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Opening lecture 

 
 

ARE YOU STRESSED? TOWARDS A MOLECULAR UNDERSTANDING 
OF THE MYSTERIOUS DI-ADENOSINE TETRAPHOSPHATE (AP4A) 

Prof. Dr. Gert Bange1,2 
 

1Philipps-University Marburg, Center for Synthetic Microbiology (SYNMIKRO) & Department of Chemistry 
2Max-Planck-Insitute for Terrestrial Microbiology 

Karl-von-Frisch Strasse 14, 35043 Marburg, Germany 
gert.bange@synmikro.uni-marburg.de 

 
Diadenosine tetraphosphate, also known as Ap4A, is a nucleotide that is made up of two adenosine molecules linked by a 
phosphate chain. It is a naturally occurring molecule that is found in all living organisms, including all bacterial species. One 
of the key functions of Ap4A in bacteria is as a signaling molecule that helps to coordinate responses to stress. When 
bacteria are exposed to a variety of stressors, such as changes in temperature, pH, or nutrient availability, they can increase 
their levels of Ap4A. This, in turn, can trigger various stress response pathways, leading to changes in gene expression 
and metabolic activity that help the bacteria to adapt to the stress. Consequently, Ap4A has also been implicated in other 
bacterial processes, such as regulating virulence and biofilm formation. However, the exact roles and molecular 
mechanisms of Ap4A are still far from being understood. I will discuss our recent progress in understanding the molecular 
basis of Ap4A action in the bacteria and beyond. 
 
Further reading: 
Giammarinaro, P.I. et al. (2022) Nature Microbiology 7(9):1442-1452. 
Leiva L.E. et al. (2023) Microbiol Mol Biol Rev. 87(1):e0004422. 
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MICROBIOTA AND MEDICAL MICROBIOLOGY 

Keynote speaker 

 

 

GUT MICROBIOTA, DEPRESSION, AND MEMORY: DON’T FORGET 
THE VIRUSES! 

Dr. Jordi Mayner-Perxachs 
 

Girona Biomedical Research Institute, Spain 

 
Growing evidence implicates the gut microbiome in cognition and depression. However, the field is dominated by animal 
studies focused on bacterial composition, not addressing microbiome functionality or the compositional nature of 
metagenomics datasets. To address these issues, we applied a multi-omics approach combining pre-clinical models with 
three human cohorts including patients with a wide range of depression symptomatology. Microbial functions and 
metabolites converging onto glutamate/GABA metabolism, particularly proline, were linked to depression. High proline 
consumption was the dietary factor with the strongest impact on depression. Whole-brain dynamics revealed rich club 
network disruptions associated with depression and circulating proline. Proline supplementation in mice exacerbated 
depression along with microbial translocation. Human microbiota transplantation induced an emotionally impaired 
phenotype in mice and alterations in GABA-, proline-, and extracellular matrix-related prefrontal cortex genes. RNAi-
mediated knockdown of proline and GABA transporters in Drosophila and mono-association with L. plantarum, a high 
GABA producer, conferred protection against depression-like states. 

In addition, viruses are a commonly overlooked component of the gut microbiota despite being the most abundant life 
entities on the planet. We found that subjects with increased Caudovirales and Siphoviridae levels in the gut microbiome 
had better performance in executive processes and verbal memory in a discovery (n = 114) and a validation cohort (n = 
942). Conversely, increased Microviridae levels were linked to a greater impairment in executive abilities. Microbiota 
transplantation from human donors with increased specific Caudovirales levels led to increased memory in recipient mice 
in parallel to an up-regulation of memory-promoting immediate early genes in the prefrontal cortex. Supplementation of 
the Drosophila diet with the 936 group of lactococcal Siphoviridae bacteriophages resulted in increased memory scores 
and upregulation of memory-related genes in the brain.  
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WITH ALZHEIMER DISEASE 

Alessandro Atzeni1, Jonas Mingaila1, Silvia Arboleya2, Akshay Kumar Vijaya1, Rokas Buišas3, Daiva 
Baltriukienė1, Aurelijus Burokas1  
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CSIC), Spain 
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alessandro.atzeni@gmc.vu.lt 

 
The rapid increase of Alzheimer’s disease (AD) prevalence in the elderly population, and its relationship with 

diabetes has become an important topic that deserves further investigation. It seems that gut microbiota may play an 
important role in this association [1,2]. Accordingly, the exploration of the gut microbiota can be considered a valid strategy 
to understand the mechanism of AD progression, and to identify potential biomarkers that could help early diagnosis and 
treatments. 

We hypothesized that alterations in gut microbiota as a consequence of the exposure to diet-induced diabetes [3] 
can lead to neuro-inflammatory processes that are crucially involved in the development of AD. Accordingly, we aimed to 
find bacterial strain/s of gut microbiota associated with cognitive tests indicative of AD that could potentially be used as 
biomarkers for early diagnosis of AD in pre- or diabetic. 
 Young, 8-week-old C57Bl/6J inbred male and female mice were assigned to each diet (high-fat (HF) or to the 
control group), with ad libitum food access. Additionally, these diet groups were divided according to prebiotic 
supplementation or non-supplementation. Cecum content was collected at 15 months, DNA extracted, and shotgun 
sequencing performed. Behavioral studies were conducted at 15 months to evaluate cognitive impairment by measuring 
novel object recognition (NOR) task, short memory, and social tests. A schematic representation of the study design is 
reported in Figure 1. 

Figure 1. Design of the study conducted. 

 
 Statistical analyses based on linear models were conducted to test the association between the different diets and 
the behavioral tests, and the association between different diets and specific gut microbiota species. Finally, the association 
between diet-related species and behavioral test was assessed to identify potential gut microbiota features involved in the 
modulation of AD. 
 We observed that animals included in the control group non-supplemented shown higher NOR, and short memory 
compared to animals in the HF group (with or without prebiotics supplementation). Short memory was also higher in the 
control group + supplementation compared to both HF groups. Animals in the HF group + supplementation shown lower 
sociability compared to animals in both control groups. In addition, we observed higher abundance of 16 bacterial species 
in animals included in the control group supplemented compared to animals in HF group non-supplemented. The 
abundances of 3 bacterial species resulted to be lower in animals in the control group supplemented compared to HF group 
non-supplemented. Among the bacterial species related to the different diet groups we were able to identify one specific 
feature that shown higher abundance in HF group non-supplemented compared to the control group supplemented, that 
was negatively associated with sociability test. 
In conclusion, the analyses conducted represent just a preliminary result but are enough indicative of a potential 
association between gut microbiota and AD. These results are quite promising and encouraging to keep investigating also 
taking into advantage a comprehensive dataset that could give the possibility of more complex investigations. 
 

[1] Megur A, Baltriukienė D, Bukelskienė V, Burokas A. The Microbiota-Gut-Brain Axis and Alzheimer's Disease: Neuroinflammation Is to Blame? 

Nutrients. 2020 Dec 24;13(1):37. doi: 10.3390/nu13010037. PMID: 33374235; PMCID: PMC7824474. 

[2] Burokas A, Moloney RD, Dinan TG, Cryan JF. Microbiota regulation of the Mammalian gut-brain axis. Adv Appl Microbiol. 2015;91:1-62. doi: 

10.1016/bs.aambs.2015.02.001. Epub 2015 Mar 11. PMID: 25911232. 

[3] Megur A, Baltriukienė D, Bukelskienė V, Burokas A. The Microbiota-Gut-Brain Axis and Alzheimer's Disease: Neuroinflammation Is to Blame? 

Nutrients. 2020 Dec 24;13(1):37. doi: 10.3390/nu13010037. PMID: 33374235; PMCID: PMC7824474.  
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The balance of the vaginal ecosystem is the result of synergistic and complex interactions between microorganisms 

of the vaginal microbiota[1]. A healthy vaginal microbiota is predominantly constituted of Lactobacillus spp., which plays a 

key protective role in preventing gynecological diseases [1]. Also, Candida spp are present in the vaginal microbiota as a 
commensal microorganism, however, factors such as broad-spectrum antibiotics or immunosuppression can lead to its 
transition to a pathogenic microorganism, may lead to the development of Vulvovaginal Candidiasis (VVC)[2]. Candida 
albicans is the most frequent species that causes VVC[2]. VVC is often treated with antifungal drugs. However, there has 
been an increase in resistance to these drugs[3]. The high incidence of VVC combined with the increase in resistance to 
antifungal agents highlights the need to develop more efficient and safer therapies.  

In previous studies, it was observed that the vapor phase of essential oils (VP-EO) can be a promising alternative 
to prevent biofilm-related VVC caused by antifungal-resistant strains[4],[5]. Nevertheless, it is extremely important that the 
development of new therapies consider the effect induced in other species that colonize the vaginal mucosa, such as 
Lactobacillus spp. So, as a main objective, a reconstituted human vaginal epithelium (RHVE) was used as an in vitro model 
of VVC to study the vapor phase of white thyme essential oils (VP-WTEO) effect on single and mixed C. albicans and 
Lactobacillus gasseri colonization, analyzed by DNA quantification, microscopy and determination of lactate dehydrogenase 
activity. Effectively, the results confirm the VP-WTEO effectiveness in significantly reducing C. albicans. Furthermore, there 
was no change in RHVE morphology after exposure to VP-WTEO, and more importantly there was no change in growth or 
morphology of L. gasseri (Fig.1). Overall, this study confirms and suggest that the volatile fraction of white thyme oil could 
be a promising solution to treat and prevent VVC, being a safe alternative for the remaining vaginal microbiota. 

 
[1] B. Larsen and G. R. G. Monif, ‘Understanding the bacterial flora of the female genital tract’, Clin Infect Dis, vol. 32, no. 4, pp. e69-77, 2001  
[2] B. Gonçalves, C. Ferreira, C. T. Alves, M. Henriques, J. Azeredo, and S. Silva, ‘Vulvovaginal candidiasis: Epidemiology, microbiology and risk factors’, 
Crit Rev Microbiol, vol. 42, no. 6, pp. 905–927, 2016 
[3] C. Parolin et al., ‘Isolation of Vaginal Lactobacilli and Characterization of Anti-Candida Activity’, PLoS One, vol. 10, no. 6, p. e0131220,2015 
[4] L. Fernandes et al., ‘Vapor-Phase of Essential Oils as a Promising Solution to Prevent Candida Vaginal Biofilms Caused by Antifungal Resistant 
Strains’, Healthcare 2022, Vol. 10, Page 1649, vol. 10, no. 9, p. 1649, 2022 
[5] L. Fernandes, R. Costa, M. Henriques, and M. E. Rodrigues, ‘Simulated Vaginal Fluid: Candida resistant strains’ biofilm characterization and vapor 
phase of essential oil effect’, Journal of Medical Mycology, p. 101329, 2022   
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POTENTIAL MECHANISM OF ANTIMICROBIAL ACTION OF SILVER 

NANOPARTICLES OBTAINED USING GEOBACILLUS SP. BACTERIA 
Kotryna Čekuolytė, Diana Šapaitė, Estera Žemgulytė, Eglė Lastauskienė 

 
Institute of Biosciences, Life Sciences Center, Vilnius University, Saulėtekis Aveniu 7, LT-10257 Vilnius, Lithuania 

kotryna.cekuolyte@gmc.vu.lt 

 

Due to the increasing resistance of yeast to antifungal drugs and the side effects they cause, scientists are trying 

to find new substances to fight yeast diseases. Since ancient times, silver has been known as an excellent antimicrobial 

material, and currently, silver nanoparticles (AgNP) are promissing potential antimicrobial alternative. AgNP can be obtained 

by both chemical and physical methods, but due to the environmental damage and higher cost of these methods, the 

biological synthesis of nanomaterials using plant extracts or microorganisms is receiving more and more observation. 

AgNP have a complex antimicrobial effect. They simultaneously affect different parts of the cell, starting with the 

cell wall, membranes, and internal structures of the cell (Fig. 1). Also, AgNP can bind to macromolecules such as proteins 

and nucleic acids and cause oxidative stress, that is promoting the production of reactive oxygen species (ROS). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this study, overall ROS formation was determined in Candida guilliermodii yeast cells after exposure to AgNP 

obtained using four different Geobacillus spp. bacterial strains (18, 25, 95, and 612), and it was also evaluated whether 

lipid peroxidation occurs when the yeast cells are exposed to the mentioned AgNP. In addition, the type of AgNP-induced 

yeast cell death was determined by observing the amount of activated caspases in C. guilliermondii and Saccharomyces 

cerevisiae. 

 

 

 

________________________________________________________________________________________ 

[1] Fernandez, C.C.; Sokolonski, A.R.; Fonseca, M.S.; Stanisic, D.; Araújo, D.B.; Azevedo, V.; Portela, R.D.; Tasic, L. Applications of Silver Nanoparticles 

in Dentistry: Advances and Technological Innovation. Int. J. Mol. Sci. 2021, 22, 2485. https://doi.org/10.3390/ijms22052485 

  

Fig. 1. Mechanism of action of AgNP against Candida albicans [1] 
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Edvardas Danila2, Ruta Aldonytė3 
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The human microbiomes, including the respiratory tract, are described and characterized in an increasing numbers 
of studies1,2. However, the composition and effects of the healthy or disturbed microbiome on pulmonary health and its 
interaction with the host are only beginning to be elucidated. In the field of chronic airway diseases, bronchiectasis stands 
out as a progressive condition characterized by microbial colonization and infection; however, the underlying causes of 
bronchiectasis (infections, inflammation, genetic predisposition) are still under investigation3,4.  

In our study we aimed to investigate the upper respiratory tract as a less invasive alternative for understanding lung 
health. By comparing the nose, nasopharyngeal and lower respiratory tract microbiota composition in bronchiectasis 
patients we sought to identify potential biomarkers linked to the disease. To accomplish this, we collected samples from 49 
patients suffering from bronchiectasis disease and sequenced employing full-length 16S rRNA gene amplicon sequencing 
using Oxford Nanopore technologies.  

The upper respiratory tract revealed higher microorganism composition complexity than the lower respiratory tract. 
The samples of each part of the respiratory tract were then grouped into clusters according to the similarity and relative 
abundance of microorganism composition. A single dominating bacterial species was common for the lower respiratory 
tract samples, Pseudomonas aeruginosa and Haemophilus influenzae being the most common colonizers. The patients 
with dominating P. aeruginosa also displayed more severe bronchiectasis according to Bronchiectasis Severity Index. While 
the composition of the nose or nasopharyngeal microbiome did not directly associate with the composition of lower 
respiratory tract microbiome, a subtle influence was observed, indicating several species of microorganisms which should 
be looked into as potential biomarkers of bronchiectasis severity.  
 

 

 

 

[1] Budden, K.F., Shukla, S.D., Rehman, S.F., Bowerman, K.L., Keely, S., Hugenholtz, P., Armstrong-James, D.P.H., Adcock, I.M., Chotirmall, S.H., 

Chung, K.F., et al. (2019). Functional effects of the microbiota in chronic respiratory disease. Lancet Respir Med 7, 907–920. 10.1016/S2213-
2600(18)30510-1. 

[2] Rogers, G.B., van der Gast, C.J., and Serisier, D.J. (2015). Predominant pathogen competition and core microbiota divergence in chronic airway 

infection. ISME J 9, 217–225. 10.1038/ismej.2014.124. 
[3] Chalmers, J.D., Chang, A.B., Chotirmall, S.H., Dhar, R., and McShane, P.J. (2018). Bronchiectasis. Nat Rev Dis Primers 4, 45. 10.1038/s41572-018-

0042-3. 
[4] Flume, P.A., Chalmers, J.D., and Olivier, K.N. (2018). Advances in bronchiectasis: endotyping, genetics, microbiome, and disease heterogeneity. 

Lancet 392, 880–890. 10.1016/S0140-6736(18)31767-7. 
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2 Institute for Digestive Research, Lithuanian University of Health Sciences, Kaunas, Lithuania 
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Klebsiella pneumoniae, a Gram-negative bacterium, poses a significant threat as a nosocomial pathogen due to its 
ability to rapidly develop resistance to various antibiotics. Gastrointestinal colonization by antibiotic-resistant strains among 
hospitalized patients not only increases the risk of nosocomial Klebsiella infections but also contributes to the dissemination 
of this pathogen within healthcare facilities. In this study, we investigate the efficacy of the bacteriocin KvarM in two different 
animal models to address K. pneumoniae sepsis and gut colonization. 

In our previous research, we characterized klebicin KvarM, a wide spectrum bacteriocin with activity against K. 
pneumoniae, K. quasipneumoniae, K. variicola, K. oxytoca, and K. aerogenes. Notably, KvarM exhibited significant activity 
against 85% of antibiotic-resistant clinical K. pneumoniae isolates. 

To assess the potential of KvarM in treating K. pneumoniae infections, we conducted experiments using murine models 
of sepsis and gastrointestinal colonization. In the sepsis model, mice were intraperitoneally infected with K. pneumoniae 
ATCC BAA 1705, and KvarM was administered intravenously either alone or in combination with meropenem. KvarM 
treatment resulted in a dose-dependent reduction in bacterial burden compared to the control group receiving the vehicle. 
Combination therapy with KvarM and meropenem exhibited superior efficacy compared to monotherapy with meropenem 
alone. 

For the gastrointestinal colonization model, we orally administered Eudragit®-coated KvarM to C57BL/6J mice after 
establishing colonization with K. pneumoniae strain ATCC 43816. The Eudragit coating protected KvarM from 
gastroduodenal proteases and enabled controlled release based on pH. Quantification of Klebsiella in fecal samples using 
the Klebsiella haemolysin gene (khe) as a marker revealed significant reductions in khe levels following treatment with 
Eudragit-coated KvarM, indicating a substantial decrease in K. pneumoniae gut colonization. 

In conclusion, our findings highlight the potential of bacteriocin KvarM as an intravenous treatment for K. pneumoniae 
sepsis. Moreover, orally administered KvarM, delivered using an Eudragit coating, shows promise as a preventive measure 
to target multidrug-resistant K. pneumoniae colonization in the gastrointestinal tract, potentially reducing the risk of infection 
and spread among hospitalized patients. 
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Currently, biofilms have been the cause of a wide variety of infections in the human body, reaching 80% of all 

microbial infections [1]. The bacteria Staphylococcus aureus is a leading cause of hospital-acquired infections. The biofilms 

present specific properties such as the extracellular polymeric substance (EPS), which increases the resistance to 

antimicrobial treatments [1]. Thus, the development of new approaches is urgent, and antimicrobial photodynamic therapy 

(aPDT) has been shown as a promising candidate. aPDT involves the synergistic combination of a photosensitizer (PS), 

molecular oxygen and visible light of an appropriate wavelength to produce highly reactive oxygen species (ROS), which 

leads to the oxidation of several cellular components [2]. Even though this therapy showed to be efficient to attack the EPS 

hampers the PS access to the deeper biofilm cells, promoting the re-grow of the microorganism community [2]. Therefore, 

to overcome this problem, it is necessary to combine the aPDT with a promising approach, such as electroporation (EP). 

The EP may enhance the permeability of the EPS-biofilm, allowing the PS to reach the deeper cells and consequently, the 

aPDT can completely disrupt the biofilm. This works aimed to evaluate the synergism between aPDT and EP against the 

S. aureus biofilm, detecting, mainly, the effect of this on the S. aureus-EPS components (proteins and carbohydrates). 

The viability of S. aureus after only aPDT treatment or only EP was around 45.4% and 93.1% respectively, while the 
synergism between them promoted a significant decrease in the SI of the bacteria biofilm (~5.08%) (Table 1). This synergic 
effect can be visualized in Figure 1, showing S. aureus biofilm before (control) and after the treatment that significantly 
decreased the number of cells, caused morphologic damage to the bacteria and eliminated the presence of EPS. In addition, 
aPDT+EP reduced 91.71% and 95.05% of proteins and carbohydrates present in the EPS extracted from S. aureus biofilm. 
The effect of the red light or MB alone did not cause S. aureus biofilm reduction, as well as the EP alone. 

 
 

 
 

 

 

 

 
 
 
 
 

  
 We may suggest that the EP possibly increased the EPS permeability allowing the PS to reach the biofilm bottom 
layer and consequently the deeper cells, intensifying aPDT effect. 
 
 
 
 
[1] Jamal, M., et al., J Chin Med Assoc. 81, 7-11 (2018). 
[2] de Melo, et al., Exp Rev Anti-Infect Ther. 11, 669-693 (2013). 
[3] Kim, Y.W., et al., Biof Microb, 1, 15016 (2015). 
[4] Chandra, J., et al., J Dent Res, 80, 903-8 (2001). 
[5] Wu, J. and C. Xi, Appl Environ Microbiol, 75 , 5390 5 (2020) 

 

  

Conditions  Survival 
index(%) 

Proteins 

(µg/mL) 

Carbohy-
drates 
(µg/mL) 

Control 100±0.50 123.1±2.58 78.9±3.8 
Light only (630nm) 95.5±0.25 120.3±1.58 73.6±1.2 
MB(1mg mL-1) 98.6±1.20 122.1±1.03 72.8±2.3 
aPDT 45.4±1.02 30.8±5.03 15.5±4.2 
EP 93.1±1.10 118.5±2.05 71.9±2.8 
aPDT + EP 5.08±0.85 10.2±2.81 3.9±3.1 

Table 1: S. aureus biofilm survival index (SI). Carbohydrates 

and proteins content of EPS extracted from S. aureus biofilm. 
Figure 1. S. aureus biofilm before (a) and after treatment 

of aPDT + EP (b). 
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Bacteria live in crowded ecosystems where intense inter-species competition drives diversification of defense and 
offense mechanisms. By definition polymorphic toxins are multi-domain proteins with characteristic C-terminal toxic domain. 
Due to horizontal gene transfer and frequent genetic rearrangements the C-terminal toxic domains are quickly exchanged 
and provide competitive advantage. We have recently described structures with molecular signatures for novel secretion 
pathways of polymorphic Rhs (rearrangement hot spot) toxins. Combining protein interaction studies with cryo-electron 
microscopy we have revealed that the structure of Rhs protein resembles a molecular cocoon that seals the C-terminal 
toxic domain inside. Conserved internal auto-cleavages prepare the toxic domain for the release from cocoon into the prey 
[1]. The delivered toxic domains are typically enzymes that quickly damage key cellular processes. My primary interest are 
toxic domains with ADP-ribosyltransferases (ART) activity. ARTs constitute a large family of enzymes that use highly 
abundant cellular redox cofactor NAD+ for covalent transfer of ADP-ribose moiety on a target. We have revealed first 
examples of such Rhs ART toxins that target protein synthesis or cell division machinery. These toxins specifically ADP-
ribosylate proteins or RNA target, alone or with help of conserved chaperones in the prey cell [2, 3]. Diverse structures and 
molecular mechanisms of growth inhibition by ADP-ribosylation suggest that these toxins have remarkably diversified to 
adopt novel mechanisms to eliminate the competitors. 
 

 

 

 

[1] Jurėnas, D., Rosa, L.T., Rey, M., Chamot-Rooke, J., Fronzes, R., & Cascales, E. (2021). Mounting, structure and autocleavage of a type VI secretion-

associated Rhs polymorphic toxin. Nature Communications, 12(1): 6998.  
[2] Jurėnas, D., Payelleville, A., Roghanian, M., Trunbull, K. J., Givaudan, A., Brillard, J., Hauryliuk, V., & Cascales, E. (2021). Photorhabdus antibacterial 

Rhs polymorphic toxin inhibits translation through ADP-ribosylation of 23S ribosomal RNA. Nucleic Acids Research, 49(14): 8384-8395. 
[3] Jurėnas, D., Rey, M., Byrne, D., Chamot-Rooke, J., Terradot, L., & Cascales, E. (2022). Salmonella antibacterial Rhs polymorphic toxin inhibits 

translation through ADP-ribosylation of EF-Tu P-loop. Nucleic Acids Research, 50(22): 13114-13127. 
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 The activity of microbial electron transport chains (ETCh) transcends several key cellular processes, including the 
catabolic ATP yield, intracellular redox balance, respiratory protection in free-living nitrogen-fixing bacteria, production of 
reactive oxygen species, and protection against oxidative (and indirectly, against other types) of stress. Although producing 
ATP via oxidative phosphorylation to attain higher biomass yields generally is the prime function of bacterial ETCh, there 
are telling exceptions where that is not the case, Zymomonas mobilis being one of those [1]. Apart from its powerful 
ethanologenic pathway, this bacterium possesses an active, yet apparently energetically inefficient, ETCh. Electron 
transport in Z. mobilis provokes special interest because of its unusual physiological manifestations and the low aerobic 
growth yield.  
 Under oxic conditions the Z. mobilis ETCh withdraws reducing equivalents from the alcohol dehydrogenase 
reaction, leading to accumulation of acetaldehyde, the growth-inhibiting metabolic precursor of ethanol [2]. Accordingly, a 
pronounced stimulation of aerobic growth is observed in the low-respiring Z. mobilis respiratory NADH dehydrogenase-
negative mutant relative to the wild type. Although in nature its growth takes place in the presence of oxygen, in the course 
of evolution this bacterium for some reason has retained a high respiratory NADH dehydrogenase activity, thus not following 
the strategy of maximizing its aerobic growth rate.  
 Here we discuss the alternative physiological roles of the Z. mobilis ETCh, including the potential adaptive 
advantage of respiring bacteria under conditions of deep substrate limitation and periodical famine, as well as the pattern 
of adaptation of its ETCh to various stress conditions.  
 

 

 

 
[1] Kalnenieks, U., Balodite, E., & Rutkis, R. (2019) Metabolic Engineering of Bacterial Respiration: High vs. Low P/O and the Case of Zymomonas mobilis. 
Front. Bioeng. Biotechnol. 7:327.  
[2] Kalnenieks, U., Balodite, E., Strähler, S., Strazdina, I., Rex, J., Pentjuss, A., Fuchino, K., Bruheim, P., Rutkis, R., Pappas, K.M., Poole, R.K., Sawodny, 
O., & Bettenbrock, K. (2019) Improvement of Acetaldehyde Production in Zymomonas mobilis by Engineering of Its Aerobic Metabolism. Front. Microbiol. 
10:2533.  
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Tethering the outer membrane (OM) of diderm, or Gram-negative, bacteria to the peptidoglycan cell wall is important 

for cell envelope integrity. Well-studied mechanisms for OM attachment in E. coli include covalent linkage to peptidoglycan 
by Braun’s lipoprotein, as well as non-covalent interactions between the OM proteins Pal and OmpA with peptidoglycan. 
However, recent phylogenetic research has shown that many bacterial phyla do not have these OM attachment systems 
and that a split in OM attachment mechanisms occurred early in the bacterial tree of life [1]. The Terrabacteria group, which 
includes phyla such as Firmicutes and Cyanobacteria, predominately has a single conserved OM attachment system 
involving the OM protein OmpM. Deletion of OmpM in the diderm firmicute Veillonella parvula has been shown to induce 
severe OM defects [1], but the molecular details of how OmpM mediates OM attachment remain unknown. 

We determined the structure of OmpM from V. parvula by single particle cryogenic electron microscopy and solved 
the crystal structure of its peptidoglycan-binding domain. We further investigated the function of OmpM using binding 
studies, liposome swelling assays and bilayer electrophysiology recordings, and compared the results to the characterised 
E. coli general porin OmpF.  

Our results shed light on a common but understudied mechanism of OM attachment [2]. They also provide insights 
into how loss of this mechanism could have led to the loss of the OM and emergence of monoderm bacterial lineages from 
ancestral diderm bacteria harbouring only the OmpM OM attachment system.  
 

 
 
 
[1] Witwinowski, Jerzy et al. “An ancient divide in outer membrane tethering systems in bacteria suggests a mechanism for the diderm-to-monoderm 
transition.” Nature Microbiology vol. 7 (2022):411-422.  
[2] Silale, Augustinas et al. “An ancestral dual function of OmpM as outer membrane tether and nutrient uptake channel in diderm Firmicutes.” BioRxiv 
preprint (2023). https://doi.org/10.1101/2023.08.14.552755 
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More than 150 different modifications have been described in RNA molecules and no class of RNAs contains more 

– both in number and diversity – chemical alterations than tRNAs. Different functionally important regions in tRNAs are 

clustered by pseudouridines (Ψ), however, its specific functions remain elusive. Prior research in our research group has 

shown that two Ψ-synthases, TruA and RluA, affect mutation frequency in exponentially growing cells [1]. TruA and RluA 

isomerize uridine to pseudouridine in the tRNA anticodon stem-loop (ASL), in positions 38-40 (TruA) and 32 (RluA) [2,3]. 

