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Abstract 
 

Planctomycetes are a ubiquitous phylum in the bacterial domain. They are known to possess 

unique traits distinguishing them from other bacteria, such as the formation of rosette 

aggregates, the lack of FtsZ-protein used in binary fission and the preferred division by 

budding, large genomes and crateriform structures in the cell wall. The bacteria are found in 

diverse habitats, including in extreme environments and in association with other organisms 

such as macroalgae and diatoms. Planctomycetes are therefore presumed to be productive 

producers of quorum sensing autoinducers and secondary metabolites, which could be useful 

as bioactive molecules in medicine.  
 

In this study, Planctomycetes strains from various habitats were tested for cytotoxic potential 

towards acute myeloid leukaemia cell line MOLM-13, prostate cancer cell line PC3 and normal 

rat kidney cell line NRK. The strains were cultivated in M30 medium, harvested and freeze-

dried before being tested for cytotoxic activity in aqueous phase and organic phase, using both 

small and large volumes of biomass. To examine where the cytotoxic potential was located and 

obtain some knowledge on what kinds of bioactive molecules were responsible for the cytotoxic 

potential, solid phase extraction (SPE) was conducted. This extracted fractions of aqueous or 

organic extracts, and separated chemical compounds from the samples. High performance 

liquid chromatography (HPLC) was conducted to visualize selected SPE on a chromatogram 

and further separate the SPE into smaller fractions. Experiments using the separated fractions 

were conducted on the cancer cell lines to investigate which fractions showed cytotoxic 

potential. Results showed that the Planctomycetes had cytotoxic potential towards both cancer 

cell lines, with aqueous extracts being most cytotoxic towards MOLM-13 and organic extracts 

being most cytotoxic towards PC3. Aqueous extracts were found to induce apoptosis in 

MOLM-13, while organic extracts presumably inhibited cell growth in PC3. The study showed 

polar and hydrophilic cytotoxic compounds extracted from strain TBK2h. The compounds were 

either variants of the same substance, or very similar substances. Both hydrophobic and 

hydrophilic cytotoxic substances were isolated from strain P1a, presumably working together 

to produce cytotoxicity for the strain. The isolated cytotoxic compounds are scheduled to be 

chemically analysed to identify known or unknown cytotoxic substances.  
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Abbreviations 
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E1 – elution phase 1 

E2 – elution phase 2 

EOH = ethanol (C2H5OH) 

h = hour 

HPLC – high performance liquid chromatography 

L+W – load and wash phase 

MeOH = methanol (CH3OH) 

milliQ = ultrapure water 

mL = millilitre  

PBS = phosphate-buffered saline 

SPE – solid phase extraction 

µL = microlitre 

µm = micrometre



 9 

1 Introduction 

 

1.1 Background 

 

According to World Health Organization, cancer is the second largest cause for mortality 

worldwide each year (“Cancer,” n.d.). In 2020, almost 10 million people died from various 

types of cancer, the most common being breast cancer (“Cancer,” 2021). Cancer diseases are a 

class of diseases which have in common the cancer cell, an abnormal cell capable of 

uncontrollable growth. Cancer is not necessary malignant, but when it is, it can infiltrate vital 

organs and cause harm, or destruct the nearby environment, at times causing death (Um, 2015). 

Cancer treatment exists in several forms, including chemotherapy, radiation, surgery, 

immunotherapy and targeted drug therapy (Abbas & Rehman, 2018). Unfortunately, therapy 

resistance is a common theme amongst cancer patients, and is one of the main reasons for 

metastasis, meaning the spreading of cancer to new areas of the body, and relapse (Rueff & 

Rodrigues, 2016; X. Wang, Zhang, & Chen, 2019). The causes of therapy resistance are based 

on changes in the cancer cells, which may result in a tolerance towards the treatment. This can 

happen through genetic mutations or as selection for resistance through repeated exposure 

(Gonzalez-Angulo, Morales-Vasquez, & Hortobagyi, 2013; X. Wang et al., 2019). Breast 

cancer is one of the most common cancer types, where therapy resistance is very common. At 

the start of treatment, targeted cytotoxic drugs are effective in 90% of the cases. Unfortunately, 

this percentage sinks considerably after some time, and therapy resistance is to be expected 

(Gonzalez-Angulo et al., 2013). The threat of cancer and therapy resistance is a calling for 

science today to focus on the search novel sources of cytotoxic drugs. This includes exploring 

new territories and new organisms, looking for natural producers of bioactive compounds. The 

bacterial phylum Planctomycetes are one of these still enigmatic and understudied bacterial 

phyla, demonstrated to have great biotechnological potential for production of novel bioactive 

compounds (Graça, Calisto, & Lage, 2016).  
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1.2 Aim and objectives  

 

The aim of the study was to identify anticancer activity in Planctomycete bacteria from various 

habitats, focusing in on isolation of cytotoxic compounds in the bacteria. For this purpose, four 

research objectives were specified: 

 

1. Obtaining high biomass of Planctomycetes, for use in large-scale extractions of 

bioactive molecules 

2. Isolation of secondary metabolites from the bacteria with the potential for anticancer 

activity 

3. Screening for anticancer activity in secondary metabolites using analysis of metabolic 

activity and induced apoptosis in the cell lines 

4. Further isolation and characterization of chemical compounds capable of anticancer 

activity, using high performance liquid chromatography (HPLC) 
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1.3 Introduction to Planctomycetes  

 

Planctomycetes are a phylum of Gram-negative bacteria who are unique in many ways, 

especially in comparison with other bacterial phyla (John A. Fuerst & Sagulenko, 2011).  Their 

ecological, phylogenetic and morphological differences have made them great candidates for 

use in applied science, both within medicine (Calisto et al., 2019) and in environmental research 

(Helmer et al., 2001; Strous, Van Gerven, Gijs Kuenen, & Jetten, 1997). Historically, 

Planctomycetes were discovered in 1924 by Hungarian biologist Nador Gimesi. In a Budapest 

lake, he viewed what looked like planktonic ovoid or spherical cells with stalks and thought 

they must have been eukaryotes. He therefore interpreted them as fungi, and gave them the 

name Planctomyces bekefii, where the genus name is a description of what he saw - plancto 

deriving from plankton, and myces meaning fungi (Gimesi N, 1924). Independently, in 1935, 

Arthur T. Henrici and Delia E. Johnson of the University of Minnesota discovered their own 

stalked organism, which they identified as a bacteria and named Blastocaulis sphaerica 

(Henrici & Johnson, 1935). Later studies revealed that the two organisms P. bekefii and B. 

sphaerica were indeed the same species, a bacteria, which kept its original eukaryotic name, 

Planctomyces bekefii (Hirsch, 1972). Although, like many Planctomycetes, the bacteria has 

never been cultivated (Dedysh et al., 2020), the name was still recognized in The Approved 

List of Bacterial Names from 1980 (Skerman, McGowan, & Sneath, 1980). In fact, the first 

ever pure culture of Planctomycetes was isolated near 50 years after the discovery of the phylum 

(J. T. Staley, 1973), and surprisingly few have been obtained in axonic cultures at all (Kaboré, 

Godreuil, & Drancourt, 2020; Ward, 2015). To understand the relevance and importance of this 

difficult-to-cultivate bacterial phylum, it is necessary to dig deeper into the specifics of its 

uniqueness, which is described in the following subchapters. 

 

1.3.1 Ecology of Planctomycetes 

 

Planctomycetes, although scarcely studied in comparison to many other bacterial phyla, are 

known to be found in various habitats. They are widespread around the world and can be 

observed in various and vastly different natural environments. The first discovered specimen 

was collected from freshwater lakes in Budapest, Hungary (Gimesi N, 1924). Previously, it was 

known that the phylum was restrictively found in freshwater, which has since been disproved. 

Although it has commonly been found in freshwater ecosystems (Brümmer, Felske, & Wagner-
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Döbler, 2004; Franzmann & Skerman, 1984; Pollet, Humbert, & Tadonléké, 2014), the phylum 

has also been detected in various other habitats, including some more extreme ones.  

 

Planctomycetes were firstly successfully isolated from soil in Australia in the year 1992 

(Liesackt & Stackebrandt, 1992). Since then, they have been reported in terrestrial 

environments all over the world (Buckley, Huangyutitham, Nelson, Rumberger, & Thies, 

2006). They have been isolated from soils in farmed land (Borneman et al., 1996; Derakshani, 

Lukow, & Liesack, 2001), on rain forest floors (Borneman & Triplett, 1997), and amongst 

Sphagnum moss (Dedysh, Pankratov, Belova, Kulichevskaya, & Liesack, 2006). A number of 

strains have also been found living in marine environments, for example in the Indian ocean 

and on the coasts of Oregon and Namibia (Jian Wang et al., 2020; Woebken et al., 2007). 

Marine environments also includes on the surfaces of marine eucaryotes, where the 

Planctomycetes thrive (Kaboré et al., 2020). The bacteria have been discovered living in 

biofilms on, among many examples, algae and kelp (Bengtsson & Øvreås, 2010; Longford et 

al., 2007), on sponges and corals (Pimentel-Elardo, Wehrl, Friedrich, Jensen, & Hentschel, 

2003; N. S. Webster, Wilson, Blackall, & Hill, 2001; Nicole S. Webster & Bourne, 2007) and 

even on the giant tiger prawn (Penaeus mondon) (J. A. Fuerst, Sambhi, Paynter, Hawkins, & 

Atherton, 1991). More extreme environments where Planctomycetes are found include the salt 

lakes of the Atacama desert in Chile (Drees et al., 2006), deep sea hydrothermal vents and iron 

hydroxide deposits (Kato et al., 2010; Lanzén et al., 2011; Julia E. Storesund & Øvreås, 2013), 

the acidic habitats of wetlands (Ivanova & Dedysh, 2012), and lastly in the human gut (Caroline 

Cayrou, Sambe, Armougom, Raoult, & Drancourt, 2013). The phylum is commonly found in 

these various habitats organized in biofilms or amongst other microorganisms in microbial mats 

(Prieto-Barajas, Valencia-Cantero, & Santoyo, 2018; Wiegand et al., 2020). 

 

This diversity in habitats and environmental factors including temperature, pH and salinity, 

suggests a strong capability of adaptation within the phylum. It is also suggested that 

planctomycetes thrive in environments which include other organisms, such as in biofilms or 

microbial mats, which points to the bacteria being highly capable of communication and also 

defence. 
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1.3.2 Phylogeny of Planctomycetes 

 

Looking at Planctomycetes in a phylogenetical light, there are some interesting hypothesises 

and facts to be found. Planctomycetes were originally classified as eukaryotes, but when it was 

known that they were indeed bacteria they were for some time taxonomically classified as a 

genus (James T. Staley & Bauld, 1981). In 1986, Schlesner and Stackebrandt described their 

findings of a new family, Planctomycetaceae which combined the two genera Planctomycetes 

and Pirella. They also described a novel order, which they named Plancomycetales (Schlesner 

& Stackebrandt, 1986). Later findings based on more modern 16s rRNA analysis have 

concluded that Planctomycetes are indeed a phylum (Ward, 2010).  

 

Planctomycetes are also a part of the bacterial superphylum Planctomycetes, Verrucomicrobia 

and Chlamydiae (PVC phylum), which encompasses the phyla it is named after in addition to 

the phylum Lentisphaerae and some uncultured candidate phyla. The Planctomycetes phyla is 

of particular interest due to the fact that research on members of the group have shown that they 

can be of medical and biotechnological importance (Wagner & Horn, 2006). It is also 

speculated if Planctomycetes or members of the PVC superphylum might be in some way 

ancestral to all bacteria (Brochier & Philippe, 2002), or share a common descendant with 

eukaryotes due to their homology (John A. Fuerst & Sagulenko, 2012). This last statement has 

been questioned and compromised in later research, where the Gram-negative ancestry of 

Planctomycetes has been strengthened (Devos, 2014a, 2014b; Jeske et al., 2015).  

 

The planctomycete phylum, although widely spread and abundant, consists of few described 

individuals and groups. The phylum includes, according to the National Centre for 

Biotechnology Information (NCBI) Taxonomy Browser as of spring 2021, 3 classes, 9 orders, 

13 families, and 68 genera, wherein a large number of the genera are represented by only one 

species (Schoch et al., 2020). The strains mentioned in this study belong to the genera 

Blastopirellula, Gimesia, Rhodopirellula and Rubinisphaera. Strains P2s, P61, P62 and P1a 

were unclassified, but they seem to be belonging to the family of Planctomycetacea (Sæbø, 

2018). Planctomycetes are known to have especially large genomes with a median of around 

7,4 Mb, the norm being somewhere around 3-4 Mb for other sequenced bacteria (Andrei et al., 

2019; Reva & Tümmler, 2008).  
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1.3.3 Morphology of Planctomycetes 

 

The Planctomycete phylum is known to have distinct appearances, and uncommon features 

which are scarcely found in other phyla. For quite some time it was thought that Planctomycetes 

did not have a cell wall that included the protein peptidoglycan, and it was believed that they 

might be encased in a unique protein envelope instead (König, Schlesner, & Hirsch, 1984; 

Liesack, König, Schlesner, & Hirsch, 1986). It was later found that the phylum indeed possesses 

peptidoglycan cell walls, making it fit more into the category of Gram-negative bacteria (Jeske 

et al., 2015; Van Teeseling et al., 2015). Another theory that has been questioned is the claim 

that some planctomycetes, namely the strain Gemmata obscuriglobus, has a nucleus that is 

membrane-encompassed, much like a eukaryote cell (John A Fuerst & Webb, 1991). It was 

later proposed that this claim was faulty, and that the membrane that was found did not 

encompass a nucleus, but it was rather invaginations of the inner membrane found in the 

cytoplasm (Santarella-Mellwig, Pruggnaller, Roos, Mattaj, & Devos, 2013). These discoveries 

may have hindered the illusion that the Planctomycetes are exceptionally unique fairy-tale-like 

creatures, but the phylum is nonetheless different form others in many ways. The likenesses 

and differences between previous and current descriptions of a Planctomycete cell, eukaryote 

cells and ordinary Gram-negative cells are detailed in figure 1.  
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Figure 1. The morphology of a Planctomycete cell in comparison. (A) visualizes the previous consensus and thoughts on how 

Planctomycete cells could look like, which were thought to be more similar to eukaryotic cells (B). (C) shows the consensus 

now, which is much more like ordinary Gram-negative bacteria (D), although it still has some unique features, like the 

crateriform structures and invaginated periplasm. Figure from (Wiegand, Jogler, & Jogler, 2018).  

