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Independent Projects in Biology, 
Environmental Science and Soil Science, 
30 hp 
(A1E or A2E – Magister or Master) 
Biology and Soil Science 
 
NB! A1E can be written in Swedish or English, A2E must be written in English. 

If you are interested in any of the suggested projects or just want more information please 
contact the supervisor. 
 
NMR spectroscopic characterization of substrate binding to a redox enzyme used in biomass 
conversion 
Subject: Biology or Chemistry 
Contact: Piera Wiesinger, piera.wiesinger@slu.se  
 
Expression, purification and Biochemical characterization of fungal cellobiose dehydrogenases 
(CDH) 
Main subject: Biology 
Contact: Naike.Schwenner@slu.se or Mats.Sandgren@slu.se  
For project description see below 
 
How plant cells upcycle their own organelles: physiological roles of selective autophagy 
Main subject: Plant cell biology 
Contact: Alyona Minina, alena.minina@slu.se  
For project description see the text below or follow this link. 
 
Novel aspects of autophagy in plant stress response: the path to developing better crops 
Main subject: Plant molecular biology 
Contact: Alyona Minina, alena.minina@slu.se  
For project description see the text below or follow this link. 
 
Genomic knock-in by CRISPR/Cas9 in green alga Chlamydomonas reinhardtii 
Main subject: Biology 
Contact: Yong Zou, yong.zou@slu.se 
 
Exploring autophagy-mediated stress granule degradation in plants 
Main subject: Biology 
Contact: Adrian Dauphinee, adrian.dauphinee@slu.se 
For project description see below 

mailto:piera.wiesinger@slu.se
mailto:Naike.Schwenner@slu.se
mailto:Mats.Sandgren@slu.se
mailto:alena.minina@slu.se
https://www.alyonaminina.org/plant-cellbio-project-slu
mailto:alena.minina@slu.se
https://www.alyonaminina.org/plant-molbio-project-slu
mailto:yong.zou@slu.se
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Genetically Encoded Calcium Inhibitors for Plant Molecular Biology Applications 
Main subject: Biology 
Contact: Shanna.Romand@slu.se 
For project description see below 
 
Bridging the gap between regeneration and damage with proteases 
Main subject: Biology 
Contact: Shamik.Mazumdar@slu.se 
For project description see below 
 
Unraveling the molecular mechanism of plant proteolysis-mediated plant-insect interactions 
Main subject: Biology 
Contact: Qun Yang, qun.yang@slu.se 
For project description see below 
 
Novel aspect of bio-pesticides: plant damage-activated pro-pesticides 
Main subject: Biology 
Contact: Qun Yang, qun.yang@slu.se  
For project description see below 
 
Exploring the diversity of methanol-assimilating yeasts in nature 
Main subject: Biology 
Contact: tomas.linder@slu.se  
For project description see below. 
 
Isolation of novel xenobiotic-degrading yeasts from soil 
Main subject: Biology or soil science 
Contact: tomas.linder@slu.se  
For project description see below. 
 
Unravel the competition between methane-producing microorganisms in biogas systems 
Main subject: Biology 
Contact: Maria.Westerholm@slu.se 
For project description see below. 
 
Microbes go electric 
Main subject: Biology 
Contact: Maria.Westerholm@slu.se  
For project description see below. 
 
Novel cultivation techniques to discover new microbes    
Main subject: Biology 
Contact: Maria.Westerholm@slu.se  
For project description see below. 
 

mailto:qun.yang@slu.se
mailto:qun.yang@slu.se
mailto:tomas.linder@slu.se
mailto:tomas.linder@slu.se
mailto:Maria.Westerholm@slu.se
mailto:Maria.Westerholm@slu.se
mailto:Maria.Westerholm@slu.se
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Various projects regarding Non-conventional yeasts, and their potential application for food, 
feed, and other biotechnological applications to establish sustainable, circular processes 
Contact: Volkmar.Passoth@slu.se  
See broad project areas for Food Biotechnology below. 
 