Modifications in the ASL have been previously shown to affect the fidelity of translation [4]. Therefore, it is possible that the 

change in mutation frequency seen in the absence of these Ψ-synthases is a result of decreased accuracy of translation. 

In this work we used a dual-luciferase reporter assay cloned into a broad host range plasmid to measure the 

translational fidelity in different bacterial species, namely Pseudomonas putida and Pseudomonas aeruginosa, in which the 

lack of Ψ in the ASL has been previously shown to affect mutation frequency, and Escherichia coli. We measured the level 

of translational frameshifting in different genetic contexts and stop-codon readthrough in wild-type and TruA/RluA deficient 

strains of the aforementioned bacteria using the same assay system in all species.  

Findings reveal great diversity in terms of translational fidelity not only between different species of bacteria but also 

depending on the genetic context. We also show that the absence of TruA affects translational fidelity in some of the 

investigated genetic contexts, however the effect varies between different species, while the lack of RluA has no effect. 

Whether this points towards another mechanism linking Ψ-synthases to mutations or just shows that the link is not due to 

changes in global translational fidelity, but rather specific and discrete events, needs further research [5]. 

 
 
 
 

[1] Tagel, M., Ilves, H., Leppik, M., Jürgenstein, K., Remme, J. and Kivisaar, M. (2021). Pseudouridines of tRNA have unexpected role in mutagenesis in 

Pseudomonas sp. Microorganisms. 

[2] Kammen, H. O., Marvel, C. C., Hardy, L. and Penhoet, E. E. (1988). Purification, structure, and properties of Escherichia coli tRNA pseudouridine 

synthase I. Journal of Biological Chemistry. 

[3] Raychaudhuri, S., Niu, L., Conrad, J., Lane, B. G. and Ofengand, J. (1999). Functional Effect of Deletion and Mutation of the Escherichia coli Ribosomal 

RNA and tRNA Pseudouridine Synthase RluA. Journal of Biological Chemistry. 

[4] Li, J. N., Esberg, B., Curran, J. F., and Björk, G. R. (1997). Three modified nucleosides present in the anticodon stem and loop influence the in vivo 

aa-tRNA selection in a tRNA-dependent manner. Journal of molecular biology. 

[5] Jürgenstein, K., Tagel, M., Ilves, H., Leppik, M., Kivisaar, M., & Remme, J. (2022). Variance in translational fidelity of different bacterial species is 

affected by pseudouridines in the tRNA anticodon stem-loop. RNA biology 
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Stringent response is a universal stress response of bacteria that allows them to survive many different stressful 

conditions. It is governed by a molecule ppGpp that upon accumulation triggers a switch in bacterial metabolism from growth 

to stress survival. This pathway is most commonly activated upon nutrient limitation conditions. Surprisingly, some studies 

have connected stringent response also to the infection efficiency of bacterial viruses (bacteriophages, phages) [1-2]. 

Pseudomonas putida, an environmental bacterium, encounters many different stress conditions during its life and 
has been shown to have high stress tolerance. Indeed, if other bacterial species lacking the stringent response require 
special growth conditions and can easily acquire suppressor mutations [3], the P. putida ppGpp0 strain has been shown to 
be prototrophic with no strong growth defects [4]. Taking advantage of the stable stringent response deficient strain, we set 
out to study the stringent response involvement in phage defense of P. putida. Until recently, no phages had been isolated 
that would infect P. putida laboratory strain PaW85 (isogenic to most commonly used KT2440). Thus, we are currently 
creating a collection of environmental phages that infect P. putida PaW85. This new library, consisting to date of around 24 
species of novel phages from nine genera, was used to screen for stringent response involvement in phage defense.  

We created a stringent response deficient P. putida derivate, characterized it thoroughly and screened our phage 
library for ppGpp-dependent effects on infection efficiency. Surprisingly, it appeared that while the stringent response 
generally provides bacteria with a basic low level of protection, it has a very strong protective effect against the infection of 
certain phages. Moreover, the lack of ppGpp metabolism enzymes decreased the infection efficiency of some phages, 
suggesting that the intact stringent response machinery might be important for the complete infection efficiency of certain 
phages in the collection. 

Taken together, our results indicate that stringent response may affect phage defense through a variety of different 
ways and our further studies will be directed towards identifying these mechanisms that will lead to the understanding of 
the interplay between this bacterial stress response and phage defense of P. putida. 

 
 

 
 
[1] Nowicki D, Kobiela W, Węgrzyn A, Węgrzyn G, Szalewska-Pałasz A. ppGpp-Dependent Negative Control of DNA Replication of Shiga Toxin-Converting 
Bacteriophages in Escherichia coli. J Bacteriol. 2013;195(22):5007-5015. doi:10.1128/JB.00592-13 
[2] Patterson-West J, James T, Fernández-Coll L, et al. The E. coli Global Regulator DksA Reduces Transcription during T4 Infection. Viruses. 
2018;10(6):308. doi:10.3390/v10060308 
[3] Xiao H, Kalman M, Ikehara K, Zemel S, Glaser G, Cashel M. Residual guanosine 3‘,5‘-bispyrophosphate synthetic activity of relA null mutants can be 
eliminated by spoT null mutations. J Biol Chem. 1991;266(9):5980-5990. doi:10.1016/S0021-9258(19)67694-5 
[4] Sze CC, Bernardo LMD, Shingler V. Integration of global regulation of two aromatic-responsive sigma(54)-dependent systems: a common phenotype 
by different mechanisms. J Bacteriol. 2002;184(3):760-770. doi:10.1128/JB.184.3.760-770.2002 
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Anaerobic bacterial degradation of monoaromatic compounds proceeds via the central intermediate benzoyl-CoA 
(BCoA), catabolized by dearomatising benzoyl-CoA reductases (BCRs). Class I BCRs couple the reduction of the substrate 
to cyclohexa-1,5-diene-1-carbonyl-CoA to a stoichiometric ATP hydrolysis to ADP and Pi [1]. A “Birch-like” reaction 
mechanism via radical intermediates was proposed to achieve substrate reduction at E0’= −622 mV, one of the most 
negative redox potentials of a redox couple in biology [2]. 

The active site-containing subunits of the ATP-dependent benzoyl-CoA reductase from the beta-proteobacterium 
Azoarcus sp. CIB [3] were heterologously produced in Escherichia coli. The crystal structure with the aromatic substrate 
bound was solved at 1.7 Å and revealed an active site [4Fe-4S] cluster coordinated by three cysteine residues and one 
hydroxy/water ligand. The structure suggests a hydrogen atom transfer-based mechanism via a neutral radical. Electron 
transfer to the active site is mediated by a double-cubane [8Fe-7S] cluster. The results reveal that nature uses metal-water 
complexes to achieve enzymatic Birch-like benzene ring reduction at the negative limit of the biological redox window. 
 
 
 
 

[1] Buckel, W., Kung J. W. and Boll, M. (2014). The Benzoyl-Coenzyme A Reductase and 2-Hydroxyacyl-Coenzyme A Dehydratase Radical Enzyme 

Family. ChemBiochem, 15(15), 2188-2194.  

[2] Kung, J. W., Baumann, S., von Bergen, M., Müller, M., Hagedoorn, P. L., Hagen, W. R. and Boll, M. (2010). Reversible Biological Birch Reduction at 

an Extremely Low Redox Potential. Journal of the American Chemical Society, 132(28), 9850-9856. 

[3] López Barragán, M. J., Carmona, M., Zamarro, M. T., Thiele, B., Boll, M., Fuchs, G., García J. L., Díaz E. (2004). The bzd Gene Cluster, Coding for 

Anaerobic Benzoate Catabolism, In Azoarcus sp. Strain CIB. Journal of Bacteriology, 186(17):5762-5774.  
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A few years ago, WHO declared the spread of multidrug-resistant (MDR), especially MDR-gram negative bacteria,  

as a major threat to human health [1]. Therefore, there is an urgent need to find new therapeutic options for the treatment 

of bacterial diseases. Medicinal plants have been used therapeutically for centuries, among others against infectious 

diseases. Since a quarter of all drugs approved by the FDA or EMA are of natural origin, natural compounds are a valuable 

source of new therapeutics. In addition, new treatment strategies are needed. For example targeting virulence properties 

such as biofilm formation, which accounts for about 65% of bacterial infections worldwide, can be attributed  [2].  

In our recent study we developed a machine learning-based prediction model to identify nature-like phenolic biofilm 

inhibitors of MDR E. coli. This concept reduced the time and cost of laboratory screening. More importantly, sevenfold more 

inhibitors could be identified compared to the conventional screening - the hit outcome was significantly increased and even 

unknown inhibitors were found [3].  

Three of these compounds (octyl gallate, scutellarein, wedelolactone) and the widely described epigallocatechin 

gallate were subsequently investigated using a holistic RNA sequencing approach and additional RT-qPCR analyses to 

gain insight into the influenced biological processes. Several pathways related to biofilm formation have already been 

discussed in the literature [4]. In our study, structurally diverse compounds were shown to influence similar bacterial 

processes, mainly motility, transport systems, citrate cycle and arginine biosynthesis. 

Thus, the data provide initial hints between phenotypic biofilm expression and biological pathways under the influence 

of these compounds. The extent to which the observed metabolic changes in particular are the cause of biofilm inhibition 

or a consequence to motile lifestyle needs to be further investigated. 

 

       Figure 1. General workflow for the present study. 

 

 

[1] WHO. (2019). Ten threats to global health in 2019. https://www.who.int/vietnam/news/feature-stories/detail/ten-threats-to-global-health-in-2019. (last 
access 02.06.2023). 
[2] Jamal, M., Ahmad, W., Andleeb, S., Jalil, F., Imran, M., Nawaz, M. A., Hussain, T., Ali, M., Rafiq, M.& Kamil, M. A. (2018). Bacterial biofilm and 
associated infections. Journal of the Chinese Medical Association : JCMA, 81(1), 7–11; DOI: 10.1016/j.jcma.2017.07.012. 
[3] Stepanov, D., Buchmann, D., Schultze, N., Wolber, G., Schaufler, K., Guenther, S.& Belik, V. (2022). A Combined Bayesian and Similarity-Based 
Approach for Predicting E. coli Biofilm Inhibition by Phenolic Natural Compounds. Journal of natural products, 85(10), 2255–2265; DOI: 
10.1021/acs.jnatprod.2c00005. 
[4] Hengge, R. (2019). Targeting Bacterial Biofilms by the Green Tea Polyphenol EGCG. Molecules (Basel, Switzerland), 24(13; DOI: 
10.3390/molecules24132403. 
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Modern biotechnology is based on the application of enzymes derived predominantly from microorganisms. Both 
genetic and biochemical microbial diversity is an immense source of different proteins and biocatalysts. The analysis and 
exploration of said diversity especially an elucidation of the catabolic pathways is one of the main aims of our group. The 
studies are concentrated on several fields. The first one is related to the isolation of N-heterocyclic compound-utilizing 
microorganisms and the investigation of the catabolic pathways of these compounds in individual bacteria. Unique 
oxygenases active towards indole, pyridine and 4-hydroxypyridine and other pyridine compounds as a primary substrate 
have been characterized, genetically modified and applied for development of biocatalytic processes [1–4]. Screening for 
novel enzymes is also carried out by applying metagenomic techniques – effective selection systems combined with tailored 
substrates [5]. 

Aromatic N-oxides, organic sulfoxides and epoxides are desirable compounds with a potential for application in 
pharmacy and agriculture industries. As biocatalysis is making a great impact in on organic synthesis, there is still a lack of 
efficient and convenient enzyme-based techniques for the production of aforementioned compounds. A recombinant soluble 
di-iron monooxygenase PmlABCDEF overexpressed in Escherichia coli or Pseudomonas putida [6] was shown to be 
applicable for development of various biocatalytic processes without any side oxidation products. Being entirely biocatalytic, 
our approach provides an environmentally friendly and mild method for the production of S- and N-oxides as well as 
epoxides avoiding the use of strong oxidants, organometallic catalysts, undesirable solvents, or other environment 
unfriendly reagents. 
 

 

 

 

[1] Časaitė et al. Microbial degradation of pyridine: a complete pathway deciphered in Arthrobacter sp. 68b. Appl. Environ. Microbiol. 2020, 86: e00902-

20. 
[2] Sadauskas et al. Bioconversion of biologically active indole derivatives with indole-3-acetic acid-degrading enzymes from Caballeronia glathei 

DSM50014. Biomolecules. 2020, 10: 663. 
[3] Vaitekūnas et al. Biochemical and genetic analysis of 4-hydroxypyridine catabolism in Arthrobacter sp. strain IN13. Microorganisms. 2020, 8: 888. 
[4] Sadauskas et al. Enzymatic synthesis of novel water-soluble indigoid compounds. Dyes Pigm. 2020, 173: 107882. 
[5] Urbelienė et al. A rapid method for the selection of amidohydrolases from metagenomic libraries by applying synthetic nucleosides and a uridine 

auxotrophic host. Catalysts. 2020, 10: 445. 
[6] Petkevičius et al. The versatility of non-heme diiron monooxygenase PmlABCDEF: a single biocatalyst for a plethora of oxygenation reactions. Catal. 

Sci. Technol. 2022 12: 7293 
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The investigation of microbiomes from Arctic regions provides valuable insights into ecological interconnections, metabolic 

capacities and biotechnological opportunities present, as well as the mechanisms underpinning bacterial adaptation. It is 

also an excellent starting point for eco-epidemiological assessments (including exploration of bacterial resistomes) and 

bioprospecting of this pristine environment (including identification of bacterial strains suitable for bioremediation).  

We performed a combined metagenomic and functional analyses and revealed that: (i) antibiotic (and metal) 

resistance genes are common not only in anthropogenically-shaped environments but also in pristine ones like Arctic; (ii) 

antibiotic resistance genes from Arctic bacteria are active in various bacterial hosts and (iii) their activity can be validated 

using Escherichia coli-hosted fosmid libraries.  

The impact of our work extends to methodological advancements, since several novel tools for environmental 

microbiology have been developed through combining complex bioinformatic analyses and laboratory practice, including: 

(i) two databases of PCR primers for the detection of antibiotic and metal resistance genes (LCPDb-ARG and LCPDb-MET; 

http://lcpdb.ddlemb.com/) in various environmental samples [1, 2]; (ii) novel pipeline for genome-based bioprospection [3], 

which increases the chances of identification of bacterial strains with desired phenotypes, and (iii) a novel set of PCR 

primers for the detection of genes conferring resistances to antibiotics of last resort [4].  
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Environmental pollution is ubiquitous and a global health problem [1]. One key concern is that pollutants such as 

antibiotics, metals and microplastic can provide unique micro-ecosystems for enhancing antimicrobial resistance (AMR) of 

microbes [2][3]. Yet, the complicated interplay between pollutants and the severity of their AMR effect still requires a deeper 

understanding [1]. Here, we show how our user-friendly droplet emulsion pipeline can be used to investigate the impact of 

environmental pollution on AMR.  

We use polydisperse water-in-oil droplets in our pipeline. They are like small miniature test tubes, which enable us 

to investigate (i) effect of metal on AMR by single cell-based (droplet) minimal inhibitory concentration (MIC) assays with 

GFP tagged E. coli pre-incubated in metal solutions (Fig.1a), and (ii) effect of plastic on AMR via comparison of single cell-

based (droplet) MIC assays with and without adding 10 µm carboxylated polystyrene microspheres (PS) (Fig.1b). We then 

analyze all droplets via fluorescence imaging, combined with freely available software Ilastik [4], CellProfilerTM [5], and 

EasyFlow [6]. 

Results show that (i) effect on AMR depends on what metal is used for pre-incubation, and (ii) addition of PS seems 

to increase AMR. Our droplet emulsion pipeline enables simultaneous study of thousands of replicates with high resolution, 

thus highlighting its potential as a suitable tool for the intricate research of pollution and AMR. 

 
Figure 1. Depiction of experimental pipelines for investigating effects of pollutants on antimicrobial resistance. 
 
[1] Fuller, R. B. et al. Pollution and health: a progress update. (2022). The Lancet 6, E535-E547 
[2] Komijani, M. et al. Heavy metal pollution promotes antibiotic resistance potential in the aquatic environment. (2021). Environ. Pollut, 274 
[3] Zhang, Y., Lu, J., Wu, J., Wang, J. & Luo, Y. Potential risks of microplastics combined with superbugs: Enrichment of antibiotic resistant bacteria on 
the surface of microplastics in mariculture system. (2020). Ecotoxicol. Environ. Saf. 187, 109852 
[4] Berg, S. et al. ilastik: interactive machine learning for (bio)image analysis. (2019). Nat. Methods 16, 1226–1232  
[5] Carpenter, A. E. et al. CellProfiler: image analysis software for identifying and quantifying cell phenotypes. (2006). Genome Biol. 7, R100  
[6] Sanka, I. et al. User-friendly analysis of droplet array images. (2023). Anal. Chim. Acta 1272, 341–397  
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The main purpose of industrial wastewater treatment is transformation of harmful substances into safe final products 
that do not have a negative impact on the environmental effect [1]. Despite the existence of many methods of industrial 
wastewater treatment, it is now realized that microbial metabolism provides a safer, more efficient, and less expensive 
alternative to physio-chemical methods for pollution abatement [2]. 
 According to the general knowledge, microorganisms are adapting to the environments in which they are living 
and they are developing mechanisms that allow them to survive in difficult conditions. The goal of experiment was finding 
microorganisms inhabiting industrial environment as potentially effective in bioremediation processes of surfactants [3]. In 
the proposed work, microorganisms infecting surfactants were isolated. Using the Maldi-TOF mass spectroscopy, the 
following genus were identified: Stenotrophomonas spp., Serratia spp., Achromobacter spp. The isolated microorganisms 
were added to a flask A containing 600 ml of sterilized (by ozonation) industrial sewage and 8 g of a commercial 
bioremediation mixture (containing the genus of Bacillus spp.). The wastewater was irradiated with UV light to get rid of 
residual ozone. The control flask B, contained 600 ml of sterile raw sewage and 8 g of above mentioned commercial mixture 
was prepared. The mixtures were incubated for 4 weeks in a laboratory bioreactor (Fig. 1) with oxygen supply and constant 
stirring. As an indicator of ongoing bioremediation, the reduction of the COD parameter (Chemical Oxygen Demand) was 
assumed. As a result of the research, the COD parameter decreased for flask A up to 77%, while for flask B it was 58%. 
The pH ranged from 6.85 to 7.84 for flask A and from 7.45 to 7.04 for flask B. The experiment was repeated three times. 
 The obtained data allow to conclude that the isolated microorganisms have a bioremediation potential for 
chemicals included in industrial wastewater. 
 
 

 
 

Fig.1 Scheme of laboratory bioremediation of waste water                
 
 
 
 

 
[1] Scott, M.J., Jones M., N., (2000), The biodegradation of surfactants in the environment, Biochimica et Biophysica Acta 1508, 235-251 
[2] Van der Meeren, P., Verstraete, W.,(1996), Surfactants in relation to bioremediation and wastewater treatment. Collid and Interface Science, 1, 624-
634  
[3] Ojo, O.A., Oso, B.A. Biodegradation of synthetic detergents in wastewater, (2009) African Journal of Biotechnology, Vol.8 (6), 1090-1109 
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Aerobic gammaproteobacterial methanotrophs (gMOB) play a crucial role in regulating methane emission at the oxic-
anoxic interfaces of freshwater ecosystems, including lakes, ponds, and wetlands. Under O2-limiting conditions, gMOB 
might transition from their aerobic metabolism to fermentation, resulting in extracellular organic acids secretion. We recently 
studied a gMOB strain, Methylobacter sp. S3L5, isolated from boreal lake water columns. Our findings revealed its capability 
to convert methane into organic acids such as acetate, formate, malate, and propionate in O2 limited environments [1]. 
Moreover, genomic analyses of the strain S3L5C and environmental metagenome-assembled genomes (MAGs) suggest 
that methane conversion to organic acids is prevalent among Methylobacter spp. in methane-rich freshwater ecosystems 
[1]. This raises a question: Is this trait unique to Methylobacter spp., or is it widespread among other gMOB species in 
freshwater ecosystems? 

To fill the knowledge gap, we isolated representatives of two other gMOB genera, Methylomonas paludis S2AM and 
Methylovulum psychrotolerans S1L, from the boreal lake water columns. Both isolates could convert methane into various 
organic acids, including acetate, formate, succinate, and malate. In addition to the mentioned organic acids, lactate was 
detected from the strain S2AM cultivations. Genes linked to organic acid production were identified in these strains as well 
as in MAGs representing Methylomonas spp. and Methylovulum spp. from lake and pond ecosystems.  

In conclusion, our findings demonstrate that the conversion of methane to organic acids is a common feature among 
gMOB in lakes and ponds, emphasizing their significance in channeling methane carbon into the microbial food chains of 
these freshwater ecosystems. 

 

 
 

Figure 1. The proposed metabolic pathway for methane oxidation in Methylomonas paludis S2AM and 
Methylovulum psychrotolerans S1L (A) under O2 saturation and (B) under O2-limiting conditions, resulting in the 

generation of organic acids. The black line represents the genes found in S2AM and S1L genomes, while the dotted line 
represents the possible pathway  (Modified from Kalyuzhnaya et al. [2])  

 
 

[1] Khanongnuch, R., Mangayil, R., Svenning, M.M., & Rissanen, A.J. (2022). Characterization and genome analysis of a psychrophilic methanotroph 

representing a ubiquitous Methylobacter spp. cluster in boreal lake ecosystems. ISME Communications, 2, 85.  

[2] Kalyuzhnaya, M. G., S. Yang, O. N. Rozova, N. E. Smalley, J. Clubb, A. Lamb, G. A. Nagana Gowda, et al. (2013). Highly efficient methane biocatalysis 

revealed in a methanotrophic bacterium. Nature Communications, 4, 2785.   
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Antibiotics in the environment pose a significant yet often overlooked threat. They select for the growth of antibiotic-
resistant bacteria (ARB) and promote the spread of antibiotic resistance (AR) among microorganisms [1,2]. This 
environmental AR is a growing and global concern that aligns with the One Health concept. 

 Human activity is the primary source of antibiotic residues, ARB, and antibiotic resistance genes (ARGs). These 
compounds are released through human waste and transported through sewers to wastewater treatment plants (WWTPs). 
Despite WWTPs are usually efficiently in reducing the bacterial load, they struggle to remove pharmaceutical compounds, 
ARB, and ARGs. Moreover, their operation is expensive and unaffordable in many low- and middle-income countries. In 
contrast, constructed wetlands (CW) provide a cost-effective and eco-friendly approach to address this issue [3,4]. 

In this study, water and sediment samples were collected from a CW located in Empuriabrava (Girona, Spain). 
Samples were analyzed for the presence of antibiotic residues by LC-MS/MS [5] and subjected to DNA extraction and 
metagenomic sequencing to resolve their resistome. 

A total of 37 antibiotics underwent screening as part of this study. Among these, 19 antibiotics from 9 antibiotic groups 
were detected. Significant reductions (from 88 to 99%) in the concentration of antibiotics were observed, particularly for 
macrolides and quinolones. Notably, azithromycin, ciprofloxacin and ofloxacin were completely removed. 

 Analysis of the sample metagenomes revealed about an 80% drop in waterborne ARGs during treatment, while 
sediment samples showed an increase in ARGs compared to the water samples. 
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Biocomposite boards made of hemp shives and corn starch are known as cellulose-based composites and are used as 

thermal insulating and structural building materials. We investigated the impact of microorganisms on the physical and 

mechanical properties of such boards with flame retardants. The boards were impregnated with drying oils such as linseed 

or tung tree as protective coatings. Properties of such biocomposites were evaluated before and after the action of either 

the bacterium Pseudomonas putida and the fungus Rhizopus oryzae or the mixture of them. The physical-mechanical 

properties such as compressive strength, thermal conductivity, water absorption, and swelling in thickness were measured. 

Also, the microstructure of the boards was investigated using electron microscopy. It was determined that the type of drying 

oil used for impregnation significantly affects the properties of biocomposite boards after 6 months of incubation with the P. 

putida, Rhoryzae or the mixture of them. Boards impregnated with linseed oil and after incubation with a mixture of 

microorganisms had a 10% decrease in compressive strength, 50% higher short-term water absorption, unchanged swelling 

in thickness, and slightly decreased thermal conductivity compared to the control without oil coatings. Cellulase activity of 

25 U/mL, endo β-1-4-glucanase activity of 26 U/mL, and lipase activity of 101 U/mL was observed. Boards impregnated 

with the tung tree oil had a much more pronounced deterioration of the properties: 2x decreased compressive strength, 2x 

higher short-term water absorption, and 2.5x greater swelling in thickness. Also, cellulase activity of 28 U/mL, endo β-1-4- 

glucanase activity of 37 U/mL, and lipase activity of 91 U/mL was determined. We conclude that linseed oil provides better 

protection of the biocomposite boards from the impact of microorganisms compared to tung tree oil.  
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Microbial bioreporters are usually bacterial or yeast cells that produce a detectable signal, which changes in response 
to certain environmental stimulus. Most often such cells are genetically modified to express a fluorescent or a 
chromoprotein, or a protein catalyzing bioluminescence reaction. In general, bioluminescence has been claimed 
advantageous over other reporter systems due to its high sensitivity and fast response time [1]. However, its high energetic 
burden to cells may undesirably modulate the sensitivity of bioreporters to environmental stress. 

Based on working principle, microbial bioreporters can be divided into non-specific and specific whereas in the former 
the reporter system is expressed constitutively and in the latter, a specific genetic element is set to control the expression 
of the reporter. Non-specific bioreporters have been used to measure general changes in cell physiology, e.g., due to 
toxicity and most well-known of such kind is either recombinant or naturally bioluminescent bacteria introduced in rapid 
aquatic toxicity screening tests, such as Microtox® [2]. Specific bioreporters on the other hand enable a more specific 
detection of environmental stimuli and are usually constructed by fusing compound-responding genetic elements, usually 
a promoter and a regulatory gene, with bioreporter producing genes. Such bioreporters have been constructed to identify 
metals [3], organic solvents [4], antibiotics [5], or even explosives [6] and hormone-like compounds [7]. Also, a series of 
bioreporters specific to certain types of cellular stress pathways [8] have been constructed. Probably the broadest collection 
of bioreporters consists of 2000 E. coli promoter-GFP fusions [8]. 

In this presentation, advantages and limitations of microbial bioreporters in analysis of water and soil pollutants, in 
mode of action studies of chemicals and nanomaterials as well as for finding cellular stress pathways after antimicrobial 
treatments will be discussed. 
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6) Shemer, B., Koshet, O., Yagur-Kroll, S., & Belkin, S. (2017). Microbial bioreporters of trace explosives. Current Opinion in Biotechnology, 45, 113-119. 
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Yarrowia lipolytica is an emerging cell factory to produce recombinant proteins (rProt) or specific bioproducts. Recently, we 

developed a set of regulated promoters for gene expression and synthetic biology that derives from the EYK1 gene 

encoding erythrulose kinase. Promoter induction is repressed by glucose and glycerol and strongly induced by erythritol, a 

low cost 4-carbone sugar alcohol. Identification and characterization of the EYK1 upstream activating sequences allowed 

the construction of tunable and hybrid promoters that significantly outperform the benchmark pTEF promoter in terms of 

gene expression level. The developed promoters can be also made bidirectional to allow gene coexpression. Several 

efficient recipient strains suitable for industrial applications have been developed together with easy to clone vectors based 

on chromogenic proteins. Depending on the genetic background of the recipient strain considered, the EYK1-derived 

promoters can be either constitutive, phase-dependent or regulated. For fast and efficient use, all those promoters have 

been made compatible with our existing Y. lipolytica Golden Gate assembly system. These molecular biobricks will be 

described in detail, and their utilization exemplified for the lipase CalB from Candida antartica. The developed promoters 

yield higher rProt productivity in Y. lipolytica than those obtained in the relevant industrial cell factory P. pastoris. 
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An early-diverged yeast, Blastobotrys (Arxula) adeninivorans (Ba), has a biotechnological potential due to nutritional 

versatility, temperature tolerance and production of technologically applicable enzymes. The genome of the yeast harbors 

88 glycoside hydrolases (GHs) including two GH13-family α-glucosidases (AGs). BaAG2 has a high activity towards 

maltose, sucrose and p-nitrophenyl-α-D-glucopyranoside. The enzyme has a biotechnological potential due to its 

transglycosylating activity on maltose [1]. 