 

Planctomycetes are often oval or tear shaped coccus, and they possess what are called 

crateriform structures in the outer cell wall, meaning they have circular craters on their exterior 

(Youssef & Elshahed, 2014). The craters can be spread all around the cell surface, or 

concentrated in one spot, often at a polar end (Youssef & Elshahed, 2014). Planctomycete cells 

are also thought to contain an enlarged periplasmic space (Boedeker et al., 2017; Wiegand et 

al., 2018). The purpose of these crateriform structures and the enlarged periplasm could be to 

engulf macromolecules (Boedeker et al., 2017; Wiegand et al., 2020). Crateriform structures 

and enlarged periplasm are visualized in figure 1. Although the idea of a membrane-bound 

nucleus was debunked, Planctomycetes are still thought to have some kinds of membranous 
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organelles (John A. Fuerst & Sagulenko, 2012; Lindsay, Webb, & Fuerst, 1997; Lindsay et al., 

2001). This includes the annamoxosome organelle, which is used in energy production by 

annamox Planctomycetes (Saier & Bogdanov, 2013; van Teeseling, Neumann, & van Niftrik, 

2013). The majority of new swarming Planctomycete cells are mobile, using flagella to propel 

forward. This appendix can appear singularly or pairwise and is often lost when the cell reaches 

maturity (Youssef & Elshahed, 2014). It is common for Planctomycetes to have a pili or stalk 

on the cell surface, which is used to attach itself to surfaces, or often to other individuals. This 

attachment in groups is called rosettes, due to the visual appearance of the grouping (Ward, 

2010). Rosette formation is a good way to identify planctomycetes when looking for them in a 

microscope, as they are unique in this trait.  

 

1.3.4 Cultivation, and the metabolisms of Planctomycetes 

 

As Planctomycetes are so varied in their habitats of choice, a contingency must be that they are 

adapted to these habitats in various ways, including their metabolism. It is known that 

Planctomycetes utilize different metabolism pathways, both aerobic and anaerobic (Elshahed 

et al., 2007; Fuerst & Sagulenko, 2011; Youssef & Elshahed, 2014). The majority of isolated 

Planctomycetes cultivated in axenic samples, are chemoheterotrophic aerobes or facultative 

anaerobes (Kaboré et al., 2020). Unfortunately, cultivating contrasting strains have proven to 

be difficult (Kaboré et al., 2020; Wiegand et al., 2018). The aforementioned annamox bacteria, 

for example, are a contrasting group of chemoautotroph obligate anaerobes, who oxidise 

dinitrogen from ammonia with the help of their unique cellular compartment called the 

annamoxosome (Niftrik et al., 2004; Strous et al., 1999; van De Graaf et al., 1995). These 

bacteria are highly specialized, some being thermophilic as well, and they have not been 

obtained in pure culture as yet (Kuenen, 2020). Other metabolic pathways for Planctomycetes 

includes the ability to reduce sulphur to sulphide, possibly conducting sulphur respiration 

(Elshahed et al., 2007), and the conduction of fermentation using carbohydrates in anoxic 

environments (Slobodkina et al., 2015), amongst others. The bacteria are able to use various 

carbon and nitrogen sources, ranging from glucose to methanol and gelatine to urea (Youssef 

& Elshahed, 2014). 

 

The ratio of cultivated to uncultivated Planctomycete bacteria is very low, with most strains 

being known only through molecular techniques (Olga M. Lage & Bondoso, 2012). This may 

be due to difficulty in specializing medium, in addition to the growth rate of most 
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Planctomycetes being exceptionally low, with examples of typical generation times being 11 

hours for Gemmata obscuriglobus or two weeks for typical annamox Planctomycetes (Fuerst, 

2017). This low growth rate means that Planctomycetes are susceptible to being overtaken by 

other fast-growing bacteria (Kaboré et al., 2020). The Planctomycetes require specialized 

media, where antibiotics are often added to address this issue of being outnumbered by bacteria 

with rapid generation times (Kaboré et al., 2020; Olga M. Lage & Bondoso, 2012). As the 

Planctomycetes have little peptidoglycan in their cell walls, they are more resistant to the types 

of antibiotics that target this specifically than many other bacteria (C. Cayrou, Raoult, & 

Drancourt, 2010), and so these types of antibiotics are often added to Planctomycete-targeted 

media (Schlesner, 1994; J. Wang, Jenkins, Webb, & Fuerst, 2002). Common antibiotics that 

target peptidoglycan cell walls are for example β-lactam antibiotics like ampicillin, which target 

cell wall synthesis (Katzung, Kruidering-Hall, & Trevor, 2018), or aminoglycoside antibiotics 

like streptomycin, which target protein synthesis (Krause, Serio, Kane, & Connolly, 2016). 

Another cultivation challenge is the overgrowth of fungi, which cannot be stopped by 

antibiotics targeting peptidoglycan cell walls, but rather with specialized fungicides like 

Pevaryle and Benlate (Lage & Bondoso, 2011). Other specifications made to media to 

accommodate Planctomycetes are the use of low levels of nutrients to target oligotrophs (Lage 

& Bondoso, 2012; J. T. Staley, 1973), and the substitution of agar with gelrite or gellan as a 

solidifying ingredient (Julia E. Storesund & Øvreås, 2013). The nutrient sources used in 

cultivation mediums for Planctomycetes are varied, but the addition of N-acetyl D-

glucosamine, which can be used as both a carbon source and nitrogen source, has proven to be 

effective in the isolation of marine strains (Schlesner, 1994; Wiegand et al., 2020). 

 

1.3.5 The cell cycle and propagation of Planctomycetes 

 

A trademark sign of Planctomycete bacteria is their cell cycle and cell division. In comparison 

with almost all other bacterial phyla, they do not inhabit the ftsZ gene (Erickson & Osawa, 

2010; Wiegand et al., 2020). This gene encodes the protein FtsZ, which is important in cell 

division by binary fission, the most common method for propagation in bacteria (Löwe & 

Amos, 1998; Margolin, 2000). In comparison, Planctomycetes display a cell cycle which is 

often based on budding, which is uncommon for bacteria, and more often seen in eukaryotes 

(Jogler et al., 2012). 
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In the mechanisms of binary fission, where an organism duplicates its genetics and separates 

from the middle of the cell, the FtsZ protein forms what is called a Z ring around or possibly 

inside the cell where division is to happen (Reyes-Lamothe & Sherratt, 2019). Although no 

Planctomycetes have ever been known to possess the gene capable of producing this protein 

(Erickson & Osawa, 2010), some strains can indeed divide by binary fission, either as their 

exclusive division method, or in addition to budding (Rivas-Marín, Canosa, & Devos, 2016; 

Wiegand et al., 2020). The main cellular division method for Planctomycetes is still budding, 

which mainly happens at a polar end of ovoid cells or arbitrarily in round ones (Wiegand et al., 

2020; Youssef & Elshahed, 2014). A recent study discovered a novel division strategy in the 

strain Kolteria novifilia which was observed to be budding laterally, with the daughter cell 

emerging from the side of the mother cell (Wiegand et al., 2020). In polar budding 

Planctomycetes, it is common that daughter cells emerge from the opposite polar end to where 

the mother cell is fastened with a stalk (Lee, Webb, & Fuerst, 2009). The different methods of 

reproduction are visualized in figure 2. 

 

 
Figure 2. The different cell division methods of Planctomycetes. a) budding on polar end of an ovoid cell, b) lateral budding 

of K. novifilia, c) binary fission without the use of FtsZ. Figure made with inspiration from (Wiegand et al., 2020). 

 

The aforementioned cell cycle or life cycle of the majority of the Planctomycete phylum is one 

based on differences in the properties of mother and daughter cells, which is called a 

developmental programme (Reyes-Lamothe & Sherratt, 2019). The sessile mother cell 

replicates, creating a swarmer daughter cell (Tekniepe, Schmidt, & Starr, 1981). The daughter 

cell is often motile by the use of flagella, which is lost when the swarmer cell becomes a sessile 
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cell, fastening to a surface or another cell (Hirsch, 1974; Tekniepe et al., 1981). Already sessile 

cells are able to divide several times (Tekniepe et al., 1981). This cycle includes a genetic 

difference in the two stages, where DNA replication is being repressed in the swarmer cells and 

is active in the sessile, stalked cells (Reyes-Lamothe & Sherratt, 2019). The life cycle of the 

majority of Planctomycetes is detailed and visualized in figure 3.   

 

 
Figure 3. Life cycle of an ordinary Planctomycete bacteria. 1. cellular budding on polar end of stalked cell, 2. after separation, 

mother cell stays holdfast, while 3. daughter cell is motile, using flagella to swarm around while it matures, before 4. fastening 

to a surface where budding can occur. Figure made with inspiration from (Wiegand et al., 2018).  
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1.4 On cellular signals and bioactive molecules 

 

It is known that small bioactive molecules and secondary metabolites are a part of the natural 

cell signalling ways in nature. In the following subchapters I will detail what bioactive 

molecules secondary metabolites are, what they are used for in nature, what kinds we can expect 

to find in Planctomycetes, and how they can be of relevance to humans in biotechnology and 

importantly medicine.  

 

1.4.1 Cellular signalling, quorum sensing and secondary metabolites 

 

In microbial communities, there exists cell to cell, intraspecies and interspecies communication, 

referred to as quorum sensing (Miller & Bassler, 2001). This quorum sensing mechanism is a 

way for bacteria to measure and understand the cell density in the area and know how to respond 

(Bassler & Losick, 2006; Federle & Bassler, 2003). This is done using small molecules called 

autoinducers (AI). These AI molecules are produced by bacteria, and diffuse freely in and out 

of cells, fluctuating in levels depending on the number of individuals present (Federle & 

Bassler, 2003; Rutherford & Bassler, 2012)(figure 4). When the AI reach a certain density, they 

can trigger a genetic response in the bacteria cell (Rutherford & Bassler, 2012). This response 

can be anything from the formation of biofilm, expression of bioluminescence, or indeed the 

production of antimicrobial compounds such as antibiotics  (Boyer & Wisniewski-Dyé, 2009; 

Davies et al., 1998; Nealson, 1977).  
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Figure 4. Quorum sensing in bacteria. Orange circles represent autoinducers diffusing in and out of the cells. Figure made 

with inspiration from (Bassler & Losick, 2006). 

 

Metabolism in organisms is the combination of biochemical reactions the organism carries out 

Metabolism is another possible mechanism to obtain small bioactive molecules (Thirumurugan, 

Cholarajan, Raja, & Vijayakumar, 2018). These are called secondary metabolites, and can be 

produced not only by bacteria, but also by other microbes like fungi, in addition to plants 

(Mosunova, Navarro-Muñoz, & Collemare, 2020; Thirumurugan et al., 2018). Secondary 

metabolites are called such, as they are produced as a biproduct of metabolism, but do not 

contribute integrally to cell growth (Sanchez & Demain, 2019; Thirumurugan et al., 2018). This 

is in contrast to the primary metabolites, which includes vital molecules like lipids, amino acids 

and nucleic acids which make up the cellular structure, proteins and genome (Mosunova et al., 

2020). Instead, secondary metabolites have functions primarily in protection and survival, but 

also in transport or in sporulation and reproduction in organisms that do such (Demain & Fang, 

2000). These secondary metabolites can be induced by quorum sensing, or be separate from the 

phenomenon, and they are known to include antimicrobial molecules (Calisto et al., 2019; 

Sanchez & Demain, 2019). It is speculated that only organisms lacking their own immune 

system are capable of producing these secondary metabolites, as these  aid greatly in their 

protection (Demain & Fang, 2000).  
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1.4.2 Bioactive molecules in medicine 

 

Bioactive molecules from quorum sensing bacteria or the metabolisms of organisms are known 

to be of use and importance in human medicine. Amongst others, the bioactive molecules can 

be used as anticancer agents, antiparasitic agents, immunosuppressants and cholesterol-

lowering drugs (Sanchez & Demain, 2019). They also include antibiotics, which from the 

chance discovery of penicillin by Alexander Fleming in 1928 has been a staple and a life saver 

within modern medicine (Gaynes, 2017). Antibiotics are antimicrobial molecules, which can 

be produced by microorganisms to protect themselves and their environment or host from other 

microorganisms (Sanchez & Demain, 2019; Teasdale, Liu, Wallace, Akhlaghi, & Rowley, 

2009). Today, over 6000 antibiotics have been described (Thirumurugan et al., 2018), and they 

have helped raise life expectancy and lowered the death rate for infectious diseases 

tremendously (Sanchez & Demain, 2019).  

 

Unfortunately, there is a glooming struggle of antibiotic resistance on the horizon, claimed by 

the World Health Organization (WHO) to be amongst the largest threats to global health in the 

year 2020 (“Antibiotic resistance,” 2020). Antibiotic resistance as a mechanism means that  a 

microorganism evolves through generations to be able to fight the drugs that were originally 

effective killers (Morier, 2021). Antibiotic resistance happens presumably due to overuse, 

misuse and overproduction, both in medicine and in agriculture (Larsson, 2014; Ventola, 2015), 

and has unfortunately happened to alarmingly many antibiotic drugs (Ventola, 2015) (figure 5). 

To fight this growing problem, a major solution is finding novel antibiotics (Gould & Bal, 

2013). This includes searching for new sources of bioactive molecules.   
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Figure 5. Key events in the history of antibiotics and antibiotic resistance from the year 1940 to 2011. PDR = pan-drug-

resistant (meaning resistant to all antibiotics,) R= resistant, XDR = extensively drug-resistant. The figure is taken from 

(Ventola, 2015), and it uses data from Centres for Disease Control and Prevention (CDC), Office of Infectious Disease, in the 

United States, 2013.   
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Bioactive molecules can sometimes be used in cancer therapy (Sanchez & Demain, 2019). At 

times, the compounds can have antibiotic properties in addition to exhibiting cytotoxic activity 

(Karpiński & Adamczak, 2018; Soldatkina et al., 2018). Anticancer activity has been reported 

in bioactive molecules from both prokaryotes and eukaryotes, and in various organisms within 

the domains, from diatoms to fungi (Evidente et al., 2014; Prestegard et al., 2009). As an 

example, Wall and Wani discovered the anticancer drug they called Taxol from the tree Taxus 

brevifolia. This drug has been shown to be effective against ovarian cancer, breast cancer, lung 

cancer and prostate cancer (Wall & Wani, 1996).  Anticancer activity has also been found in 

mesopelagic species, where the fish species Myctophym punctatum and the crustacean 

Meganyctiphanes norvegica possessed compounds that were active against strains of lung and 

breast cancer, and a liver cancer cell line, respectively (Lauritano et al., 2020). Importantly, 

anticancer activity has also been described in microorganisms, including bacteria (Calisto et al., 

2019; Forli, 2014; Gong, Wei, Huang, & Chen, 2014; Karpiński & Adamczak, 2018; Wrótniak-

Drzewiecka, Brzezińska, Dahm, Ingle, & Rai, 2016). As bacteria are vivid producers of 

bioactive molecules from quorum sensing and metabolism, it is sensible to believe that they 

might be producers of cytotoxic compounds. The Gram-negative myxobacteria is one such 

group of bacteria who are known to be producing a great number of secondary metabolites 

(Gong et al., 2014; Wrótniak-Drzewiecka et al., 2016). Some myxobacteria produce 

epothilones, which are bioactive compounds that can induce apoptosis in cancer cells by 

targeting the eukaryotic cell wall, and are used in the treatment of breast cancer (Forli, 2014; 

Weissman & Müller, 2010; Wrótniak-Drzewiecka et al., 2016). It has also been shown that 

myxobacteria can have a negative effect on liver, prostate, bone, cervix and pancreas cancer 

cell lines (Kumar, Yadav, Chambel, & Kaur, 2017).  