----------------------------------------------------- 
 
PROJECT DESCRIPTIONS 
 
NMR spectroscopic characterization of substrate binding to a redox enzyme used in biomass 
conversion 
 
Project description 
Efficient depolymerization of biomass is fundamental for the use of non-fossil carbon sources in 
fuels and chemicals. Recently, the research on biomass conversion was boosted by the discovery 
of oxidative cleavage of glycosidic bonds by a new group of redox enzymes, currently known as 
lytic polysaccharide monooxygenases (LPMOs). Genes encoding LPMOs are abundant in 
carbohydrate-degrading fungi and these enzymes are likely to act on a variety of biomass types. 
There are clear indications that LPMOs may be exploited to dramatically increase the efficiency 
of enzymatic biomass conversion. However, this enzyme class has hardly been explored and 
many crucial questions related to the catalytic mechanism, substrate binding and specificity of 
LPMOs remain unanswered. 
 
The specific aim of this project is to investigate the binding of certain chitin model compounds to 
an LPMO by using nuclear magnetic resonance (NMR) spectroscopy. The LPMO will be 
expressed in yeast with a medium that contains sources of 15N and/or 13C, which is a requirement 
for the NMR analysis. Proteins will be purified with ion-exchange chromatography and size-
exclusion chromatography, and then be subject to NMR analysis. The binding of substrate 
oligosaccharides and possible product formation will be explored by titration of the substrate into 
the protein solution followed by NMR analysis. 
 
Skills that will be developed within this project: 

• Expression of isotopically labelled proteins in yeast 
• Protein purification 
• Protein and carbohydrate analysis by NMR spectroscopy 

 
----- 
 

Expression, purification and Biochemical characterization of fungal cellobiose dehydrogenases 
(CDH) 

The study of cellobiose dehydrogenases (CDHs) is of great importance due to their significant 
role in the oxidation of cellobiose and other cello-oligosaccharides. CDHs are a class of enzymes 
that catalyze the electron transfer from carbohydrates to various electron acceptors, which can 
play a critical role in biomass degradation, particularly in cellulose decomposition. Investigating 

mailto:Volkmar.Passoth@slu.se
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CDHs and their mechanisms of action can provide valuable insights into efficient biomass 
conversion into biofuels and other bioproducts. 

The focus of this project lies on CDHs derived from Clonostachys rosea, an ubiquitous fungus 
that colonizes living plants, digests organic material in soil, and parasitizes or kills other fungi or 
nematodes. 

To conduct this research, we will employ a series of methods and techniques. Firstly, we will 
utilize transformation techniques for Pichia pastoris, a well-established expression system, to 
produce the CDH enzymes. Once the enzymes are successfully transformed and produced, we 
will proceed with their purification using various types of chromatography techniques, such as 
affinity chromatography, size exclusion chromatography, and ion exchange chromatography, 
which will be employed to isolate and purify the CDHs. 

Next, we aim to determine the activity of the CDHs on cellulose-based substrates, guided by 
available transcriptomic data. Colorimetric methods, Mass spectrometry and DIONEX (high-
performance liquid chromatography (HPLC) system specialized for ion chromatography (IC)) 
techniques will be utilized to analyze the products generated by the CDHs during cellulose 
degradation, providing a detailed understanding of their catalytic activity. 

Finally, we aim to crystallize the CDH proteins. Crystallization is a crucial step in structural 
biology as it enables the determination of the three-dimensional structure of the enzymes. By 
elucidating the atomic-level details of the CDHs, we can gain insights into their catalytic 
mechanisms, substrate-binding sites. 

 
----- 
 
Expression, purification and Structural characterization of plant AA3 enzymes 
 
Studying AA3 (Auxiliary Activity) enzymes, especially alcohol oxidases and aryl-alcohol 
oxidases from Arabidopsis thaliana, is really important because they could have a big impact on 
plant metabolism and biomass transformation. We know that AA3 enzymes can oxidise alcohols 
and transfer electrons to different acceptors, but we don't yet know what role these enzymes play 
in A. thaliana. Looking into these enzymes and understanding how they work could give us new 
insights into plant biology and open the door to new uses in biotechnology and biofuel 
production. 
 
The goal of this project is to characterise these novel AA3 enzymes from A. thaliana by 
producing them in large quantities and optimising their growth conditions in a fermentation 
system to maximise enzyme yield. Once we've produced them, we'll purify these enzymes using 
a variety of techniques, including affinity, ion exchange, and size exclusion chromatography. 
This will help us achieve the high purity levels we need for functional and structural studies. 
 