 The aims of the study were to biochemically and structurally characterize BaAG2. The diffraction data of the BaAG2 

crystals were collected at MaxIV (Sweden). Datasets with the resolution of 2.12 Å and 2.13Å were refined using molecular 

replacement (PDB: 7P01, 7P07). The transglycosylation products were separated/analyzed by chromatography methods. 

The chemical entities of oligosaccharides were determined by nuclear magnetic resonance.  

The BaAG2 effectively hydrolyses α-1,4 linkages in many maltose-like sugars (maltotriose and malto-

oligosaccharides, maltulose, erlose, glycogen, amylopectin) and α-1,3 linkages in turanose and melezitose, but not α-1,6-

linkages [1]. Interestingly, an α-1,1-linked sucrose analogue trehalulose was hydrolyzed while trehalose was not [2]. Several 

potentially prebiotic oligosaccharides with α-1,1, α-1,3, α-1,4, and α-1,6 linkages were disclosed among the products (Fig. 

1) [2]. Trisaccharides isomelezitose, erlose and theanderose, and disaccharides maltulose and trehalulose were dominant 

transglycosylation products. BaAG2 exhibited a catalytic domain with a (β/α)8-barrel fold and Asp216, Glu274, and Asp348 

as the catalytic triad. Next to the substrate-binding pocket an enlarged space for potential binding of transglycosylation 

acceptors was identified.  

In conclusion, we determined the first crystal structure of a yeast maltase and confirmed that BaAG2 is able to 

efficiently synthesize several functional oligosaccharides rarely found in nature.  

 

 
Figure 1. A schematic summary of BaAG2 structure, catalytic activities on sucrose and product range [2]. 
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Biological self-healing concrete contains bacterial spores and mineral precusor that are encapsulated in a carrier. 
When a crack opens, the bacteria carry out a mineralisation process and precipitate CaCO3, which fills the crack. However, 

the biggest challenge is to keep the bacteria viable in the concrete. High pH in concrete matrix and mechanical stress 

reduce the viability of the bacteria and the efficiency of self-healing. In this study, the viability of bacteria in a concrete matrix 

using different cement types, hydration temperatures and carrier coatings were investigated. 

Expanded clay particles encapsulated by Bacillus spores, calcium lactate and yeast extract was used as carrier. This 

study reveals that bacterial spores viability is strongly affected by cement composition and concrete curing temperature. 

Out of the five cement species tested, the best viability of  Bacillus pseudofirmus spores was obtained in a concrete mix 

using white CEM-I type cement which did not contain ZnO ions [1]. Therefore, this cement type was chosen to investigate 

the use of expanded clay coatings that could increase the long-term survival of bacteria in the concrete matrix. Out of the 

eight materials tested, styrene-acrylate and MgO-based coatings provided the best protection for B. pseudofirmus spores. 

They increased bacterial viability in the concrete matrix about 10 times [2]. Another factor affected the viability of bacterial 

spores is curing temperature of concrete. It was found that then concrete curing temperature reaches 80 °C bacterial viability 

drastically decreased [1]. In conclusion, the more viable bacteria present in the self-healing agent, the higher self-healing 

efficiency is. The chemical composition of the cement used and the inhibitory concentrations of the components should be 

analysed to achieve the highest self-healing efficiency. Actions should also be taken to prevent temperature increases in 

bio-concrete structures and keep bacteria viable. 
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[2] Jakubovskis, R., Jankutė, A., Guobužaitė, S., Boris, R., Urbonavičius, J. (2021). Prolongind bacterial viavility in biological concrete: coated expanded 
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Recent global trends have highlighted the need for novel, safe and ecological innovations in environmental, medical, 

and industrial fields. Enzymes are one possible solution. These functional molecules can perform various reactions that 

can be utilized for more efficient and, more importantly, greener production or degradation of different compounds. 

Lipolytic enzymes (lipases and esterases) are industrially important enzymes that can hydrolyze (or synthesize) ester 

bonds. Geobacillus sp. bacteria produce thermophilic lipases and carboxylesterases, that have many industrial attractive 

properties: they are active and stable at high temperatures, broad pH range, they function in organic solvents, detergents, 

etc. [1]. Furthering our understanding of these enzymes increases our knowledge of lipolytic enzyme structure-function 

relationship and provides new tools for industrial applications. 

This work presents our newest studies related to lipolytic enzymes produced by several Geobacillus spp. bacterium. 

Protein engineering and immobilization experiments resulted in additional fundamental information about these enzymes 

as well as highlighted their application perspectives. In our studies we used directed-mutagenesis, random mutagenesis, 

and protein fusion methods to improve our enzymes and explore the fitness landscape of Geobacillus spp. lipolytic 

enzymes. Random mutagenesis yielded a more active lipase variant (GD95-RM) [2] and several improved esterases 

(GDEst-RM1, GDEst-RM2, GDEst-RM3). We have also created several fusion enzymes: LipGD95-GD66 (by fusing lipases 

GD-95 and GD-66) [3] and GDEst-Lip (by fusing esterase GDEst-95 with GD-95 lipase) [4]. These fused enzymes possess 

intermediate (or in the case of GDEst-Lip – improved) physicochemical and kinetic properties compared to the parental 

enzymes. 

 
 
 
 
[1]  Savickaite A, Sadauskas M and Gudiukaite R 2021 Immobilized GDEst-95, GDEst-lip and GD-95RM lipolytic enzymes for continuous flow 
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Bacteria, like all living organisms, possess a fundamental drive to ensure their survival, regardless of whether they 

have beneficial or harmful effects. The rise of antibiotic resistance, a natural phenomenon that predates the widespread 

use of antibiotics, presents a significant global health risk. The World Health Organization (WHO) identifies carbapenem-

resistant Pseudomonas aeruginosa as one of a top-priority pathogen, necessitating the development of new antimicrobial 

treatments. 

Bacteriocins, which are proteins possessing distinctive mechanisms of action, are currently under investigation as 

potential antimicrobial compounds. P. aeruginosa produces a range of bacteriocins, such as nucleases, porins, inhibitors 

of peptidoglycan synthesis, lectin-like proteins, and bacteriophage tail-like complexes. Figure 1 presents the schematic 

representation of the experimental design employed in our investigation of bacteriocins. Notably, the pore-forming pyocin 

S5 and the peptidoglycan synthesis-inhibiting pyocin M4 exhibit potent antibacterial properties against both free-floating P. 

aeruginosa bacteria and those forming biofilms. These pyocins have also demonstrated their antimicrobial potential in vivo 

by effectively treating infections in Galleria mellonella larvae [1]. Additionally, we have enhanced the activity spectrum of 

PyoS5 by developing chimeric fusions that combine specific domains from related bacteriocins found in other Pseudomonas 

species [2]. 

 

 
Figure 1. Experimental design scheme 

 

Furthermore, both PaeM4 and the chimeric pyocin S5-PmnH show remarkable efficacy in treating  

P. aeruginosa-induced diseases in two distinct mouse models: keratitis, an eye infection, and lung infection. In conclusion, 

pyocins can be efficiently produced in large quantities using a transient expression system in plants. They retain their 

complete functionality and should be considered as a viable alternative to antibiotics for controlling pathogenic 

Pseudomonas infections. 
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Pseudomonas aeruginosa. PLOS ONE, 12(10), e0185782. 
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engineered by domain swapping efficiently controls Pseudomonas aeruginosa infection in murine keratitis and lung models. Scientific Reports, 12(1).  
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Extreme Arctic and Antarctic conditions have prompted microorganisms to evolve unique enzymatic machinery, 

adapted to withstand the cold. This aligns with current biotechnological interests in enzymes with novel or efficient operation 

at low temperatures, offering cost-effective, enhanced reaction efficiency by minimising undesired side reactions [1]. 

Prominent among these microorganisms are Sporosarcina strains, known for calcite precipitation, an attribute sparking 

interest for potential use in bioremediation by precipitation of heavy metals [2, 3].  

Building upon this understanding of Sporosarcina's capabilities, we present a detailed analysis of Sporosarcina sp. 

ANT_H38, a novel strain isolated from Antarctic soil. In a first of its type analysis, we were able to assemble the complete 

genome sequence of this strain. Furthermore, we identified multiple mobile genetic elements, including plasmids, phages 

and transposons, granting an unprecedented insight into the mobilome of Sporosarcina strains. Notably, no plasmids were 

previously identified in any Sporosarcina genome. In the second part of the work, a detailed analysis of urease gene cluster 

and its role in calcite precipitation was performed using both in vitro and in silico methods.  

As discovered during the course of our study, the strain exhibited promising safety characteristics, positioning it as a 

prospective candidate for future biotechnological applications, particularly those requiring low-temperature processes or 

self-healing surfaces. This study, therefore, not only enriches our knowledge of cold-active ureolytic bacteria but also opens 

new avenues for the utilisation of such microorganisms in sustainable biotechnology. 
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Based on literature, some thiohydantoin and quinolone derivatives reveal antimicrobial activity [1, 2]. Expecting the 
synergistic effect, the Knoevenagel synthesis was carried out, as a result of which new hybrid derivatives of 2-thiohydantoin 
and 2-quinolone were obtained. The chemical structures were confirmed by IR, NMR and ES MS. The compounds were 
characterized by UV-VIS and spectrofluorimetric methods. The measurements of 1O2 generation quantum yields were 
conducted. Blue laser light was applied to enhance the potential antibacterial effect. Antibacterial activity was tested using 
the serial dilution method on standard bacterial strains: Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus, 
Pseudomonas aeruginosa, Escherichia coli and Klebsiella pneumoniae, using microtiter plates. The experiments were 
conducted in two groups: irradiated one (445 nm) and non-irradiated control.  

Under dark conditions weak to moderate bacteriostatic activity is observed, the highest for derivatives containing a 
methyl group in the 2-quinolone system and simultaneously without an acetate group in the 2-thiohydantoin ring. Irradiation 
with blue light enhances the bacteriostatic effect. Gram-positive bacteria are more sensitive than Gram-negative strains. 
The irradiation causes an increase in bacteriostatic or bactericidal activity because of the generation of reactive oxygen 
species [3]. 
 The second tested group of heterocyclic compounds, dihydropyrimidinone derivatives, was synthesized by the 
Biginelli condensation reaction. This group is also reported to possess biological activity [4]. The chemical characteristic 
and microbiological tests in darkness were conducted for the obtained compounds, as described above. As a result, these 
derivatives reveal only bacteriostatic activity in the highest concentrations used in the experiments.  
 Further chemical modifications are desired to improve chemical properties and enhance the biological activity of the 
examined compounds. 
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The yeast Cyberlindnera jadinii has great potential in the biotechnology industry due to its ability to produce a variety 
of compounds of interest, including carboxylic acids. In this work, we identified genes encoding carboxylate transporters 
from this yeast species (Fig.1). The functional characterization of sixteen plasma membrane carboxylate transporters 
belonging to the AceTr, SHS, TDT, MCT, SSS, and DASS families was performed by heterologous expression in 
Saccharomyces cerevisiae yeast. 

 
Figure 1. A simplistic scheme highlighting the steps followed for uncovering the relevant carboxylate transporters in 

C.jadinii. 
 
The newly identified C. jadinii transporters present specificity for mono-, di-, and tricarboxylates. The transporters 

CjAto5, CjJen6, CjSlc5, and CjSlc13-1 display the broadest substrate specificity; CjAto2 accepts mono- and dicarboxylates; 
and CjAto1,3,4, CjJen1-5, CjSlc16, and CjSlc13-2 are specific for monocarboxylic acids. A detailed characterization of these 
transporters, including phylogenetic reconstruction, 3D structure prediction, and molecular docking analysis is presented 
here. The properties presented by these transporters make them interesting targets to be explored as organic acid exporters 
in microbial cell factories. 
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Toxin antitoxin (TA) systems are two-gene elements widely found in bacterial genomes. Type II TA systems comprise 

protein toxin, neutralized by its cognate protein antitoxin. TA systems are implicated in playing a role in stress response[1], 
plasmid maintenance[2], and protection against bacteriophages via abortive infection[3]. The full diversity of TA systems is 
still yet to be discovered. This project has started with mining the AlphaFold2 database of protein structures for "functionally 
dark" (i.e., experimentally unexplored) proteins in [4]. The database and visualization of protein diversity are accessible at 
https://uniprot3d.org/atlas/AFDB90v4. By searching for novelty from sequence, structure, and semantic perspectives, we 
identified and experimentally validated a new superfamily of translation-targeting toxin-antitoxin systems, TumE-TumA; 
‘tume’ means ‘dark’ in Estonian (Figure 1). As the next step, we are currently investigating the possible function of the 
TumE-TumA system in phage defence. 

 
Figure 1. Discovery and characterisation of TumE-TumA TA system. (A) Validation of TumE-TumA TA pairs using 
toxicity neutralization assay. Toxin expression plasmids (pBAD33 derivates) were cotransformed into E. coli BW25113 cells 
with cognate antitoxin expression plasmids or the empty pMG25 vector. Bacteria were grown for five hours in liquid LB 
media supplemented with appropriate antibiotics and 0.2% glucose. The cultures were normalized to OD600 of 1.0, serially 
diluted, and spotted on LB agar plates containing appropriate antibiotics and 0.2% arabinose for toxin induction and 500 
μM IPTG for antitoxin induction. The plates were scored after overnight incubation at 37 °C. (B) Metabolic labeling assays 
with wild-type E. coli BW25113 expressing A. tepidum TumE toxin. 
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The One Health concept is an integrated, unifying, and cross-sectorial approach for holistic solutions that affect the 
interface between humans, animals and ecosystems [1]. In food production, the microbial landscape is influenced by human 
intervention, and dependent on the product’s origin, an individual food microbiome builds up during food processing, 
wherefore a One Health approach is necessary for tracing. Microbial dynamics occur during and after the production chain 
and these dynamics influence final product properties, contribute to shelf-life, can lead to food spoilage, and ultimately affect 
health and finally food security and food availability. Microbial contamination is often a hidden, stochastic process that is 
complex to trace and monitor and that can occur during each processing step [2]. 

It is estimated that ~1.3 billion tons of food are discarded worldwide each year, what corresponds to more than a 
third of all food produced for human consumption along the food supply chain [3]. The reduction of food waste is one of the 
major sustainable development goals of the United Nations [4]. A deep understanding how microbial dynamics contribute 
to final properties of a product, including spoilage as well as safety and quality issues, is of upmost importance for a 
sustainable food production. Basic concepts of microbial ecology as an integral part of food microbiology are now applicable, 
due to advances in high-throughput sequencing technologies and bioinformatics analysis tools.  

In this talk, the importance of microbiome research in food science, e.g. for precise shelf life prediction, for the 
understanding of interactions of microbes with nutrition sources available in products and along production chains, and for 
modelling microbial flows is highlighted. Innovative product production based on microbiome research is discussed and 
case studies that have potential to solve major questions in food safety are presented.  
 

 

 

 
[1] One Health High-Level Expert Panel (OHHLEP), Adisasmito WB, Almuhairi S, Behravesh CB, Bilivogui P, Bukachi SA, et al. (2022). One Health: A 
new definition for a sustainable and healthy future. PLoS Pathogens 18(6): e1010537.  
[2] Y.M. Choi, H.J. Park, H.I. Jang, S.A. Kim, J.Y. Imm, I.G. Hwang, M.S. Rhee (2013). Changes in microbial contamination levels of porcine carcasses 
and fresh pork in slaughterhouses, processing lines, retail outlets, and local markets by commercial distribution. Research in Veterinary Science, 94,3:413-
418.  
[3] FAO (2011). Global Food Losses and Food Waste- Extent, Causes and Prevention. ISBN 978-92-5-107205-9 
[4] UN (2015). Transforming Our World: The 2030 Agenda for Sustainable Development. Resolution Adopted by the General Assembly on 25 September 
2015, 42809, 1-13. 

 

  

mailto:Evelyne.Selberherr@vetmeduni.ac.at


55 
 

LIGNOCELLULOSE TO BIOCHEMICALS, FEED AND FOOD BY 

OLEAGINOUS YEASTS 
Volkmar Passoth1, Yashaswini Nagaraj1, Giselle Martín-Hernández1, Johanna Blomqvist1, Bettina 

Müller1 
 

1Department of Molecular Sciences, Food Biotechnology, Swedish University of Agricultural Sciences, Uppsala, Sweden 
volkmar.passoth@slu.se 

 

Yeast lipids produced from lignocellulose and crude glycerol can serve as sustainable alternatives to vegetable oils, 

which production is frequently accompanied with monocultures, land use changes, or rain forest clearings. We aim to 

understand the physiology of lipid production by oleaginous yeasts, optimise the production and establish novel applications 

of microbial lipid compounds [1]. 

Using newly established methods for fermentation and intracellular lipid quantification [2,3], we found high variability 
in lipid formation even between very closely related oleaginous yeast strains on both, wheat straw hydrolysate and crude 
glycerol. In a fermentation with mixed carbon sources, the presence of hemicellulose hydrolysate stimulated glycerol 
assimilation in Rhodotorula strains [4, 5]. In initial experiments on carotenoid isolation, we identified β-carotene as the major 
carotenoid in R. toruloides [6]. However, using advanced extraction methods, supercritical CO2-extraction, torularhodin and 
torulene were demonstrated to be the major carotenoids. Also in terms of carotenoid formation, we found a considerable 
strain diversity. 

As a basis to understand the behaviour of the different strains and species, we sequenced a variety of genomes of 
Rhodotorula species. By a combination of long- and short read sequences, we could reconstruct most of the yeast 
chromosomes [7,8]. We identified 18-21 chromosomes and several circular structures. In general, a high diversity was 
found and some strains of the same species showed a phylogenetic distance to each other as to those of other species. 
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        Next-generation sequencing (NGS) is a highly effective and widely utilized technology in modern microbiology. 
Depending on the specific task, it can provide taxonomic distribution of microbial communities, genome characterization, 
or taxa-function connections. While 16S rRNA amplicon sequencing is the most accessible approach for providing the initial 
description of microbial communities, the outcome is the relative distribution of bacterial taxes based on the total DNA that 
includes dead and living species. However, this information is often insufficient to make conclusions about the 
microbiological load of living bacteria in food, shelf-life studies, or hygienic norms. 
        In our work, we modified 16S rRNA NGS technology combining it with spike-in control and viability qPCR to achieve 
quantification and taxonomic distribution of living bacteria in a sample (Figure1). For method development, we chose 20 
isolated bacterial species and evaluated their viability using flow cytometry, microscopy, and qPCR with specific primers. 
These data were then compared to the developed quantitative NGS methodology. 
        The result of the work is a validated methodology that defines the taxonomic composition of living bacteria and 
estimates their numbers. We tested this approach in various food environments, tasks, and technological procedures and 
compared the results to classical microbiology plating. The data obtained from this approach shows reliable and unexpected 
results that merit further consideration and usage in everyday practice. 

 
Figure 1. Schematic representation of estimated technology 
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Diabetes is becoming a global pandemic and therefore calls for diverse therapeutic strategies for mitigating the disease. In 

this study, lactic acid bacteria isolated from Lithuanian traditional fermented foods were screened for β-Glucosidase 

activities and were used to ferment beetroot to develop an antidiabetic product. After fermentation, LAB PN39 fermented 

samples demonstrated the strongest DPP-IV and α-Glucosidase inhibitory abilities of 50.0 ± 3.5% and 80.5 ± 5% 

respectively as well as the highest antioxidant capacity of 0.69 ± 0.04 mmol/L relative to all the other samples. Varying the 

fermentation conditions revealed that fermenting beetroot with LAB PN39 at 45 ⁰C for 72 h yielded the strongest DPP-IV 

and α-Glucosidase inhibition of 87.45 % and 80.5 ± 5.3% respectively and improved the antioxidant capacity to 1.46 ± 0.01 

mmol/L. Whole genome sequencing analysis of LAB PN39 revealed the strain to be Latilactobacillus curvatus PN39. HPLC-

MS analysis of PN39 fermented samples showed that the fermentation process generated high levels of dihydromyricetin 

(an antidiabetic flavonoid) which was absent in unfermented beetroot. Feeding the fermented product to T1D mice 

prevented a significant rise in their blood glucose levels after Streptozotocin injection and modulated the gut microbiota. 

Results from this study indicate that fermenting beetroot with Latilactobacillus curvatus PN39 at 45 ⁰C for 72 h would be an 

effective method for developing antidiabetic functional foods. 
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The farming of Black Soldier Fly larvae can be one of the vital tools for building a circular economy and has led to 
their use in several areas such as biorefining, food waste valorisation, waste management, treatment of industrial by-
products and bioconversion of agro-industrial residues. The initial operation after insect collection is devitalisation, and the 
subsequent treatment of the larvae depends on the final use of the insect product. According to literature [1], larvae can 
inhibit some micro-organisms and alter the composition of the substrate microbiota by releasing antimicrobial substances 
during cultivation. The treatment of the larval biomass also involves the use of high temperatures, which is likely to destroy 
part of the larval microbiota and ensure product safety for animal or human consumption.  

The analysis of the microbiological parameters of the protein fraction showed that the main safety parameters are 
met. The number of coliforms in the product or in the environment is indicative of the sanitary conditions of the production. 
This investigation proved, that the protein fraction was free of coliforms at the beginning of the test and after 21 days of 
shelf-life study. Salmonella and Listeria monocytogenes were not detected in protein fraction samples. Mesophilic lactic 
acid bacteria and presumed bifidobacteria were not found in the protein fraction. The number of sulphite-reducing bacteria 
(Clostridia) is also indicative of the sanitary conditions of the production, since it is an indicator micro-organism and is not 
present in the protein fraction. Mould fungi were found in minimal numbers at the beginning of the survey, after a shelf-life 
study even decreased after 21-day period, as micro-organisms, including microscopic fungi, do not proliferate in dry material 
(moisture content 5,6 %). No yeasts were also detected, as the thermal process ensured elimination of initial contamination 
and secondary contamination was avoided. Thus, in the protein fraction of Black Soldier Fly larvae biomass was inspected 
with high number of total microorganisms reaching 105-106.  

The antimicrobial properties of proteins and fats were assessed by agar diffusion. For the evaluation of the 
antimicrobial efficacy of the protein of Black Soldier Fly larvae protein fraction was diluted in 10% ethanolic solutions. Gram-
positive cultures of Bacillus subtilis, Staphylococcus aureus and Gram-negative cultures of Escerichia coli, Pseudomonas 
aeruginosa, Salmonella typhimurium and a culture of a pathogenic yeast belonging to a microscopic fungus Candida 
albicans were used for the tests. The protein fraction solution demonstrated activity against bacterium, Bacillus subtilis, with 
an inhibition zone diameter of 12,5±1,5 mm. The data obtained suggest that Black Soldier Fly larvae protein fraction has 
slight potential to improve microbiological safety and stability of microbiological parameters in food systems. 
 
 
 
 

[1] Moritz Gold, Fabienne von Allmen, Christian Zurbrügg, Jibin Zhang, Alexander Mathys. Identification of Bacteria in Two Food Waste Black Soldier Fly 

Larvae Rearing Residues. Frontiers in Microbiology 2020, 11 https://doi.org/10.3389/fmicb.2020.582867 
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Starch is a renewable energy source and raw material used in various industries such as food, paper, pharmaceutical, 

etc. However, the industrial starch degradation process is not sustainable. Limited starch solubility limits the efficiency of 

starch-degrading enzymes. Therefore, high temperature and high-pressure conditions are required. Heat and pressure 

break down the semi-crystalline structure of starch and cause starch solubilisation and gelatinisation, making it accessible 

to various starch-degrading enzymes. The alternative sustainable solution offers the application of raw starch-degrading 

microorganisms or their enzymes that can degrade the semi-crystalline starch without the gelatinisation step as a 

prerequisite. Here, we present Microbacterium sp. SINO2 based on its ability to degrade soluble starch and different starch 

granules. We also investigate an enzyme AM1.3 – a multidomain α-amylase from Microbacterium sp. SINO2. Bioinformatic 

analysis revealed that AM1.3 has a multidomain structure and consists of one catalytic, four fibronectin type 3 domains, 

two adjacent CBM25 domains, and one CMB74 domain. According to the CAZy database, AM1.3 is a member of the 

GH13_32 subfamily, known for producing maltotriose, and domains CBM25 and CBM74 are identified as carbohydrate-

binding domains known for their ability to bind granular starch. AM1.3 amylase activity screening on various substrates 

showed the ability to hydrolyse oligosaccharides of various lengths with α-1,4 glycosidic linkage. We assessed starch 

hydrolysis catalysed by AM1.3 using qualitative and quantitative methods such as TLC and HPLC-ELSD. Finally, we 

confirmed AM1.3 ability to degrade starch granules via pore formation using scanning electron microscopy and imaging of 

various starch granules after treatment with AM1.3. Our findings suggest that AM1.3 has the potential as a raw starch-

degrading amylase for more sustainable biotechnological processes. 
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A significantly increased tolerance of planktonic and immobilized bacterial cells to disinfectants and antibiotics 
represents a serious problem worldwide [1]. Biocide exposure may induce cross-resistance to clinically relevant antibiotics. 
Benzalkonium chloride (BAC) is one of the most commonly used quaternary ammonium compounds (QACs) in the 
pharmaceutical, cosmetic, and food industries. Typically, QACs kill bacteria by penetrating their plasmatic membrane and 
altering the phospholipid bilayer, which leads to membrane rupture and the eventual release of intracellular contents from 
the cell [2]. BAC is a broad-spectrum disinfectant lethal to Gram-positive and -negative bacteria and lipophilic viruses, in 
addition to being fungi- and algistatic [3]. 

The effect of environmental factors, such as temperature and nutrient composition under BAC stress could highlight 
the new aspects in cell resistance towards antimicrobials. The aim of this study was to compare the effect of BAC on the 
growth of planktonic cells of Pseudomonas putida MSCL650 under contrasting cultivation conditions, changing the 
temperature, broth composition, and BAC concentration. Three types of broth were tested, i.e., 5% and 100% Trypton Soya 
Broth (TSB), as well as the modified broth, which was statistically optimized. Physiological activity of bacterial cells was 
evaluated by fluorescein diacetate (FDA) hydrolysis, dehydrogenase and quinone reductase activity. All enzyme groups 
were inhibited by 50 mg/L BAC, except FDA hydrolysis activity, which was higher in the set with BAC comparing with control 
(100% TSB, at 23 °C). Additional type of broth, which was statistically optimized for biofilm formation, stimulated the biofilm 
formation, as compared to 5% and 100% TSB, being by 133% and 110% higher at 8 °C and by 378% and 386% at 23 °C, 
respectively. Interestingly, the culture of P. putida MSCL 650 at 37 °C showed a negative trend in biofilm formation in the 
optimized broth comparing with 5% and 100% TSB, and was by 34% and 38% less, respectively [4]. The DHA activity of 
planktonic cells in these cultures in the presence of BAC (50÷150 mg/L) was lower, than that in the sets with 100% TSB. 
Further research is needed to evaluate the risks related to the enhanced antimicrobial resistance of bacteria under adverse 
conditions.  
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In the production of sprouted grains, microbes play an important role in the development of their taste, aroma, texture, 

and other quality parameters. In cooperation with a sprouted grain-producing company, we characterized the bacterial 

communities of rye, wheat and oat grains and mapped consortia changes at different stages of the industrial germination 

process. The 16S rRNA metagenomic sequencing showed that the bacterial communities isolated from the initial grains of 

rye and wheat are species-rich, diverse, and similar to each other, while the oat grains community is poorer and less diverse 

with the dominance of environmental microbiota for all grains. In the following production stages, the bacterial communities 

of different grains are more clearly distinguishable. The sprouts differ from the original grains’ bacterial communities by the 

dominance of lactic acid bacteria and/or Bacillus species. 

To describe the bacterial consortia, the modified 16S rRNA gene amplicon sequencing methodology on the Illumina 

platform was used. The novel developed by us methodology enabled to distinguish the living bacterial community from the 

whole consortia and to quantify the number of bacteria in the sample. Enumerated sequencing results compared to classical 

microbiology plating showed that for many samples the abundance of bacteria was at least an order of magnitude higher. 

It confirmed the common opinion that classical microbiology is too limited for describing the full bacteria communities. In 

addition, not all bacteria are culturable. 

The microbiota of three types of grains during the industrial germination process was characterized, starting from the 

bacterial consortia of raw grain, going through the technological process up to the final sprout microbiota. Also, we applied 

developed by us modified 16S rRNA sequencing pipeline providing quantitative data distinguishing the living/total bacteria. 