 

1.4.3 Planctomycetes in the light of medicine 

 

From what we know about Planctomycetes, and what we know about the production of 

bioactive molecules and their use in medicine, there is a conclusion to draw that they are 

possible sources for anticancer compounds (Kaboré et al., 2020). Planctomycetes are known to 

be living in biofilm or microbial mats (Bengtsson & Øvreås, 2010; Prieto-Barajas et al., 2018). 

It is logical to believe that they have reason to protect their environment from overpopulation 

of other organisms, and to protect themselves from pathogenic organisms as well. It is also 

known that they participate in quorum sensing, for example it has been found that they produce 

a class of signalling AI called stieleracines (Kallscheuer et al., 2020). Alike to the myxobacteria, 



 25 

the Planctomycetes possess unusually large genomes, and complex life cycles (Andrei et al., 

2019; Reichenbach, 2001; Reyes-Lamothe & Sherratt, 2019). These are factors that are known 

to be correlate with the production of bioactive molecules (Jeske, Jogler, Petersen, Sikorski, & 

Jogler, 2013), and as mentioned, it has been proven that myxobacteria do produce these 

compounds and that they can have cytotoxic effect (Gong et al., 2014; Wrótniak-Drzewiecka 

et al., 2016). Planctomycetes are also known as producers of large proteins without known 

functions, which could be sources for novel pathways for bioactive molecules (Wiegand et al., 

2018). In addition to this, Planctomycetes are resistant to many types of antibiotics (C. Cayrou 

et al., 2010). A common trait amongst resistant organisms is the ability to produce their own 

antibiotics (Jeske et al., 2013). Ecological diversity is a factor strongly contributing to the 

production of bioactive molecules, as variety in habitat may correlate to heterogeneity in 

metabolism and thereby secondary metabolites (Graça et al., 2016). Although they can inhabit 

a plethora of natural environments, many Planctomycetes are marine bacteria, and studies have 

shown that marine microorganisms are large sources for bioactive compounds, with increasing 

numbers found every year (Blunt, Copp, Munro, Northcote, & Prinsep, 2006; Graça et al., 2016; 

Teasdale et al., 2009).  

 

In conclusion, there is reason to believe that Planctomycetes are potential sources for novel 

bioactive compounds, and there is indeed conclusive evidence to support the statement. The 

bacteria have been known for some time to be able to produce antibiotics, some being 

lantibiotics, cypemycin and bacteriocins (Jeske et al., 2013). Calisto et. al showed in 2019 that 

the phylum was also capable of the production of anticancer compounds (Calisto et al., 2019).  

Genomics had shown that Planctomycetes had the ability to synthesize epothilones like 

myxobacteria (Graça et al., 2016), but the 2019 article showed that Planctomycetes can indeed 

have a cytotoxic effect on cancer cells of prostate and leukaemia strains (Calisto et al., 2019). 

What is unknown today is the chemistry of the compounds causing this anticancerous effect, 

and if they are known or novel substances, or indeed if it is a case of several substances working 

in cooperation. 
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1.5 Description of technology used in the study 

 

1.5.1 High performance liquid chromatography (HPLC) 

 

HPLC is a technique within chemistry which is used to separate and/or identify different 

components in a liquid sample. A HPLC typically consists of a sample, one or several mobile 

solvents, a column, a gradient pump, a detector and a computer (Figure 6). The sample is 

injected into a mobile phase, and subsequently leaded onto a column with a stationary phase, 

by the use of liquid pumps that generate high pressure. The absorbent matter is usually either 

silica or alumina, which are coated with hydrophobic carbon chains of certain length, for 

instance 18 carbon (C18-column) which was used in the present study. The analytes in the 

sample will interact with the hydrophobic carbon chains and be retained with the stationary 

phase in the column. By generating a gradient of the mobile phase, from polar to non-polar 

solvents, different analytes will elute from the stationary phase at different times, which is the 

basis of separation. This allows the components to be separated based on when they exit the 

column, at which point they are analysed by a detector (Calvin Giddings & Keller, n.d.). The 

output can be visualized as a chromatogram, where the different analytes appear as peaks. This 

chromatogram is a visualization of the separations that have occurred within the machine, with 

each peak on the graph illustrating the detector response to a compound.  
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Figure 6. Steps of HPLC analysis. 1. mobile solvent or solvents, 2. injection of sample, 3. solvents and sample are pumped 

through an absorbent column, 4 analysation of sample components, which results in a chromatogram, 5. 6. sample collection 

or waste. Figure made using the online programme “BioRender” (“BioRender,” n.d.) 

1.5.2 WST-1 assay and microplate reader 

 

WST-1 assay is a technique used to measure metabolic activity in a cell population. This can 

then be used to estimate rate of proliferation in a sample, or the the viability of the cell 

population. The WST-1 agent contains a tetrazolium salt, which can be cleaved enzymatically 

in the sample only by metabolic active cells. When the tetrazolium salts are cleaved, the 

compound formazan is made. Formazan is a red dye, which stains the medium, and the relative 

metabolic activity in a cell population can be estimated based on the amount of dye (“Protocol 

Guide: WST-1 Assay for Cell Proliferation and Viability | Sigma-Aldrich,” n.d.). The amount 

of formazan dye produced is determined in a microplate reader. This technology uses a light 

source and measures absorbance through the wells, which will give information concerning the 

coloration of the wells, and therefore the metabolic activity of the cells within them 

(“Microplate Reader | Plate Reader - BMG LABTECH,” n.d.). 
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1.6 Previous results from anticancer testing  

 

Examination of cytotoxic activity has been done previously on the majority of the isolates 

included in this study (Calisto et al., 2019). The results from this study showed high negative 

effects (70-100% cell apoptosis) towards the monocytic leukaemia cell line MOLM-13 from 

aqueous phase of three strains (TBK2h, VLbF2 and 1mW). Some negative effect towards 

MOLM-13 (40-70% cell apoptosis) was found using the organic phase of five strains (P61, 

VLbF2, L1, 7mR and 1mW), in addition to the aqueous phase of two strains (P61 and P62). 

Finally, slight negative effect (20-40% cell apoptosis) was found using the organic phase of 

TBK2h.  High negative effects were produced on the prostate cancer cell line PC3 from the 

organic phase of strain L1, whilst moderate negative effect on PC3 was achieved using the 

organic phase of strain 7mR and the aqueous phase of strain 1mW. The normal rat kidney cells 

(NRK) experienced high negative effect from organic phase of strain 7mR. The cytotoxic 

potential of strains in different phases on the cell lines is described in figure 7. Cell lines P2S 

and P1a was not previously included in the screening for cytotoxic activity. 

 

 
Figure 7. Detailing previous anticancer activity in some strains used in this study. Data from (Calisto et al., 2019). 
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2. Materials and methods 
 

2.1 Bacterial material used in the study 

 

The bacterial strains used were collected from all over the world, from different habitats. Strains 

TBK2h and VLbF2 were derived from the VaiLili hydrothermal vent field in the South Pacific 

Ocean at coordinates 176°36´W, 22°10.82´S. Descriptions on sampling, cultivation and 

isolation of planctomycetes from this area are detailed by Storesund et. al (2018). Strains 7mR 

and 1mW was obtained in Norway, more specific from the meromictic lake Sælenvannet at 

coordinates south of Bergen (60°19´N, 05°16´E). The specifics surrounding sampling of these 

strains, including methods for sampling at both aerobic and anaerobic layers above and below 

the salinity gradient called the chemocline can be found detailed by Ovreås, Forney, Daae, and 

Torsvik (1997). Strain 7mR was collected at 7 metres, while 1mW was collected at 1 metre 

below the lake surface (Julia E Storesund et al., 2020). Strains P61, P62, P1a and P2S were 

collected from the ice cave Svarthammarhola in Fauske located at 67°13´N, 15°31´E. 

Collection of the strains, cultivation and isolation, in addition to descriptions of optimal growth 

are detailed in Sæbø (2018). Strain L1, was isolated in Kongsfjorden in Svalbard, specifically 

from Hansneset at coordinates 78°59´N, 11°57´E. The strain was collected from the surface of 

the marine macroalgae Saccharina nigripes. The sampling of L1 was done using previously 

described methods by Bengtsson & Øvreås (2010).  
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2.2 Preparation of medium 

 

The bacteria strains were cultivated in M30 growth medium (Schlesner, 1994). The medium 

was added different percentages of aged seawater based on what habitat the bacteria was 

isolated from. Strains 7mR, 1mW, TBK2h, VLbF2, Plm2, L1 and L2 were collected from 

marine environments, and were hence grown in medium added 70% seawater. The strains from 

ice cave Svarthammarhola (P1a, P2S, P61 and P62) were cultivated using medium added 18% 

seawater. The medium was made by combining distilled water and aged seawater and adding 

20mL/L Hutners basal salts (Appendix I) (Cohen-Bazire, Sistrom, & Stanier, 1957) and 

50mL/L 0.1M Tris buffer with pH of 7.5. The solution was autoclaved at 121°C for 20 minutes. 

A second solution was made by dissolving 2g N-Acetyl-D-Glucosamine, 10mg Na2HPO4 x 

2H2O, 200mg ampicillin in 50mL distilled H2O. To this, 1mL of vitamin solution no. 6 – 10 x 

solution was added (Appendix II) (J. T. Staley, 1968). The second solution was filter sterilized 

through a 2µm filter and added to the initial solution. Liquid M30 18% and 70% SW was stored 

in sterilized flasks at 4°C in the dark. 

 

To produce solid medium for petri dishes, 5g gelrite was added to the first solution before 

autoclaving in a table autoclave. After combining with the second solution, the medium was 

poured into petri dishes in 20mL aliquots, and left overnight to dry. Solid medium was stored 

in sealed bags at 4°C in the dark.  
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2.3 Cultivation of bacteria  

 

Bacterial strains were inoculated on to petri dishes on M30 medium with appropriate seawater 

percentage. When there was visible separate colony growth (approx. 7 days), colonies were 

transferred to liquid medium for further growth. The strains were grown at small volumes at 

first (50mL in 100mL flasks or 100mL in 250mL flasks) and then transferred to larger volume 

flasks (500-1000mL) and added fresh medium when the growth was in exponential phase 

(between 3-5 days). This was determined by visual inspection in light microscope. The flasks 

containing bacterial culture were kept around half full, giving high air space. The top was 

screwed loosely on to inhibit an anoxic environment. Smaller 100mL flasks were kept on a 

smaller analogue desk top shaker at room temperature (VWR, n.d.), while larger flasks were 

stored at room temperature on a high load orbital desk top shaker (Edmund Bühler GmbH, n.d.).  
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2.4 Harvesting and freeze drying of bacteria 

 

After incubation in 500mL or 1000mL flasks for between 7-14 days, depending on individual 

growth rate, the cultures were centrifuged to harvest the bacterial cell biomass. The strains were 

harvested during exponential growth, determined by visual inspection in light microscope. 

Centrifugation was done using a high-performance centrifuge fitted with a JS 7.5 rotor 

(Beckman Coulter, “Avanti J-26S XP” n.d.). 50mL culture was aliquoted into falcon tubes and 

centrifuged at room temperature for 15 minutes at 10400xg. The supernatant was discarded, 

while the pellet was kept. Additional bacterial culture was aliquoted into the same falcon tubes. 

This was repeated between 2-6 times based on the volume needed to be centrifuged. The 

bacterial pellets were washed twice with 50mL sterile distilled water and stored at -20°C. 

Frozen pellets were placed in a freeze-drier with vacuum for between 20-24h (Edwards, 1983). 

The pellets were weighed and stored at -20°C.  
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2.5 Extraction of aqueous and organic phases from bacteria 

 

2.5.1 Phase extractions using 10mg samples of bacteria 

 

Phase extractions were done to get an overview of the cytotoxic potential of bacterial strains 

7mR, L1, P62, P2S, P61, 1mW, TBK2h, P1a and VLbF2 towards acute myeloid leukaemia cell 

line MOLM-13, prostate cancer cell line PC3 and normal rat kidney cells (NRK). Aqueous and 

organic phases were extracted from the bacteria. To achieve this, 0.5mL chloroform (Chl), 

0.5mL methanol (MeOH) and 0.5mL ultrapure water (milliQ) was added to 2mL Eppendorf 

tubes containing 10mg freeze-dried bacteria. The mixture was vortexed and placed on ice in the 

dark for 1h to allow time for extraction. Next, the samples were incubated for 40 minutes in an 

ultrasound-bath to homogenize the bacterial biomass with the liquid additives (Branson, n.d.). 

The homogenized samples were centrifuged at 12000RPM at 4°C for 20min (Beckman Coulter 

«Allegra X-22R», n.d., Beckman Coulter «FX301,5», n.d.), to separate into three extract layers; 

an organic phase, an aqueous phase and a solid phase. Samples of 850µL of the aqueous phase 

and 300µL of the organic phase were transferred into separate Eppendorf tubes. Vortexing in 

between centrifuging, the samples were washed twice with 250µL methanol, chloroform and 

milliQ. After both washes, 450µL of the aqueous phase and 200µL of the organic phase were 

collected and added to the extract. The extracts were evaporated using settings for aqueous 

solutions in vacuum at a temperature of 30°C (Eppendorf “Concentrator Plus”, n.d., Eppendorf 

“Rotor F45-48-11”, n.d.). To prepare the evaporated extractions for cellular experiments, 25µL 

of the solvent dimethyl sulfoxide (DMSO) was used to dissolve the organic phases, whereas a 

mixture of 25µL DMSO and 75µL milliQ was used to dissolve the aqueous phases. The samples 

were stored at -20°C until use in cell experiments. 