Finally, we're going to crystallise these enzymes. By doing that, we'll be able to identify active 
sites, substrate-binding regions. Getting insights at the atomic level is really important for 
understanding what these enzymes do and could even reveal features that set plant AA3 enzymes 
apart from those in other organisms. 
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----- 
How plant cells upcycle their own organelles: physiological roles of selective autophagy 

Background 

Autophagy, which translates to “self-eating”, is the clean-up machinery in all eukaryotes. In 
plants, this mechanism is increasingly recognized for its paramount role in development, 
immunity and fitness.  Autophagy can function in a selective manner, wherein specific 
components of the cell (cargo), including protein aggregates and organelles are recycled in 
response to stress. Currently, a major gap exists in understanding the sequential targeting of the 
cargo to be degraded, and its impact on plants. 

Project goals 

In this project we will study selectivity of autophagy in plants and its physiological relevance for 
plant fitness and stress tolerance. 

 Skills that will be acquired through this project: 

• Working with transgenic plants 
• Advanced fluorescence microscopy 
• Processing large data sets using ImageJ 
• Immunoblotting 
• Handling of Arabidopsis thaliana seedlings and plants 

---------- 

Novel aspects of autophagy in plant stress response: the path to developing better crops 

Short description 
Autophagy is an extremely interesting catabolic pathway that allows cells to upcycle their own 
content. Similarly to a trash recycling system, autophagy converts damaged or superfluous 
components into energy and building blocks. In our group we  are investigating how this process 
helps plants to cope with stress conditions. This knowledge will eventually allow us to improve 
crops and make them better fitted for the changing climate. 

In this project you will help to optimize our non-invasive bioluminescence-based advanced 
approach for quantifying autophagic activity in different organs of living plants and use it to 
reveal the specific roles autophagy plays in the stress response of plant organs. 
 
Project goals: 

1. Cloning constructs encoding  novel molecular reporters of plant autophagic activity 
2. Verifying/optimizing the constructs using transient expression in plants and advanced 

fluorescence microscopy 
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3. Initiating stable transgenic lines expressing the new constructs 
4. High-throughput phenotyping of transgenic plant seedlings using our new robotic system 

SPIRO 

You will acquire skills in: 

• Genetic engineering and cloning 
• Advanced fluorescence microscopy  
• Working with one of the most popular plant model organism Arabidopsis thaliana  
• Transient expression in plants 
• Working on stable transgenic plant lines 
• Use of automated assays for plant phenotyping 
• Working in a research team 

------------ 

Genomic knock-in by CRISPR/Cas9 in green alga Chlamydomonas reinhardtii 

Short description 
The unicellular green algae Chlamydomonas reinhardtii has served as a model for over 70 years 
due to the remarkable tractability of its short generation time (8–10 h), haploid genotype, 
sequenced genome, simple transformation methods, and a plethora of resources, including the 
Chlamydomonas Resource Center (University of Minnesota) and Chlamydomonas Sourcebook. 
Recently, the genomic editing in this green alga is extensively documented and is optimized to 
be feasible. In this project, you will help to optimize the procedure of knocking-in of aimed DNA 
fragments after editing by CRISPR/Cas9 complex. 

In our group, we are focusing on the characterization of type I metacaspase (CrMCA-I) in 
Chlamydomonas. Metacaspases share a structural similarity with caspases in animals, which are 
essential proteases with a well-documented role in programmed cell death. Here, we will add an 
OLLAS (SGFANELGPRLMGK), a highly sensitive epitope tag, at the end of CrMCA-I in 
Chlamydomonas. The advantage of the tag-adding strain will facilitate the detection of CrMCA-
I-OLLAS (by OLLAS antibody) and circumvent the challenges associated with the time-
consuming and unpredicted antibody generation process. 

Project goals: 

Obtain the strain with a knock-in of OLLAS tag at the end of CrMCA-I in 1) cell-wall deficient 
line (UVM4) and 2) line with intact cell wall (CC-4533) 

You will acquire skills in: 

• Molecular techniques including protein extraction, Western blot, DNA/plasmid 
extraction, agarose gel electrophoresis, RNA extraction, qPCR 

• Chlamydomonas culture 

https://www.alyonaminina.org/spiro
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• Genome editing in Chlamydomonas 
• Screening of transformants by colony PCR or Western blot  

