Progr. Researcher –
Formulation  
2007-2009 
 
 
 

Melin, Petter, PhD 
Project Researcher 
2003-2009 
 
 
 
 
 
Schoug, Åsa 
PhD student  
Formulation 
2003-2009 

Present Past
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DOMEXPLORE 

The consortium of co-workers, DOMEXPLORE, handles intellectual property rights, 
negotiates licence agreements, etc. The partners are the scientists, PhD students and 
technicians involved in the programme. Potential earnings will be evenly distributed 
among participants and will also be used for patent applications or other protection of 
intellectual property rights. In patent issues, the programme is supported by 
”Forskarpatent Uppsala” that has substantial experience in handling IPR issues. 
Having SLU as host, DOM receives support from the university Innovation and 
Commercialisation Centre, including potential financial strengthening of spin-off 
ideas from SLU Holding AB. 
 

 

Communication plan 

The DOM programme maintains vivid links with the international research 
community, as well as with authorities and companies that use results from the 
programme for environmental benefit. The programme web-site is continuously 
updated (http://www.mistra.org/dom). Scientific achievements are published in peer 
review international journals, with regard taken to protection of potential patent 
possibilities. DOM personnel also participate in evaluation groups regarding new 
regulatory frameworks and perform assignment research for industrial clients. 
Planning has now started for the next and final in the series of DOM symposia 
supported by MISTRA, which will be arranged in spring 2011. 
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The programme board 

In agreement with standard MISTRA programme structure DOM is led by a board, 
representing different stakeholders and complementary skills and professional 
experience.  

The composition of the board is decided by MISTRA and SLU. All present board 
members have accepted to stay on for the extended time frame until June 2011. 
 

 

 
 
 
 
 

 
Lennart Arlinger 

Chairman, Tekn.lic., Former 
Dir. Business Development, 

Amersham Biosciences 
 
 

 

 
Vibeke Bernson 
Senior Advisor 

Swedish Chemicals Agency 
 

 

 
Håkan Mo 

Faculty director, Faculty of  
Natural Resources and  

Agricultural Sciences, SLU 
 

 

 
Anna Karin Källén 

Senior Advisor, 
Källén Kommunikation AB 

 
 

 
Lennart Persson, 

LABETA Consulting 
Former Managing Dir. 

Medipharm AB 
 

 

Contact information 

For further information about the DOM programme, contact the programme 
information officer Anki Lundquist (Ann-Cristine.Lundquist@mikrob.slu.se) or the 
programme director, Assoc. Prof. Sebastian Håkansson 
(sebastian.hakansson@mikrob.slu.se) 
or consult the programme web-site (http://www.mistra.org/dom). 

 
 

Regular mail address: 
Uppsala BioCenter 
Dept. of Microbiology 
PO Box 7025 
SE-750 07 Uppsala 
SWEDEN
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