 

2.5.2 Phase extractions using larger samples of bacteria 

 

Larger scale extractions were performed with bacteria that showed promising results from the 

initial screening for cytotoxic activity.  
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2.5.2.1 Aqueous extraction 

 

Approximately 100mg freeze-dried samples of bacterial strains TBK2h, VLbF2, L1 and P2S, 

was added to 50mL falcon tubes. 15mL of a 70%/30% solution of MeOH and milliQ was added 

to the samples, which were subsequently homogenized at 15 000 RPM for three cycles of 20 

seconds, cooling the samples on ice between each cycle (VirTis, n.d). The homogenizer was 

run for a few seconds in MeOH and thereafter EtOH to remove debris and wash between the 

samples. The samples were then stored at 4°C in the dark overnight to extract, before being 

transferred to new 50mL centrifuge tubes to prepare for centrifugation. The samples were 

centrifuged at 7000 RPM at 20°C for 15 minutes (Beckman Coulter “Avanti J-26S XP”, n.d., 

Beckman Coulter “JA 25,50”, n.d.). The pellets were washed twice on the same centrifuge 

settings with 10mL 70/30% MeOH and milliQ. Supernatants were combined in 250mL round 

bottomed flasks to prepare for evaporation. Approximately 10% of the combined supernatants 

were aliquoted into Eppendorf tubes and evaporated in a concentrator as previously described 

(Eppendorf “Concentrator Plus”, n.d., Eppendorf “Rotor F45-48-11”, n.d.). This was done to 

perform test experiments for cytotoxicity on small portions of the extracts, while keeping the 

remainder for solid phase extractions. The small samples were stored at -20°C until use. To 

prepare the samples for cell experiments, 5uL DMSO and 20uL milliQ was added to dissolve 

the precipitates. Strain P2S was gelatinous, meaning the precipitate of a 10% sample was 

difficult to dissolve. Cell experiments for P2S were therefore performed using a sample 

representing 3,33% of the original large extraction. The remainder of the extractions were 

evaporated in round bottomed flasks using a rotary evaporator at 37°C at 120 RPM (Heidolph 

Instruments, n.d., Vacuubrand n.d.). The evaporated samples were prepared for solid phase 

extractions by dissolving in 0,5mL MeOH and 2mL milliQ. Strain P2S had to be added 0,5mL 

additional MeOH to dissolve completely. The liquid was transferred to 50mL falcon tubes and 

stored at -20°C. 

 

A second large scale extraction was performed on strain TBK2h due to the available high 

abundance of biomass. Here, 1000mg of freeze-dried bacteria was divided into six 50mL falcon 

tubes. The samples were added 25mL of a 70/30% MeOH/milliQ solution. The product was 

homogenized and centrifuged as previously described for large samples (VirTis, n.d., Beckman 

Coulter “Avanti J-26S XP”, n.d.). The supernatants from centrifuging and washing were 

combined, and evaporated in a rotary evaporator as previously described (Heidolph 
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Instruments, n.d., Vacuubrand n.d.). To prepare for solid phase extractions 10mL MeOH and 

20mL milliQ was added to dissolve the precipitate. This product was stored at -20°C.  

 

2.5.2.2 Organic extraction 

 

A 500mg sample of biomass from bacterial strain P1a was weighed into a 50mL falcon tube, 

and added 10mL MeOH and 10mL Chl. The sample was homogenized as previously described 

(VirTis n.d.) and kept at 4°C in the dark for approximately 1 hour to extract. The homogenized 

sample was divided into two 50mL centrifuge tubes and centrifuged at previously described 

settings (Beckman Coulter “Avanti J-26S XP”, n.d.). The pellets were washed twice with 10mL 

of a 50%/50% solution of MeOH and Chl at the same centrifuge settings. Supernatants were 

combined in a 250mL round-bottomed flask, and 10% percent was allotted out in six parallels 

of 1mL into smaller Eppendorf tubes. The smaller samples were evaporated in a concentrator, 

while the remaining larger extraction was evaporated in a rotary evaporator as previously 

described (Eppendorf “Concentrator Plus”, n.d., Heidolph Instruments, n.d., Vacuubrand n.d.). 

The evaporated samples were stored at -20°C before preparation for cell experiments. To 

prepare for experiments, 20µL DMSO was added to one of the 1mL parallels, with the intent 

of transferring the liquid from one sample to the next and dissolving the precipitate of all six 

parallels corresponding to 10% of the original extraction. This was difficult, as the samples 

were gelatinous. Therefore, only 1mL sample (corresponding to approximately 1,67% of the 

original large extraction) was used in experiments at a time. The larger evaporated sample was 

prepared for solid phase extraction by dissolving the precipitate in 2mL MeOH and 2mL milliQ.  

 

Organic phase extractions were done as described before using a 150mg sample and a 200mg 

sample of P1a. Contrarily, 10% of the supernatants following centrifuging was not aliquoted 

into smaller Eppendorf tubes for evaporation, as smaller scale experiments on cell lines were 

not performed. The supernatants were evaporated in a rotary evaporator as described (Heidolph 

Instruments, n.d., Vacuubrand n.d.). The precipitate of the 150mg sample was dissolved in 2mL 

MeOH and 2mL milliQ to prepare for solid phase extraction using small size cartridge. The 

precipitate of the 200mg sample was dissolved in 10mL MeOH and 20mL milliQ to prepare 

for solid phase extraction using larger size cartridge.  
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2.6 Solid phase extraction (SPE) of aqueous and organic phases of selected bacterial strains  

 

2.6.1 SPE of strains VLbF2, L1, P2S and P1a using small cartridge 

 

SPE using small cartridge was performed on previous aqueous phase extractions of strains 

VLbF2, L1, P2S and organic phase extractions of strain P1a. SPE consisted of extraction of 

three phases; load and wash (L+W), elution phase 1 (E1) and elution phase 2 (E2). The SPE 

cartridge (Waters “Sep-Pak C18 plus”, n.d.) was activated with 1mL MeOH followed by 2mL 

milliQ equilibration. Next, 2mL of the extraction was loaded onto the cartridge, followed by a 

wash of 2mL milliQ. The eluate was collected as the L+W-fraction. E1 consisted of injection 

of 2 mL MeOH, collecting the eluate in a separate tube. For E2, 2mL acetonitrile (ACN) was 

injected through the cartridge and collected. The three fractions were evaporated in a 

concentrator as previously described (Eppendorf “Concentrator Plus”, n.d.). To prepare the 

evaporated extracts for experiments on cell lines, 20µL milliQ and 5µL DMSO were added to 

the three the fractions from the aqueous extracts to dissolve the precipitate, while 10µL DMSO 

and 5-10µL milliQ was added to the fractions from the organic extract of P1a. As L1 and P2S 

were gelatinous in nature, they were added milliQ and DMSO according to Table 1.   

 
Table 1. amount of DMSO and milliQ added to extraction steps of different strains after solid phase extraction 

Strain, extraction step milliQ (in µL) DMSO (in µL) 

P2S L+W 95 30 

P2S E1 75 25 

P2S E2 20 5 

L1 L+W 60 15 

L1 E1 20 5 

L1 E2 20 5 

VlbF2 L+W 20 5 

VlbF2 E1 20 5 

VlbF2 E2 20 5 

P1a L+W 10 10 

P1a E1 5 10 

P1a E2 5 10 
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2.6.2 SPE of strains TBK2h and P1a using large cartridge 

 

SPE using large cartridges were done with strain TBK2h using aqueous extract from a 1000mg 

biomass sample and strain P1a using organic extract from a 200mg biomass sample.  

 

For SPE of larger extractions of strains P1a and TBK2h, a 10g SPE cartridge was used, in 

addition to a peristaltic pump fitted with a plastic tube to feed sample and solvents to the 

cartridge (Waters “Sep-Pak C18 35cc, 10g”, n.d., Gilson, n.d.). The tube and cartridge were 

activated with 70mL MeOH and equilibrated with120mL milliQ before the sample was loaded. 

For L+W, the 30mL extraction was loaded onto the cartridge, followed by a wash of 30mL 

milliQ which was both collected. E1 consisted of 50mL MeOH which was collected in a 

separate flask. For E2, ACN was run through the system at different volumes, 50mL for P1a, 

and 100mL for TBK2h, as the original biomass samples were different in size, and collected in 

a separate flask. For strain TBK2h, 10% of the collected liquids from the three fractions were 

aliquoted into Eppendorf tubes for evaporation in a concentrator as previously described 

(Eppendorf “Concentrator Plus”, n.d.). The samples were prepared for cell experiments by 

dissolving the precipitate in 20µL milliQ and 5µL DMSO. The remaining collected fractions 

from TBK2h in addition to SPE of P1a were evaporated in a rotary evaporator as previously 

described (Heidolph Instruments, n.d., Vacuubrand n.d.). The evaporated SPE of the strains 

were prepared for high performance liquid chromatography (HPLC) by dissolving the 

precipitate in 20% MeOH and 80% milliQ.  
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2.7 Cultivation of cells 

 

The extracts and fractions were tested on an acute myeloid leukaemia cell line (MOLM-13) a 

prostatic cancer cell line (PC3) and a normal rat kidney cell line (NRK).  

 

2.7.1 MOLM-13 cells 

 

MOLM-13 cells were cultivated in RPMI-1640 medium (Sigma-Aldrich R5886, n.d.), 

supplemented with 10% (v/v) fetal bovine serum (Sigma-Aldrich F9665, n.d.), 0,2mM L-

glutamine, 50 IU/mL penicillin and 0,1mg/mL streptomycin. The cell suspensions were kept in 

a 50mL, 25cm2 suspension culture flask, and incubated at 37°C in a humidified atmosphere 

with 5% CO2.  

 

The cell suspensions were diluted after 3-5 days, to keep the cellular amount at around 400-

800 000 cells/mL.To dilute the suspensions, the contents of a flask were transferred to a 15mL 

falcon tube. The suspension was centrifuged at approximately 150xg for 5 minutes (Hettich 

n.d.). The supernatant was discarded, and the cells resuspended in 5mL room temperature 

culture medium. Cells/mL were counted by use of a haemocytometer in an inverted microscope 

(Olympus n.d.). The resuspended cell culture was diluted with medium to fit required cell 

density. 

 

2.7.2 PC3 and NRK cells 

 

PC3 and NRK cells were cultivated in Dulbecco’s Modified Eagle Medium (DMEM) (Sigma-

Aldrich D-6429, n.d.) supplemented with 10% (v/v) fetal bovine serum (Sigma-Aldrich F724, 

n.d.), 0,2mM L-glutamine, 50 IU/mL penicillin and 0,1mg/mL streptomycin. The cell 

suspensions were kept in a 50mL, 25cm2 tissue culture flask and were incubated at 37°C in a 

humidified atmosphere with 5% CO2.  

 

The suspensions were diluted approximately every three days, when reaching around 80% 

confluency. As the NRK and PC3 cells are adherent, the liquid in the flasks was first discarded. 

The flasks were then rinsed twice with 5mL PBS. 1mL 0.30 mg/L trypsin was added to the 

flasks, and they were incubated for 2 minutes at 37°C in a humidified atmosphere with 5% CO2. 
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Five millilitres of medium was added while washing the sides of the flask. The medium and 

trypsin were transferred to a 15mL falcon tube and centrifuged at 150-200xg for 5 minutes 

(Hettich, n.d.). The supernatants were discarded while the cells were resuspended in 1mL room 

temperature medium, before adding up to 5mL. A counting of cells using a haemocytometer, 

or a visual inspection of cell abundance was performed in an inverted microscope (Olympus 

n.d.). Depending on the cell density, 500µL or 1mL of the cell suspension was added to a new 

50mL, 25cm2 tissue culture flask, with either 9,5 or 9mL medium.  
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2.8 Experiments on cell lines 
 
Experiments were performed on all small-scale extractions to test the strain for cytotoxic 

activity against NRK, PC3 and MOLM-13 cells. Both 24h and 72h experiments were done for 

all extractions on all cell lines using 96-well microplates. For all cell lines, the aqueous phases 

were tested at 4% added extract, and the organic phases at 1% added extracts. 

 

2.8.1 Cell experiments on MOLM-13 

 

For experiments of 24h incubation, 400 000cells/mL was used. For experiments of 48-72h 

incubation, between 100 000-200 000 cells/mL was used. For cell experiments using MOLM-

13 cells, 100µL medium was added to four wells as a blank control, and 50µL of cell culture 

was added to the remaining wells. In addition to the cell culture, 50µL medium was added to 

four wells as a cellular growth control. 46µL medium was added to the wells that were going 

to contain aqueous extractions, in addition to 4µL of the extractions. 49µL medium was added 

to the wells that were going to contain organic extractions, in addition to 1µL of the extraction. 

A 1% DMSO control was made using 50µL cell culture, 49µL medium and 1µL DMSO. This 

was done as the solvent DMSO may be cytotoxic for some strains. The microplates were 

incubated at 37°C in a humidified atmosphere with 5% CO2 for either 24 or 72h. For 

experiments with samples from large-scale extractions and SPE, MOLM-13 cells were exposed 

to three different concentrations of extracts, 5%, 2% and 0.5% for between 48-72h. This was to 

detect differences in cytotoxic potential between the different strains and fractions from the 

solid phase extraction. 

 

2.8.2 Cell experiments on PC3 and NRK 

 

For experiments of 24h incubation, 50 000cells/mL of cell lines PC3 and NRK was used. For 

experiments of 48-72h incubation, 20 000 cells/mL was used. As PC3 and NRK cells were 

adherent, 100µL cell culture was added to the microplates 24h before the extracts to allow the 

cells to attach to the bottom of the wells. This volume was removed prior to addition of fresh 

medium. 100µL medium was added to the growth controls. For aqueous phases, 96µL medium 

and 4µL extract was added. For organic phases and DMSO control, 99µL medium and 1µL 

extract or DMSO was added. The microplates were incubated at 37°C in a humidified 

atmosphere with 5% CO2 for either 24 or 72h. For experiments with samples from large-scale 
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extractions and SPE, PC3 cells were exposed to three different concentrations of extracts, 5%, 

2% and 0.5% for between 48-72h.  
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2.9 High performance liquid chromatography (HPLC) separation and cellular experiments 

using HPLC fractions 

 

HPLC separation of SPE and experiments using HPLC separated fractions were performed 

using strains TBK2h and P1a. SPE E1 was used, extracted from the aqueous phase of a 

1000mg sample of TBK2h. SPE E2 was used, extracted from the organic phase of a 200mg 

sample of P1a. The HPLC system was fitted with a C18 column intended for reverse phase 

chromatography. H2O and ACL were used as solvents, to carry the samples through the 

system. The solvents were added in varying amounts described in table 2.  