--------- 
 
Exploring autophagy-mediated stress granule degradation in plants 
Background 
All cells require efficient mechanisms to cope with stress in order to survive. Autophagy (“self-
eating”) is a major catabolic process in eukaryotes that allows for the targeted or bulk removal 
and recycling of cytoplasmic components. Upon the induction of autophagy, cytoplasmic 
contents are sequestered into double membrane vesicles known as autophagosomes, which are 
then delivered to the lytic vacuole for degradation. The process is critical for maintaining cellular 
homeostasis and it has profound impacts on cell death, stress responses and longevity. Another 
vital mechanism for cell survival is stress granule formation. Stress granules are membraneless 
organelles comprised of RNA and proteins that aggregate to form dense cytoplasmic granules. 
These stress granules allow for the rapid shutdown of protein synthesis that is no longer 
conducive to cellular function when confronted with challenging conditions. 
  
It is now apparent that the regulation of autophagy and stress granule formation have significant 
impacts on the fitness and health of organisms. In animals, these processes have been linked to 
several conditions including diabetes, cancer and neurodegenerative diseases. In plants, 
autophagy impacts several agronomically important traits such as growth, yield and disease 
tolerance. Stress granules are relatively unexplored in plants, however they are formed in 
response to a plethora of stressful stimuli and warrant further investigation. Unravelling these 
critical biochemical pathways and gaining insight into how we can regulate these processes is of 
great interest to the agricultural and biomedical fields. 
 
Aims 
The purpose of this work is to investigate the autophagy-mediated degradation of stress granules 
within the model plant Arabidopsis thaliana. Previously established Arabidopsis suspension 
cultures created from fluorescent tagged stress granule marker lines will be employed. Stress 
granule degradation will be assessed after treatment of the cultures with various autophagy 
modulating compounds and protease inhibitors. In addition, Arabidopsis suspension cultures 
expressing fluorescent protein tags for both stress granules and autophagosomes will be 
developed and evaluated over time following treatment using advanced microscopy techniques. 
 
Skills that will be developed within the project: 

1) Advanced microscopy skills including confocal and super resolution structured 
illumination microscopy (SIM) 

2) Plant genetic transformation 
3) Molecular biology techniques 
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4) Plant and cell culture establishment and maintenance 
5) Experimental design and data analysis 

Complementary information 
This project is suitable for master’s degree programs related to molecular biology and 
biochemistry. The 30 credit project, corresponding to 20 weeks of education will be carried out 
in the Plant Catabolism Laboratory in the Department of Molecular Sciences, SLU, Uppsala. 
Please contact Adrian Dauphinee (adrian.dauphinee@slu.se) if you are interested in this project. 
--------- 
 
Genetically Encoded Calcium Inhibitors for Plant Molecular Biology Applications 

Short description 

Plants are continuously exposed to harmful conditions in the field, including attacks from insect 
pests, diseases, and unfavorable growth conditions, thereby limiting crop yields. This poses a 
significant problem, especially given the rising global demand for food driven by a growing 
population. Calcium ions (Ca2+) are essential nutrients for plant growth, as they are required for 
the stability of cell walls and membranes, as well as for photosynthesis. Additionally, Ca²⁺ plays 
a crucial role in signal transduction, helping plants respond to the stressful conditions 
encountered in the field. Based on previous study, we know that elevated concentrations of Ca2+ 
in particular parts of the cell, including chloroplasts, are important for plants to cope with stress, 
however, we currently lack tools for investigating the role of Ca2+ in the cell, particularly a way 
to decrease Ca2+ levels within the chloroplast. 

This project aims to develop a genetically encoded calcium inhibitor for plant cell study, based 
on the work of Ros et al. It will use the SpiCee chimeric protein, a genetically encoded calcium 
chelator that combines low and high affinity sites for Ca2+. This Ca2+ scavenger has been 
demonstrated to modify endogenous Ca2+ signaling and function in animal cells, both in vitro 
and in vivo. In this project we will adapt this tool to target SpiCee to the chloroplast of 
Arabidopsis. 

Project goals 

1. Cloning and expression of the SpiCee protein in plant cells 
2. Optimize the expression and targeting of the SpiCee protein in plant cells, using 
protoplast transfection assays and transient expression in plant. 
3. Initiating stable transformation experiments to generate transgenic plants expressing the 
SpiCee protein. 
4. Characterize the effects of SpiCee-mediated calcium inhibition on plant growth, 
development, and stress response. 
  