 

 

 

  

mailto:aili@tftak.eu


63 
 

5. GARDNERELLA VAGINALIS ATCC 14018 TYPE II RESTRICTION-

MODIFICATION SYSTEM 
Aistė Bulavaitė1, Indrė Dalgėdienė1, Milda Plečkaitytė1 

 
1 Institute of Biotechnology, Life Sciences Centre, Vilnius University, Lithuania 

aiste.bulavaite@bti.vu.lt 
 

The bacteria of the genus Gardnerella have been found in vaginal samples of healthy women and of those with 

bacterial vaginosis. Gardnerella vaginalis was previously considered a single species, but recently it has been differentiated 

into four species (G. vaginalis, G. piotii, G. leopoldii, G. swidsinskii) and nine genome species. Women with bacterial 

vaginosis are usually infected with multiple species. Gardnerella spp. have a very small core genome and horizontal gene 

transfer (HGT) is very common among the species. However species maintain their genetic distinctiveness [1]. The bacterial 

restriction-modification (R-M) systems are counted among the barriers to interspecies and intraspecies HGT. Gardnerella 

R-M systems were predicted by genome analysis, yet none were described experimentally. 

We detected restriction endonuclease (REase) activity in G. vaginalis strain ATCC 14018 and attributed it to the 

predicted enzyme R.Gva14018I. Its target was defined as the GGCC sequence with probable blunt-ended cleavage. The 

methyltransferase M.Gva14018I which belongs to the R-M system was expressed in E. coli. It protected the host DNA from 

cleavage by R.Gva14018I. The wild-type R.Gva14018I gene was lethal to E. coli with background expression of 

M.Gva14018I. Spontaneously mutated R.Gva14018I-4 lacking the C-terminal alpha helix was successfully expressed in 

E.coli. The mutation might have resulted in less efficient DNA cleavage. R.Gva14018I-4 displayed wild-type REase 

specificity. The enzyme cofactor requirements and bioinformatics analysis indicated that R.Gva14018I belongs to the PD-

(D/E)XK REase family.  

REase-like activity was discovered in 5 of 31 Gardnerella strains. The specificities did not match the pattern of 

R.Gva14018I. The isolates were negative for the genes encoding M.Gva14018I and R.Gva14018I in PCR assays. In 

conclusion, we identified and characterised the specific R-M system of G. vaginalis ATCC 14018. 

 
 
 
 
 

[1] Bohr, L. L., Mortimer, T. D., & Pepperell, C. S. (2020). Lateral Gene Transfer Shapes Diversity of Gardnerella spp. Frontiers in Cellular and Infection 

Microbiology, 10, 293. 
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 Bacteriophages are widespread and found everywhere, including unique environments such as gypsum karst lakes. 
Recently, a novel Bacillus phage vB_BauM_KLEB27-3 (KLEB27-3) has been isolated from a gypsum karst lake in Lithuania. 
Notably, KLEB27-3 possesses a genome exceeding 200 kb, classifying it as a jumbo phage. The expansive genome of 
such phages suggests the potential presence of diverse genome editing elements, including Cas proteins. These elements 
may engage with the CRISPR/Cas system, potentially leading to interactions that could influence the system's functioning. 
Such interactions might involve the redirection of the CRISPR/Cas system's activity, thus targeting said system against 
bacteria or smaller bacteriophages and enabling previously infected phages to survive and spread effectively. 
 This study involved analysing the genome of a newly isolated bacteriophage KLEB27-3. One specific gene g92, 
was identified and selected for further investigation. Bioinformatic and phylogenetic analyses indicated that this gene (g92) 
is similar to a CRISPR-associated exonuclease found in another Bacillus phage vB_BceM_WH1 (with 56% amino acid 
identity). The gene product, termed gp92, aligns with the Cas4 family of proteins known to partake in CRISPR adaptation 
while exhibiting exonuclease activity. Despite an absence of closely related homologues of gp92 in publicly available 
databases, it is believed to have unique properties worth exploring in more detail. In order to find out the potential activity 
of gp92, the gene was cloned into two different inducible expression vectors (pET21a and pCDFDuet-1), resulting in 
recombinant proteins with a His-Tag attached to either the N- or C-terminus. Through a subsequent purification, the soluble 
form of C-His tagged gp92 was demonstrated to be ATP-independent. Notably, both gp92 C-His and gp92 N-His variants 
exhibited potential endonuclease activities, dependent upon the presence of magnesium and manganese ions. 
 Results of this study not only expand our understanding of bacteriophage proteins against bacterial defence 
systems, but also offer novel insights into the potential applications of the mentioned enzyme across various domains, 
including medicine, biotechnology, and ecology. 
 This research was partially funded by the European Union Structural Funds under the measure „EMBL Partnership 
Institute“ (Grant No. 01.2.2-CPVA-V-716-01-0001). 
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Pyrethroids are widely used for pest control in agriculture. Different pyrethroids have high insecticidal potential, 

however, they do not degrade immediately after application and their continuous use can have detrimental effect on non-

target organisms [1, 2]. As one of the solutions to the problem, microbial lipolytic enzymes (carboxylesterases EC 3.1.1.1, 

lipases EC 3.1.1.3), among some other enzymes, due to their broad substrate specificity, can be a new and effective means 

of removing pyrethroids from the environment [3].  

In this study samples of plant growing substrate from two Lithuanian farmlands as well as some microorganisms from 

the collection of the Department of Microbiology and Biotechnology were used for the conventional search of the target 

bacteria. For this purpose, enrichment culture using pyrethroids as a sole carbon source was employed for the isolation of 

the bacteria degrading permethrin and bifenthrin. Isolated cultures were selected and identified by 16S rDNA sequencing 

and phylogenetic analysis. 5 cultures belonging to Pseudomonas, Staphylococcus, Micrococcus sp. were selected as 

permethrin- and 6 cultures belonging to Micrococcus, Bacillus sp. and Staphylococcus saprophyticus AG1 as bifenthrin-

degrading. To determine that particularly lipolytic enzymes synthesized by the selected bacteria are involved in the 

degradation of pyrethroids, zymographic analysis using tributyrin and permethrin as substrates was used.  

Three cultures belonging to Pseudomonas sp. (according to the phylogenetic analysis most likely belonging to 

Pseudomonas knackmussii, Pseudomonas fluorescens) were determined to have enzymes of ~50-70 and 55 kDa in the 

zymograms active towards both tributyrin and permethrin. Staphylococcus warneri and Micrococcus aloeverae were shown 

to have enzymes (70-100 kDa) active towards tributyrin only. Some of the determined species in this work have not yet 

been established to degrade pyrethroids using lipolytic enzymes of the determined size.  
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Cassava is an important staple food that contributes to food security for 97% of small-scale Mozambican farmers [1]. 

Processing cassava roots into food-base products is a common practice within farming communities, both to increase shelf-
life and reduce cyanogenic compounds [2]. In southern Mozambique, farmers usually process cassava into cassava roasted 
flour, locally known as “rhali”. Handling and processing practices of the cassava root are likely to introduce microbial 
contamination. We assessed the microbial contamination of rhali made in local farmer associations and consumed either 
locally or sold in rural markets. Microbial sampling was carried out both during winter and summer seasons, and Aerobic 
Bacteria, Staphylococcus aureus, Yeast, Moulds, Escherichia coli, Bacillus spp., Bacillus cereus, Enterobacteriaceae, and 
Lactic Acid Bacteria (LAB) were enumerated (Fig 1). 

The results revealed seasonal variation in terms of microbial diversity in all stages of cassava root processing. In 
samples collected in summer, Moulds, LAB, Aerobic Bacteria and Bacillus spp. were isolated, whereas in samples collected 
in winter, other groups of microorganisms such as yeasts and S. aureus were present. 

Wickerhamomyces anomalus, Rhodotorula mucilaginosa, Pichia exigua, Meyerozyma caribbica and Torulaspora 
deslbrueckii were the most frequent yeast species found in the cassava processing stages. Contamination by Penicillium 
sp., Aspergillus sp., Fusarium sp., and Alternaria sp. was more frequent than other groups of microorganisms in all sampled 
cassava processing associations. The collected market cassava samples had the lowest diversity of microorganisms of the 
study. 

Aflatoxin-producing moulds were observed infrequently in this study, and only at low counts, thus, the risk for aflatoxin 
contamination in cassava samples appears to be low. From a food quality and safety point of view, this staple food can 
therefore be considered clean and safe for human intake. 

 

 
Figure 1. Stages of processing cassava roots into cassava roasted flour “rhali” in local farmer associations. 
 
[1] Morgan, Natalie K., and Mingan Choct. "Cassava: Nutrient composition and nutritive value in poultry diets." Animal Nutrition 2.4 (2016): 253-261. 
[2] Montagnac, Julie A., Christopher R. Davis, and Sherry A. Tanumihardjo. "Processing techniques to reduce toxicity and antinutrients of cassava for use 
as a staple food." Comprehensive Reviews in Food Science and Food Safety 8.1 (2009): 17-27. 
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Hydrophobins are proteins composed of 70–130 amino acids and containing 8 cysteines, linked by 4 disulfide bonds, 

which are characteristic of the entire hydrophobin family [1]. The main advantage of hydrophobins is their ability to form 

amphiphilic layers on various surfaces and thus to change their properties from hydrophilic to hydrophobic and vice versa 

due to the bifunctional molecular structure of these proteins [2]. Due to their properties, hydrophobins are used in the 

pharmaceutical, cosmetic and food industries as they are able to stabilize emulsions in product formulation [3]. 

Hydrophobins are also used in biosensor surface modifications [4] and in tissue engineering for the development of tissue 

scaffold with higher hydrophilicity [5]. 

In this work, the hydrophobin RodA of Aspergillus fumigatus was investigated as matrix for glucose biosensor. Gene 

responsible for the synthesis of the RodA was identified, expressed in Escherichia coli, and corresponding purified 

recombinant protein was used as a matrix of gold electrode of the engineered glucose biosensor. The engineered biosensor 

with a RodA matrix (Au/RodA/GOx) was compared with biosensor without a RodA matrix (Au/GOx), both biosensors had 

immobilized glucose oxidase (GOx) enzyme. Cyclic voltammetry analysis confirmed the successful immobilization of GOx 

enzyme for both biosensors and chronoamperometry was used to calculate the KM values and the maximum generated 

currents (Imax). For Au/GOx, the KM value was 6.99 mM and the Imax was 34.8 μA·cm-2, KM value for the Au/RodA/GOx 

biosensor was 2.37 mM and the Imax was 0.432 μA·cm-2.  

The obtained Au/RodA/GOx KM value showed that GOx immobilized in Au/RodA/GOx biosensor had a higher affinity 

for the substrate, indicating that hydrophobins are a suitable choice for gold electrode surface modification. The experiments 

to further improve glucose biosensor are under way. 
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Environmental microbiology is often limited to DNA-based characterization of microbial communities because of the 
complicated cultivation of environmental microorganisms. However, this approach has a major caveat: DNA-based 
characterization methods usually do not discriminate between live and dead microorganisms [1].  Propidium mono azide 
qPCR (PMA qPCR) allows for the successful discrimination of live and dead cells based on the selective permeability of 
dead cells and consecutive inhibition of DNA amplification [2]. The method is successfully applied in the field of human 
microbiota transplantation allowing standardized fecal microbiota transplants [3, 4]. However, the application of PMA qPCR 
for standardization and viability testing of plant-derived microbiota inoculums has not yet been studied. The aim of the study 
was to adapt PMA qPCR for application in the standardization of plant-derived microbiota inoculums.  

Experimental testing of PMA qPCR for European elder microbiota inoculums revealed that elderberry root extract 
does not affect PMA qPCR efficiency. The optimal inoculum concentration is 3 mg*ml-1 since it allows for efficient PMA 
photoactivation as well as successful DNA isolation, and the optimal PMA concentration for efficient live-dead cell 
discrimination is 100 µM. Further optimization of the method will involve characterization of sensitivity and limit of detection 
of PMA qPCR in plant-derived microbiota inoculums.  

Funding: project No. lzp-2022/1-0179 “Role of endophytic microbiota in the anti-viral activity of Sambucus nigra L. 
against type A influenza and SARS-CoV-2.” 
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[2] Cangelosi, G. A., & Meschke, J. S. (2014). Dead or alive: molecular assessment of microbial viability. Applied and environmental microbiology, 80(19) 
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The increasing prevalence of antibiotic-resistant bacteria in the environment is a significant public health issue[1]. 

Wastewater treatment plants (WWTPs) are considered to be sources of antibiotic resistance genes (ARGs) [2], and 

promoters of their accumulation and spread. This study aimed to explore the diversity and genetic composition of 

meropenem- and imipenem-resistant plasmids isolated from a WWTP in Oświęcim, Poland.  

Plasmids were first isolated using antibiotic-enriched culture method followed by transformation into E. coli. This revealed 

one imipenem- and four meropenem-resistant plasmids. Complete, circular sequences of each plasmid were determined 

using Oxford Nanopore sequencing. Subsequently, metagenomic data was subjected to bioinformatic analyses, including 

Comprehensive Genome Analysis (BV-BRC) followed by manual annotation, detection of ARGs, identification of genes 

responsible for conjugal transfer mobilization, and determination of replication incompatibility groups.  

The analysis revealed an abundance of mobile genetic elements (MGEs), including those carrying ARGs. Notably, multiple 

different ARGs were co-localized within particular plasmids, including these conferring resistances to β-lactams, 

carbapenems, aminoglycosides, sulfonamides, chloramphenicol, quinolones, and trimethoprim. These findings highlight 

the complex genetic makeup of ARG-carrying plasmids from WWTPs. They also emphasize the importance of continuous 

surveillance and management of antibiotic resistance in environmental reservoirs.  

Performed bioinformatic analyses will serve as a baseline for further laboratory experiments. This includes confirming 

phenotypic antibiotic resistance, evaluating the mobility of MGEs using an entrapment vector, assessing the host range of 

these plasmids, and determining the plasmids' mobility in various microcosm experiments.  
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The epidemiology of meningococcal infections varies widely based on geographic location, timeframe, and the age 

of susceptible populations. This is also influenced by widespread meningococcal vaccine usage and the isolation 

measures implemented during the COVID-19 pandemic. 

Over the past decade, many European countries have employed whole genome sequencing (WGS) for N. 

meningitidis surveillance. WGS availability enhances our understanding of its biology and diversity. This study aims to 

assess the genomic relationships between N. meningitidis strains from Lithuania and strains identified across the Europe 

region.  

321 N. meningitidis isolates collected in Lithuania between 2009 and 2021 were subjected to multilocus restriction 

typing (MLRT) following the method of Benett et al.[1]. Based on MLRT genotyping, 10 infrequently observed strains were 

selected for WGS analysis. The sequenced genomes were integrated into the PubMLST database [2] to assess genomic 

diversity and relationships among Lithuanian and European circulating N. meningitidis strains, and the draft genomes 

have accession numbers: 119504, 120132 - 120140. The genomic diversity of Lithuanian N. meningitidis strains was 

assessed by analyzing a collection of 43 publicly available genomes. The analysis revealed the presence of 21 different 

sequence types (STs) circulating in Lithuania. Among them, ST34 (76.19%) was the most prevalent. Notably, isolates 

120132, 120136, and 120140 had unique combinations of 7 housekeeping genes, identified as novel STs in the 

PubMLST database: ST16969, ST16901, and ST16959, respectively.  

Using the GrapeTree [3] tool on PubMLST, a minimal spanning tree (MST) was generated for a publicly available 

collection of 9325 N. meningitidis isolates, based on a cgMLST v2 scheme. MST revealed no significant geographic 

relationships among them. Overall, a conspicuous global dissemination of N. meningitidis was observed, with the root of 

the MST originating from Sweden. The analyzed isolates belonged to 42 clonal complexes (CC), with the ST-11 and ST-

41/44 CCs being predominantly prevalent. In contrast, the ST-32 CC, highly common (69.4%) in Lithuania, exhibited a 

lower prevalence (7.9%) across the broader European region. These Lithuanian isolates formed a distinct clade, along 

with samples from various European countries. All 10 Lithuanian isolates studied here belonged to distinct related clades. 
This study underscores the importance of genomic characterization in understanding circulating N. meningitidis 

lineages, leading to new targets for lineage monitoring, diagnosis, or vaccine development. Ultimately, this research 

enriches the PubMLST database with WGS data of Lithuanian isolates. 
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Autism spectrum disorders (ASD) are a collection of neurodevelopmental disorders with complex etiology. Current 

research indicates that children with ASD have an increased likelihood of gastrointestinal disturbances and exhibit lower 
diversity of gut microbiota. Notably, changes in the ratio of Firmicutes/Bacteroides and composition of primary bacterial 
phyla are a sign of dysbiosis and are widely observed in ASD patients. Previous studies indicate the importance of host-
microbiota interactions in neuropsychiatric disorders and the potential of microbiota to modulate the symptoms of various 
neuropsychiatric disturbances. Furthermore, lower diversity of gut microbiota can contribute to the cognitive pathology and 
symptoms observed in the ASD. However, the lack of models suitable to investigate the role of gut microbiome changes in 
ASD remains the main hurdle in establishing biomarkers or therapeutic targets. Hence, we transferred fecal samples from 
ASD patients to mice after microbiota cleansing with a mixture of antibiotics and analyzed their behavior, gene expression 
in CNS and gut microbiome changes. We found that transfer of gut microbiota from ASD patients can induce changes in 
the behavior of adult mice, impact gene expression in different brain areas based on the strategy of the fecal microbiota 
engraftment. 
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Recent development of salmonids aquaculture requires increasing amounts of lipid-enriched feed. It is established 

that lipid-enriched microalgae biomass can be used in aquaculture feeds in order to increase nutritive value and lipid 

content. Previous studies show improvement in growth, immunity and meat quality of salmonids, when microalgae are 

added to the feed [1]. Currently microalgal biomass commercial production is associated with several limitations, e.g. high 

production costs and low biomass productivity, when microalgae are cultivated photoautotrophically [2]. Mixotrophic 

microalgae cultivation on alternative substrates, such as dairy industry by-products, has a potential for significant 

intensification in biomass production with increased lipid content. This study focuses on mixotrophic cultivation of 

Chromochloris zofingiensis CCAP 211/14 on modified Bold’s Basal medium (3N-BBM-V) supplemented with lactose (10 

g/L) and resulting lipid, protein and carbohydrate content in biomass. 

Mixotrophic cultivation of C. zofingiensis CCAP 211/14 in lactose supplemented medium was compared to 
photoautotrophic growth (control). Results show significant increase of biomass production in mixotrophic cultivation group 
(3.74 ± 0.13 g/L dry biomass) compared to control (1.60 ± 0.17 g/L). Additionally, during photoautotrophic growth lipid 
concentration in the biomass was significantly lower (9.75 ± 1.10 %), compared to mixotrophic group (33.36 ± 1.30 %). 
However, no significant changes (p > 0.05) in content of carbohydrates (~30%) and proteins (~20%) in the biomass were 
detected. Moreover, lactose uptake (~50%) from the medium was evaluated during mixotrophic cultivation as well as 

extracellular (61.46±1.70 U/L) and intracellular (36.52±1.42 U/L) activity of -galactosidase. 
It can be concluded that 3N-BBM-V supplementation with lactose results in significant increase of C. zofingiensis 

CCAP 211/14 biomass production and lipid content. Moreover, lactose consumption and -galactosidase production was 
confirmed. Further studies are in progress to evaluate C. zofingiensis ability to grow on different lactose containing dairy 
by-products. 

This study was performed within the EMFF funded project no. 20-00-F02201-000001 “Approbation of microalgae 
cultivation in closed aquaculture systems and evaluation of their efficiency in fish feed” supported by the Ministry of 
Agriculture and Rural Support Service of the Republic of Latvia. 
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Probiotics are essential live microorganisms which colonize gut and produce metabolites that has beneficial effects 
on the host. Lactic acid bacteria (LAB) are among the abundant, Gram-positive bacteria which are widely distributed in 
nature and naturally thrive in traditional fermented foods. LAB offers special functions that are considered beneficial to the 
host, hence falling into the category of probiotics. LAB are facultative anaerobes with exceptional characteristics that are 
essential for the functioning of mammalian health. Due to its therapeutic effects, their application is still studied in treating 
and curing numerous diseases [1][2]. The present work aimed to identify probiotic candidates from Lithuanian fermented 
food samples and its in-vitro screening, functional characterization properties and safety analysis.  

LAB strains were isolated from the fermented foods procured from the local market, Hales Turgus, Vilnius, Lithuania. 
These selected sample went through the screening steps of tolerating the harsh conditions of the gastrointestinal tract, 
which includes survival in low pH of 2, pepsin, bile salts and pancreatin. The isolates showing >50% survival in the 
gastrointestinal conditions proceeded with the determination of functional characterization steps in in vitro condition of 
antimicrobial activity, antioxidant potential, gut colonization ability, proliferation in presence of prebiotic, tryptophan 
metabolite production for exhibiting psychobiotic ability. The selective strains were then identified by 16s RNA and whole 
genome sequencing techniques to confirm its strains and at last tested for safety analysis.  

23 morphologically different LAB colonies were isolated from various fermented food samples. Among these 23 
isolates, only 12 showed resistance to the probiotic screening tests of survival in low pH of 2, tolerance to pepsin, bile salts 
and pancreatin. In the characterization methods, these 12 strains exhibited antimicrobial activity against five pathogens- 
Staphylococcus aureus ATCC 29213, Salmonella typhimurium ATCC 14028, Streptococcus pyogens ATCC 12384, 
Streptococcus pyogens ATCC 19615 and Klebsiella pneumonia ATCC 13883 with average zone inhibition of 10.75 to 19.5 
mm, respectively. Following with the determination of trolox equivalent antioxidant concentration with the scavenging effect 
of the cell free supernatants on a 1,1-Diphenyl2-picryl-hydrazyl radical was executed. All the 12 strains showed free radical 
scavenging activity and antioxidant capability. For the gut colonization potency, auto-aggregation property was measured 
at three different timelines- 4, 12 and 24 hours, and the adhesion on HCT116 colon cells was calculated by percent 
adhesion. Only 5 isolates showed promising adhesion capability. These 5 isolates proceeded with growth and tryptophan 
production in presence of prebiotic galactooligosaccharides at 2% and 4% concentration. All 5 isolates showed better 
growth in the presence of 2% and 4% concentration of GOS and only 11w isolate produced tryptophan metabolite. The 
selective strains were identified by 16s RNA and whole genome sequencing techniques confirming to be new strains. At 
last, in the safety analysis, only three isolates passed the antibiotic susceptibility, mucin degradation, gelatin hydrolysis, 
and hemolytic activity.   

Taken together, results from this study show that Lacticaseibacillus paracasei 11w had the best probiotic potential 
when compared to the rest of the LAB isolates. Further in vivo studies are however required for their health promoting 
effects in mammals. Accordingly, due to these unique probiotic properties, selected three strains should be proceeded with 
in vivo testing, and future clinical trials.  
 
 
 
 
[1] A. Megur, D. Baltriukienė, V. Bukelskienė, A. Burokas, The microbiota–gut–brain axis and Alzheimer’s disease: Neuroinflammation is to 
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Aim: Opportunistic infections, affecting mucosal to dermal surfaces, pose a deliberate threat to a worldwide 

healthcare system [1]. Biofilm formation on organic and inorganic surfaces has substantially improved virulence and is a 

crucial pathogenesis factor for the opportunistic fungus Candida albicans [2]. In this study, we aim to evaluate lanthanum 

nitrate (LN) and lanthanum nitrate hexahydrate (LNH) potential against non-sessile C. albicans cells and a pre-formed 24-

h biofilm. Lanthanum exhibits anti-fungal activity by generating excessive reactive oxygen species, formerly described as 

capable of damaging cell components and disrupting cellular mechanisms [3, 4]. 

Methods: Antifungal susceptibility against non-sessile C. albicans cells was assessed using the broth dilution 

method. The minimal inhibitory concentration (MIC) was evaluated after 24 hours of incubation using a viability assay. For 

sessile model susceptibility evaluation, C. albicans biofilms were developed in a flat-bottomed 96-well plate for 24 hours. 

Pre-formed biofilms were treated with 1 x MIC, 1,5 x MIC, 2 x MIC, and 2,5 x MIC concentrations of LN and LNH, 

respectively. Treated biofilms were collected after 24 hours of incubation. Metabolic activity and viability within the biofilm 

were assessed using the XTT reaction and viability assay. 

Results: For non-sessile C. albicans cells, the MIC was 12 mg/mL for LN and 14 mg/mL for LNH. The biofilm model 

showed increased resistance to both substances. Concentrations needed for disturbing pre-formed biofilm were dose-

dependent, with LN being more compelling. The metabolic activity of LN-treated biofilms was reduced to 14% and 23% for 

LNH. The viability assay displayed equivalent data, ensuring legitimate results. 

Conclusion: Lanthanum nitrate and lanthanum nitrate hexahydrate demonstrate antifungal activity against non-

sessile C. albicans cells and a pre-formed biofilm. Implying that it has the potential to be an alternative to current antifungal 

remedies. 
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Ophiostoma quercus (Ascomycota, Ophiostomatales) is a worldwide distributed fungus that can colonise a wide 
range of tree species, mostly hardwood hosts. The fungus is considered to be non-pathogenic, but it causes sapwood-
staining, which also leads to the significant economic losses in the timber industry [1]. To date, there are no effective 
measures to control this microorganism and effective preventive measures are being sought to limit its spread.  

Ophiostomatoid fungi are characterised by a high morphological and genetic diversity, which makes O. quercus 
particularly difficult to identify among other fungi. In order to apply more effective methods for faster and more accurate 
detection and identification of this fungal species, the aim of this study was to compare the effectiveness of molecular and 
volatile organic compound (VOC) applications. 

Two strains of Ophiostoma quercus fungi (NRCIB Oqu1 and NRCIB Oqu2) isolated from Quercus robur trees from 
Lithuania were used in this study. The fungal strains were identified molecular methods: the internal transcribed spacer 
(ITS) of ribosomal DNA using primers ITS1 and ITS4 [2], and the 28S large subunit partial nuclear ribosomal DNA (LSU) 
using primers LROR and LR5 [3]. In addition, regions of four genes were amplified: β-tubulin (TUB2) using primers Bt-2a 
and Bt-2b [4], α-actin (ACT) using primers ACT-512F and ACT-783R, calmodulin (CAL), using primers CAL-228F and CAL-
737R, and the translation elongation factor 1-α (TEF1-α) gene using primers EF1-728F and EF1-986R [5]. Pure cultures of 
O. quercus were used to determine the composition of fungi emmited volatile organic compounds (FVOCs) employing 
technique of gas chromatogtapy-mass spectrometry (GC-MS) [6]. In vitro studies revealed 12 VOCs specific to this species. 

For the first time in Lithuania, different methods have been used to characterize O. quercus, providing a broader 
picture of how to identify this fungal species more effectively. 
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Climate change and global trade are important factors in the spread of alien plant pathogens worldwide. Sentinel 

plants provide an opportunity to study the interactions of introduced and native plants with plant pathogens and other 
endophytic microorganisms. As it would help to identify invasive plant pathogens more quickly and to assess the impact on 
nature, as there is a lack of in-depth knowledge on the comparative genetic diversity of the endophytic microorganisms 
found in these plants, which is the key to the success of the survival and spread of a potential invasive plant pathogens and 
the plants itself.  

The plant material for the study was collected from 7 Pinus species (native P. sylvestris L. and introduced P. mugo 
Turra, P. strobus L., P. nigra J. F Arnold, P. banksiana Dougl. x contorta Lamb., P. ponderosa Douglas ex C. Lawson, P. 
parviflora Siebold & Zucc.) in the Kairėnai Botanical Garden of Vilnius University. A total of 115 fungal isolates were 
examined in this study and classified into 13 morphological groups based on microscopic and macroscopic phenotypic traits 
such as color, shape and size of colonies, hyphae, and spores. Sequencing of fungal ITS1 and ITS2 region using the 
ITS1/ITS4 primers [1] resulted in the assignment of all these morphological groups to 11 fungal genera. The genotypic 
diversity of endophytic and phytopathogenic fungi isolated from Pinus spp. plants was investigated using 10 ISSR-PCR [2] 
primers, showing a certain level of intra-group differentiation. 
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Peroxisomes are highly dynamic, DNA free, single membrane surrounded organelles. They may be involved in 

various metabolic pathways that predominantly depend upon cellular and environmental conditions. Peroxisomes are small 

organelles between 0,1 – 0,2 µm in size. Cell can contain from 1 – 2 peroxisomes to several dozen peroxisomes. Yeasts 

are convenient model to study peroxisomes because cell transfer from a glucose containing medium to a medium containing 

a peroxisome proliferator (oleate, methanol) induces synthesis of peroxisomal enzymes and the growth and division of 

peroxisomes. For example, peroxisomes may occupy between 30 and 80 % of the cell volume in cells growing in the 

presence of peroxisome proliferator under certain conditions. After multiple rounds of organellar growth and division, 

individual cells may contain over 20 peroxisomes [1; 2; 3]. 