 

Table 2. Describing percentage of H2O and ACN injected through HPLC system at different 

times 

Time (min) % H2O %ACN 

0.0 90 10 

2.0 90 10 

25.0 0 100 

30.0 0 100 

33.0 90 10 

 

A 3mL sample of TBK2h SPE E1 was injected into the HLPC system. Liquid fractions were 

collected in falcon tubes from the output of the HPLC system. The fractions were collected 

for two minutes each, gathering 16 samples in the space of 35 minutes. A 4mL sample was 

used for strain P1a SPE E2, and was injected through the system. A total of 20 samples were 

collected for the strain, at two minutes per fraction. Chromatograms detailing detector 

response were produced. 

 

The samples were evaporated in a concentrator as previously (Eppendorf “Concentrator Plus”, 

n.d.), and the precipitate was dissolved using 5µL DMSO. All fractions were diluted 1/10 using 
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cellular cultivation media RPMI medium (Sigma-Aldrich R5886, n.d).for the TBK2h samples 

and DMEM (Sigma-Aldrich D-6429, n.d.) for the P1a samples. The media were supplemented 

with 10% (v/v) fetal bovine serum (Sigma-Aldrich F724, n.d.), 0.2mM L-glutamine, 50 IU/mL 

penicillin and 0.1mg/mL streptomycin. Cell experiments were performed using the separated 

fractions at varying dilutions. Fractions of strain TBK2h were used for experiments on cell line 

MOLM-13, and added at 0.1% (1µL of 1/10 dilution) and 0.5% (5µL of 1/10 dilution) 

extraction. Fractions of strain P1a were used for experiments on cell line PC3 and were added 

at 1% (1µL of undiluted sample) and 0.3% (3µL of 1/10 dilution) extraction. Setups for cellular 

experiments were as previous, using a blank control without added cells, a cell control with no 

additives and a 1% DMSO control to obtain an overview of the DMSO effect on the cells. 

Experiments were performed for 48h incubation.  
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2.10 Metabolic assay and microscopy 

 

After incubation of cells and extractions, 10µL WST-1 was added to each of the wells. The 

plate was then placed in the incubator for 2 hours and the absorbance at 450nm was read using 

a plate reader, with a reference read at 620nm. The average of the blank control was calculated 

and subtracted from all wells containing cells. The readings of the metabolic activity in the 

wells were then related to the control wells containing only cells and medium. Equation 1 

describes the calculation steps used to obtain the results from the metabolic assay.  

 

Equation 1.  

 

𝑆𝑡𝑒𝑝	1.		𝑜𝑢𝑡𝑝𝑢𝑡	𝑓𝑟𝑜𝑚	𝑜𝑛𝑒	𝑤𝑒𝑙𝑙 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒	𝑏𝑙𝑎𝑛𝑘	𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝑆𝑡𝑒𝑝	2.		
𝑟𝑒𝑠𝑢𝑙𝑡	𝑓𝑟𝑜𝑚	𝑠𝑡𝑒𝑝	1
𝑎𝑣𝑒𝑟𝑎𝑔𝑒	𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

 

Bar graphs were produced using Microsoft Excel (2016). After the metabolic activity was 

measured, the cells were fixated by adding 100µL of a fixing medium consisting of phosphate-

buffered saline (PBS), 4% formaldehyde and 0,5mg/L of the DNA dye Hoechst 33342 solution. 

The plates were sealed using parafilm and stored at 4°C. 

 

As the results from WST-1 assay could be interfered by the presence of pigments or particles 

in the extracts, the cells were also studied under a fluorescent microscope. Microscopy was 

conducted to calculate induced apoptosis in the cell lines. The cells were viewed through a 

fluorescence microscope at a magnification of 20, and photographs were acquired to be able to 

study nuclear morphology. Using the image processing program ImageJ (Schneider, Rasband 

& Eliceiri, 2012), and a cell counter plugin (De Vos, n.d.), the number of normal and 

apoptotic/necrotic nuclei were counted. Calculations were performed to obtain a percentage of 

apoptotic cells, adjusted to the average of apoptotic cells in the control (Equation 2).	 
 

Equation 1. 

%	𝑎𝑝𝑜𝑝𝑡𝑜𝑝𝑖𝑐	𝑐𝑒𝑙𝑙𝑠 − (𝑎𝑣𝑒𝑟𝑎𝑔𝑒	𝑐𝑜𝑛𝑡𝑜𝑙 ∗
100 −%	𝑎𝑝𝑜𝑝𝑡𝑜𝑝𝑖𝑐	𝑐𝑒𝑙𝑙𝑠
100 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒	𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ) 
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3 Results 
 
3.1 Harvesting and freeze drying of bacteria 
 

Harvesting of bacteria occurred when the bacterial strains were at the top of exponential growth, 

which was determined by use of light microscopy. The different strains had different growth 

patterns, ranging from around 7 days (for example TBK2h) to 14 days (for example P1a and 

P2S) before reach of peak growth. Due to the density of the cultures at harvesting, in addition 

to the weight of the strains after freeze-drying, similar volumes yielded different weights of 

freeze-dried product. Highest freeze-dried biomass yield per mL culture was found in strain 

TBK2h, with 0.73mg freeze-dried matter per mL of culture harvested. Lowest yield was found 

in strain P2S, with 0.086mg freeze-dried material per mL culture. Strains P1a, TBK2h, L1, P2S 

and VLbF2 were used in larger scale aqueous and organic phase extractions than the remaining 

strains, in addition to solid phase extractions, and were therefore cultivated at larger volumes 

to obtain additional biomass for the additional experiments (Table 3).   
 
Table 3. Volume of bacterial culture from strains P1a, TBK2h, P62, L1, 7mR, 1mW, P2S and P61 harvested, and total weight 
of freeze-dried bacteria 

Bacterial strain: Volume harvested (in mL): 
Weight freeze-dried matter 

(in mg): 

P1a 5550 1005.4 

TBK2h 3750 2743.4 

P62 1850 457.9 

L1 3350 428.0 

7mR 1950 370.0 

1mW 2050 690.9 

P2S 3350 289.3 

P61 1850 277.3 
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3.2 Obtaining and categorizing results from cell experiments  
 

Results from experiments performed on acute myeloid leukaemia cell line MOLM-13, prostate 

cancer cell line PC3 and normal rat kidney cells (NRK) were obtained through WST-1 assays 

and calculations of percentage of apoptotic cells visualized on microscope pictures. Apoptotic 

cells were viewed in fluorescence microscope as having strongly coloured nuclei, due to 

fixation including the colourant Hoechst 33342, which binds to DNA. Apoptosis causes cells 

to shrink and DNA to condense, making the stained nuclei more visible (Figure 8 a). As the 

cells shrink, fragments of nuclei and organelles in the cell form apoptotic bodies (Figure 8 b). 

Viable, healthy cells were rounder, not as bright in colour and with whole nuclei (Figure 8 c).  

 

  

 
Figure 8. Pictures taken in fluorescence microscope showing treated and untreaded cancer cells dyed with Hoechst 33342. a) 
PC3 cells treated with organic phase of P2S for 24h, showing condensed nuclei as small stained circles next to faint whole, 
healthy cancer cells. b) MOLM-13 cells treated with aqueous phase of strain 1mW after 72h, showing apoptotic bodies after 
nucleic condensation and collapsing. c) Visualizing untreated viable cells in MOLM-13 control after 72h. Cells are viewed as 
healthy, round and whole. 

a) b)
)) 

c) 
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To categorize the cytotoxic potential of the bacteria based on the percentage of apoptosis, high 

potential was set at 70-100% apoptotic cells, intermediate potential was set at 40-70%, low 

potential at 10-40%, and no potential at less than 10% apoptosis. This same categoric system 

was implemented on the WST-1 assays, high potential being >70% less metabolic activity 

compared to the untreated control, intermediate being 40-70% less metabolic activity, and so 

on.   

 

  



 48 

3.3 Cell experiments using small scale extractions of aqueous and organic phases 
 

Samples of 10mg from bacterial strains 7mR, L1, P62, P2S, P61, 1mW, TBK2h, P1a and 

VLbF2 were tested for their cytotoxic activity against leukaemia cell line MOLM-13, prostate 

cancer cell line PC3 and normal rat kidney cells (NRK) for 24 and 72 hours exposure.  

 

3.3.1 MOLM-13 cell line 
 

WST-1 assay showed some toxicity caused by extracted phases of the bacteria after 24 hours. 

Aqueous phases of P61 and TBK2h were most active, showing intermediate and high cytotoxic 

potential respectively. Organic phases showed low or no cytotoxic activity towards MOLM-13 

after 24h according to metabolic activity analysis (Figure 9a). Looking at percentage of 

apoptotic cells, aqueous phases of TBK2h and VLbF2 had highest cytotoxic activity, with 73% 

and 52% induced apoptosis respectively, in comparison to the control which showed 5% 

apoptosis and the DMSO control which showed 18% apoptosis. All organic extracts and the 

remaining aqueous extracts showed low or no effect on percentage of apoptosis (Figure 9b). 

After 24h the aqueous extraction of strain P61 induced only 16% apoptosis, low efficiency, 

according to percentage of apoptosis, contrary to the WST-1-assay where the strain showed 

intermediate efficiency (Figure 9a and b). 

 

After 72 hours, metabolic activity was low relative to the control in the aqueous and organic 

phases of all the strains as well as in the DMSO control. Aqueous phases of strain 1mW, TBK2h 

and VLbF2 exhibited the most cytotoxic abilities after 72h, all showing high cytotoxic potential 

towards MOLM-13 according to metabolic activity analysis. Organic phases of 7mR and 

TBK2h also showed high cytotoxic abilities, while the remaining organic and aqueous phases 

exhibited intermediate potential according to WST-1 analysis (figure 10a). The calculated 

percentage of apoptosis showed similar results to the WST-1 assay, with aqueous phases of 

TBK2h and VLBf2 being most cytotoxic, in addition to organic phase of 7mR. The strains 

showed high potential for cytotoxicity, with 71%, 90% and 78% induced apoptosis respectively 

(figure 10b). Contrary to the metabolic activity analysis the DMSO control and strain 1mW 

showed intermediate cytotoxic potential, compared to high potential in WST-1 analysis. The 

remaining aqueous and organic extractions (bar aqueous phase of 7mR) showed reduced 

cytotoxic abilities compared to analysis of metabolic activity, going from intermediate to low 

or no cytotoxic potential towards MOLM-13 (Figure 10a and b).  
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Figure 9. a) Results from WST-1 assay of aqueous (blue) and organic (green) extractions of strains 7mR, L1, P62, P2S, P61, 
1mW, TBK2h, P1a and VLbF2 tested for cytotoxicity against leukaemia cell line MOLM-13 for 24h, relative to a control 
(purple). A DMSO control added at 1% was also tested for cytotoxicity (yellow). b) Calculated percentage of apoptotic MOLM-
13 cells in samples added aqueous and organic phases of the same strains after 24h. Apoptosis was calculated from pictures 
taken in fluorescence microscope. 
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Figure 10. a) WST-1 assay of aqueous (blue) and organic (green) extractions of strains 7mR, L1, P62, P2S, P61, 1mW, TBK2h, 
P1a and VLbF2 tested for cytotoxicity against leukaemia cell line MOLM-13 for 72h, relative to a control (purple). A DMSO 
control added at 1% was also tested for cytotoxicity (yellow). b) Calculated percentage of apoptotic MOLM-13 cells in samples 
added aqueous and organic phases of the same strains after 72h. Apoptosis was calculated from pictures taken in fluorescence 
microscope. 
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3.3.2 PC3 cell line 
 

After 24 h, organic phases had the most cytotoxic potential towards the PC3 cell line (Figure 

11a and b). The output from WST-1 analysis showed that organic phases of strains P2S and 

VLbF2 had the highest potential towards the cell line, with 89% and 93% less metabolic activity 

than the untreated control respectively. Organic phases of strains 7mR, 1mW, L1 and P1a 

showed intermediate potential, with >40% less metabolic activity than the control. Aqueous 

phase of strain L1 showed intermediate cytotoxic potential, while the remaining aqueous 

extracts showed low or no potential after 24h according to analysis of metabolic activity. 

DMSO control had no cytotoxic potential towards PC3 cells (Figure 11 a). Percentage of 

apoptosis showed that the organic phases were more cytotoxic active than aqueous phases after 

24h. Aqueous phases showed low or no potential on the cells according to percentage of 

apoptosis, and DMSO control showed no potential (Figure 11b). P2S was most cytotoxic, 

showing intermediate potential, which was contrary to the high potential seen in WST-1 

analysis. Organic phases of strains 7mR, 1mW, L1, VLbF2 and P1a had no more than low 

potential on the PC3 cell line, also contrary to metabolic analysis (Figure 11a and b).  

 

After 72h organic phases were still most cytotoxic active towards cell line PC3 (Figure 12a and 

b). The WST-1 assay showed high cytotoxic potential from the organic phases of strains L1, 

P2S, 1mW, P1a and VLbF2. Strain P1a was found to induce 96% less metabolic activity 

compared to the control. Intermediate potential was seen from organic phases of strains P61, 

7mR and TBK2h, in addition to the aqueous phase of 7mR, while the remaining aqueous phases 

and organic phase of P62 showed low or no potential (Figure 12a). Percentage of apoptosis 

after 72h, documented a lower potential overall from the strains, with the most cytotoxic being 

the organic phases of strains 1mW and P1a with 38% and 35% induced apoptosis respectively 

(Figure 12b). Strains L1, P2S and VLbF2 showed low potential towards PC3 from percentage 

of apoptosis, contrary to the high potential shown in WST-1 analysis. DMSO control showed 

no potential in both metabolic activity and percentage of apoptosis (Figure 12a and b).   
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Figure 11. a) WST-1 assay of aqueous (blue) and organic (green) extractions of strains 7mR, L1, P62, P2S, P61, 1mW, TBK2h, 
P1a and VLbF2 tested for cytotoxicity against prostate cancer cell line PC3 for 24h, relative to a control (purple). A DMSO 
control added at 1% was also tested for cytotoxicity (yellow). b) Calculated percentage of apoptotic PC3 cells in samples 
added aqueous and organic phases of the same strains after 24h. Apoptosis was calculated from pictures taken in fluorescence 
microscope. 
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Figure 12. a) WST-1 assay of aqueous (blue) and organic (green) extractions of strains 7mR, L1, P62, P2S, P61, 1mW, 
TBK2h, P1a and VLbF2 tested for cytotoxicity against prostate cancer cell line PC3 for 72h, relative to a control (purple) 
A DMSO control added at 1% was also tested for cytotoxicity (yellow). b) Calculated percentage of apoptotic PC3 cells in 
samples added aqueous and organic phases of the same strains after 72h. Apoptosis was calculated from pictures taken in 
fluorescence microscope. 

a) 

b) 
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3.3.3 Normal rat kidney cells (NRK) 
 

After 24h incubation, WST-1 analysis showed that organic phases induced a higher cytotoxic 

effect on NRK cells than aqueous phases. Organic phases of all strains excluding P62 and P61 

were classified as high in cytotoxic potential. Strains P62 and P61 showed intermediate 

potential in organic phase. TBK2h showed intermediate potential in aqueous phase, while the 

remaining aqueous extracts showed low or no potential after 24h according to analysis of 

metabolic activity (Figure 13a). In analysis of apoptosis, organic phase of strain P2S was the 

only extract showing intermediate cytotoxic potential, with 43% induced apoptosis. The 

remaining organic phases showed low potential towards NRK. Aqueous phases had no potential 

towards NRK after 24h (Figure 13a). DSMO control showed low potential t in WST-1 analysis, 

and no potential in percentage of apoptosis (Figure 13a and b). 