Skills you will acquire during this project: 
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1. Genetic engineering techniques, including cloning, transformation, and stable transgenic 
plant generation. 
2. Fluorescence microscopy 
3. Cultivation and phenotyping of Arabidopsis thaliana 
4. Experimental design and data analysis 
5. Proficiency in scientific communication and collaboration within a research team 
 
Complementary information 

The project will be performed at Department of Molecular Sciences, SLU, Uppsala. Please contact 
Shanna.Romand@slu.se if you are interested in this project. 

 
--------- 
 

Bridging the gap between regeneration and damage with proteases 

Short Description: 

Very few organisms on the planet can regenerate lost tissue and organs effectively. Even within 
the subset of organisms that can functionally regenerate their tissues and organs, plants stand 
apart because of their absolute mastery of regeneration, evolving various methods and 
mechanisms to ensure survival. This attribute comes in handy as plants continuously face 
stresses in their natural environment which lead to damage. In fact, plants are one of the few 
organisms that can completely regenerate and grow fully functional organs and tissues after a 
near catastrophic event. While recent research has focused on understanding the underlying 
mechanisms that drive the ability of regeneration in plants, there is still a lot of information that 
is missing, specifically the events immediately post damage that may lead to regeneration. 
Recent work has identified that immediately post damage plants activate proteases that can 
activate signaling mechanism by proteolysis that drive downstream damage response (Hander et 
al., 2019). Preliminary results, both in vivo and in silico, have identified two proteases that affect 
both regeneration and development in plants post damage. This project aims to functionally 
validate and characterize the role of these two proteases in regeneration and development post 
damage in plants with the overarching view of bridging the gap between regeneration and events 
post damage. This project will use phenotypic and development tools such as plant grafting and 
callus regeneration, combined with fluorescence and confocal microscopy in the model plant 
Arabidopsis thaliana to validate the involvement of the proteases. Moreover, this project will 
also aim to identify the biochemical role of the proteases during damage and regeneration. 

Project Goals: 

mailto:Shanna.Romand@slu.se
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1. Cloning of reporter constructs for creation of stable transgenic reporter lines alongside 
active and inactive variants of proteases. 
2. Identification of stable transgenic fluorescent reporter lines using confocal microscopy. 
3. Performing regeneration-based experiments including but not limited to plant grafting 
and callus formation to validate results. 
4. Biochemical analysis of the proteases. 

Skills you will acquire during this project: 

1. Genetic engineering techniques, including cloning and transformation in both bacteria 
and plants. 
2. Plant Grafting and regeneration techniques. 
3. Understanding how to phenotype and work with Arabidopsis thaliana. 
4. Molecular biology techniques such as PCR, qPCR, Western Blots. 
5. Fluorescence microscopy and protein biochemistry. 
6. Skills in data analysis, presentation, communication, and collaboration in a scientific 
team.  

Reference: 

Hander T, Fernández-Fernández ÁD, Kumpf RP, Willems P, Schatowitz H, Rombaut D, Staes A, Nolf J, Pottie R, 
Yao P, Gonçalves A, Pavie B, Boller T, Gevaert K, Van Breusegem F, Bartels S, Stael S. Damage on plants 
activates Ca2+-dependent metacaspases for release of immunomodulatory peptides. Science. 2019 Mar 
22;363(6433):eaar7486. doi: 10.1126/science.aar7486. PMID: 30898901. 

Complementary information 

The project will be performed at Department of Molecular Sciences, SLU, Uppsala. Please contact 
Shamik.Mazumdar@slu.se if you are interested in this project. 

------ 

Unraveling the molecular mechanism of plant proteolysis-mediated plant-insect interactions 

Project description: 

Plants are continuously exposed to various biotic and abiotic stresses. Certain plant proteases that 
catalyze the proteolysis of peptide bonds between amino acids in substrate proteins are activated 
during plant damage and play a crucial role in plant defense against insect herbivory. However, 
how insects interact with the activated proteolysis and how the proteolysis triggers the defensive 
signaling pathway in plants remains to be explored. In this study, we will focus on investigating 
the key proteases and their substrates involved in response to the damage by herbivory and how 
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these proteases mediate the interactions between plants and insects. To do this, we pay attention 
to the following objectives: 

1. Identifying key plant proteases and their substrates in response to insect attacks. 
2. Assessing the activity of identified protease in the digestive systems of feeding insects 
3. Elucidating the underlying molecular mechanism of the activation of specific plant 
proteases in the digestive systems of feeding insects. 
4. Understanding the role of proteolysis in mediating plant defense against herbivory. 
The newly discovered knowledge from this study will provide new insight into understanding of 
proteolysis-mediated plant-insect interaction and allow us to go further to screen ideal molecular 
targets for bio-pesticides. 