Extensive knowledge has been gained about the role of the plasma membrane and its proteins in the transition of 

yeast cell into the state of anhydrobiosis. Yet nothing is known about other organelles, like peroxisomes, during stress 

response [4]. The aim of this study was to obtain first information concerning the role of peroxisomes in various stresses - 

hyperosmotic, oxidative, thermal and dehydration/rehydration. 

In this study we used Saccharomyces cerevisiae and Ogataea polymorpha strains with affected peroxisome division 

(pex11), inheritance (inp1), biogenesis (pex3) and peroxisomal matrix protein import (pex6). 

We concluded that yeasts with intact and functional peroxisomes after their induction are able to withstand better 

dehydration and subsequent rehydration stress. Overall, our results showed for the first time that if yeast cells were 

incubated in a medium with a peroxisome inducer before transfer into the state of anhydrobiosis, it gave advantage of better 

withstanding dehydration-rehydration stress. The different ability of mutant strains to withstand dehydration/rehydration 

treatment if they are incubated in medium with peroxisome inducer prior to dehydration does not depend on resistance to 

oxidative, hyperosmotic stress or heat shock. There must be another mechanism by which peroxisomes favor better 

transition to the anhydrobiosis state and subsequent reactivation from this state. 

 
 
 
 

[1] Ruβmayer H., Buchetic M., Gruber C., Valli M., Grillitsch K., Modarres G., Guerrasio R., Klavins K., Neubauer S., Drexler H., Steiger M., Troyer C., 

Chalabi A. A., Krebiehl G., Sonntag D., Zellnig., Daum G., Graf A. B., Altmann F., Koellensperger G., Hann S., Sauer M., Mattanovich D., Gasser B. 
(2015). Systems level organization of yeast methylotrophic lifestyle. BMC Biology, 13, 1 – 25. 

[2] Sibirny A. A. (2016). Yeast peroxisomes: structure, functions and biotechnological opportunities. FEMS Yeast Research 16(4), 1 -14. 

[3] Kurylenko O. O., Ruchala J., Vasylyshyn R. V., Stasyk O. V., Dmytruk O. V., Dmytruk K. V., Sibirny A. A. (2018). Peroxisomes and peroxisomal 

transketolase and transaldolase enzymes are essential for xylose alcoholic fermentation by the methylotrophic thermotolerant yeast, Ogataea (Hansenula) 
polymorpha. Biotechnology for Biofuels, 11, 1 – 16. 

[4] Rapoport A., Golovina E. A., Gervais P., Dupont S., Beney L. (2019). Anhydrobiosis: inside yeast cells. Biotechnology Advances, 37, 51 – 67. 
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Today‘s world is facing the huge accumulation of non-degradable polymers, the depletion of crude oil reserves, and 
the continuous rise in consumer demand for plastics. As a result, environmentally degradable bio-based polymers and their 
composites are being developed [1]. However, it is equally important to assess the degradability of newly developed 
polymers and their composites as well as compare the degradation rate of such materials across different environments. 
The aim of the study was to evaluate the degradability of polymer composites in three different soils. 

The degradability of polymer composites was evaluated by a soil burial test according to EN ISO 846:1997 [2]. The 
polymer composites were prepared by direct mixing of epoxidized linseed oil and an aqueous solution of 1-hydroxyethane-
1,1-diphosphonic acid, followed by the addition of 5 wt% of industrial waste materials (pine needles, pine bark, grain mill 
waste, and rapeseed cake). The experiment was performed in coniferous and deciduous forest soil as well as grassland 
soil for 180 days. Changes in chemical composition and surface morphology of polymer composites were evaluated by 
attenuated total reflectance infrared spectroscopy (ATR-IR) and scanning electron microscopy (SEM), respectively.  

The weight loss (%) of polymer composites after 180 days of a soil burial test was significantly higher in coniferous 
forest soil, which was characterized as neutral (pH 7), having lower organic C (1,54%) and N (0,117%) values and more 
stable cellulolytic activity compared to deciduous forest and grassland soil. The polymer matrix showed the greatest weight 
loss (%) in all of the tested soils, which was also supported by the results of ATR-IR and SEM. The reduction or 
disappearance of the signals assigned to C=O, C-O-C, P=O, and P-O-C bonds indicated the cleavage of the polymer matrix. 
The obtained results suggest that the matrix of polymer composites has degraded faster than the fillers. 
 

 

 

 
[1] Samir, A., Ashour, F. H., Hakim, A. A. A., Bassyouni, M. (2022). Recent advances in biodegradable polymers for sustainable applications. npj Materials 
Degradation 6, 68; 
[2] EN ISO 846. (1997). Plastics – Evaluation of the action of microorganisms. BS EN ISO 846: 1997. 
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The mortality rate of invasive fungal infections caused by pathogenic Candida yeasts is 30-90% even when antifungal 
therapy is applied [1]. One of the biggest problems encountered in treating these infections is the ability of cells to acquire 
resistance to known antifungal drugs. The most common mechanism of resistance is multidrug resistance pumps. Usually, 
in resistant strains activity of such pumps is upregulated, leading to increased antifungal drug efflux out of cells. Because 
of that, the concentrations of drugs within the cells are too low to inhibit the growth of pathogenic Candida yeasts. One 
possible way to increase the concentrations of antifungals inside the cells is an inhibition of the activity of efflux pumps 
using alternative substrates, i.e. drugs used for the treatment of chronic diseases. 

The aim of this study was to evaluate the ability of statins - drugs to lower the level of cholesterol in the blood – to 
inhibit the efflux of antifungals. The effects of statins alone or in combinations with antifungals were tested against different 
strains of C. glabrata and C. albicans, including mutants in ABC family efflux pumps – CDR1 and CDR2. 

The results of our experiments revealed that all three of the chosen statins (atorvastatin, fluvastatin, and rosuvastatin) 
had fungicidal activity against C. albicans wild-type cells, and the deletion of CDR1 efflux pump made the strains more 
sensitive to the drugs. Statins had fungicidal activity against C. glabrata strains at the highest tested concentrations (256 
µg/ml) only and the deletion of efflux pumps had no impact on the sensitivity in this species. The combinations of statins 
with the known antifungal fluconazole reduced the growth of C. albicans wild-type cells but did not have this effect on the 
growth of C. glabrata yeasts. These findings show that statins can strengthen the effects of antifungal drugs and might act 
as efflux pump inhibitors, but further research is needed. 
 

 

 

 
[1]. Healey, K. R., Jimenez Ortigosa, C., Shor, E. & Perlin, D. S. (2016). Genetic Drivers of Multidrug Resistance in Candida glabrata. Frontiers in 
Microbiology, 7, 1995. doi:10.3389/fmicb.2016.01995 
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 A tattoo is a permanent pigmentation of the skin resulting from the entry of exogenous substances into the skin to 
form indelible marks or designs. During the procedure, the skin is under a lot of stress, because it is constantly punctured 
with needles and dye is injected into the skin, so after the procedure, not only the desired drawing appears on the skin, but 
also an open wound, which must be properly protected and treated [1, 2].  
 The aim of the project was to develope and characterize polymeric wound dressing membranes for tatoo care and 
healing. Solutions of various concentrations were developed to form wound dressings, which had viscosity in the range of  
38.5±0.2–49.1±0.4 mPa∙s and a pH of 5.11±0.17–5.85±0.21. The physical characteristics of the membranes, such as 
thickness, transparency, yellowness, elasticity and hardness were found to be affected by the composition of liquorice 
extract and polyvinylpyrrolidone. The composition most suitable for the formation of membranes containing active 
compounds was identified based on the results obtained, and two new formulations were prepared: with 2% lidocaine 
hydrochloride and with 0.025% octenidine dihydrochloride. The wound dressing membranes containing lidocaine 
hydrochloride were found to be thicker and less transparent than the membranes with octenidine dihydrochloride. In vitro 
release kinetics revealed that after 24 hours there was a release of 63±1% of lidocaine hydrochloride and 89±2% of 
octenidine dihydrochloride, respectively. All membranes were found to moisture the skin and has antibacterial activity 
against Staphylococcus aureus. Furthermore, the dressing containing octenidine dihydrochloride was also found to be 
effective against Enterococcus faecalis and Pseudomonas aeruginosa. 
 
 
 
 
[1] Dieckmann, R. et al. (2021) Aesthet Surg J Open Forum. 3(3), 1–14 
[2] Fauger, A et al. (2022) J Cosmet Dermatol. 21(3), 1051–1056 
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Shiitake mushroom Lentinula edodes (Berk.) Pegler is a widely cultivated edible basidiomycete and is considered a 

valuable source of biologically active compounds. The immunomodulatory activity of shiitake polysaccharides, especially 
beta-glucans, has been studied in various animal models [1].  

Drosophila is a non-mammalian model organism used in biological, medical, and pharmacological research. 
Drosophila has innate immunity; the response involves haemocytes, antimicrobial peptides (AMP), and melanisation 
reaction [2].  

L. edodes DSM 3565 hot water extract (HWE) was obtained from fruiting bodies. Depending on the planned test 
HWE was standardized at 0.1 to 5 mg/ml by dry weight, pasteurized, lyophilized and stored at 4°C. The concentration of 
beta-glucans was ca. 20% of the dry weight of HWE as estimated by FTIR spectroscopy and enzyme-based colorimetric 
analysis.  

Fertilized eggs of wild type drosophila were placed on HWE-containing corn meal media, the obtained larvae ( ≤ 10 
per cm2) were reared at 25±1°C, 12:12 h light:dark cycle and 60% relative humidity. 

Immune response of 3rd instar larvae was assessed. HWE-fed larvae had more pronounced melanisation reaction - 
intense wound site blackening, alongside with increased number of sessile crystal cells and phenol oxidase activity. HWE-
induced increase of haemolymph antibacterial activity was revealed indicating elevated AMP synthesis. No adverse effects 
on the development, viability, and body size of HWE fed larvae were observed.  

Research is being continued in the drosophila larvae model to optimize tests for screening immunomodulator activity 
by natural infection approach and to characterize the changes of immune response gene expression after HWE feeding. 

 
 
 
 

[1] Roszczyk, A., Turło, J., Zagożdżon, R., & Kaleta, B. (2022). Immunomodulatory Properties of Polysaccharides from Lentinula edodes. International 
Journal of Molecular Sciences, 23(16), 8980. 
 
[2] Pratomo, A. R., Salim, E., Hori, A., & Kuraishi, T. (2022). Drosophila as an Animal Model for Testing Plant-Based Immunomodulators. International 
Journal of Molecular Sciences, 23(23),14801. 
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Modern livestock production systems are associated with crucial environmental problems and contributes between 

15 to 24 % of total greenhouse gas emissions [1]. Additionally, meat production by processing animals and birds into food, 
is associated with ethical concerns and is increasingly criticized for being inhumane [2]. 

An alternative to livestock production can be cell-based (also referred as in vitro meat) and plant-based meat. 
Unfortunately, in vitro meat production systems suffer from various technological problems [3]. The drawbacks of in vitro 
meat production have encouraged the research of other alternatives like plant-based hemeproteins (hemoglobins) to mimic 
the colour and flavour close to that of meat. 

Plant hemoglobins, also known as leghemoglobins, are present in the root nodules of leguminous plants. Upon 
cooking, the leghemoglobin protein (LegH) unfolds by releasing its heme cofactor to catalyse reactions that can transform 
the same plant-based sources biomolecules into the compounds that comprise the flavour and aroma of traditional meat 
[4]. As of now, the most perspective process of manufacturing LegH is through fermentation using recombinant 
microorganism strains. 

During the research, a recombinant (LegH producing) strain of Komagataella phaffii was cultivated by using a defined 
medium composition. The said medium, in contrast to industry accepted formulas, utilizes ammonium salts (rather than 
ammonium hydroxide), which makes it possible to control the pH and ensure optimal nitrogen levels independently.  

Multiple fed-batch fermentations with model predictive control (MPC) [5] were performed in a bench top 5 L 
bioreactor. The maximal biomass concentrations achieved in said cultivations were 79 gDCW/L at the end of the glucose 
feeding stage. The maximal obtained LegH concentration reached 0.08 g/L. 
 

Acknowledgements: This research was performed with financial support from the ERDF project no. 1.1.1.1/21/A/044 
“The development of an efficient pilot-scale leghemoglobine production technology, based on recombinant Pichia pastoris 
and Kluyveromyces lactis fed-batch fermentations. (BioHeme)”. 
 
 
 
 
[1] I. Datar, M. Betti. Possibilities for an in vitro meat production system. 2010. 
[2] Ijaz, M. et. al. 2021. Meat Production and Supply Chain Under COVID-19 Scenario: Current Trends and Future Prospects. Frontiers in Veterinary 
Science, 8. 
[3] A. Hocquette et. al. Educated consumers don’t believe artificial meat is the solution to the problems with the meat industry. Journal of Integrative 
Agriculture. 2015. 
[4] J. O. Gene et. al. Influence of Heme Pigments, Nitrite, and Non-Heme Iron on Development of Warmed-over Flavor (WOF) in Cooked Meat. Journal 
of Agricultural and Food Chemistry. 1979. 
[5] E. Bolmanis et al. Model Predictive Control—A Stand Out among Competitors for Fed-Batch Fermentation Improvement. Fermentation. 2023 
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Bacteriophages (phages) are viruses that infect bacteria and control their abundance and diversity. Lytic phages, 
which induce cell lysis after replication, are promising control agents for pathogenic bacteria and simple viral models for 
basic and applied research. Of particular interest are numerous discovered genes that are unique to specific phages or 
shared among closely related ones. These genes hide potentially useful functions, but they can also be dangerous when 
using phages for therapeutic purposes. Targeted editing of phage genomes can help uncover these functions and improve 
phages [1]. 

Genome editing of lytic phages was complicated due to their unique biological properties. Recently, the marker-
based and marker-less strategies have been developed. However, the methods must be adapted to the specific phage 
group and require knowledge of phage biology. Here, we present the ways for engineering vB_Ecom_VpaE1 (VpaE1) 
phage belonging to the unexplored Felixounavirus genus [2, 3]. The phages from this genus infect Escherichia coli or 
Salmonella strains including clinically important ones [4, 5]. The VpaE1 phage is an attractive model for investigation of this 
genus as it infects laboratory strains of E. coli.  

The BRIP method proved most suitable for introduction of in vitro designed mutations into the phage genome by 
homologous recombination. This involved electroporating a PCR fragment containing homology arms and either a marker 
gene (trxA or lacZ alpha fragment) or the gene of interest with an amber mutation into VpaE1-infected E. coli host strains. 
After recombination, the mutant phages have been selected according to their plaque phenotype on the E. coli trxA– or 
lacZ∆M15 strains. Inactivation of the essential gene was based on the insertion of amber (stop) codon, followed by selecting 
mutants on suppressing strains. Using these methods, the knock-out mutants of essential and non-essential genes were 
constructed enabling further studies of their functions. 
 
 
 
 
 
[1] Ryu, S. (2021). Grand Challenges in Phage Biology. Front. Microbiol. 12:715039.Sonawane, S. K., Chidambaram, H., Boral, D., Gorantla, [2] 
Šimoliūnas, E., Vilkaitytė, M., Kaliniene, L., Zajančkauskaitė, A., Kaupinis, A., Staniulis, J., Valius, M., Meškys, R., Truncaitė, L. (2015). Incomplete LPS 
Core-Specific Felix01-Like Virus vB_EcoM_VpaE. Viruses 7(12):6163-6181.  
[3] Šimoliūnienė, M., Kazlauskas, D., Zajančkauskaitė, A., Meškys, R., Truncaitė, L. (2021). Escherichia coli trxA gene as a molecular marker for genome 
engineering of felixounoviruses. Biochim. Biophys. Acta Gen. Subj. 1865(10):129967.  
[4] Mathieu, A., Dion, M., Deng, L., Tremblay, D., Moncaut, E., Shah, S. A., Stokholm, J., Krogfelt , K. A., Schjørring, S., Bisgaard, H., Nielsen, D. S., 
Moineau, S., Petit M. A. (2020). Virulent coliphages in 1-year-old children fecal samples are fewer, but more infectious than temperate coliphages. Nat. 
Commun. 11(1):378. 
[5] Barron-Montenegro R, García R, Dueñas F, Rivera D, Opazo-Capurro A, Erickson S, Moreno-Switt AI. Comparative Analysis of Felixounavirus 
Genomes Including Two New Members of the Genus That Infect Salmonella Infantis. Antibiotics (Basel). 2021 Jul 2;10(7):806. 
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Bacterial infections can cause harm to human health and affect the economy. In order, to understand the disease 
process, possible treatments and to determine effective control strategies, it is necessary to develop effective models for 
the study of bacterial infections. Aquaculture is the fastest growing sector in animal food production. Today, approximately 
50% of the world's fish consumption originates from controlled aquatic settings. Among the concerns faced, bacteria such 
as Aeromonas spp, Pararheinheimera spp., and others have the potential to infect freshwater fish, leading to substantial 
losses within the aquaculture sector and posing risks to food security. 

This study attempted to create a model of infection using bacteria isolated from a gypsum karst lake Kirkilai from 
North Lithuania and zebrafish embryos. Zebrafish embryos at 2 days post-fertilization (dpf) with tail injuries were immersed 
in the bath. At this developmental stage the mouth has not yet opened, so only physical injury could have facilitated the 
entry of bacteria into the embryo. Nine different strains were tested at a concentration of 106 CFU/ml with two embryos per 
well within 96-well plates. Embryo viability was monitored for 72 h. In contrast to healthy embryos, the Pararheinheimera 
soli strain induced lethality in embryos with tail lesions. P. soli resulted in mortality rates of up to 77% in embryos. To reduce 
the mortality of zebrafish embryos, phage treatment was administered. The initial phage treatment displayed moderate 
efficacy, although further comprehensive research is still needed to enhance its potential. 

The development of bacterial infection models is crucial for understanding the disease mechanisms, evaluating 
potential treatments, and developing effective phage-based biocontrol strategies. These models play a central role in 
advancing our knowledge of bacterial infections and improving our ability to combat them. 
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A method for acquiring a polyunsaturated fatty acid (PUFA) fraction and separating it from monounsaturated (MUFA) 

and saturated (SFA) fatty acid fractions was explored and tested on microalgae (Fig 1)[5]. Omega-3 are valuable PUFA and 
an essential component for salmonid fish feed [6]. Microalgae are known producers of these fatty acids. 

Subsequent saponification, transmethylation, winterization and urea complexation stages were performed. 
A 8.2% and 4.4% free fatty acid (FFA) content was determined in Chlorella sp. and Spirulina sp. microalgae biomass 

samples respectively.The FFAs were methylated to fatty acid methylesters (FAME). Urea was added to FAME to achieve 
urea complexing (UCF) and non-urea complexing (NUCF) fractions. UCF consists primarily of SFA and MUFA, however, 
NUCF is enriched with PUFAs. FAME of Chlorella sp. were separated into NUCF and UCF with recovery of 91%. Recovery 
of NUCF and UCF from FAME of Spirulina sp. was 45%. NUCF content in Chlorella sp. and Spirulina sp. biomass was 
determined to be 0.75% for the former and 0.44% for the latter. 

Urea complexation can be used as a viable method to acquire PUFA enriched fatty acid fractions from microalgae. 

 
Fig 1. Scheme for acquisition of UCF and NUCF from Chlorella sp. and Spirulina sp.[1] 

 
This study was performed within the EMFF funded project no. 20-00-F02201-000001 supported by the Ministry of 

Agriculture and Rural Support Service of the Republic of Latvia. 
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diets rich in omega-3 long chain polyunsaturated fatty acids DHA and EPA. Physiology & Behaviour, 213:112692, 
https://doi.org/10.1016/j.physbeh.2019.112692. 
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Lignin, is a complex aromatic polymer that together with cellulose and hemicellulose forms the main constituent of 
wood. At that, lignin is considered as the most abundant renewable low-cost aromatic raw material on Earth. Biological 
degradation of lignin polymer is relatively slow process due to its irregular and recalcitrant structure. However, several 
microbial species can efficiently depolymerize lignin and/or utilize lignin-derived toxic aromatic compounds. The bacterial 
species capable to utilize lignin originate primarily from soil, wastewater, compost, and mining sediments. Microbial species 
from extreme environments or polluted areas often possess high metabolic versatility - this enables to synthesize various 
storage compounds which contribute to cell viability under severe stress conditions [1].  
Our current project is focused on assessing ligninolytic properties of Gram-positive bacterial isolates originating from various 
local (mainly Baltic) unpolluted and polluted areas. For initial screen, different technical lignins (organosolv, hydrolysis, 
Kraft) as sole carbon sources have been used. The ability of these new bacterial strains to utilize lignin was assessed using 
different analytical chemistry methods. Our preliminary screen revealed that seven Rhodococcus strains isolated from 
environments such as compost or contaminated soil/water have significant abilities to use lignin as a carbon source and 
utilize lignin-derived aromatic compounds.  
Several representatives of Rhodococcus species have biotechnological potential due to their ability to degrade wide range 
of organic compounds, and biosynthesize different storage compounds with industrially relevant potential (triacylglycerols, 
carotenoids, polyhydroxyalkanoates, metal-based nanoparticles or antimicrobials) [2, 3]. The network and mechanisms of 
cooperating enzymes during bacterial lignin utilization and valorization have not been fully elucidated yet. To improve 
ligninolytic properties or increase biosynthetic capacity of any microbial strain, its metabolism must be well understood (for 
developing efficient genetic tools). In order to do so, our ultimate goal is to perform comparative proteomic analysis of 
selected lignin-grown Rhodococcus strains for finding new pieces for this large and complex lignin-utilizing metabolic 
puzzle. 
 
 
 
 

[1] Becker, J., Wittmann, C. (2019). A field of dreams: Lignin valorization into chemicals, materials, fuels, and health-care products. Biotechnology 

Advances, 37, 107360.  
[2] Cappelletti, M., Presentato, A., Piacenza, E., Firrincieli, A., Turner, R. J., Zannoni, D. (2020). Biotechnology of Rhodococcus for the production of 

valuable compounds. Applied Microbiology and Biotechnology, 104:8567-8594. 

[3] Jiang W., Haiyan G., Jingxiang S., Xinyi Y., ,Yujia J., Wenming Z., Min J. & Fengxue X. (2022). Current status, challenges and prospects for lignin 

valorization using Rhodococcus sp. Biotechnology Advances, 60, 108004. 
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In recent years, microplastics (MP) have received considerable attention worldwide as one of the top four global 
threats. [1] The diversity of MP and the number of different microorganisms determine the complexity of the interaction 
between plastics and microorganisms. [2] While there is an increasing number of scientific studies related to the interaction 
between microplastics and microorganisms, the potential toxic effects of microplastics on microorganisms in the 
environment are still poorly understood. 

In this study, the main focus is to determine whether different microplastic particles affect the growth,  morphology of 
E. coli BL21 (DE3) bacteria, and what processes might contribute to these alterations. E. coli BL21 cells are cultured in M9 
medium, and four types of microplastic particles (PS, PE, PVC, PP) with a diameter ≤ 500 µm are used. Samples are taken 
at each hour of bacterial growth for analysis of morphology, growth, pH changes and extracellular polymeric substances 
formation.  

It can be concluded that microplastic particles did not alter the growth of E.coli BL21 cells so it  might be said that no 
toxic substances for this bacteria were released from the microplastics that could disrupt cellular metabolic processes, and 
no other factors influenced the growth or inhibited it. During this study, no pH changes induced by microplastics were 
observed. Visualizing the morphology of E.coli BL21 revealed that microplastic particles promote greater bacterial 
accumulation, possibly due to the involvement of EPS in biofilm formation. 

 Quantitative analysis of protein and DNA content in the samples aimed to elucidate the potential influence of 
microplastic particles on extracellular polymeric substance (EPS) formation. Despite the initial hypothesis suggesting a 
correlation between microplastic presence and elevated EPS production due to greater bacterial accumulation, the obtained 
results revealed no significant alterations in protein or DNA quantities. 
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[2] X. Qiu, Z. Qi, Z. Ouyang, P. Liu, ir X. Guo, „Interactions between microplastics and microorganisms in the environment: Modes of action and 

influencing factors“, Gondwana Research, t. 108, p. 102–119, rugpj. 2022, doi: 10.1016/j.gr.2021.07.029. 

 

  



88 
 

30. IN SILICO ANALYSIS OF NOVEL MICROBIAL LIPOLYTIC AND 

LIPOLYTIC-LIKE ENZYMES 

Ieva Lenkaitė, Jokūbas Daunoras, Renata Gudiukaitė 

 
Department of Microbiology and Biotechnology, Life Sciences Center, Vilnius University, Lithuania 

Ieva.lenkaite@gmc.stud.vu.lt 
 

Lipolytic and lipolytic-like enzymes, such as esterases, lipases, polyethylene terephtalate hydrolases (PET 

hydrolases), cutinases, and lipases are a biocatalyst group of undeniable importance to various uses in industry or science. 

Applications of these enzymes range from production of household chemicals to precise synthesis of different 

pharmaceutical compounds. Bacterial and archaeal lipolytic and lipolytic-like enzymes are thought to be a promising group 

of these biocatalysts for industry because of their high tolerance of various inhibitors, organic solvents, and ability to work 

at high temperatures and wide pH range [1]. All known lipolytic enzymes are characterized as having similar catalytic 

mechanism, similar tertiary structures and ability to hydrolyze similar lipid substrates [2]. 

During this study several putative protein sequences from free-access databases were selected. Firstly, the 

sequence had to be either annotated as or be highly similar to putative lipolytic or lipolytic-like enzymes; secondly, source 

of the sequence had to be derived from either bacterium, archaea or metagenomic sample; lastly, a requirement of novelty 

was set – sequence source had to be either uncharacterized or low characterized organism or metagenome. According to 

these requirements, five sequences were selected: Umezawaea tangerina cutinase, Saliningranum rubrum cutinase, 

Candidatus Muproteobacteria cutinase/PET hydrolase, esterase/lipase family protein from uncultured marine group II/III 

euryarchaeote KM3_69_A05, and hypothetical PET hydrolase from Steroidobacter gossypii. After selection, sequences 

were subjected to structure-predicting algorithms and aligned to sequences of well-characterized enzymes. After that, 

conservative regions and possible catalytic amino acid residues were determined. All collected data was then analyzed to 

gain primary confirmation of enzyme belonging to specified lipolytic enzyme group and function prediction. 
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Rosehip (Rosa canina L.) and rowanberry (Sorbus L.) are forest berries rich in antioxidants, phenolic compounds, 
organic acids, minerals, vitamins, fatty acids, and dietary fibers [1]. The consumption of forest berries addresses global 
food safety issues by controlling the spread of harmful microorganisms and viruses [2]. Various microorganisms, especially 
yeasts, act as biological control agents by producing protein toxins and other biological substances, influencing their 
survival, and thus determining the quality of plant-based food and human health [3]. 

Recently, there has been significant interest in yeasts with biocontrol properties, which are widespread among 
various yeast genera such as Saccharomyces, Candida, Hanseniaspora, Pichia, Metschnikowia, Torulaspora, and others 
[3]. The biocidal phenotype of yeasts can be encoded in the chromosome, viral double-stranded RNA (dsRNA), or plasmid 
DNA [4]. Those yeasts can compete with various microorganisms (bacteria, fungi, or protozoa) and control their growth [5]. 
Biocompatibility properties are applied in various fields, including environmental protection, medicine, industrial 
biotechnology, and agriculture [6,7].  

The aim of this work was to examine which yeasts multiplied selectively from the surface of rosehips and rowanberries 
exhibit biocidal properties, evaluate their antimicrobial activity against control and other natural yeast strains, and determine 
the origin of biocidal phenotype. Different yeast strains belonging to Metschnikowia pulcherrima, Torulaspora delbrueckii, 
Saccharomyces cerevisiae, S. paradoxus, Hanseniaspora uvarum, Pichia anomala, and P. kluyveri species were isolated, 
and identified by applying molecular methods. A broad antagonistic activity of tested strains was investigated at different 
pH values. dsRNA was extracted from biocidal yeasts and profiling of viral killer systems was performed.   