 

After 72h exposure, organic phases were more cytotoxic active than aqueous phases (Figure 14 

a and b). WST-1 analysis showed that organic phases of strains 7mR, L1, 1mW, P1a and VLbF2 

had high cytotoxic potential towards NRK cells. The remaining organic phases showed 

intermediate potential. Only aqueous phase of strain VLbF2 showed intermediate potential, 

with the remaining aqueous phases having low or no potential. The DMSO control showed 

intermediate potential after 72 hours (Figure 14a). Percentage of apoptosis showed only low or 

no potential induced by the organic phases. The DMSO control was also equivalently low, 

showing no potential. Aqueous phases showed no or low potential towards the cells, excluding 

strain P61 (Figure 14b). Contrary to the WST-1 analysis of metabolic activity, aqueous phase 

of P61 showed high potential on NRK cells in percentage of apoptosis after 72h with over 85% 

apoptosis (Figure 14a and b). 
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Figure 13. a) WST-1 assay of aqueous (blue) and organic (green) extractions of strains 7mR, L1, P62, P2S, P61, 1mW, TBK2h, 
P1a and VLbF2 tested for cytotoxicity against normal rat kidney cells (NRK) for 24h, relative to a control (purple). A DMSO 
control added at 1% was also tested for cytotoxicity (yellow). b) Calculated percentage of apoptotic NRK cells in samples 
added aqueous and organic extracts of the same strains after 24h. Apoptosis was calculated from pictures taken in fluorescence 
microscope. 
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Figure 14. a) WST-1 assay of aqueous (blue) and organic (green) extractions of strains 7mR, L1, P62, P2S, P61, 1mW, TBK2h, 
P1a and VLbF2 tested for cytotoxicity against normal rat kidney cells (NRK) for 72h, relative to a control (purple). A DMSO 
control added at 1% was also tested for cytotoxicity (yellow). b) Calculated percentage of apoptotic NRK cells in samples 
added aqueous and organic extracts of the same strains after 72h. Apoptosis was calculated from pictures taken in fluorescence 
microscope. 
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3.3 Cell experiments using larger scale extractions of selected strains 
 

Large scale extractions using between 100-500mg bacterial  biomass were done on strains 

which showed cytotoxic activity towards cancerous cells, or on strains that had not been tested 

for cytotoxic abilities in previous published work. Aqueous phases were extracted from strains 

P2S, L1, TBK2h and VLbF2, and organic phase was extracted from strain P1a. The strains were 

tested for cytotoxic abilities against either acute myeloid leukaemia cell line MOLM-13 or 

prostate cancer cell line PC3 in a dilution series of 5%, 2% and 0.5% extract to 95%, 98% and 

99.5% cell culture. A 1% DMSO control was used for the experiments. Cytotoxic abilities of 

the strains were measured after 72h by a combination of WST-1 assay and calculations of 

percentage of apoptosis from morphological inspections of cell nuclei in fluorescence 

microscope. 

 

3.3.1 Aqueous phases of P2S, L1, TBK2h and VLbF2 on MOLM-13  
 

Aqueous phases were extracted from bacterial samples of 100mg from strains P2S, L1, TBK2h 

and VLbF2. Samples of 10% were collected from the extractions of L1, TBK2h and VLbF2, 

while a 3.33% sample was collected of P2S. The samples were analysed for cytotoxic abilities 

towards MOLM-13. Analysis of metabolic activity after 72h showed that all strains showed 

high cytotoxic potential at 5%, while only strain TBK2h showed high potential at 2%. Strain 

VLbF2 showed intermediate potential at 2%, while the remaining strains showed low or no 

potential at 2%. At 0.5%, all the strains showed low or no potential. The 1% DMSO control 

exhibited intermediate potential in WST-1 analysis (Figure 15a). Analysis of apoptosis showed 

intermediate potential from the DMSO control, with 40% induced apoptosis. Strains P2S, L1 

and VLbF2 showed high potential at 5%, while TBK2h only exhibited intermediate potential, 

with 66% induced apoptosis. TBK2h also showed intermediate potential at 2%, as did strain 

VLbF2. The remaining strains showed no potential at 2% and 0.5% dilution. VLbF2 was the 

only strain that showed low potential at 0,5% (Figure 15b)  
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Figure 15. a) WST-1 assay of aqueous phase extracted from 100mg biomass samples of strains P2S (blue), L1 (orange), Tbk2h 
(green) and VLbF2 (red) tested for cytotoxicity against leukaemia cell line MOLM-13 at a dilution series of 5%, 2% and 0.5% 
for 72h, relative to a control (purple). A DMSO control added at 1% was also tested for cytotoxicity (yellow). b) Calculated 
percentage of apoptotic MOLM-13 cells in samples added aqueous phases of the same strains after 72h. Apoptosis was 
calculated from pictures taken in fluorescence microscope. 
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3.3.2 Organic phase of P1a on PC3 
 

A 500mg bacterial sample was used to extract organic phase of strain P1a. A 1,67% sample of 

the extraction was collected and tested for cytotoxic abilities towards cell line PC3. After 72h, 

WST-1 analysis showed that the 2% dilution had intermediate cytotoxic potential, while the 

remaining dilutions showed no potential. The 1% DMSO control showed intermediate potential 

(Figure 16a). Analysis of apoptosis showed high potential in the 5% dilution, with a percentage 

of apoptosis of 77%. The 2% dilution showed low potential, with 34% induced apoptosis, while 

the 2% dilution and the DMSO control showed no potential on apoptosis (Figure 16b). 

  

 

 
Figure 16. a) WST-1 assay of organic phase extraction using 500mg biomass sample of strain P1a tested against prostate 
cancer cell line PC3 for 72h at a dilution series of 5%, 2% and 0.5% relative to a control (purple). A DMSO control added at 
1% was also tested for cytotoxicity (yellow). b) Calculated percentage of apoptotic PC3 cells in samples added aqueous phases 
of the same strain after 72h. Apoptosis was calculated from pictures taken in fluorescence microscope. 
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3.4 Cell experiments using solid phase extractions (SPE) of selected strains 

 

SPE were performed on the selected strains where larger phase-extractions of different volumes 

had been performed. SPE were conducted on the selected strains to separate chemical 

substances from impurities in the three fractions load and wash (L+W), elution phase 1 (E1) 

and elution phase 2 (E2). SPE were tested on acute myeloid leukaemia cell line MOLM-13 and 

prostate cancer cell line PC3 in dilution series of 5%, 2% and 0.5% extractions to 95%, 98% 

and 99.5% cell culture. The cells were exposed for 48h, as this was found through light 

microscopy to be sufficient for full effect of the strains. The results were collected by 

determination of metabolic activity and calculation of cell apoptosis.      

 

3.4.1 SPE from aqueous phases of VLbF2, L1, P2S and TBK2h on MOLM-13  
 

SPE were conducted on aqueous phases derived from 100mg bacterial samples of strains 

VLbF2, L1 and P2S, in addition to a 1000mg bacterial sample of strain TBK2h. The extractions 

were tested against cell line MOLM-13.  

 

Metabolic activity analysis on strains VLbF2, L1 and P2S showed that VLbF2 had high 

cytotoxic potential at 5% and 2% in all three fractions. The strain also showed intermediate 

potential at 0.5% for all fractions (Figure 17a) This was supported by percentage of apoptosis, 

where all dilutions of L+W showed high potential, in addition to E1 at 5% and 2% and E2 at 

5%. E1 showed intermediate potential at 0.5%, while E2 at exhibited no potential 0.5% (Figure 

17b). Strain L1 was more cytotoxic in the later fractions E1 and E2, with WST-1 analysis 

showing high potential from E1 at 5% and E2 at 5% and 2%. L+W showed intermediate 

potential at 5%, while the remaining samples showed low (E2 at 0,5%) or no (L+W and E1 at 

2% and 0.5%) potential (Figure 17a). Percentage of apoptosis showed that E1 and E2 was most 

cytotoxic in strain L1. E2 exhibited high potential at 5% and 2%, and E1showed high potential 

at 5%. L+W showed intermediate potential at 5%, but low at 2% and no potential at 0.5%. E1 

showed low potential at 2%, and no potential at 0.5%. This was also true for E2 at 0.5% (Figure 

17b). Strain P2S was more cytotoxic in fractions E1 and E2 than in L+W. E2 showed high 

potential at all dilutions, while E1 showed high potential at 5% and 2%. E1 showed intermediate 

potential at 0.5%, the same did L+W at 5%. The remaining dilutions of L+W showed low 

potential (Figure 17a). Percentage of apoptosis showed high potential in E1 at 5% and E2 at 
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5% and 2%. L+W showed low potential at 5% and no potential at 2% and 0.5%. E1 showed 

intermediate potential at 2%, and no potential at 0.5%. E2 at 0,5% was also low in potential 

(Figure 17b). The 1% DMSO control showed high potential in WST-1 assay and percentage of 

apoptosis (Figure 17a and b)  
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Figure 17. a) WST-1 assay of solid phase extractions of aqueous phase derived from 100mg biomass samples of strains VLbF2 
(blue), L1 (orange) and P2S (green) tested for cytotoxicity against leukaemia cell line MOLM-13 in a dilution series of 5%, 
2% and 0.5% for 48h, relative to a control (purple). A DMSO control added at 1% was also tested for cytotoxicity (yellow). b) 
Calculated percentage of apoptotic MOLM-13 cells in samples added SPE fractions of the same strains after 48h. Apoptosis 
was calculated from pictures taken in fluorescence microscope. 
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Metabolic activity analysis of SPE from strain TBK2h showed high cytotoxic potential in all 

fractions. L+W and E2 showed high potential at 5% and 2%, while E1 showed high potential 

at all dilutions. L+W showed low potential at 0.5%, while E2 exhibited intermediate potential 

at 0.5% (Figure 18a). Percentage of apoptosis showed that fraction L+W showed less cytotoxic 

activity than in WST-1 analysis, showing high potential at 2%, intermediate at 5% and low at 

0.5%. E1 showed high potential at 5% and 2%, and intermediate potential at 0.5%. E2 exhibited 

high potential at 5% and at 0.5%, while only exhibiting intermediate potential at 2% (Figure 

18b). The 1% DMSO control showed high cytotoxic potential both in the analysis of metabolic 

activity and in percentage of apoptosis (Figure 18a and b). 
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Figure 18. WST-1 assay of solid phase extraction phases of aqueous phase derived from a 1000mg biomass sample of strain 
TBK2h tested for cytotoxicity against leukaemia cell line MOLM-13 in a dilution series of 5%, 2% and 0.5% for 48h, relative 
to a control (purple). A DMSO control added at 1% was also tested for cytotoxicity (yellow). b) Calculated percentage of 
apoptotic MOLM-13 cells in wells added SPE phases of the same strain after 48h. Apoptosis was calculated from pictures 
taken in fluorescence microscope. 
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3.4.2 SPE from organic phase of P1a on PC3 
 

SPE was performed using the organic extract of strain P1a derived from a bacterial sample of 

150mg. SPE were tested for cytotoxic potential on the prostate cancer cell line PC3 after 48h. 

The cytotoxic abilities of the extractions were determined by metabolic activity analysis and 

calculations of percentage of apoptosis.  

 

From WST-1 metabolic analysis, P1a showed high cytotoxicity towards PC3. L+W and E1 

showed high potential at 5% and 2%, while E2 showed high potential at all dilutions. L+W and 

E1 showed low potential at 0.5% (Figure 19a). Calculations of apoptosis showed highest 

cytotoxic activity at intermediate potential, in L+W and E1 at 5% and 2% and in E2 at 5%. The 

remaining dilutions L+W and E1 at 0.5% and E2 at 2% and 0.5% showed low potential of 

cytotoxicity towards PC3 (Figure 19b). WST-1 analysis and percentage of apoptosis showed 

that the 1% DMSO control had low cytotoxic potential, with the WST-1 analysis showing no 

potential, and the apoptosis showing low potential (Figure 19a and b). 
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Figure 19. WST-1 assay of solid phase extraction phases of organic phase extracted from a 150mg biomass sample of strain 
P1a tested for cytotoxicity against prostate cancer cell line PC3 in a dilution series of 5%, 2% and 0.5% for 48h, relative to a 
control (purple). A DMSO control added at 1% was also tested for cytotoxicity (yellow).  b) Calculated percentage of apoptotic 
PC3 cells in wells added SPE phases of the same strain after 48h. Apoptosis was calculated from pictures taken in fluorescence 
microscope. 
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3.5 HPLC separations of SPE and cancer cell experiments using HPLC fractions 

 

HPLC separation and analysis of separated fractions was conducted using SPE E1 extracted 

from aqueous phase of strain TBK2h, in addition to SPE E2 extracted from organic phase of 

strain P1a. HPLC fractions from the two strains were measured for cytotoxic abilities against 

the cancerous cell lines MOLM-13 and PC3 respectively after treatments of 48h. TBK2h 

fractions were added 0.5% and 0.1%, while P1a was added at 1% and 0.3%. The cytotoxic 

activity of the extracted HPLC fractions was measured by metabolic activity analysis and 

calculations of apoptosis.  

 

3.5.1 HPLC separation of TBK2h and HPLC fractions of TBK2h on MOLM-13 

 

HPLC fractions from SPE E1 of strain TBK2h showed activity on the chromatogram at 2-8 

minutes, forming two peaks which represent the detector response to one or several chemical 

compounds. These peaks appeared at around 70-80% polarity, meaning the corresponding 

compound or compounds were hydrophilic and polar (Figure 20). The peaks corresponded to 

cytotoxic activity on the cell line MOLM-13, which was found in both WST-1 analysis and 

percentage of apoptosis. Fractions 2 and 3, collected at 2-4 minutes and 4-6 minutes showed 

high potential at 0.5% (Figure 21a and b). This corresponded to the first peak in the 

chromatogram (Figure 20). Fraction 4, collected at 6-8 minutes, showed intermediate potential 

at 0.5% (Figure 21a and b). This corresponded to the second peak in the chromatogram, which 

appeared at around 70% polarity (Figure 20). Fractions 1 and 14, at 0-2 minutes and 26-28 

minutes respectively, both showed intermediate potential at 0.5% in metabolic activity analysis. 