You will acquire skills in: 
• Working on the most popular plant model organisms Arabidopsis thaliana and Zea mays 
and important pests Spodoptera frugiperda and S. littoralis 
• Gene cloning, protein extraction and purification, SDS-PAGE, WB, protein labeling and 
so on. 
• Microscopy, including confocal microscopy and scanning electron micrography (SEM). 
• Mass spectrometry and proteomics analysis. 
• Scientific data analysis, presentation skills, and critical thinking. 
• Working in a science-directed and international research group. 

Complementary information 

The project will be performed at Department of Molecular Sciences, SLU, Uppsala. Please contact 
Qun Yang, qun.yang@slu.se if you are interested in this project. 

------ 

Novel aspect of bio-pesticides: plant damage-activated pro-pesticides 

Project description: 

Insects comprise the largest and most diverse group of living organisms on Earth and play a crucial 
role in various ecosystems. However, there has been a significant decline in insect populations and 
diversity in the EU and worldwide in recent years. This decline can be attributed to various factors, 
with the toxicity of insecticides to non-target insects, such as bees, being a major driver.  

To resolve this issue, we develop an innovative approach known as damage-activation of pro-
pesticides (DAPP) by plant proteases that are activated in the gut of feeding pests. Non-target 
insects (e.g., pollinators and natural enemies) that cause no damage, are spared. In this project, we 

mailto:qun.yang@slu.se
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will focus on modifying insecticides by introducing the newly-discovered protease cleavage sites 
and assessing the biosafety of modified insecticides. 

Skills that you will acquire: 
• Working on the important pests and beneficial insects. 
• DNA cloning, protein expression, extraction and purification, SDS-PAGE, and WB. 
• Pesticide modification and bio-safety assay. 
• Scientific data analysis, presentation skills, and critical thinking. 
• Working in a science-directed and international research group. 

Complementary information 
The project will be performed at Department of Molecular Sciences, SLU, Uppsala. Please contact 
Qun Yang, qun.yang@slu.se if you are interested in this project. 

------ 

Exploring the diversity of methanol-assimilating yeasts in nature 
 
Background 
Methylotrophy – the ability to use one-carbon compounds such as methanol as a carbon source, 
has predominantly been observed in only a few lineages of yeasts that are moderately close 
relatives of the regular baker’s yeast Saccharomyces cerevisiae. How widespread methylotrophy 
is among other, more distantly related yeasts is still unclear. Since methanol is a promising growth 
substrate for sustainable production of yeast protein and other yeast-based products, it is of interest 
to discover new lineages of methylotrophic yeasts with other potentially valuable traits e.g. heat- 
or cold-tolerance or the ability to produce oils or antioxidant pigments. The discovery of new 
methylotrophic lineages of yeast would also shed light on how this ability evolved – did this ability 
evolve once in the ancestor of all yeasts and was then lost in the majority of yeast lineages or did 
this ability evolve independently in different lineages? 

Project description 

Within the 30-credit degree project corresponding to 20 weeks of education, the candidate will 
isolate and characterize methylotrophic yeasts using both molecular and physiological methods. 
The student will acquire fundamental knowledge of experimental design, data interpretation, 
information retrieval and scientific writing. 

Skills that will be developed within this project: 

• Cultivation methods for microorganisms 
• Physiological characterization of microorganisms 
• Isolation of genomic DNA, PCR and cloning of target yeast genes 
• Sequence analysis including phylogenetic analysis 

 

mailto:qun.yang@slu.se
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Complementary information 

The project will be performed at Department of Molecular Sciences, SLU, Uppsala. Please contact 
Tomas Linder (tomas.linder@slu.se) if you are interested in this project. 