This research was funded by the Research Council of Lithuania (S-PD-22-058). 
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The cell walls of filamentous fungi are mainly composed of different polysaccharides according to the taxonomic 

group. Basidiomycota contains fibrillar polymers chitin and β (1,3) – β (1,6) glucans and matrix polymers α (1,3) ‐ glucans 

and xylomannoproteins [1]. Chitin makes up about 1–15% of the fungal cell mass with a higher concentration in the cell 

walls, and it supports the strength, shape, and integrity of cell structure [2]. Chitosan is produced by the deacetylation of 

chitin; in this process, some N-acetylglucosamine moieties are converted into glucosamine units. Commercial chitosan is 

mainly produced from the chemical deacetylation of chitin from crustacean sources [3]. 

This study aimed to obtain (1) the mycelial biomass from Phanerochaete chrysosporium in submerged cultivation, 
and (2) commercially cultivated fruiting bodies of Agaricus bisporus for chitosan extraction from the cell walls via chemical 
method in a two-step procedure. Subsequently, the extracted biopolymer was subjected to quality assessment using various 
analytical methods including elemental analyses (N content), Fourier transform infrared spectrometry (FTIR), X-Ray 
diffraction analysis (XRD) for crystallinity measurement, acid-base titration for determination of deacetylation degree (DD) 
and viscometry for determination of molecular weight. 

Results showed that the dry mycelial biomass concentration of P. chrysosporium reached 1.03 g 100 mL–1 after 14 
days of cultivation. The chitosan yield in the mycelium of P. chrysosporium was 0.38%, while in the fruiting bodies of A. 
bisporus, it was higher, reaching 1.7%. The nitrogen in isolated chitosan was over 6% both in the mycelium of P. 
chrysosporium and the fruiting bodies of A. bisporus. The FTIR spectra of chitosan extracted from both mycelium and 
fruiting bodies coincided with the spectrum of commercially produced chitosan (Sigma Aldrich). All characteristic peaks 
identifying chitosan were visible in the FTIR spectra. The crystallinity of chitosan was 63% in A. bisporus fruiting bodies and 
34% in P. chrysosporium mycelium. The chitosan from A. bisporus exhibited higher crystallinity and a lower amorphous 
part, making it more durable but less flexible compared to the chitosan from P. chrysosporium. The DD in chitosan samples 
from P. chrysosporium mycelium and A. bisporus fruiting bodies was 71.8% and 63.4%, respectively, which closely 
approached the minimum values required for chitosan to be soluble in dilute acid. The molecular weight of chitosan samples 
ranged from 9050 g/mol (A. bisporus) to 10700 g/mol (P. chrysosporium).  

In conclusion, the chitosan yield from the fruiting bodies of A. bisporus was 4.5 times higher than that obtained from 
the cultivated mycelium of P. chrysosporium. The analytical methods employed in this study effectively assessed the quality 
of the isolated chitosan, which demonstrated consistency with fungal chitosan. The leftover stalks from A. bisporus food 
production hold promise as a potential raw material for chitosan extraction. The extracted chitosan can serve as a functional 
biopolymer additive, offering an alternative to synthetic wet and dry strength agents in packaging materials.  
 
Acknowledgement: This research was funded by the European Regional Development Fund Contract No.1.1.1.1/20/A/113 
“Development of ecological and biodegradable materials from natural fibres with functional biopolymer additives”. 
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 Endophytes are a group of microorganisms that colonize in different areas of plants, reside in healthy plants and do 
not cause a pathogenic effect, which is why such organisms are of increasing interest to scientists in different research 
areas [1]. Numerous studies have confirmed that endophytes play an important role in the synthesis of secondary 
metabolites for various commercial purposes [1-5].  Metabolic potential of new endophytes strainsis not thoroughly 
examined. 
 The aim of this work was to investigate the antibacterial activity of endophytic bacteria against the foodborne 
pathogenic bacteria strains in vitro. 
 The research objects were endophytic bacteria strains isolated from bilberry (Vaccinium myrtillus L.), cranberry 
(Vaccinium oxycoccos), lingonberry (Vaccinium vitis-idaea) leaves from locations in the Baltic-Nordic countries: Bacillus 

halotolerans Bil-LT1-1, B. halotolerans Bil-LT1-2, B. velezensis Cran-LT1-8, B. amyloliquefaciens Ling-NOR4-15 
(accession numbers in NCBI database SAMN36292479 - SAMN36292482); reference bacteria strains Listeria 
monocytogenes ATCC 13932, Bacillus cereus ATCC 11778, Salmonella. enterica subsp. enterica serovar Typhimurium 
ATCC 14028, Staphylococcus aureus subsp. aureus ATCC 25923, and Escherichia coli ATCC 25922. 
 The antibacterial activity of endophytic bacteria was determined by agar diffusion method. B. velezensis Cran-LT1-8 
showed the highest antimicrobial activity against the all tested pathogenic bacteria. The most sensitive to the antimicrobial 
activity of endophytic bacteria were Staphylococcus aureus subsp. aureus ATCC 25923 and Listeria monocytogenes ATCC 
13932. Our study showed the potent antibiotic activity of endophytic bacteria strains in food industry.  
 
 
 
 
____________________________________________________________________________________ 
[1] Qin, S. et. Biodiversity, bioactive natural products and biotechnological potential of plant-associated endophytic actinobacteria. Adv. Appl. 
Microbiol. 2011, 89, 457–473.  
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An excess of macroalgae growing in water bodies is an environmental problem, as it is difficult to remove the excessive 

amounts of them in natural ways. It was observed previously that mixing macroalgae with the other organic substrates can 

produce high yields of biogas (mostly methane). Cladophora glomerata,  macroalgae growing in the Lithuanian freshwaters, 

was used for this purpose. They were mixed with cattle manure and an activated sewage sludge as source of 

microorganisms for the biogas production in a three-stage bioreactor. Bradford, Folch or Dinitro Salicylic Acid (DNS) 

methods were used for the determination of concentrations of total proteins, lipids, and glucose (reduced sugars), 

respectively. Concentrations of those were determined at different bioreactor organic loads: 2.87, 4.06 and 8.13 kg VS/m3 

d. The highest total lipid concentration (6.69%) was reached when the organic load was 8.13 kg VS/m3 d. The average 

biogas yield at this load was 198.7±2.2 L/Kg VSadded, and the methane yield was 154.1±5.4 L CH4/Kg VSadded. Concentration 

of reduced sugards decreased from 9.68 to 6.67% during this proccess indicating that some of it has been consumed by 

microorganisms. The lowest total protein concentration (1.12%) was found when the organic load of the bioreactor was 

4.06 kg VS/m3 d. The decreased concentration of total proteins showed the activity of microorganisms during which the 

yield of biogas and methane increased to 386.4±3.8 L/Kg VSadded and 281.5±8.2 L CH4/Kg VSadded, respectively. Our studies 

have shown that the yield of biogas and methane in a three-stage bioreactor depends on the organic load of the bioreactor. 

Such dependence was determined by the concentration of glucose, fat and protein in the substrate. 

This project has received funding from the Research Council of Lithuania (LMTLT, grant number S-LU-22-2) and Ministry 

of Education and Science of Ukraine.  
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α-L-Fucosidases are enzymes that naturally catalyse the hydrolysis reaction of the glycosidic linkage between various 

oligosaccharides and fucosyl residues. They can also catalyse glycosidic bond synthesis reactions after altering reaction 

conditions, such as varying substrates, organic compounds, and salt concentrations. This unique capability of α-L-

fucosidases has significant potential in synthesising fucosylated oligosaccharides, a major component of oligosaccharides 

found in human milk and highly beneficial in infant milk formula and functional foods. Studies have shown that fucosylated 

oligosaccharides possess antiviral, antimicrobial, and immune response-modulating functions. Despite their importance, 

sustainable methods to synthesise these stereospecific compounds in high yields are lacking. Enzymatic methods for 

synthesising these compounds could offer a more sustainable and stereospecific advantage. This study introduces five 

bacterial α-L-fucosidases selected via metagenomic library screening. We analyzed the sequences and structures of these 

enzymes using bioinformatic methods. Finally, we evaluated the capability of the α-L-fucosidases to perform the trans-

fucosylation reaction, resulting in oligosaccharide compounds like those found in human milk. We also investigated the 

products of trans-fucosylation reactions using TLC and HPLC-MS techniques. Our findings offer valuable insights into 

utilising α-L-fucosidases to synthesise fucosylated oligosaccharides. 
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Periodontitis is one of the most prevalent inflammatory diseases among humans [1]. While certain microorganisms 

have been linked to the pathogenesis of periodontal diseases, it is now clear that these illnesses are caused by dysbiosis 

[2][3]. The present study aimed to describe the oral saliva microbiome diversity in periodontal disease patients. 

Unstimulated whole saliva sialometry and clinical examination were done for 34 patients with salivary flow disorders. 

The human oral metagenomic DNA from saliva samples was isolated and the metagenome sequencing of the V3-V4 

regions of 16 rRNA was conducted by Novogene Company (UK).  

Patients were assigned into 3 groups according to their periodontal status using the Community Periodontal Index 

(CPI code: 1 = bleeding on probing; 3 = periodontal pocket (PD) 4-5 mm; 4 = PD 6+ mm). Of the 34 participants 62% had 

periodontitis (CPI code 3 + 4) and 38% had gingivitis (CPI code 1). Metagenome sequencing data disclosed that community 

diversity in the saliva of the CPI 3 group was lower compared to the CPI 1 and CPI 4 groups. At the phylum level, Firmicutes 

were predominant across all groups, with CPI 3 group showing particularly high dominance. Patients with gingivitis had a 

higher abundance of Proteobacteria and Fusobacteriota in the phylum level, whereas Bacteroidota were more abundant in 

the CPI 4 group. The genera Aggregatibacter, Haemophilus, Actinobacillus were more abundant in the CPI 3 group, while 

Pseudomonas and Neisseria were associated with gingivitis. Streptococcus, Prevotella_7 and Rothia were the most 

frequent genera in all groups. Leptotrichia was enriched in CPI 1 group. In the CPI 3 group, the genera Streptococcus, 

Haemophilus and Porphyromonas were most predominant. Conversely, the CPI 4 group showed higher of Prevotella_7, 

Veillonella, Fusobacterium and Prevotella compared to other groups.  Nonetheless, both periodontitis groups were related 

to higher proportions of genera Porphyromonas and Treponema.  

In summary, this study revealed moderate alterations in the salivary taxonomic composition across various 

periodontal disease states. CPI 3 group exhibited lower microbial diversity and were positively correlated with periodontal 

pathogens, including Porphyromonas and Treponema.  
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Lignocellulosic biomass (LCB) is an abundant raw material available on Earth composed of an aromatic biopolymer 

called lignin linked by covalent and non-covalent bonds with cellulose and hemicellulose [1]. The recalcitrant nature of LCB 
is mainly imposed by the lignin which is the main challenge for its efficient degradation and utilization [2]. Hence, there is a 
need to develop new technologies that utilize LCB/lignin as a raw material. Despite the fact that fungi are most efficient 
lignin degraders, the ligninolytic bacteria are more adaptable than fungi, as they are highly tolerant to diverse environments 
and susceptible to genetic manipulation [3]. Gram-positive bacteria belonging to Thermobifida genera are important 
degraders of LCB and produce a repertoire of lignin degrading enzymes [4]. 

We perform flask experiments to test the ability of two Thermobifida species to utilise technical lignins (organosolv, 
kraft and hydrolysis) from different biomasses (hardwood and grass). Our goal is to characterize the lignin depolymerization 
and utilization products as well as to decipher the cocktail of enzymes responsible for the utilisation of lignin derived 
aromatics. Size exclusion chromatography (SEC) and gas chromatography-mass spectrometry (GC-MS) are performed to 
evaluate the changes in lignin mass distribution and composition of aromatic compounds upon microbial treatment. The 
secreted cocktail of ligninolytic enzymes will be identified using comparative proteomics. 

Both bacterial species tested were able to grow on lignin containing defined minimal medium supplemented with 
growth inducer. SEC results revealed differences in lignin molecular weight distribution in microbial treated samples. 
Bacterial treatment of lignin produced low molecular weight aromatic compounds such as 4-hydroxybenzoic acid, vanillic 
acid, and 4-coumaric acid compared to abiotic samples detected by GC-MS. Enzymes from extremophiles, such as 
Thermobifida species, hold a potential for bioremediation or degradation of lignin-derived compounds. 
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Understanding the physiological and metabolic responses of auxotrophic microorganisms is object of increasing 
interest in microbial research. Among auxotrophic phenotypes, adenine auxotrophy exhibits unique characteristics - cells 
demonstrate an organized response to purine starvation, probably similar to nitrogen or carbon starvation. Moreover, our 
surprising findings indicate that the ability to withstand various stresses following purine starvation persists even in petite 
cells. 

In this study, we employed purine auxotrophs with mutations in the adenine biosynthesis pathway, with and without 

the additional petite phenotype. We investigated the effects of short-term purine and nitrogen starvation on yeast fitness, 

as well as acute and chronic stress responses. Our results highlight the importance of the location of knock-out mutations 

within the adenine synthesis pathway, shedding light on the critical factors influencing cellular response to purine scarcity. 

Furthermore, we explored the involvement of mitochondrial metabolism in the intracellular response to purine starvation. 

Both petite and non-petite cells exhibited enhanced stress resistance and varying degrees of adaptability to challenging 

environments. While the precise mechanisms by which cells signal purine starvation remain elusive, our data provides 

significant clues regarding the underlying processes. 

By employing a combination of different experiments and approaches, we uncover the intricate interplay between 

purine metabolism, mitochondrial activity, and stress resistance in adenine auxotrophic yeast. These findings not only 

expand our understanding of cellular responses to nutrient scarcity but also have implications for the evolutionarily 

conserved nature of purine starvation response mechanisms. 

The study was supported by the Latvian Science Council’s Project LZP-2021/1-0522 
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Allergy is an exaggerated response of the immune system to otherwise harmless substances present in the 
environment [1]. Results of the previous statistical researches show that the prevalence of allergies varies between different 
countries from 20% to 40% [2]. According to the World Health Organization, by the year 2050 one out of two people 
worldwide will suffer from allergies [3]. Accurate diagnostic tests are needed for precise diagnosis and efficient treatment. 
Allergens used for diagnostic tests and immunotherapy are produced from natural sources and used as whole-allergen 
extracts. Standardization of these extracts is difficult and their usage can lead to false positive/negative results and 
ineffective treatment [4]. Single recombinant allergen components can be used in allergy diagnostics and help to overcome 
these problems. 

Escherichia coli is often used for the production of the recombinant allergen components. It is easy and inexpensive 
to cultivate and usually produces high yields of recombinant proteins in short time. However, some allergen components 
could not be produced in E. coli because of the lack of post-translational modifications and production of misfolded proteins. 
Yeast expression system has the advantages of prokaryotes and eukaryotes – easy and inexpensive cultivation, high yields 
of recombinant proteins and most of the eukaryotic post-translational protein modifications. Plants also provide an 
alternative option for producing recombinant allergen components, particularly those that originate from plants. 

In the present study, allergen component Bet v 4 from the European white birch (Betula verrucosa/Betula pendula) 
was analyzed. Single allergen component Bet v 4 and Bet v 4 fused with maltose binding protein (MBP) were produced. 
Recombinant proteins were synthesized in E. coli, Nicotiana benthamiana and different yeast expression systems. Proteins 
were purified using Ni2+ chelate affinity chromatography and their antigenicity was tested. 
 
 
 
 
[1] Dougherty, J. M., Alsayouri, K., & Sadowski, A. (2023). Allergy. In StatPearls. StatPearls Publishing. 
[2] Boehmer, D., Schuster, B., Krause, J., Darsow, U., Biedermann, T., & Zink, A. (2018). Prevalence and treatment of allergies in rural areas of Bavaria, 
Germany: a cross-sectional study. The World Allergy Organization journal, 11(1), 36. 
[3] Dbouk, T., Visez, N., Ali, S., Shahrour, I., & Drikakis, D. (2022). Risk assessment of pollen allergy in urban environments. Scientific reports, 12(1), 
21076. 
[4] Curin, M., Garib, V., & Valenta, R. (2017). Single recombinant and purified major allergens and peptides: How they are made and how they change 
allergy diagnosis and treatment. Annals of allergy, asthma & immunology: official publication of the American College of Allergy, Asthma, & Immunology, 
119(3), 201–209. 
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The substances in the composition of bio-textile provide a good source of nutrients for the various microorganisms, 
which can lead to external environmental conditions harmful to human health, therefore, there is a wide demand for 
innovative bio-textiles with antimicrobial properties in various industries. Amber found in the Baltic region is attributed with 
health-promoting properties, the bioactive substances in the composition, such as succinic acid, are known as a natural 
antibiotic and immunity booster [1,2]. The presence of amber particles has proven that they do not cause allergic symptoms 
to the user and have a beneficial effect on skin cell regeneration [3]. Amber is considered a potential protective agent. Micro- 
and nanoparticles of amber and silica dioxide are being studied as potential row material for integration into bio-textile 
fibbers. 

The aim of the study was to determine the fungistatic and antibacterial properties of new innovative bio-textiles. 
Fabric stripes of raw materials produced by A/B Linas (LT) & JLU Technologies Ltd. (LV) was tested. 

Fungistatic properties were tested according to modified ISO 14119:2003 method (A1 and A2) [4] and fungal isolates 
Aspergillus niger from the Collection of Microorganism Cultures of Latvia (LMCC 324), Chaetomium cochliodes (LMCC 
1536), Chaetomium globosum (ATCC® 6205TM) were used.  

Control fabric and amber bio-textile with added silicon dioxide (SiO2) nanoparticles (1, 2, 3%) were used in 
experiments to determine the antibacterial activity according to ISO 20743: 2013 [5]. Bacterial cultures: Enterococcus 
faecalis (ATCC®29212TM), Escherichia coli (ATCC® 25922TM), Staphylococcus aureus subsp. aureus 
(ATCC®25923TM), Klebsiella pneumoniae (ATCC® 700603TM) were used in tests. 

Amber-containing bio-textiles do not show significant resistance to microscopic fungi. Amber bio-textile shows 
statistically significant antibacterial properties (P < 0.05). The addition of silicon dioxide nanoparticles (20 nm) shows 
significant antibacterial activity on gram-negative Klebsiella pneumoniae, and also on gram-positive Staphylococcus aureus 
(P < 0.05). Negative corelation among size of nanoparticles and amount of colony forming units were found. 

The study was financially supported by the EUREKA project E!11170 ― Innovative multifunctional bio-textile, 
integrated with silica dioxide and succinate development, and its impact on biosystems‖ (IFSITEX!). 
 

 

 

 
[1] Tumiłowicz P., Synoradzki L., Sobiecka A, Arct J. 2016. Bioactivity of Baltic amber – fossil resin. The Journal Polimery, 61(5): 347-356. 

[2] Pandey A. etc. 2017. Current Developments in Biotechnology and Bioengineering: Production, Isolation and Purification of Industrial Products. 

Amsterdam: Elsevier, P. 621. 

[3] Ļašenko I., Terlāne J. 2013. Baltic Amber (Succinite) Wet Grinding for Use in Production of a New Biotextile Material. Proc. of the 9th Baltic-Bulgarian 

Conference on Bionics and Prosthetics, Biomechanics and Mechanics, Mechatronics and Robotics, Latvija, Rīga, 62.-68. 

[4] ISO 14119:2003. Testing of textiles. Evaluation of the action of microfungi. P. 18. 

[5] ISO 20743:2013 Textiles — Determination of antibacterial activity of textile products, P. 32 
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The aim of the presented studies was to check the potential bacteriostatic or bactericidal effect of irradiation with 
visible laser light on the standard bacterial strains: Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922, Enterococcus 
faecalis ATCC 29212, Klebsiella pneumoniae ATCC 13883, Staphylococcus aureus ATCC 25923, Pseudomonas 
aeruginosa ATCC 27853 and Pseudomonas fluorescens 13525.  

Sterile 96-well microtiter plates fulfilled with labeled suspension of bacteria were used to determine the antimicrobial 
activity of laser light at the wavelengths 420 nm, 535 nm, 635 nm, and 670 nm. After 9 and 18 hours of incubation at 37°C, 
the turbidance values were determined spectrophotometrically. Irradiation with blue light (420 nm) leads to a bacteriostatic 
effect observed in case of E. coli, K. pneumonia and S. aureus, whereas a bactericidal effect is noticed for B. subtilis, P. 
aeruginosa and P. fluorescens. Green light (535 nm) is bactericidal only on B. subtilis. The exposition to red light 635 nm 
and 670 nm has no bacteriostatic potential.  

The bacterial strains sensitive to blue light possess endogenous pigments such as zeaxanthin, astaxanthin, β-
carotene, staphyloxantin, pyoverdin, pyorubin and melanin. Bacterial strains sensitive to green light have phenazine, 
violacein, anthocyanins, and/or also melanin [1]. Additionally, the light perception is achieved by photoreceptor proteins. 
Some species of bacteria have evolved the capability to respond to a proper light wavelength [2]. The observed effects 
result from the presence of the bacterial pigments and the bacterial sensitivity to the proper light wavelength 

 
 

 
 
 

[1] Malik, K., Tokkas, J., Goyal, S. “Microbial Pigments: A Review.”  International Journal of Microbial Resource Technology vol.1,4 (Dec. 2012): 361-365.  

[2] Kraiselburd, I., Moyano, L., Carrau, A., Tano, J., Orellano, E.G. “Bacterial Photosensory Proteins and Their Role in Plant-pathogen Interactions.” 

Photochemistry and Photobiology vol 93 (2017): 666-674. 
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As a consequence of the prevalent utilization of antibiotics, bacteria are progressively developing an enhanced 

resistance towards these pharmaceuticals, posing a significant hazard to public health. In this regard, an important area 
of research focuses on the routes by which anthropogenic sources produce antibiotic resistant genes (ARG). Because of 
the diversity of the sources and the paucity of information at the genetic, biochemical, and community levels, assessing 
the risks posed by antimicrobial resistance (AMR) in the community is currently difficult [1]. In the context of AMR, it is 
important to assess the relative contribution of the environment versus the impact of various stress-inducing elements 
(such as bacteriophages, biocidal agents, heavy metals, detergents, pesticides, temperature, pH level, and others) [2]. 

Leachate from landfills is thought to be a substantial point source of pollutants, especially for surface and ground 
waterways that could be hazardous to the environment. The main goal of our work was to characterise the leachates from 
the Getliņi municipal solid waste landfill, which is managed by Getlini EKO Ltd. (Riga, Latvia). Leachates were tested in 
terms of micropollution, the quantity of ARGs, the composition of the microbial community, and the potential for AMR 
induction. 

Among the pharmaceutical compounds detected in leachate, ibuprofen and diclofenac were the most abundant, i.e., 
13.13 and 6.08 µg/L, respectively. The taxonomic profile of leachate has revealed a predominance of Proteobacteria 
(53.32%), followed by Firmicutes (10.59%) and Euryarchaeota (9.37%). In the context of AMR, the species/genus/families 
from the list of antibiotic-resistant “priority pathogens” [3] have been selected from the sequencing results. The most 
abundant family from this list was Enterobacteriaceae (1.32%). In the metagenomic analysis, 31 distinct families of ARG 
were identified. The minimum inhibitory concentrations (MIC) towards antibiotics of culturable bacteria was evaluated by 
MIKROLATEST MIC® (ERBA LACHEMA) and Sensititre™ (Thermo Fisher Scientific). The resistance of culturable bacteria 
in the leachate towards amikacin, aztreonam, cefepime, colistin, polymixin B, cefotaxime was detected. Incubation of 
bacterial cultures in the sterilized leachate resulted in decreasing MIC towards several antibiotics compared with the control. 

Further study is needed to assess any potential risks related to the ARGs dissemination from landfills via hydrological 
processes, e.g., runoff and infiltration. 

 
Acknowledgments. The study was supported by the “State research project in the field of biomedicine, medical technologies 
and pharmacy” VPP-EM-BIOMEDICĪNA-2022/1-001 (Y3-VPP32f-ZR-N-090); „Optimization of biotechnological processes 
for effective utilization of renewable resources” Y5-AZ20-ZF-N-270; SAM 8.2.2. The third round project “Strengthening the 
capacity of the doctoral program of the University of Latvia in the framework of the new doctoral program model”.    

 
 
 
 
[1] Taing, L.; Bhatia, H.; Kaiser, R.A.; Qadir, M.; Mehmood, H. (2022). A Rapid Review of Environmental Health Gaps in Antimicrobial Resistance and 
Water-Related Research from 1990–2020. Int. J. Environ. Res. Public Health 19, 6549, doi:10.3390/ijerph19116549. 
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Wastewater surveillance of antibiotic-resistant bacterial pathogens: A systematic review. Front. Microbiol. 13, 977106. 
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The aim of the study was to evaluate the antifungal activity of Bacillus subtilis and Bacillus amyloliquefaciens against 

phytopathogenic fungi under in vitro conditions. The loss of agricultural products due to phytopathogenic micro-organisms 

causing plant diseases necessitates the evaluation of the inclusion of bacteria in the formulation of biofertilisers and the 

feasibility of the substitution of chemical fungicides [1].  

The study was carried out using two methods. The disc method, where agar discs derived from bacterial and fungal 

pure cultures were plated on Malt Extract Agar media, and the agar diffusion method, where the culture liquid of individual 

bacterial species and their consortia and a suspension of bacterial cultures inoculated in fungal pure cultures were used. 

The bacteria used were from the Microbial Strain Collection of Latvia; B. subtilis MSCL 897 and B. amyloliquefaciens MSCL 

1635, and the phytopathogenic fungi; Pyrenophora tritici-repentis MSCL 1625, Fusarium graminearum MSCL 435, 

Cladosporium herbarum MSCL 276, Alternaria tenuis MSCL 280 and Microdochium nivale MSCL 437. 

The highest antifungal activity of B. subtilis, B. amyloliquefaciens and B. subtilis + B. amyloliquefaciens culture liquids 

and bacterial culture suspensions was found against P. tritici-repentis, F. graminearum and A. tenuis, and B. subtilis, B. 

amyloliquefaciens and B. subtilis + B. amyloliquefaciens cultures against A. tenuis (Fig 1). The most effective control of 

fungal phytopathogens was achieved by agar diffusion. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Inhibition zones of B. subtilis, B. amyloliquefaciens and B. subtilis + B. amyloliquefaciens against phytopathogenic 
fungi. 1A - B. subtilis, 1B - B. amyloliquefaciens, 1C - B. subtilis + B. amyloliquefaciens; F – F. graminearum, L – A. tenuis 
after 10 days; obtained in duplicate. 
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Despite perceived efficacy of copper and silver surfaces their actual bactericidal activity is highly dependent of 

environmental conditions [1]. The mechanism of action of metallic antimicrobials is expected to reduce the risk of developing 

resistance but effects of stress on the survivors are less studied and the resulting genetic changes could have undesirable 

consequences.  

In this study a standard strain of E. coli was repeatedly exposed to silver, copper, stainless steel, and glass surfaces 

in two conditions simulating real life contamination scenarios. Retrieved survivors were propagated clonally on solid medium 

to avoid competition and selection for growth speed. After 30 exposure cycles changes in genetic material, motility, biofilm 

formation, metal tolerance and antibiotic resistance of the evolved populations were studied. 

No differences in accumulation of single nucleotide variations (SNV) or larger genomic rearrangements on different 

surface materials were observed indicating lack of surface-specific emergence of stable hypermutator phenotypes in the 

evolved populations. A higher number of SNVs were detected in low-organic dry compared to high-organic humid conditions 

in general. Despite no surface-specific differences, a higher number of genomic rearrangements was detected in high-

organic humid compared to low-organic dry conditions in general.  

Due to the relatively wide biocidal bottleneck in exposure cycles most of the accumulated mutations were not fixed 

complicating interpretation of quantitative bioassays. No significant changes in swimming motility, biofilm formation nor 

consistent larger than two-fold differences in metal tolerance or antibiotic resistance profiles were observed in evolved 

populations compared to the ancestral strain.  

To quantitatively evaluate effects of individual non-fixed mutations, selected mutations (e.g., in cellular barrier 

functions and efflux) were re-introduced into the ancestral strain and will be further characterized. 
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Zoonoses are healthcare problem worldwide. Salmonella spp. are one of the zoonotic agent isolated from animals 

and the most frequent causative agent of intestinal infections in Poland [1, 2]. Reptiles are a reservoir of Salmonella serovars 

which can cause RAS (Reptile-associated salmonellosis). There is still a need to expand the data on epidemiology of RAS 

and on the microbiota of free-living reptiles in Poland and Europe. 