This was not seen in percentage of apoptosis, where the fractions showed no potential towards 

the MOLM-13 cell line. The 1% DMSO control showed low potential in metabolic activity 

analysis and percentage of apoptosis (Figure 21a and b).    
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Figure 20. Chromatogram detailing HPLC separation of SPE E1 from aqueous phase of strain TBK2h at a gradient of mobile 
solvent H2O (secondary axis). Peaks corresponding to HPLC fractions cytotoxic to cell line MOLM-13 are highlighted red for 
high cytotoxic effect and orange for intermediate cytotoxic effect. 
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Figure 21. Analysis of cytotoxic effect of HPLC separated fractions of SPE E1 from strain TBK2h on cancer cell line MOLM-
13. Fractions added at 0.5% (blue) and 0.1% (green) for 48h. A DMSO control added at 1% was also tested for cytotoxicity 
(yellow). a) Detailing metabolic activity of MOLM-13 cells through WST-1 analysis after 48h exposure to HPLC fractions in 
relation to a control (purple). b) Detailing apoptosis in MOLM-13 cells after 48h exposure to HPLC fractions. Apoptosis was 
calculated from pictures taken in fluorescence microscope. Fractions corresponding to peaks in chromatogram (Figure 20) 
are coloured to highlight cytotoxic effects on MOLM-13. Red = high cytotoxic effect, orange = intermediate cytotoxic effect.   
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3.5.2 HPLC separation of P1a and HPLC fractions of P1a on PC3 

 

HPLC chromatogram showing separated fractions of SPE E2 from strain P1a showed the 

presence of one peak at 2-6 minutes at high polarity, in addition to several smaller peaks at 28-

36 minutes at lower polarity (Figure 22a and b). The peaks corresponded to cytotoxic activity 

towards the cell line PC3 in both WST-1 analysis and percentage of apoptosis (Figure 23a and 

b). A large peak was visible on the chromatogram at 18-22 minutes, not corresponding to 

cytotoxic activity according to cytotoxicity analysis (Figure 22a and b, Figure 23a and b). 

Fraction 2, collected at 2-4 minutes, showed high potential in metabolic activity analysis at 1% 

and intermediate potential at 0.3% (Figure 23a). The fraction displayed intermediate potential 

in the percentage of apoptosis at 1%, and low potential at 0.3% (Figure 23b). Fraction 3 

displayed low effect at 1% in percentage of apoptosis, but did not show any cytotoxic potential 

in analysis of metabolism (Figure 23a and b). High potential was found in fractions 15 and 16 

collected between 28-32 minutes at 1%, according to metabolic activity analysis (Figure 23a). 

Fraction 15 showed low potential, and fraction 16 showed intermediate potential at 1% from 

percentage of apoptosis. Fraction 17 also showed intermediate potential at 1% according to 

analysis of apoptosis, but no potential in WST-1 analysis. DMSO control showed no cytotoxic 

potential at 1% in WST-1 analysis and analysis of apoptosis (Figure 23a and b). 
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Figure 22. Chromatogram detailing HPLC separation of SPE E2 from organic phase of strain P1a at a gradient of mobile 
solvent H2O (secondary axis). Peaks corresponding to HPLC fractions cytotoxic to cell line PC3 according to analysis of 
apoptosis are highlighted orange for intermediate cytotoxic effect and yellow for low cytotoxic effect. a) Full scale 
chromatogram with H2O gradient at secondary axis. b) Chromatogram with focus on showing smaller peaks at 28-36 minutes. 
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Figure 23. Analysis of cytotoxic effect of HPLC separated fractions of SPE E2 from strain P1a on cancer cell line PC3. 
Fractions added at 1% (blue) and 0.3% (green) for 48h. A DMSO control added at 1% was also tested for cytotoxicity (yellow). 
a) Detailing metabolic activity of PC3 cells through WST-1 analysis after 48h exposure to HPLC fractions, in relation to a 
control (purple). b) Detailing apoptosis in PC3 cells after 48h exposure to HPLC fractions. Apoptosis was calculated from 
pictures taken in fluorescence microscope. Fractions corresponding to peaks in chromatogram (Figure 22) are coloured to 
highlight cytotoxic effects on PC3. Red = high cytotoxic effect, orange = intermediate cytotoxic effect, yellow = low cytotoxic 
effect. 
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4 Discussion 
 
Bacteria are known to be producers of bioactive molecules, and these bioactive compounds 

have previously been shown to be useful in human medicine (Sanchez & Demain, 2019). Strain 

L1 was previously sampled from biofilm on the surface of macroalgae Saccharina nigripes. 

Biofilms are known to encourage production of bioactive compounds (Boyer & Wisniewski-

Dyé, 2009; Davies et al., 1998; Nealson, 1977). Strains TBK2h, VLbF2, P61, P62, P1a and P2S 

were sampled from extreme environments, namely hydrothermal vent systems and ice caves 

(Sæbø, 2018; Julia Endresen Storesund et al., 2018). Extreme environments induce metabolic 

adaptions to the habitats, which could lead to an intricate metabolism with the possibility for 

production of secondary metabolites. Therefore, the belief was that the strains in this study 

would produce bioactive molecules able to act as anticancer drugs, which could be isolated and 

analysed.  

 

Planctomycetes have previously been shown to possess the ability to negatively affect cell 

growth in the acute myeloid leukaemia cell line MOLM-13 and in the prostate cancer cell line 

PC3 (Calisto et al., 2019). In this study, it was found that most of the highly or intermediate 

cytotoxic strains were active on the MOLM-13 cell line, whilst the minority affected cell line 

PC3. The majority of the cytotoxicity towards MOLM-13 came from aquatic extractions, while 

the cytotoxic activity against PC3, in general came from organic extracts.  
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4.1 Cultivation and harvesting bacterial strains 

 

Cultivation of the different bacterial strains showed that the strains varied in growth patterns, 

not only in growth rate, but also in growth tactics and the appearance of the cultures. For 

example, strains TBK2h and VLbF2 yielded quite homogenous cultures, with uniform 

distribution of bacteria throughout the culture. Strain P1a on the other hand, grew mostly as 

aggregates, which meant that it needed vigorous shaking to separate the aggregates and 

stimulate growth. Strains L1 and P2S were quite gelatinous in nature. They were both quite 

homogenously distributed in their cultures, but became viscous and slime-like when harvested 

in a centrifuge. This meant that there was difficult separating the culture fluid and distilled 

reverse osmosis water from the actual bacteria. Consequently, this entailed that there was still 

some liquid left in the samples from these strains when they were freeze-dried, meaning that a 

portion of the overall freeze-dried material from these strains was freeze-dried liquid.  

 

Generally, the more homogenous cultures were easier to harvest than the less homogenous and 

uniform ones. P1a, which grew in aggregates was on the difficult side to harvest. The aggregates 

were problematic to transfer from the culture to the centrifuge tubes, as they tended to remain 

near the bottom of the flask, even after stirring, so the aggregates at times needed to be pipetted.  
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4.2 Conflicting results 

 

There can be different reasons contributing to dissimilarities or at times contrasting outcomes 

from the metabolic activity assays and the percentage of apoptosis. For instance, cells can have 

intact mitochondria despite being in the beginnings of apoptosis process. This is presumably 

because apoptosis is an energy requiring pathway for the cells (Eguchi, Shimizu, & Tsujimoto, 

1997; Shiraishi et al., 2001). The intact mitochondrion would mean that the cell could exhibit 

metabolic activity through WST-1 assay. The cell would look apoptotic in phase microscopy, 

and therefore results could differ. In addition to this, colouration of the strains may have an 

impact on metabolic assays, being that WST-1 analysis is based on the measuring of colour 

waves in microplate wells containing cells. Strains with red or pink colouring, like strain L1 or 

P61 might show skewed results in metabolic analysis, and would consequently have to be 

judged solely on percentage of apoptosis. This has been done in previous studies using similar 

methods for cytotoxicity analysis (Calisto et al., 2019; Sæbø, 2018). A third reason for 

difference between metabolic analysis and apoptosis is the appearance of the cells in phase 

microscopy. There are different stages to apoptosis, including the condensation of the nuclei, 

but also fragmentation of the nuclei (Kerr, Wyllie, & Currie, 1972). This splitting of the nuclei 

into fragmented apoptotic bodies can skew results in two ways – by appearing as several 

different apoptotic cells, making the percentage of apoptosis higher than expected, or by 

disappearing in more cloudy samples as they are small in size, making them difficult to 

distinguish from the surrounding environment. In this last case, the counted non-apoptotic cells 

will count higher due to imbalance with apoptotic cells. A fourth, common reason for difference 

in the results, is that treatment of cells using bioactive matter caused inhibition of growth, 

instead of apoptosis. Such cell growth inhibition is a common anticancer tactic has previously 

been seen from bioactive compounds and cancer drugs towards prostate cancer cells (Afsar et 

al., 2016; Sidana et al., 2012).  
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4.3 Cytotoxic potential of dimethyl sulfoxide (DMSO) on results from cellular 

experiments 
 

DMSO was added to the different strains and extractions in varying amounts to dissolve the 

samples, as the substance has been proven an effective polar and a non-polar solvent, fitting for 

both aqueous and organic extracts (Santos, Martins-Silva, & Saldanha, 2005; Verheijen et al., 

2019). DMSO was in general added in similar amounts to the aqueous and organic extracts, 

though some strains were added additional DMSO to help with dissolving. This applied for 

both aqueous and organic extracts, and was done when the strains showed gelatinous behaviour, 

to dissolve the precipitate sufficiently to get exact measurements using pipettes.  

 

DMSO is known to possess cytotoxic abilities towards cancer cells (Collins, Ruscetti, 

Gallagher, & Gallo, 1978). In this study, DMSO was more cytotoxic active towards the 

leukaemia cell line MOLM-13 than towards the prostate cancer cell line PC3 and normal rat 

kidney cells (NRK). A DMSO control was prepared for all cellular experiments using 1% 

DMSO, which gave an indication of the cytotoxic abilities of the solvent to compare the 

cytotoxic potential of the different bacterial strains. The extracts were in initial small-scale 

experiments added to the cells with 1% DMSO, organic extracts being dissolved in 100% 

DMSO and added at 1%, and aqueous extracts being dissolved in 25% DMSO and added at 4% 

to cell experiments. In cases where additional DMSO was added to extracts, distinguishing the 

cytotoxic potential of the extract from the potential of the DMSO-additive was challenging. 

This was particularly challenging in experiments using the MOLM-13 cell line, where the 

cytotoxic activity of both the DMSO solvent and a number of strains was relatively high.     
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4.4 Cell experiments using small scale extractions of aqueous and organic phases 

  

4.4.1 Potential towards cell line MOLM-13 

 

Experiments using aqueous and organic extractions on MOLM-13 cells after 24h showed 

contrasting results regarding the metabolic assay and percentage of apoptosis for the aqueous 

phase of strain P61. WST-1 assay showed intermediate potential, bordering on high potential, 

while percentage of apoptosis exhibited low potential (Figure 9a and b). This may be due to the 

colouring of the strain being red. Aqueous extracts of TBK2h and VLbF2 exhibited the most 

cytotoxic activity of all strains after both 24h and 72h. After 24h, these strains caused high 

induction of apoptosis, with a lower cytotoxic DMSO control. After 72h, the strains were able 

to induce a high percentage of apoptosis, as did the DMSO control, meaning the results after 

72h could be interpreted as being caused by the cytotoxic abilities of the DMSO (Figure 10a 

and b). As the strains were active against MOLM-13 cells at low DMSO cytotoxicity, it is likely 

the strains have cytotoxic abilities separate from the DMSO.  

 

4.4.2 Potential towards cell line PC3 

 

Experiments on PC3-cells showed a slight difference in cytotoxic potential for organic phases 

of strains 7mR, L1, 1mW and P1a after 24h between the WST-1 analysis and percentage of 

induced apoptosis. The strains showed intermediate potential on the WST-1 analysis and low 

potential on percentage of apoptosis. Strains P2S and VLbF2 exhibited high potential in 

metabolic analysis and intermediate and low potential respectively in the percentage of 

apoptosis (Figure 11 a and b). The underlying reason for the difference was difficult to identify, 

but could be due to the strains being growth inhibitors towards the PC3 cell line, blocking cell 

growth instead of inducing apoptosis. A previous study has shown growth inhibition of PC3-

cells by bioactive molecules derived from the shrub Acacia hydaspica R. Parker (Afsar et al., 

2016). The divergence between methods of analysis was consistent, with most of the organic 

phases of the strains exhibiting higher potential on WST-1 analysis than on percentage of 

apoptosis (Figure 11 a and b). After 72h, the same contrast in results could be seen in the organic 

phase of all the strains, similarly probably induced by inhibition of cellular growth (Figure 12 

a and b). 
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4.4.3 Potential towards cell line NRK 

 

Experiments on the normal rat kidney cells gave contrasting results between the WST-1 

analysis and the percentage of apoptosis. This contrast was similar to the deviation found in 

metabolic and apoptosis analysis of cell line PC3. After 24h the organic phases of all strains 

with the exception of P62 and P61 were highly cytotoxic according to metabolic activity 

analysis, but exhibited no or low potential according to percentage of apoptosis (Figure 13a and 

b). Similar results were visible after 72h  (Figure 14a and b). This difference in analytic results 

points to the organic extracts being growth inhibitors towards NRK-cells. The aqueous phases 

showed no substantial contrasting results, with the exception of strain P61, which after 72h 

induced high metabolic activity in addition to very high percentage of apoptosis. This could be 

a result of the colouring of the strain, light red, skewing the WST-1 results. 
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4.5 Cell experiments using larger scale extractions of aqueous and organic phases 

 

4.5.1 Selection of strains for cell experiments  

 

The strains involved in cellular experiments using larger amounts of bacterial biomass were 

chosen based on different criteria. There was a focus on negative potential, meaning the strain 

should be able to inhibit metabolic activity and induce apoptosis in a cell line. The strains were 

additionally chosen on the basis of whether the bacteria had been tested for anticancer activity 

previously.  

 

Strains TBK2h and VLbF2 showed high cytotoxicity towards percentage of apoptosis and on 

metabolic activity in the cell line MOLM-13 after 72h using their aqueous extractions. They 

had both been tested for cytotoxic activity against the cell line in previous published work, but 

not at larger scales (Calisto et al., 2019). The strains were therefore candidates for cellular 

experiments using higher amounts of freeze-dried biomass, against the cell line MOLM-13.  