------ 

Isolation of novel xenobiotic-degrading yeasts from soil 

Background 

“Xenobiotics” is the name given to man-made chemical compounds such as pesticides, solvents, 
detergents, dyes and pharmaceuticals found in nature. Although man-made compounds are not per 
definition more hazardous to living organisms than “natural” compounds, one common concern is 
that man-made compound may take longer to degrade since the natural population of decomposers 
has not yet evolved the ability to recognize these compounds. However, the metabolic diversity of 
the soil microbiota is vast and a purported failure to degrade a certain xenobiotic compound may 
in fact not be due to the lack of metabolic ability of the microorganisms but rather due to other 
circumstances. Factors that can influence the degradation efficiency of xenobiotics include the 
nutritional status of the environment (are there other, better molecules to eat?) and the microbial 
population structure (are the capable degraders in a small minority?). 

Xenobiotic-degrading microorganisms are of interest as they may be used to dispose of chemical 
pollutants in the environment in a “natural” way – a process known as bioremediation. Xenobiotic-
degrading microorganisms are also of interest because their ability to degrade unusual compounds 
can lead to the discovery of novel enzyme activities and biochemical pathways. 

Project description 

Within the 30-credit degree project corresponding to 20 weeks of education, the candidate will 
isolate and then characterize xenobiotic-degrading yeasts from soil using molecular, physiological 
and chemical methods. The student will acquire fundamental knowledge of experimental design, 
data interpretation, information retrieval and scientific writing. 

Skills that will be developed within this project: 

• Cultivation methods for microorganisms 
• Physiological characterization of microorganisms 
• Basic methods for chemical analysis. 
• Isolation of genomic DNA, PCR and cloning of target yeast genes 
• Sequence analysis including phylogenetic analysis 

 

Complementary information 



Institutionen för molekylära vetenskaper, SLU  241119 
 

14 
 

The project will be performed at Department of Molecular Sciences, SLU, Uppsala. Please contact 
Tomas Linder (tomas.linder@slu.se) if you are interested in this project. 

 

Projects in biogas production and anaerobic microbiology 
Numerous exciting research projects within biogas production are constantly conducted at SLU, 
in which there can an opportunity for you to perform your master project. These projects can be 
tailored towards more applied or more fundamental research questions, depending on your 
interests. 

Biogas is a renewable energy source that contributes to a number of positive effects and can play 
a significant role in the development of a sustainable and fossil-free society. The production of 
biogas has great potential to increase in the future and with that, many jobs will be generated. By 
doing a Master’s project with us, you can collaborate and become part of our research group that 
strives to understand and improve microbial processes with the aim of increasing biogas 
production. Below you find a list of Master’s projects available in our group: 

Unravel the competition between methane-producing microorganisms in biogas systems  
 
We are looking for a highly motivated student who is interested in joining our group to 
investigate the competition between different methane-producing microorganisms in order to 
find ways to predict biogas production rates. 
 
Biogas production is a waste-to-energy technology with outstanding climate, environmental and 
societal benefits. Biogas is produced when organic materials are broken down by 
microorganisms in an anaerobic environment that proceeds in a series of steps divided into 
hydrolysis, acidogenesis, anaerobic oxidation and methanogenesis. The last and methane-
producing step is extremely important for efficient biogas production. This is also the step that 
easily gets restricted by toxic compounds or during changes in process operation. A restricted 
methanogenic step will cause severe process disturbance and decrease the biogas production. 
  
In this project we aim to study the competition between different microorganisms that perform 
the methane-producing step. Two main pathways for biogas production are aceticlastic 
methanogenesis (performed by acetate-utilizing methanogens) and syntrophic acetate oxidation 
(performed by acetate-utilizing bacteria and H2-utilizing methanogens). Cultivation studies with 
these two groups of methane-producers will be set up and the impact on the methane production 
rate by ammonia (a toxic compound formed in the degradation of proteins) and temperature will 
be investigated. The interplay of the microorganisms will be followed by molecular approaches. 
The result from the study can be used to predict consequences on methane production rates in 
biogas processes operating at different conditions. 
 
You will acquire skills in: 
1. Anaerobic cultivation techniques 
2. Analytical analyses using high-performance liquid chromatography (HPLC), gas 

chromatography (GC), H2-measurement 
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3. Molecular techniques including DNA extraction, agarose gel electrophoresis, quantitative 
PCR (qPCR), RNA extraction, conversion to complementary DNA (cDNA)  

4. Performance of a design of experiment approach. 
 
Complementary information 
The project is suitable for master degree programs related to Bioinformatics, Molecular Biology, 
Biochemistry and Microbiology and will be performed at SLU, Department of Molecular 
Sciences, SLU, Uppsala. Please contact Maria Westerholm (Maria.Westerholm@slu.se) if you 
are interested in this project. 
 