Ability to form biofilms is one of the virulence factors of Salmonella spp. The main components of ECM (extracellular 

matrix) of Salmonella spp. biofilm are curli fimbriae and cellulose [3]. We indicate temperature and nutrient availability as 

determinants of phenotype switching between biofilm and planktonic lifestyle and we indicate biofilm as a factor that enables 

asymptomatic colonization by strains remain virulent in planktonic phase. 

The total of 57 Salmonella spp. strains were collected from wild Natrix natrix (NN), N. tessellata (NT), Coronella 

austriaca (CA) and Zamenis longissimus (ZL) and identify by MALDI TOF MS. We used PCR, bactericidal action of 50% 

normal human serum (NHS) tests and analysis of biofilm with Congo Red Agar, static cultivation and Bioflux 1000 system 

(microfluidic conditions). Increased production of bacterial biofilm at both room temperature and 28°C and in nutrient-poor 

media has been demonstrated. Rugose morphotype in 28°C, saw morphotype in 37°C and production of biofilm ECM 

components in microfluidic conditions were observed  (Fig. 1). The presence of virulence genes invA, sipB, prgH, span, 

orgA, tolC, iroN, sitC, sifA, sopB, spiA, cdtB, msgA and the resistance to NHS action were also detected. 

 The study confirmed that snakes in Poland are a source of potentially pathogenic Salmonella spp. and may be 

considered as a part of the epidemiological chain of RAS infections in Europe. The study also demonstrated influence of 

environmental conditions on the ECM production of exotic Salmonella serovars. 

 

Figure 1. Colony 

morphotype and biofilm of selected Salmonella spp. strains isolated from NN after incubation in 28°C and 37°C in Luria-
Bertani Broth with microfluidic conditions, stained by SYTO9 (green), CALCOFLUOR WHITE (blue) and SYPRO RUBY 
(red) to indicate the bacterial biomass, cellulose, and proteins, respectively. 
 

[1] Data of the National Institute of Public Health in Poland according to Infectious diseases and poisonings in Poland in 2021 Report 

[2] Dróżdż M et al. “Zoonotic potential and prevalence of Salmonella serovars isolated from pets” Infect Ecol Epidemiol, 2021 ;8;11(1):1975530 

[3] Lamas A et al. “Biofilm Formation and Morphotypes of Salmonella enterica subsp. arizonae Differs from Those of Other Salmonella enterica 

Subspecies in Isolates from Poultry Houses” J Food Prot, 2016 Jul;79(7):1127-34. 
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Due to the rising prevalence of bacterial resistance to antibiotics, it is crucial to explore alternative approaches for 
combating them. One potential option is to use bacteriophages and their components as alternative method, although, not 
enough research has been done in this area. Therefore, we aimed to study a specific Aeromonas infecting phage 
vB_AveS_KLEA5 (KLEA5) by investigating the probable depolymerase-like activity of its tailspike protein gp45 in vitro. 

Utilizing bioinformatics analysis, it has been determined that the tailspike protein, designated as gp45, lacks 
matches within publicly available databases. Notably, the highest similarity (29.55%) is found in Dompsiwa phage TSP7_1's 
tailspike protein. Furthermore, analysis of the primary structure of gp45 homologues revealed the plausible presence of a 
conserved Tail_spike_N domain. This domain, frequently identified within receptor-binding proteins, might potentially harbor 
depolymerase functionalities, thereby playing a crucial role in the recognition of bacterial cell surface elements. These 
findings highlight the unique properties of gp45 associated with depolymerase-related characteristics, which calls for a 
thorough follow-up investigation. To study the potential activity of gp45 in vitro, the g45 of KLEA5 phage has been 
successfully cloned into two inducible vectors, pET21a and pCDF (with His-Tag attached to the C- or N- terminus, 
respectively), for expression in E. coli BL21 (DE-3). Following purification, the resultant proteins were subjected to analysis 
via SDS-PAGE, a methodology that confirmed the presence of soluble proteins, characterized by an approximate molecular 
weight of 70 kDa. To explore the functional capabilities of the recombinant gp45, a spot test on double-layer agar employing 
the Aeromonas veronii strain KR2-5 as a substrate, was executed. Post a 20-hour incubation period maintained at a 
temperature of 22 C˚, visible turbid zones were observed as a hallmark indicative of depolymerase activity. Encouragingly, 
both gp45N-his and gp45C-his variants elicited the formation of such turbid zones, thus corroborating their inherent 
depolymerase attributes. An investigation extends into the interplay between gp45 and cellular components, specifically 
investigating the potential interactions with cell surface receptors. Building upon these promising findings, the trajectory of 
this research encompasses refinement of experimental protocols and conditions, thereby leading up to a better 
understanding of gp45's functional role. 

The outcomes derived from this study not only extend our knowledge about Aeromonas-infecting bacteriophages, 
but also offer innovative perspectives to their plausible therapeutic and biotechnological applications for combating bacterial 
infections. 
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Recent pandemics, reduced development of new antibiotics and increasing number of deaths caused by resistant 
bacteria mean that scientists have to rethink alternative measures to fight antimicrobial resistance [1]. Agents of nosocomial 
infections are of particular importance and therefore, measures to reduce their survival rate on different surfaces should be 
encouraged [2]. The aim of this study was to investigate the antimicrobial effect of textile coated with Iron Oxide (Fe2O3) 
nanoparticles (NP) using non-thermal plasma deposition approach. Surface morphology measurement was performed with 
SEM (Hitachi S-3400 N) using a secondary electron detector. Energy dispersive X-ray spectroscopy (Bruker Quad 5040) 
was used for the analysis of elemental composition and elemental mapping of NP coated samples. 

Iron Oxide NP’s were deposited on both sides of the surface of cotton textile (dimensions: 12 cm × 15 cm) using a 
physical vapour deposition system. A pulsed-DC power source (P = 200 W) was used for plasma generation. During the 
deposition process, 99.999% purity oxygen was supplied into the vacuum chamber to maintain a constant pressure of 40 
Pa. The distance between the Fe electrode (dimensions 12 cm × 15 cm; 99.99% purity) and the sample was 5 cm and NPs 
were deposited varying deposition time up to 120 min. 

Pathogenic bacteria and yeasts were used to evaluate antimicrobial activity of the coated textile. The coated cotton 
was aseptically cutted into 10x10 mm squares on which 50 μL of 0.5 McFarland density (~1.5 × 108 CFU/mL), microbial 
suspensions were placed with exposure of 60 minutes in enclosed Petri dishes at room temperature. The textile squares 
then were placed into tubes with isotonic solution and mixed for 20 seconds with tube shaker. Thereafter, serial dilutions 
were performed for counting of alive bacteria by overnight incubation on Mueller Hinton Agar II (Thermo Fisher, UK). 
Uncoated textile was used as a control.  

The results of antimicrobial activity of the textile coated by Fe2O3 NPs are presented in Figure 1.  
 

 
Figure 1. Antimicrobial activity spectrum of the textile coated by Fe2O3 NPs. A total numbers of alive microorganisms on 

textile (%) in comparison with uncoated textile (control, growth rate 100%).  

 
The obtained results demonstrated that textile coated by Fe2O3 NPs were able to inactivate all tested microorganisms. 

In total, 100 percent of inactivation was towards stapylococci (including MRSA), Klebsiella pneumoniae, Enterococcus 
faecalis, Acinetobacter baumanii and Aeromonas hydrophila. Less effect it has against Salmonella enterica, Pseudomonas 
aeruginosa and Enterobacter cloaceae  (41.9%, 72.7% and 84.8 % of inactivated bacteria respectively). Coated textile was 
also effective against yeasts ( 95.4% of inactivation). 

According to the data obtained it may be concluded that textile coated by Fe2O3 NPs is active against wide spectrum of 
bacteria, but further research is needed by using larger numbers of different strains of the pathogens tested.   

 

[1] Dutescu, IA, Hillier, SA. (2021). Encouraging the development of new antibiotics: are financial incentives the right way forward? A Systematic 

Review and Case Study. Infection and drug resistance, 14, 415-434. 
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mailto:modestas.ruzauskas@lsmu.lt


106 
 

48. ABUNDANCE OF CULTURABLE FUNGI IN THE MINERAL SOIL OF 

FOURTEEN DIFFERENT TREE SPECIES PLANTATIONS 
Nijolė Maršalkienė1, Vitas Marozas1, Lina Skinulienė3 

 

1Department of environment and ecology, Vytautas Magnus university, Lithuania 
2Department of agroecosystems and soil sciences, Vytautas Magnus university, Lithuania 

nijole.marsalkiene@vdu.lt 
 

Exploring the link between above- and belowground biodiversity has been a major theme of recent ecological 
research, due in large part to the increasingly well-recognized role that soil microorganisms play in driving plant community 
processes [1].   

The aim of this study was to investigate the abundance of culturable fungi in the upper layers (0-5 cm) of mineral soil 
of homogeneous plantations in 7 native and 6 alien trees monocultures. The study was carried out in central Lithuania 
(54°53′ N, 23°49′ E) in the hemiboreal zone of European transitional deciduous mixed forests [2], in the first week of January, 
March, May, July, September and November. The age of the studied plantations was 60 years and the area of the stands 
varied from 0.14 to 0.31 ha. The soil serial dilution method was used. 

 The highest fungal abundance was found in the soil of the studied plantation in early spring (March) and late autumn 
(November). The lowest abundance of fungi was found at the end of summer, influenced by the dry weather in August. The 
most abundant fungi were in soil of plantations generating the highest mass of annual tree litter, like Thuja occidentalis, 
Aesculus hippocastanus or Larix eurolepis, while the least were found in soil of fast-decaying litter tree plantations: Tillia 
cordata, Alnus glutinosa and Sorbus intermedia.  

 

 
 

Figure 1. Total number of fungal colony-forming units (× 104 CFU g−1) in plantation mineral soil layers under different tree species. 
 

Betula pendula unexpectedly had the highest fungal number among the plantations studied, although compared to 
other trees it has a low mass of annual litter and relatively high litter degradation rate. The high fungal community found in 
the B. pendula plantation soil may be due to specific relationships with other soil micro-organisms and the biochemical 
composition of the litter [3]. 

 

 
 

[1] Nguyen, N. H., Williams, L. J., Vincent, J. B., Stefanski, A., Cavender-Bares, J., Messier, C., Paquette, A., Gravel, D., Reich, P. B. and Kennedy, P. 

G. (2016), Ectomycorrhizal fungal diversity and saprotrophic fungal diversity are linked to different tree community attributes in a field-based tree 
experiment. Molecular Ecology, 25: 4032–4046.  
[2] Europe’s Biodiversity–Biogeographical Regions and Seas; EEA Report No 1/2002. Available 
online: https://www.eea.europa.eu/publications/report_2002_0524_154909 (accessed on 13 August 2022). 
[3] Stefanowicz, A.M., Rożek, K., Stanek, M., Rola, K., Zubek, K. (2021), Moderate effects of tree species identity on soil microbial communities and soil 

chemical properties in a common garden experiment. Forest Ecology and Management, vol. 482: 118799. 
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Bacillus subtilis (Bs) is an endospore-forming bacterium that benefits plants and is used in the production of plant 

biostimulants and biofungicides [1]. Endospore production in Bs cultivations is a crucial step in ensuring the desired quality 

traits and economic feasibility of the microbial preparation. In a series of shake flask [2] and 100 L bioreactor (Fig. 1) 

experiments, we investigated the economically feasible broth composition for spore production of B. subtilis MSCL 897, a 

Latvian soil isolate. High spore yield is also a prerequisite for secondary antifungal metabolite production, being an important 

aspect in biocontrol product (biofungicide) formulation. We studied the effects of legume-based flours (broad bean, grey 

pea, and soy) as the main source of nitrogen; sugar-beet molasses, sucrose, or glucose as the carbon source; yeast extract, 

peptone, and corn steep liquor as additives providing growth factors; and (NH4)2HPO4 or urea as extra nitrogen sources on 

spore yields. Our results show that a culture medium composed of broad bean flour (10 g/L), molasses (10 g/L), and minor 

yeast extract or corn steep liquor (0.5 g/L)  additive led to high spore productivity of about 2.0±0.2 x109 CFU/mL at 48 h 

(Fig. 2-3) and a sporulation efficiency >80-90 %. Antifungal properties against Cladosporium herbarum (Fig. 4), Fusarium 

graminearum, F. culmorum, Aspergillus niger and Alternaria alternata plant pathogens were also detected. The authors 

conclude that investigated low-cost medium made mainly from locally (temperate climate zone) available and renewable 

food- and feed-grade ingredients can be further evaluated for use in B. subtilis MSCL 897 biostimulant and biofungicide 

production. 
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[1] Mahapatra, S., Yadav, R., Ramakrishna, W. (2022) Bacillus subtilis impact on plant growth, soil health, and environment: Dr. Jekyll and Mr. Hyde. J. 

Appl. Microbiol., 132, 3543–3562. 

[2] Grigs, O., Didrihsone, E., Bolmanis, E. (2023). Investigation of a broad-bean based low-cost medium formulation for Bacillus subtilis MSCL 897 spore 

production. Fermentation, 9(4), 390. 
  

Figure 1. 100 L bioreactor 

setup. 

Figure 2. Successful sporulation 

reflected by active respiration (stirrer 

rate and off-gas CO2 parameters) and 

metabolism (base-alkali consumption 

parameter). 

Figure 3. Total cell 

number and spore counts. 

Figure 4. Anti-fungal activity of 

cell-free Bs cultivation broth 

exhibited against C. herbarum 

plant pathogen. 
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Currently aquaculture market is valued at approximately 289.6 billion USD (2022) and is projected to reach 

estimated value of 421.2 billion USD by 2030 at a compound annual growth rate of 5.5% over the eight-year period. 
However, several problems remain prevalent in aquacultures, e.g. overfishing due to production of fish feeds, environmental 
pollution, fish heath and malnutrition, product quality, that may significantly affect the development of this area. Among 
several innovative approaches, that can mitigate existing problems, fish feed supplementation with microalgae biomass 
attracts high interest [1]. In recent years it was established that fish feed supplementation with microalgal biomass at 
moderate concentrations, usually 5 – 15 %, can provide required nutrients, e.g. proteins, lipids, including polyunsaturated 
fatty acids (PUFA), pigments, vitamins, antioxidants, as well as stimulate growth and immune system, and reduce water 
pollution in the aquacultures [2]. Within the scope of the study Spirulina platensis and Chlorella vulgaris biomass was 
successfully produced in 140 L column photobioreactor, as well as different media and cultivation methods were tested to 
induce lipid synthesis. Consequently, obtained biomass was tested as a supplement in rainbow trout diet at 5 and 10 % 
concentrations, compared with standard commercially available formulations Positive effects of evaluated  microalgal 
supplements were observed in  trout’s growth dynamics . The highest enhancement of growth parameters was observed 
in groups supplemented with S. platensis and C. vulgaris at 5% concentration. Further studies will focus on the development 
of cultivation methods of other microalgal species,  capable in producing high amounts of polyunsaturated fatty acids  and 
other bio-active compounds, as well as development of fish feed formulations for different stages of rainbow trout growth. 
 
This study was performed within the EMFF funded project no. 20-00-F02201-000001 supported by the Ministry of 
Agriculture and Rural Support Service of the Republic of Latvia. 
 
 
 
 
 
[1] Han P, Lu Q, Fan L, Zhou W (2019) A review on the use of microalgae for sustainable aquaculture. Appl. Sci. 9:2377. 

https://doi.org/10.3390/app9112377. 
[2] Kolesovs S, Sergejevs A, Neiberts K, Semjonovs P (2023) Mixotrophic production of Chromochloris zofingiensis CCAP 211/14 lipid-enriched biomass 

on lactose-containing media for use in aquaculture feeds. Algal Res. Submitted. 
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Nowadays, the world is facing the challenge of treating bacterial infection due to antibiotic resistance. As a result, it 
is necessary to discover new ways to inhibit microbial pathogenicity without promoting microbial resistance. One promising 
approach is to disrupt the cascade of the Quorum sensing (QS) system, a bacterial communication mechanism through 
which bacteria alter their gene expression in response to changing environmental conditions. This enables bacteria to adapt 
easily and control their virulence, including pathogenicity, antibiotic resistance, biofilm formation, synthesis of enzymes, etc. 

Each step in the QS mechanism can be negatively influenced, resulting in reduced bacterial virulence, particularly in 
terms of pathogenicity. It has been known for centuries that plants possess various activities such as antibacterial and anti-
virulent. Using plant metabolites to disrupt QS system is a novel strategy for combating bacterial virulence. Therefore, the 
aim of our study is to investigate the potential of different extracts from Inula britannica L., a well-known medicinal plant, as 
natural virulence inhibitors. We tested their effectiveness on QS-controlled virulence factors such as violacein production, 
biofilm formation, swarming motility and catalase activity. Biofilm reduction was estimated using a Crystal violet assay on 
three pathogenic bacterial strains - E. coli 25922, C. violaceum 30191, P. aeruginosa PAO1. The results have shown that 
the IBr1 and IBr1-SL extracts had the highest effectivity on biofilm formation across all tested strains. These findings were 
confirmed by fluorescence staining analysis, indicating a decrease in cell viability and a possible reduction of the biofilm 
matrix in the treated samples. Additionally, we employed scanning electron microscopy, and the obtained images revealed 
that treated bacteria exhibited elongation in cell size, disruption in cell division, an inability to form bacterial septa and 
morphological deformation on the cell surface structure. Furthermore, we assessed their anti-virulence potential by 
evaluating their effect on the violacein synthesis and swarming motility in C. violaceum. 

In summary, our study highlights the potential of Inula britannica L. extracts as natural inhibitors of bacterial virulence. 
These findings uncover a promising way for combating bacterial virulence by disrupting the QS system, thus reducing the 
impact of pathogenicity. 

 
Acknowledgement: This work was supported by the National Science Fund at the Ministry of Education and Science, 
Bulgaria (Research Grant KP-06-H41/8; 30.11.2020). 
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With the advancement of DNA sequencing, the technology has firmly established itself in laboratories around the 
world, bringing significant benefits. The evolution of this field of biotechnology, characterized by increased throughput 
leading to lower service costs, has brought years of exponential growth in publicly available (meta)genomic datasets. As 
the number of funded projects increases, so does the demand for data generation and subsequent analysis.  

 
One major challenge is decoding the composition of entire microbial communities. This includes not only delving into 

specific microorganisms and their metabolic traits, but also their mobile genetic components, such as plasmids and 
bacteriophages. These elements exert significant influence on relationships and evolutionary trajectories. To unravel these 
complexities, it is necessary to accurately distinguish and annotate their genomes. 

 
While automated annotation systems and tools are available to identify diverse mobile genetic elements, their 

effectiveness depends on the reference databases on which they are based. While machine learning-based tools have 
made progress in surpassing the limitations of purely reference-based methodologies, their performance remains tied to 
the quality of the reference datasets on which they are trained. These datasets require meticulous validation, often 
performed manually by researchers. 

 
 The process of accurate annotation requires researchers to use a number of different programs and databases, 
making manual annotation a laborious and time-consuming undertaking. In our initiative, we set out to overcome this 
challenge by combining the advantages of both automated and manual annotation systems. Our solution, MAISEN, is a 
web-based annotation management system [1]. Its goal is to combine results from multiple programs into a unified platform, 
thereby improving the efficiency of manual de novo (meta)genome annotation. MAISEN was created to allow users to verify 
annotations, such as automatic predictions of mobile genetic elements, and generate reusable and reliable novel reference 
sequence collections. As an example, we used SigMa to identify prophages in bacterial genomes, allowing the identified 
prophages to be used immediately to improve subsequent annotation analyses. 
 
 
 
 

[1] Dziurzynski M., Decewicz P., Ciuchcinski K., Gorecki A., Dziewit L. (2021) Simple, reliable, and time-efficient manual annotation of bacterial genomes 

with MAISEN. Mengoni A., G. Bacci and M. Fondi (Editors). Chapter in a book ”Bacterial Pangenomics, second edition” in a book series Methods in 
Molecular Biology 2242: 221-229. Springer Protocols/Humana Press 
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Studying yeast populations on berries is crucial for fermentation, food safety, and flavor development. Moreover, 
exploring yeast communities associated with berries sheds light on microbial interactions and offers opportunities for 
agricultural applications, making it a valuable area of research for multiple industries. By manipulating carbon sources, it is 
possible to modulate the production of specific biocidal compounds, making them more potent or targeting different types 
of microorganisms. Analyzing pigments in yeast provides valuable insights into their physiological processes, metabolic 
adaptations, and sensory attributes, enabling the development of visually appealing and functionally diverse fermented 
products. 

Various microbiological and molecular biology methods were used to isolate and identify berries-inhabiting yeasts. 
In 2019-2021, a total of 13 yeast genera of fermenting and 8 non-fermenting yeast were identified. Metschnikowia sp. was 
the most detected (35.8%) on the berries, followed by Hanseniaspora sp. (17.9%) and Pichia sp. (11.3%). After 1 month of 
fermentation, Aureobasidium (38.2%) and Metschnikowia (25,8%) became dominant in the samples. Out of 105 purified 
yeast strains, 21 showed a biocidal phenotype that differed depending on pH and target yeast species. Five strains of Pichia 
and Saccharomyces genera exhibited biocidal activity which varied in response to carbon sources in cultivation media. 
Among Saccharomyces strains glucose, sucrose, and maltose were found to have the most impact on biocidal activity, 
whereas for Pichia - only glucose. Occurring on berries in small quantities, R. diobovata, R. mucilaginosa, and R. glutinis 
yeasts were examined for the effect of temperature on pigment synthesis. It was determined that carotenoids accumulated 
the best in R. diobovata and R. glutinis at 25ºC, while in R. mucilaginosa - at 30ºC. Our findings highlight the diverse nature 
of yeast population on berries and demonstrated the high potential of particular counterparts.  
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In all domains of life, transfer RNAs (tRNAs) contain posttranscriptionally sulfur-modified nucleosides such as 2- and 

4-thiouridine. It was previously shown that TudS (formerly DUF523) domain containing proteins are bacterial desulfidases 

which utilize 4-thiouracil and 2-thiouracil as sources of uracil when overexpressed in uracil auxotrophic E. coli cells. Yet, 

the precise in vivo role of TudS enzymes has remained elusive. We examined two TudS enzymes from Aeromonas sp. and 

Pseudomonas sp. in vitro. The kinetic studies revealed that 4-thio-UMP rather than sulfurated tRNA, thiouracils or 

thiouridines is the preferred substrate of TudS. Furthermore, we have shown that Pseudomonas putida KT2440 and Bacillus 

subtilis can employ endogenous TudS desulfidase in vivo for utilization of exogenous 4-thiouracil and 4-thiouridine. We 

propose that TudS proteins are widespread desulfidases involved in recycling and detoxifying tRNA-derived 4-thiouridine 

monophosphate nucleosides for RNA synthesis. 

 

 
 

Figure 1. Reactions catalyzed by TudS in vitro. 4-Thio-UMP is the preffered susbstrate (green). 
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Plastics are ubiquitous polymers used in all fields of science, industry, and commerce. The production of plastics is 

steadily increasing and has reached 390.7Mt in 2022 [1]. Therefore, the environmental pollution caused by plastic waste is 

becoming an increasingly urgent problem. Different carboxyl hydrolases can catalyse the hydrolysis of ester linkages which 

are crucial for the integrity of polyester plastics like poly(ε-caprolactone) (PCL), poly(lactic acid) (PLA) or polyethylene 

terephthalate (PET). The aim of this work was to investigate the ability of GD-95RM lipase [2] and GDEst-lip fused enzyme 

[3] to hydrolyse PCL films (Mn 45.000 (PCL450000) and Mn 80.000 (PCL80000)).  

In this study, both enzymes were purified using immobilized Ni2+ ion affinity chromatography (IMAC). The PCL films 

were prepared using the solvent casting method [4] according to the procedures described by  

Khan et al. [5] and Abdel-Motaal et al. [6]. The dried and sterilized PCL45000 and PCL80000 films were transferred into 15 mL 

flask tubes and filled with enzyme solution (3 mL of Tris-HCl buffer (50 mM, pH 8) containing 0.05, 0.1, 0.15, or 0.5 mg of 

target enzyme). The prepared samples were incubated at 30 °C or 50 °C temperatures with agitation (130 rpm) and the 

hydrolysis efficiency was measured after 24 h. After treatment, PCL films were removed, washed with deionized water, and 

dried until a constant weight was observed. The mass loss of PCL films was calculated following equation (1) [7]. 

 

Eq. 1. Weight loss of PCL films (%)= 100 x ((Wi-Wpd))/Wi 

Wi – the weight of pre-degraded PCL films, Wpd – the weight of post-degraded PCL films 

 

Obtained results indicated that after 24 h at 50 °C, both enzymes hydrolysed more than 40% of PCL films when 0.05 

mg of the target enzyme was used. At 30 °C, both GD-95RM and GDEst-lip enzymes (0.05 mg) were able to hydrolyse 20–

40% of PCL films within 24 h. The obtained data also indicated that 0.1 mg is a suitable amount of enzyme to degrade PCL 

films efficiently, as the weight of PCL films decreased by more than 70%.  
In conclusion, GD-95RM and GDEst-lip lipolytic biocatalysts can be defined as an attractive new polyesterases for 

PCL hydrolysis. 

 
 
 
 
 
 
[1] European association of plastics manufacturers (2023, January 1). Plastics - the facts 2022. Plastics Europe. Retrieved March 
1, 2023, from https://plasticseurope.org/knowledge-hub/plastics-the-facts-2022/ 
[2] Druteika, G., Sadauskas, M., Malunavicius, V., Lastauskiene, E., Statkeviciute, R., Savickaite, A., Gudiukaite, R. (2020). New engineered Geobacillus 
lipase GD-95RM for industry focusing on the cleaner production of fatty esters and household washing product formulations. World Journal of Microbiology 
and Biotechnology, 36, 41. 
[3] Gudiukaite R., Sadauskas M., Gegeckas A., Malunavicius V., Citavicius D. (2017). Construction of a novel lipolytic fusion biocatalyst GDEst-lip for 
industrial application. Journal of Industrial Microbiology and Biotechnology, 44(6), 799-815. 
[4] Tang, Z.G., Black, R.A., Curran, J.M., Hunt, J.A., Rhodes, N.P., Williams, D.F. (2004). Surface properties and biocompatibility of solvent-cast poly[e-
caprolactone] films. Biomaterials, 25, 4741–4748. 
[5] Khan, I., Nagarjuna, R., Dutta, J.R., Ganesan, R. (2019). Enzyme-embedded degradation of poly(ε-caprolactone) using lipase-derived from probiotic 
Lactobacillus plantarum. ACS Omega, 4(2), 2844–2852 
[6] Abdel-Motaal, F.F., El-Sayed, M.A., El-Zayat, S.A., Ito, S.-i. (2014). Biodegradation of poly (ε-caprolactone) (PCL) film and foam plastic by Pseudozyma 
japonica sp. nov., a novel cutinolytic ustilaginomycetous yeast species. 3 Biotech, 4(5), 507–512. 
[7] Liu, M., Zhang, T., Long, L., Zhang, R., Ding, S. (2019). Efficient enzymatic degradation of poly(ɛ -caprolactone) by an engineered bifunctional lipase-
cutinase. Polymer Degradation and Stability. 160, 120-125. 
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Human activating signal cointegrator homology (ASCH) domain is widely dispersed in all domains of life and some 

prokaryotic viruses. Based on the known properties and functions of homologous domain-containing proteins in RNA 
metabolism, the ASCH domain is thought to be able to interact with RNA molecules as a transcription co-regulator [1]. 
Recent studies have identified bacterial ASCH domain-containing protein from Zymomonas mobilis as a monomeric 
ribonuclease ZmASCH [2] while its analogue YqfB from Escherichia coli has been described as the smallest known 
amidohydrolase with N4-acetylcytidine (ac4C) as its primary substrate [3]. However, no experimental data on archaeal 
proteins belonging to the ASCH superfamily are available to date. In this study we aimed to characterize an ASCH domain-
containing protein from a thermophilic archaeon Archaeoglobus fulgidus. To achieve this, recombinant protein purification 
and activity assays with N-acylated cytosine and cytidine derivatives were performed. To determine whether the target 
protein can bind RNA, we applied the electrophoretic mobility shift assay (EMSA) using radioactive isotope-labelled E. coli 
tRNA. Our findings show that A. fulgidus protein has a narrow substrate range compared to YqfB, although both share the 
same catalytic triad. Interestingly, the archaeal YqfB analogue exhibits RNA-binding properties, however, no ribonuclease 
activity was detected in the conditions tested. These results provide novel insights into a functional variety of the widespread 
ASCH superfamily, yet further research is required to identify structural motifs responsible for RNA binding activity and the 
possible cellular role of archaeal ASCH domain-containing proteins in vivo. 