 

Strain P1a exhibited some negative potential towards cell line PC3 using organic phase 

extraction. Metabolic activity showed high potential, while percentage of apoptosis showed low 

to intermediate potential, possibly explained by the strain being a growth inhibitor. The organic 

phase of the strain also showed some negative potential on the control normal rat kidney cells 

after both 24h and 72h. At the time of selection of strains for larger scale extractions, the 

possibility of growth inhibition was not known. This led to WST-1 analysis of PC3 cells and 

NRK cells being disregarded, and P1a was viewed as not cytotoxic towards NRK cells in 

organic phase. Although anticancer activity towards PC3 cells was not high, the strain had not 

been tested for cytotoxic behaviour previously and was therefore tested against PC3 on a larger 

scale. 

 

Strain P2S showed high induction of cell apoptosis and high cytotoxic potential on metabolic 

activity on cancer cell line PC3 after 24h using the organic phase of the strain. The strain also 

showed abilities to induce apoptosis in control cell line NRK, using the organic phase after 24h, 

which meant the organic phase was not selected for further analysis. P2S was not exceedingly 

cytotoxic using the aqueous phase in smaller scale extraction experiments, but the strain had 

never been tested for cytotoxic activity before. This meant the strain was implemented in further 
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research. P2S was tested using larger scale extractions of aqueous phase on the cell line MOLM-

13. MOLM-13 was chosen as this cell line was deemed to be most susceptible to anticancer 

activity from aqueous phase extractions.  

 

Strain L1 was previously reported as having high potential towards PC3 and intermediate 

potential towards MOLM-13 in organic phase extraction (Calisto et al., 2019). This was not 

clearly visible from the results obtained in this study. There were no substantial negative effects 

from the organic extract to go forward with, so the decision was made to use the aqueous phase 

against cell line MOLM-13. The aqueous phase of the strain had in experiments with smaller 

scale extractions showed low effect towards MOLM-13, so the expectation was for it to express 

a stronger cytotoxicity at larger extraction volumes.  

 

4.5.2 Potential of L1, P2S, VLbF2 and TBK2h towards MOLM-13 

 

Aqueous phases were extracted from ten times higher biomass than previously and added to 

MOLM-13 cells in a dilution series of 5%, 2% and 0.5%. There were no major conflicting 

results between the metabolic activity analysis and the percentage of apoptosis (Figure 15). 

Overall, the higher volume of biomass used in the extractions induced a stronger negative 

response in the cell line. Strains TBK2h and VLBF2 showed stronger effects from the higher 

biomass than P2S and L1. TBK2h and VLbF2 exhibited higher cytotoxic abilities than P2S and 

L1 using smaller scale extractions and continued this trend using larger extractions. The strains 

can therefore be viewed as more cytotoxic towards MOLM-13 than P2S and L1, although these 

bacteria were also capable of cytotoxicity in high doses.  

 

4.5.2 Potential of P1a towards PC3 

 

Organic phase was extracted from strain P1a at 50 times the previous volume of biomass. The 

extraction was added in a dilution series of 5%, 2% and 0.5% extraction to cell culture. The 

results showing metabolic activity differed greatly from the calculated percentage of apoptosis. 

Contrary to in initial small-scale experiments, WST-1 analysis showed lower cytotoxic 

potential than analysis of induced apoptosis (Figure 16a and b). Strain P1a is not coloured, 

which means this should not affect WST-1 analysis. There was a possibility of the gelatinous 

nature of the strain causing impurities in the wells, so the decision was made to disregard the 
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WST-1 metabolic analysis. When regarding only calculations of apoptosis, the P1a showed 

strong cytotoxicity towards PC3 at high doses of the organic phase.  
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4.6 Cell experiments using solid phase extractions (SPE)  

 

4.6.1 Potential of SPE from L1, P2S, VLbF2 and TBK2h on MOLM-13 

 

A 48h experiment was conducted on cell line MOLM-13 using SPE of VLbF2, L1 and P2S. 

Strain VLbF2 showed strong cytotoxic abilities towards the cell line in all fractions, with no 

notable contrasting results between the metabolic activity analysis and percentage of apoptosis. 

L1 and P2S showed stronger cytotoxic abilities in the two elution fractions than in the load and 

wash phase with no outstanding outliers between the methods of cytotoxicity measurement 

(Figure 17a and b). Lack of early activity in the load and wash-cycle was expected of all the 

strains, as the chemical substances in the solid phase is eluded out in the later phases. VLbF2 

being strongly active in all the phases points to the strain being highly capable of cytotoxicity 

against the cell line. Concluding, all strains showed strong cytotoxicity in aqueous extract 

towards MOLM-13, VLbF2 showing highest cytotoxic abilities. 

 

TBK2h was tested using a biomass sample of 1000mg, and showed cytotoxic activity in all the 

fractions, including the load and wash-phase. There was some dissimilarity between the two 

methods of metabolic activity and apoptosis. Results of phase L+W at 5% exhibited higher 

potential according to the WST-1 assay than percentage of apoptosis (Figure 18a and b). The 

skewed results may be due to difficulty in distinguishing apoptotic cells from viable cells, as 

they were similar in appearance (Figure 24).  
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Figure 24. MOLM-13 cells treated with 5% L+W fraction from aqueous extraction of 1000mg biomass sample of TBK2h after 
48h incubation. Picture taken in fluorescence microscope at 20x magnification. Apoptotic and normal cells are similar in 
appearance, with apoptotic cells being slightly brighter and rounder, indicating condensed nuclei.  

In conclusion, TBK2h was strongly cytotoxic in the aqueous phase against cell line MOLM-

13. As the strain was easy to cultivate and the collection of biomass was fast, this strain was 

selected for further HPLC-analysis. Phase E1 was deemed to be the most active fraction and 

was chosen for the HPLC-analysis.  

 

For the SPE experiments using aqueous extractions, the 1% DMSO control showed high 

cytotoxicity in both methods of analysis. This was a factor contributing to the cytotoxic activity 

in the strains, although at which level is an uncertainty. The SPE were added 20µL milliQ and 

5µL to dissolve the precipitate after evaporation, but P2S and L1 were added additional amounts 

of both substances to combat the gelatinous nature of the strains (Table 3). This was done with 

fraction L+W for both strains in addition to phase E1 for P2S. These phases did not show 

exceptionally high cytotoxic abilities compared to the remaining phases. Therefore, there was 

a presence of cytotoxic abilities within these strains in addition to the effect of the DMSO 

control. This is presumably true for the strain TBK2h and VLbF2 as well.  
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4.6.2 Potential of SPE from P1a towards PC3  

 

Experiments using SPE of organic phase of P1a towards PC3 showed contrast between the 

results of metabolic activity analysis and the percentage of apoptosis, presumably caused by 

inhibition of growth as opposed to induction of apoptosis. P1a showed intermediate to high 

potential on the PC3 cell line, with the highest activity for all dilutions combined being 

registered in E2 (Figure 19a and b). The previous cellular experiment using larger scale 

extractions was done with a sample of 500mg, while experiments with SPE was done using a 

150mg sample. In the larger-scale experiment, P1a exhibited higher cytotoxic potential than 

with the use of SPE, showing the strain would be more cytotoxic at higher volumes of biomass. 

P1a was used in HPLC analysis, where the chosen fraction was E2.  
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4.7 Interpretation of HPLC chromatograms and results from cancer cell experiments 

using HPLC fractions 
 

4.7.1 HPLC analysis of TBK2h  

 

From HPLC chromatogram detailing detector response of phase E1 from strain TBK2h, two 

peaks were visible at 2-6 minutes, corresponding to cytotoxic activity towards the leukaemia 

cell line MOLM-13. Fractions 2 and 3, collected at 2-4 minutes and 4-6 minutes respectively 

represented the same chemical compound, while fraction 4 collected at 6-8 minutes appeared 

to represent a different compound to the previous fractions (Figure 20). The peaks were 

determined as hydrophilic and polar substances, as they were eluted at high percentages of the 

mobile phase H2O. The compound or compounds depicted by the detector response were 

capable of intermediate to high cytotoxic effect towards the cell line MOLM-13. This was found 

through metabolic activity analysis and calculation of percentage of apoptosis, without 

substantial dissimilarities between the two methods of analysis (Figure 21a and b). The 

compounds were either variants of the same substance, or very similar substances. 

Conclusively, fraction E1 was shown to contain polar, hydrophilic substances capable of high 

cytotoxic activity against acute monocytic leukaemia cell line MOLM-13.   

 

4.7.2 HPLC analysis of P1a 

 

HPLC separation and analysis of phase E2 from strain P1a showed some divergent results in 

method analysis, with the WST-1 assay showing higher cytotoxic potential than percentage of 

apoptosis (Figure 23a and b). This could again be due to growth inhibition by the strain, 

although difficulties were also found distinguishing apoptotic cells from viable cells in 

fluorescence microscopy. It is previously known that adherent cells can act differently during 

apoptosis than other cells, at times increasing in volume instead before condensation, which 

could result in apoptotic cells looking similar to normal cells (Desjardins & MacManus, 1995).  

 

At 18-22 minutes, a peak was formed on the chromatogram that did not correspond to any 

cytotoxicity. This was presumably caused by air infiltrating the column, due to improper de-

gassing of the sample. The earlier cytotoxic fractions 2 and 3 were fractions of the same 

substance, as they were part of the same peak. This compound was polar and hydrophilic, as it 
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was eluted at a high concentration of the polar mobile phase H2O (Figure 22a). Fractions 15-17 

were represented by several smaller peaks, indicating separate substances. These substances 

were eluted at low polarity, meaning they were hydrophobic (Figure 22b). The spacing between 

the different areas of activity on the chromatogram invited the thought that several hydrophilic 

and hydrophobic substances were working together to provide cytotoxicity for the P1a SPE. A 

second explanation could also be that the cytotoxic compound or compounds were 

hydrophobic, and were eluted at the beginning of the HPLC cycle as a flaw. This would mean 

that the bioactive substance or substances eluted in later stages were remnants of the previously 

eluted substance or substances.  
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5 Conclusion and suggestions for further research 
 
Concluding, cytotoxic activity from Planctomycetes bacteria was confirmed in this study. 

Planctomycetes bacteria were found able to produce bioactive compounds that were cytotoxic 

towards acute myeloid leukaemia cell line MOLM-13 and prostate cancer cell line PC3. This 

was known from previous studies of Planctomycetes bacteria (Calisto et al., 2019; Sæbø, 2018), 

although this study showed that greater initial biomass extracted could induce greater cytotoxic 

activity. Also seen previously, aqueous extractions were more cytotoxic towards leukaemia 

cells, while organic extracts were more cytotoxic towards prostate cancer cells (Calisto et al., 

2019). This study showed cytotoxicity towards MOLM-13 cells as induced apoptosis, while the 

theory for PC3 cells was that the cytotoxic active strains could act as growth inhibitors, not 

inducing cell death, but blocking further cell growth. This had previously been seen in prostate 

cancer cells treated with bioactive compounds and anticancer drugs (Afsar et al., 2016; Sidana 

et al., 2012). A study by Afsar et al from 2016 had shown that cytotoxic compounds could work 

as both growth inhibitors and induce apoptosis in the PC3 cell line. This was supported by 

results from this study which showed that greater initial biomass extracted of the 

Planctomycetes strain P1a could induce apoptosis in PC3 cells instead of working as a growth 

inhibitor for the cancer cells, which was seen using less biomass in initial extraction of phases. 

 

The use of multiple anticancer drugs is common in anticancer therapy, as different compounds 

target different mechanisms of cancerous cells (Gale, 2020; Lu, Chen, Lu, & Ding, 2015). 

HPLC analysis executed in this study of cytotoxic separated fractions from strains showed the 

possible ability for several substances of different polarity working together to produce 

cytotoxicity within a bacterial strain. The separation of bacterial extractions exhibiting 

cytotoxic abilities into HPLC fractions is a good start for understanding the understudied topic 

regarding the chemistry behind anticancer activity in bacteria. Further chemical investigations 

and liquid chromatography should be performed.  

 

The strain TBK2h was found to possess cytotoxic compound capable of inducing high 

percentage of apoptosis and inhibiting metabolic activity in cancer cell line MOLM-13. Further 

work should be done testing the remaining SPE fractions L+W and E2 in HPLC-separated 

fractions against the same cell line to compare results and observe the presence or absence of 

similar substances. This should also be done with strain P1a, which was shown to have 

intermediate to high potential against prostate cancer cell line PC3. Further experiments should 
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be done on the existing fractions of SPE E2 from P1a to obtain additional results for stronger 

determination of where cytotoxicity is found in E2. This should be done to confirm or contradict 

the presence of several polar and non-polar substances. Furthermore, it would be beneficial to 

extract P1a at a larger volume of biomass to examine if this could amplify the cytotoxic abilities 

of SPE and induce apoptosis as results from larger scale extractions showed. Larger biomass 

extractions and solid phase extractions of the organic phase of P1a should be examined for 

cytotoxic abilities towards control cells NRK to investigate further whether the strain is viable 

for medical use. Fraction E1 of TBK2h and E2 of P1a are in the process of being sent to the 

University of Porto for further chemical analysis. This may determine the identity of the 

cytotoxic compounds and whether they are known or unknown substances.  
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Appendix I – Hutners basal salts 
 

Component Amount 

Nitrilotriacetic acid 5 g 

MgSO4 x 7H2O 13,85 g 

CaCl2 x 2H2O 1,67 g 

NaMoO4 x 2H2O 6,3 mg 

FeSO4 x 7H2O 49,5 mg 

Metal salt solution «44» 50 ml 

Double distilled water 450 ml 

 

Metal salts solution «44» 

 

Component Amount 

Ethylene diamino tetra acetate 

(EDTA) 

25 mg 

ZnSO4 x 7H2O 109,5 mg 

FeSO4 x 7H2O 50 mg 

MnSO4 x H2O 15,4 mg 

CuSO4 x 5H2O 3,9 mg 

CoCl2 x 6H2O 2,0 mg 

Na2B4O7 x 10H2O 1,8 mg 

Double distilled water 100 ml 
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Appendix II – Vitamin solution no. 6 – 10x 
 

Component Amount 

Biotin 4 mg 

Pyridoxine hydrochloride 20 mg 

Thiamine hydrochloride 10 mg 

Ca pantothenate 10 mg 

p-Aminobenzoic acis 10 mg 

Folic acid 4 mg 

Riboflavin 10 mg 

Nicotinic acid 10 mg 

Vitamin B12 0,2 mg 

Double distilled water 100 ml 

 