------ 
 
Microbes go electric 

Many microbes need to pass electrons to oxygen molecules to “breathe” – but the 
microorganisms in the biogas process thrive in oxygen-free (anaerobic) environments. These 
anaerobic microorganisms solve this by passing their electrons to other molecules or through 
fermentation. However, microbes involved in the last steps of the methane (biogas) production 
process instead rely on a close connection to other species to be able to proceed with their 
metabolism. Scientists have studied and debated the mechanisms behind this behavior for 
decades but a relatively newly developed theory is that they perform direct electron transfer 
between the cells. How they do that is currently not known but usage of nanowires (electric pili, 
nanotubes) or stacks of proteins (cytochromes) are some of the suggestions. Increased insight in 
this area will reveal fundamental knowledge of these microorganisms but also brings 
considerable potential for development of applicable solutions to improve the biogas process and 
other biotechnological processes used for production of green products. 

The aim of this project is to take the first step to reveal if these methane-forming communities 
really do conduct electricity. You will be involved and supervised in 3D-printing to develop the 
new anaerobic cultivation systems to enrich conductive microorganisms from the biogas process. 
You will also obtain basic knowledge in anaerobic cultivation techniques and microscopy and 
perform molecular analyses to study the microorganisms with potential to conduct electricity. 
The work involves laboratory work, collection and analysis of data and report writing. 

Complementary information  

The project is suitable for Master’s degree programs related to Bioinformatics, Molecular 
Biology, Biochemistry, and Microbiology and will be performed at SLU, Department of 
Molecular Sciences, SLU, Uppsala. Please contact Maria Westerholm 
(Maria.Westerholm@slu.se) if you are interested in this project.  

------ 
 
Novel cultivation techniques to discover new microbes    
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Figuring out the composition of the microbial community in the biogas reactor can help optimize 
the process for increased production. However, a majority of the microorganisms in the biogas 
process are unknown, making it impossible to determine their role in the process. The biogas lab 
at SLU has long experience in isolation and characterization of new microorganisms. However, 
the methods currently used are extremely time consuming, hampering our work to map key 
microorganisms involved in the conversion of waste to renewable energy and green products.  

In this project, you will development and evaluate a novel cultivation technique that will 
facilitate and speed up screening of substrate pattern and optimized conditions for growth of new 
species. You will obtain knowledge in anaerobic cultivation techniques, analytical analyses for 
liquids and gases and molecular analyses. You will also acquire basic knowledge and 
understanding of anaerobic degradation occurring in biogas processes. The work involves 
laboratory work, collection and analysis of data, and report writing. 

Complementary information  
The project is suitable for Master’s degree programs related to Bioinformatics, Molecular Biology, 
Biochemistry, and Microbiology and will be performed at SLU, Department of Molecular 
Sciences, SLU, Uppsala. Please contact Maria Westerholm (Maria.Westerholm@slu.se) if you are 
interested in this project. 

--- 

The group of Food Biotechnology has its main focus on non-conventional yeasts, and their 
potential application for food, feed, and other biotechnological applications to establish 
sustainable, circular processes. Our research also focuses on the fundamental side of science as 
yeasts are important model organisms to understand eukaryotic physiology and genetics. We 
develop methods for controlled cultivation of microbes, quantification of lipids and carotenoids in 
yeasts and cell fractionation, and for metabolic and genetic manipulation. To understand the 
physiology and to use them as cell factories we are also establishing methods in genome, 
transcriptome, and proteome analysis. We are also interested in exploring food applications of 
yeast oils/protein as well as in assessing consumer acceptance and market potential. 

This offers room for a broad range of potential master thesis within both Food science, Sustainable 
Food Systems, and Biology, e.g., extraction and analysis of extracellular substances in oleaginous 
red yeasts; identifying novel compounds for industrial applications; consumer acceptance of yeast-
based food, microbial lipid and carotenoid production from waste residues; genetic manipulation 
of oleaginous red yeasts, and more. If you are interested to do you master thesis related to these 
topics, please contact Volkmar Passoth (Volkmar.Passoth@slu.se). 
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