 
 
 
 
 

[1] Iyer, L. M., Burroughs, A. M., & Aravind, L. (2006). The ASCH superfamily: novel domains with a fold related to the PUA domain and a potential role 

in RNA metabolism. Bioinformatics (Oxford, England), 22(3), 257–263.  

[2] Kim, B. N., Shin, M., Ha, S. C., Park, S. Y., Seo, P. W., Hofmann, A., & Kim, J. S. (2017). Crystal structure of an ASCH protein from Zymomonas 

mobilis and its ribonuclease activity specific for single-stranded RNA. Scientific reports, 7(1), 12303.   

[3] Stanislauskienė, R., Laurynėnas, A., Rutkienė, R., Aučynaitė, A., Tauraitė, D., Meškienė, R., Urbelienė, N., Kaupinis, A., Valius, M., Kaliniene, L., & 

Meškys, R. (2020). YqfB protein from Escherichia coli: an atypical amidohydrolase active towards N4-acylcytosine derivatives. Scientific reports, 10(1), 
788. 
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β-glucans are biologic response modifiers demonstrating a wide range of activities including immune response 
activation through specific receptors. However, β-glucan source and extraction methods have major impact on overall 
structure and physicochemical characteristics of the acquired molecules, including backbone and side chains length, 
number of side chains and purity. As the result, obtained β-glucans have different molecular weight, water solubility and 
biological properties. β-glucans extraction process is the first problem that researchers are facing. After isolation it is 
important to analyze the β-glucan structural integrity which is another challenge. Conventional methods for β-glucan 
chemical characterization are FT-IR and NMR spectroscopies. Both are suitable for analysis of soluble and insoluble β-
glucans in solution and solid-state. Analysis in solid-state don’t require prior preparation of the sample, however some parts 
of the spectrum can be difficult to interpret. Impurities represent another difficulty in β-glucan analysis due to some of the 
band overlapping of different molecule types in FT-IR spectroscopy as well as resonance similarities in NMR. Yet powerful, 
still these methods do not give detailed answer on length of side chains in branched β-glucans. Traditionally 
spectrophotometric and enzymatic methods are used for the quantification of acid hydrolyzed β-glucan. However, these 
methods have several downsides. One is lacking the specificity for β-glucans in the presence of other glucose containing 
molecules. Another, incomplete hydrolysis of some high molecular weight β-glucans. 

β-glucan isolation requires accurate multistep processing of the source as even a small error has an impact on the 
final structure and properties of isolated molecules. And the method of choice for structural analysis of β-glucans depends 
on the goal of the research. 
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α-L-Fucose (Fuc) is a unique carbohydrate having a L-configuration and lacking a hydroxyl group on the C-6 carbon. 
It is found in the structure of oligosaccharides, and Fuc is also the most common terminal sugar of glycoconjugates [1]. 
Fucosylated glycoconjugates, present in both prokaryotic and eukaryotic (including humans) organisms, are essential for 
many biological processes, such as host-microorganism interactions in bacterial pathogenesis, cell-to-cell communication 
in plants, neurological and immunological processes in humans [1, 2, 3]. 

α-L-Fucosidases are exo-acting glycoside hydrolases that catalyse the removal of α-L-fucose from oligosaccharides 

and glycoconjugates. These enzymes can be found in a wide variety of organisms and tissue types. The diversity of α-L-

fucosidases produced by gut microorganisms may provide these species an advantage in colonising and adapting to the 

gut environment [1]. In humans, α-L-fucosidase deficiency may lead to two pathological events: fucosidosis and cancer. 

These enzymes are applied in medicine, research, and biotechnology, as they show potential for the enzymatic synthesis 

of valuable oligosaccharides through transfucosylation [2]. 

Four new fucosidases Fuc25A, Fuc25C, Fuc25D and Fuc25E were obtained screening metagenomic library from 

alpaca feacal microbiome. Most of their homologues are proteins from Clostridia class bacteria. Phylogenetic analysis 

showed that Fuc25A, Fuc25D and Fuc25E are quite closely related, while Fuc25C is more distant from the others. 

Recombinant proteins were synthesised in Escherichia coli strains and purified. The kinetic parameters of α-L-fucosidases 

were determined using p-nitrophenyl-fucopyranoside as substrate. Fuc25D presented the highest catalytic efficiency (0,364 

μM-1s-1), whereas Fuc25C the lowest (0,001 μM-1s-1). The enzyme activity assays revealed that all fucosidases were 

mesophilic and showed the highest activity at neutral pH. They were the most stable in a slightly alkaline environment (pH 

8), and at 0 °C temperature, with a decrease in activity at higher temperatures. The fucosidases in question also possess 

transfucosylation activity. 
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Use of microalgae in production of aquaculture fish feeds for can mitigate certain problems associated with fish i.e. 

salmonids malnutrition, environmental pollution, fish meat quality and appearance, as well as reduce overfishing of aquatic 
species used for commercial fish feed production. However, literature shows that a selection of suitable microalgae strains 
and supplementation in appropriate concentrations are required in order to obtain higher aquaculture productivity [1,2]. 
During this study Spirulina platensis and Chlorella vulgaris microalgal biomass were added to commercially available 
rainbow trout’s feed and successfully evaluated in the  aquaculture. During the production of fish feed 25 and 50% of fish 
meal present in commercial feed were replaced with respective microalgae biomass, at a final concentration of 5 and 10 % 
w/w, respectively. Rainbow trout groups with initial weights of 45 and 65 g were fed with experimental microalgae containing 
feed, alongside with control group being on the standard diet, once per day “ad libidum” for 60 days or longer A significant 
increase in trout’s mass and length was observed in all groups supplemented with microalgae. The highest increase in fish 
mass was observed in groups supplemented with S. platensis and C. vulgaris at 5% for 65 g fish resulting in 293.9 ± 14.4 
and 285.0 ± 15.2 g per fish, respectively. Additionally, the upper mentioned feeds resulted in highest trout’s length among 
groups, resulting in 26.8 ± 1.0 and 26.5 ± 1.2 cm for 65 g fish as well as 24,2 ± 0.6 and 24,3 ± 0.7 45 g fish, respectively. It 
can be concluded, that supplementation of microalgae at 5% can be viewed as optimal concentration to enhance growth 
dynamics of rainbow trout. Further studies will focus on improvement of fish feed formulations and selection of other suitable 
microalgal strains for production of such bio-active compounds as lipids, polyunsaturated fatty acids, astaxanthin and 
vitamins. 
 
This study was performed within the EMFF funded project no. 20-00-F02201-000001 supported by the Ministry of 
Agriculture and Rural Support Service of the Republic of Latvia. 
 
 
 
 
 
[1] Han P, Lu Q, Fan L, Zhou W (2019) A review on the use of microalgae for sustainable aquaculture. Appl. Sci. 9:2377. 

https://doi.org/10.3390/app9112377. 
[2] Kolesovs S, Sergejevs A, Neiberts K, Semjonovs P (2023) Mixotrophic production of Chromochloris zofingiensis CCAP 211/14 lipid-enriched biomass 

on lactose-containing media for use in aquaculture feeds. Algal Res. Submitted. 
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Pseudomonas putida is an environmental bacterium with a wide range of different metabolic pathways. Being 

metabolically highly versatile, these bacteria have great promise both as cell factories in biotechnological production and 

for bioremediation approaches to degrade a variety of aromatic pollutants. Different metabolic pathways of P. putida have 

been extensively studied, but surprisingly, until recently almost no phages had been isolated for the common laboratory 

strain P. putida KT2440 and no phage defence mechanisms have been characterized yet. 

Here, we introduce a novel collection of environmental phages that infect P. putida PaW85 (isogenic to KT2440), 

consisting currently of over 21 species of dsDNA phages, that can be grouped into 9 phage families. The collection was 

isolated from soil and water samples using a predictably weakened derivative of the bacterium: a prophage-negative strain 

that additionally lacks 13 toxin-antitoxin systems (TAS) from the genome. According to literature, both these chromosomal 

entities have previously been associated with phage defence of different bacteria. We show that three of the four cryptic 

prophages in P. putida chromosome strongly protect against the infection of many phages, whereas the chromosomal TAS 

seem to have no positive effect for P. putida upon phage infection. Additionally, we looked into the protective effect of 

stringent response on phage defence and determined that although it generally protects bacteria on a low level, it has a 

very strong protective effect against the infection of some phages. 

Our further goals are to expand the phage library and to describe in detail P. putida phage defence mechanisms. 
 
 
 

 
 
[1] Wu, Haiyang et al. “Structure and function of microbial α-l-fucosidases: a mini review.” Essays in biochemistry vol. 67,3 (2023): 399-414. 
[2] Ma, Bing et al. “Fucosylation in prokaryotes and eukaryotes.” Glycobiology vol. 16,12 (2006): 158R-184R. 
[3] Cao, Hongnan et al. “Structure and substrate specificity of a eukaryotic fucosidase from Fusarium graminearum.” The Journal of biological chemistry 
vol. 289,37 (2014): 25624-38. 
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A growing body of evidence indicates that there are similarities in the intestinal microbial composition among healthy 

individuals, suggesting that a particular microbiota is required for proper host health, while dysbiosis is frequently linked 

with various immune, endocrine and nervous system disroders [1-4]. Previous studies conducted in our laboratory have 

found differential microbiota signatures of food addiction in vulnerable and resilient mice despite identical experimental and 

living conditions. We found a significantly higher amount of Blautia spp. in non-addicted mice, suggesting a possible 

protective role in the development of food addiction [unpublished data]. Therefore, we aimed to increase Blautia spp. 

abundance in the gut of mice by prebiotic supplemenation or bacteria itself to evaluate this possible protective role. 

Prebiotics A and B, and Blautia sp. were administered to mice, to increase Blautia spp. population in the gut. Mice 

underwent an operant protocol of food addiction for 98 days. A qPCR was performed to confirm the effectiveness of targeted 

prebiotics and probiotic in increasing Blautia spp. abundance in the gut. 

None of the mice receiving prebiotics or probiotics achieved the addiction criteria, compared to control. qPCR results 

confirmed the increased Blautia genus concentration in the gut. Results indicates that Blautia spp. is a beneficial bacteria 

with a protective role in the development of food addiction. 

 

 

 

 
[1] Ma, Q., Xing, C., Long, W., Wang, H. Y., Liu, Q., & Wang, R. F. (2019). Impact of microbiota on central nervous system and neurological diseases: the 

gut-brain axis. Journal of Neuroinflammation 2019 16:1, 16(1), 1–14. https://doi.org/10.1186/S12974-019-1434-3  

[2] Rastelli, M., Cani, P. D., & Knauf, C. (2019). The Gut Microbiome Influences Host Endocrine Functions. Endocrine Reviews, 40, 1271–1284. 

https://doi.org/10.1210/er.2018-00280 

[3] Cai, H., Chen, X., Burokas, A., & Maldonado, R. (2023). Editorial: Gut microbiota as a therapeutic target in neuropsychiatric disorders: current status 

and future directions. Frontiers in Neuroscience, 17, 1198291. https://doi.org/10.3389/fnins.2023.1198291  

[4] Zheng, D., Liwinski, T., & Elinav, E. (n.d.). Interaction between microbiota and immunity in health and disease. Cell Research. 

https://doi.org/10.1038/s41422-020-0332-7  
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Psychrophilic and psychrotolerant microorganisms found in Arctic marine and coastal environments are inexhaustible 
source of novel, cold-active enzymes. Bioprospecting of such enzymes is promising for various purposes, opening new 
paths in environmental biotechnology, biomedicine and agriculture. For example, cellulases or pectinases from 
psychrophiles are good candidates for use in recently developing regenerative agriculture. These enzymes applied to the 
post-harvest fields may enhance the degradation of the post-cultivation organic matter and raise its accessibility for soil 
microorganisms, ultimately improving the soil quality for the next production cycle. 

Here, we report a bioprospecting approach utilizing the fosmid libraries produced for Arctic marine metagenomes. 
The soil samples were collected in the vicinity of the Polish Polar Station Hornsund (Spitsbergen, Svalbard, Norway) located 
on the coast of the Greenland Sea [1]. By transforming Escherichia coli cells with the fosmid library and plating them on the 
minimal medium containing either carboxymethyl cellulose or pectin as a sole carbon source, we identified colonies 
expressing cellulase or pectinase originating from psychrophilic soil microbiota. 

This bioprospecting approach has an enormous advantage: we found native psychrophilic genes which are functional 
in E. coli cells. In the next step, a sequencing of fosmids isolated from cellulase- and pectinase-positive clones delivered 
native DNA sequences used for designing expression systems for the overproduction of cold-active cellulase and pectinase 
using E. coli as a host. Using this approach, we mitigate the risks of de novo synthesis of genes identified in metagenomes, 
which may fail due to the DNA sequencing and read assembly errors. 

 
 
 
 
 

[1] Dziurzynski, M., Gorecki, A., Pawlowska, J., Istel, L., Decewicz, P., Golec, P., Styczynski, M., Poszytek, K., Rokowska, A., Gorniak, D., & Dziewit, L. 

(2023). Revealing the diversity of bacteria and fungi in the active layer of permafrost at Spitsbergen island (Arctic) - Combining classical microbiology and 
metabarcoding for ecological and bioprospecting exploration. The Science of the total environment, 856(Pt 2), 159072. 
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The emergence and dissemination of multidrug-resistant (MDR) bacterial pathogens have become a global 

healthcare challenge. This study aimed to investigate the genetic characteristics, antimicrobial resistance profiles, and 
spread of MDR isolates in Lithuania, focusing on two prevalent pathogens: Acinetobacter baumannii (MDR-Ab) and 
Escherichia coli (MDR-E. coli). 

For the MDR-Ab study, 194 non-duplicate MDR-Ab isolates were collected from various clinical specimens in 
Lithuania during 2014, 2016, and 2018. Antimicrobial susceptibility testing revealed a high prevalence of resistance against 
multiple classes of antimicrobial agents. Molecular typing using BOX-PCR method identified 6 distinct genetic clusters, 
indicating a diverse genetic landscape among the isolates. Multiple-locus variable-number tandem repeat analysis (MLVA) 
further characterized the isolates into 8 different genetic clusters, with Cluster 2 being the most predominant. The study 
also identified the spread of specific MDR-Ab clones across different healthcare facilities and regions, suggesting 
nosocomial transmission (Kirtikliene et al., 2021; Smith et al., 2019). 

For the MDR-E. coli study, 256 non-repetitive MDR-E. coli isolates were collected from bloodstream infections in 
Lithuania. Antimicrobial susceptibility testing demonstrated resistance against β-lactams, fluoroquinolones, and 
aminoglycosides. Polymerase chain reaction (PCR) analysis detected resistance genes, including blaCTX-M, blaTEM, blaSHV, 
and blaOXA, indicating the presence of extended-spectrum β-lactamases (ESBLs) and AmpC β-lactamases. Molecular 
typing using BOX-PCR method revealed 14 distinct genetic clusters, and MLVA identified 6 different genetic clusters. Clonal 
dissemination of MDR-E. coli isolates was observed, indicating both local and cross-regional spread (Kirtikliene et al., 2022; 
Johnson et al., 2018; Peirano et al., 2021; Grundmann et al., 2017). 

Overall, these studies, along with other global epidemiological reports (European Centre for Disease Prevention and 
Control, 2021), highlight the alarming prevalence, genetic diversity, and clonal dissemination of MDR-Ab and MDR-E. coli 
isolates in Lithuania. The findings underscore the urgent need for enhanced infection control measures, targeted 
surveillance, and the development of effective treatment strategies. Continuous monitoring of the genetic characteristics 
and spread of these MDR pathogens is essential for mitigating their impact on patient care and public health. 
 
 
 
 
1. Kirtikliene, T., et al. "Multidrug-resistant Acinetobacter baumannii genetic characterization and spread in Lithuania in 2014, 2016, and 2018." Life 

11.2 (2021): 151. 
2. Smith, J., et al. "Emergence and spread of multidrug-resistant Acinetobacter baumannii: A global threat." Current Opinion in Infectious Diseases 

32.6 (2019): 577-583. 
3. Kirtikliene, T., et al. "Genetic characterization of multidrug-resistant E. coli isolates from bloodstream infections in Lithuania." Microorganisms 10.2 

(2022): 449. 
4. Johnson, J.R., et al. "Global epidemiology of drug-resistant Escherichia coli clonal lineages." EcoSal Plus 8.1 (2018). 
5. Peirano, G., et al. "Global distribution of the most prevalent carbapenemase-producing Enterobacterales: A systematic review and meta-analysis." 

International Journal of Antimicrobial Agents 57.5 (2021): 106304. 
6. Grundmann, H., et al. "Occurrence of carbapenemase-producing Klebsiella pneumoniae and Escherichia coli in the European survey of 

carbapenemase-producing Enterobacteriaceae (EuSCAPE): A prospective, multinational study." The Lancet Infectious Diseases 17.2 (2017): 153-
163. 

7. European Centre for Disease Prevention and Control. "Surveillance of antimicrobial resistance in Europe." Annual report of the European 
Antimicrobial Resistance Surveillance Network (EARS-Net) (2021). 
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Acinetobacter baumannii is a gram-negative, opportunistic pathogen that was added to World Health Organization 

critical watch list due to its multiple antibiotic resistance.  
A. baumannii is able to gain various resistance factors, employing different mobile genetic elements (MGEs), by 
recombining and transferring DNA within and among the bacteria. Analysis of these MGEs could help identify different ways 
to mobilize DNA that could be found in unique plasmids. This, in turn, could hint at new emerging patterns of resistance 
acquisition. 

The isolate AB36 plasmids were profiled according to Bertini et al. [1], using PCR-based replicon-typing scheme and 
pulsed-field gel electrophoresis (PFGE) method. They were then sequenced using Illumina Novaseq and Nanopore MinION 
technologies. Hybrid assemblies were annotated using NCBI PGAP (v. 2023-05-17.build 6771). Sequence analysis was 
performed using ISFinder [2], Phaster [3], sequences were examined using Snapgene (v. 7.0.2). 

Primary results of clinical isolate AB36, showed that it contains plasmids belonging to GR1, GR12/GR18, GR13 and 
GR24 replicon types, while PFGE revealed only 3 plasmids, sized ~11 kb, ~50 kb and ~115 kb. Hybrid sequencing 
confirmed replicon types, but plasmid sizes differed. AB36 contained 169 kb, 117 kb, 113 kb, 16 kb, 18 kb and multiple 2 
kb sized plasmids. The 169 kb, 18 kb and 16 kb plasmids were cointegrates, containing 2 or 3 replicons within. Furthermore, 
only the 3 largest plasmids contained 1-3 prophages, as well as any insertion sequences. 18 kb and 16 kb sized plasmids 
both had 4-6 pdif sites, capable of forming dif modules. 

These findings show that plasmids are capable of hosting numerous MGEs. While no antimicrobial resistance genes 
could be found within plasmids, other genes were found in mobile modules. For example, BrnTA toxin-antitoxin system was 
found in two possible dif modules, proving that other genes could be mobilized and transferred to other bacteria in a similar 
manner. 

 
 
 
 

_________________________________________________________________________________ 
[1] Bertini, A., Poirel, L., Mugnier, P. D., Villa, L., Nordmann, P., & Carattoli, A. (2010). Characterization and PCR-based replicon typing of resistance 
plasmids in Acinetobacter baumannii. Antimicrobial agents and chemotherapy, 54(10), 4168–4177.  
[2] Siguier, P et al. “ISfinder: the reference centre for bacterial insertion sequences.” Nucleic acids research vol. 34,Database issue (2006): D32-6.  
[3] Arndt, David et al. “PHASTER: a better, faster version of the PHAST phage search tool.” Nucleic acids research vol. 44,W1 (2016): W16-21. 
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The aim of this study is to investigate the inhibitory effects of extracts from the medicinal plant Inula britannica L. on 
the structure and cell viability of Staphylococcus aureus biofilms. Plant extracts were prepared by the subsequent extraction 
with solvents of different polarities (chloroform and methanol) at room temperature. S. aureus is a microorganism 
associated with persistent and recurrent infections, owing to its ability to produce biofilms. Bacterial biofilms are embedded 
in extracellular polymeric substances (EPS), which protect the microorganisms from environmental hazards. The structural 
and functional characteristics of biofilms determine the high drug tolerance of biofilm infections. This requires the search 
for novel ways capable to overcome the barrier created by the EPS. The biofilm of S. aureus was treated with 250 μg/ml of 
plant extracts. The Crystal violet assay test showed the reduction of the biofilm biomass in a concentration-dependent 
manner. The viability study showed a different proportion between viable and non-viable bacterial cells in the plant-treated 
biofilms. Scanning electron microscopy investigations confirmed the loosening of the extracellular substance in the treated 
samples. Some plant extracts from Inula britannica achieved inhibition of hemolytic activity. The results underlined that 
newly discovered natural anti-biofilm agents could help in devising novel strategies for treating biofilm-associated infections. 

Acknowledgement: This work was supported by the National Research Fund, Republic of Bulgaria, Contract KP-06-H41/8. 
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Bacterial keratitis, commonly caused by Pseudomonas aeruginosa, poses a significant threat to ocular health. Broad-

spectrum antibiotic eye drops are typically prescribed as the first-line treatment. We investigated the potential of 
Pseudomonas bacteriocins, specifically PaeM4 and S5-PmnH [1] [2], to enhance the antibacterial efficacy of three 
commonly used antibiotic eye drops: gentamicin, tobramycin, and ciprofloxacin. 

In vitro analysis was conducted using a time-kill test to evaluate the antibacterial activity against P. aeruginosa PAO1 
strain. Minimal inhibitory concentrations of the antibiotics and bacteriocins were determined and used to select appropriate 
concentrations for combination testing. Bacterial colony forming units per milliliter were quantified to compare the 
effectiveness of samples treated with antibiotics or bacteriocins alone versus their combination. 

The results demonstrate that combining tobramycin, gentamicin, or ciprofloxacin with PaeM4 and S5-PmnH 
bacteriocins exhibited slightly higher antibacterial activity compared to the antibiotics or bacteriocins used alone. Notably, 
no antagonistic effects were observed, suggesting compatibility between the antibiotics and bacteriocins. 

These findings provide valuable preliminary data for potential in vivo models and further investigation. The enhanced 
antibacterial activity observed in vitro suggests that combining antibiotic eye drops with PaeM4 and S5-PmnH bacteriocins 
may offer a promising approach for the treatment of Pseudomonas aeruginosa-induced bacterial keratitis. However, 
additional studies are required to evaluate the efficacy and safety of these combinations in vivo. 

 
 
 
 

[1] Paškevičius, Š., Starkevič, U., Misiūnas, A., Vitkauskienė, A., Gleba, Y., Ražanskienė, A. (2017). Plant-expressed pyocins for control of Pseudomonas 

aeruginosa. PLoS One. 12(10):e0185782 
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Gene-directed enzyme prodrug therapy is an emerging strategy based on the transfer of genes encoding an enzyme 

that can convert a drug into a potent cytotoxin only in targeted cancer cells. Although the development of enzyme-activated 

prodrugs is promising, there are several limitations, such as the lack of suitable enzyme variants and the limited choice of 

chemical bonds that could be activated. Therefore, the aim of this study was to determine whether a number of new bacterial 

amidohydrolase-based enzyme-prodrug combinations have the potential to reduce the viability of eukaryotic cancer cells. 

First, several N4-acylated cytidine derivatives were selected as potential prodrugs. Then, HCT116 and MCF7 human cancer 

cell lines, which stably express the genes encoding target bacterial amidohydrolases YqfB and D8_RL, have been 

established. Finally, the transduced cells expressing the bacterial amidohydrolases were exposed to several concentrations 

of the new prodrugs and their viability was assessed using the MTT assay. The results show significant decrease in the 

viability of HCT116 cells expressing either the YqfB or the D8_RL amidohydrolase, compared to the control cell line 

transduced with a vector without a gene insert. However, the viability of MCF7 cell lines with inserted genes did not differ 

from control cells for all prodrugs tested. In conclusion, our results suggest that bacterial YqfB and D8_RL amidohydrolases, 

together with the modified cytidine-based prodrugs, may serve as promising enzyme-prodrug systems for gene-directed 

enzyme prodrug therapy, however, the success of the therapy may depend on the type and/or origin of the cancer cells. 
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In the recent times, supercritical carbon dioxide (SC-CO2) extraction has gained significant attention as an alternative 

method for effective extraction of thermolabile compounds like lipids and carotenoids [1] [2]. In this study, lipids and 
carotenoids were extracted using SC-CO2 from three different R. toruloides strains: CBS 14, CBS 349, and CBS 6016T, 
which is a hybrid strain of CBS 14 and CBS 349. The extraction process involved specific conditions such as pressure, 
temperature, CO2 flow rate, and the addition of ethanol as a co-solvent. The lipids from the yeast cells were extracted at 30 

MPa pressure, 45 C temperature and at a CO2 flow rate of 2 ml/min. 

Following the extraction of lipids, the carotenoid extraction process commenced at 30 MPa pressure, 50 C temperature, 
CO2 flow rate of 2 ml/min and 99.5 % ethanol as co-solvent at a flow of 0.2 ml/min. Both the extraction steps were carried 
out for a total duration of 180 minutes each.  

 

 
Figure 1. Schematic representation of an idealized supercritical fluid extraction instrument 

 
The extracted lipids were analyzed using gas chromatography (GC), while the carotenoids were identified and 

quantified using ultra-high liquid chromatography (UHPLC). Four main carotenoids, namely β-carotene, γ-carotene, 
torularhodin, and torulene, were identified in all three strains, with torularhodin being the major carotenoid produced. This 
differs from our previous study where torularhodin and torulene were degraded during extraction, and thus, β-carotene was 
identified as the major carotenoid [3]. The total carotenoid concentration in the three strains varied, with CBS 14, CBS 
6016T, and CBS 349 exhibiting concentrations of 58.04, 43.57, and 4.85 μg/g, respectively. Similarly, the total lipid 
concentration at the end of cultivation varied, with CBS 14, CBS 6016T, and CBS 349 strains showing concentrations of 
6.43, 7.33, and 2.05 g/L, respectively. Oleic acid was found to be the major fatty acid in all three strains, followed by palmitic 
acid and linoleic acid.  

The study revealed that the hybrid strain CBS 6016 displayed a lipid and carotenoid profile that closely resembled 
its parental strain, CBS 14 which suggest that CBS 6016T predominantly inherited and exhibited the genetic traits linked to 

CBS 14, rather than CBS 349 and then further will possibly transfer it to a next generation. 
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69. PURINE DEPLETION ELICITS RESILIENCE PHENOTYPE SIMILAR 
TO OTHER ESSENTIAL NUTRIENT STARVATIONS. 
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Yeast, including the laboratory workhorse Saccharomyces cerevisiae, is an organism that has evolved to thrive in 
both times of abundance and scarcity. It possesses the remarkable ability to detect the availability and quality of nutrients, 
adjusting its growth rate and stress resistance accordingly. In yeast research, purine auxotrophy, resulting from mutations 
in the purine biosynthesis pathway, serves as a commonly used genetic marker.  

Among these mutations, those in the ade1 and ade2 genes are the most widely employed because they lead to the 
formation of distinctive red colonies. In this study, we explore the behavior of a range of adeX mutants (ade1, ade2, ade4, 
ade5-7, ade6, ade8 and ade16ade17) when exposed to environments deficient in purine. Surprisingly, these mutants can 
sense purine scarcity, causing them to arrest their cell cycle and develop a robust stress resistance phenotype, where 
resistance to wide variety of stresses is high. 

We show that transcriptional response of adenine synthesis mutants is similar to nitrogen starvation with respect of 
downregulated genes, where most of the transcripts are associated with protein synthesis, while upregulated genes vary 
among the starvation agents and mutants.  

The robustness of this stress resistance phenotype is exemplified by petite cells, which, despite not relying on oxygen 
in their energetic metabolism, exhibit remarkable resistance to oxidative stress when subjected to purine starvation.  

This phenomenon may have ecological significance, as many eukaryotic organisms, including intracellular parasites 
that exploit host cell purines, cannot synthesize their own purine and must scavenge it from their surroundings. Some of 
these parasites can endure extended periods of purine scarcity, suggesting that the loss of purine synthesis capacity and 
the development of stress-resilient traits may confer selective advantages in specific ecological niches. 
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