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Foreword 
 
 
 
 
Dear colleagues 
 
Welcome to the XII Conference of The Serbian Biochemical Society, entitled 
‘Biochemistry in Biotechnology’. 
 
This year we have the richest program ever. In addition to our tradition to invite promising 
young researchers from four main university centers in Serbia to deliver lectures, we have 
eight guests from aboard that will participate through FEBS3+ program or within ANSO 
PRESSION project. This is a turning point in the organization of the conference which 
undergoes a transformation into scientific event with strong international character. 
 
As always, we cherish the participation of PhD students and early career researchers. We 
are glad that many colleagues took the opportunity to show what they do and to find their 
place within the scientific ecosystem. 
 
 
 

Organizing Committee 
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Protein-ligand interactions – Alpha-1-acid glycoprotein 
(Orosomucoid) with drugs: Multitechnic approach  
Mario Gabričević*, Robert Kerep, Tino Šeba 

Faculty of Pharmacy and Biochemistry, University of Zagreb, Zagreb, Croatia 

*e-mail: mgabricevic@pharma.hr  

Human serum alpha-1 acid glycoprotein (AAG) is an acute-phase plasma protein involved 
in the binding and transport of many drugs, especially basic and lipophilic substances.1 It 
has been reported that the sialic acid groups that terminate the N–glycan chains of AGP 
change in response to certain health conditions and may have a major impact on drug 
binding to AGP. In pharmaceutical science, where future drugs are developed by targeting 
a selected protein, assessment of ligand affinity is important since binding of drugs to 
proteins affects their pharmacokinetics and pharmacodynamic action. In the blood, the 
drug is distributed in the body in free form and binded to plasma proteins to certain extend. 
The interaction between native and desialylated AAG with eight drugs (carvedilol, 
diltiazem, dipyridamole, imipramine, lidocaine, propranolol, vinblastine, warfarin) from 
different therapeutic areas was quantified using microscale thermophoresis, isotermal 
titration calorimetry  and polarisation fluorescence. The results show that desialylation 
influences AAG-drug binding affinity. Also, we were able to detect both increase and 
decrease of AGP-drug equilibrium binding affinity caused by desialylation which can be 
linked with conformational change manifested by increased denaturation temperature of 
desialylated AAG. Therefore, different degree of sialylation may result in different binding 
affinities, and the clinical significance of changes in sialylation or glycosylation of AGP in 
general should not be neglected.  

Acknowledgements 
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05-9537), European Structural and Investment Funds (KK.01.1.1.07.0055) and European Regional 
Development Fund FarmInova (KK.01.1.1.02.0021). 

References 
1. Israili ZH, Dayton PG. Human alpha-1-glycoprotein and its interactions with drugs. Drug Metab 

Rev 2001;33:161–235. 



26 
 



27 
 

Invited lectures



28 
 



29 
 

 

HDL – associated proteins in hypertensive disorders of 
pregnancy 
Jasmina Ivanišević1*, Daniela Ardalić2, Aleksandra Zeljković1, Jelena Vekić1, Tamara 
Gojković1, Sandra Vladimirov1, Tamara Antonić1, Jelena Munjas1, Željko Miković2, 
Aleksandra Stefanović1 

1Department of Medical Biochemistry, Faculty of Pharmacy, University of Belgrade, 
Serbia 
2Gynecology and Obstetrics Clinic „Narodni Front“, Belgrade, Serbia 

*e-mail: jasmina.ivanisevic@pharmacy.bg.ac.rs  

Hypertensive disorders of pregnancy are associated with various complications and long-
term health risks for both mother and child. Preeclampsia, a form of hypertensive disorder, 
is characterized by gestational hypertension and proteinuria. It is a serious condition that 
can lead to maternal morbidity and fetal mortality, as well as increased risk of 
cardiovascular disease later in life. The role of high-density lipoproteins (HDL) in 
hypertensive disorders of pregnancy has also been investigated. HDL contains many 
different proteins and is known for its anti-atherogenic, anti-inflammatory, and anti-
oxidant properties. Because of their beneficial vascular effects, HDL proteins may prevent 
vascular damage in physiological pregnancy. However, dysfunctional HDL may be 
associated with vascular damage and hypertension in pregnancy. Further research is 
needed to elucidate the HDL proteome and its role in these conditions. 

Acknowledgements 
This work was supported by the scientific project HIgh-density lipoprotein MetabolOMe research to 
improve pregnancy outcome - HI-MOM, grant no. 7741659, under the auspices of Science Fund of 
the Republic of Serbia. 
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Apolipoprotein E and matrix remodeling – a link to 
neurodegeneration in Alzheimer’s disease 
Jelena Bašić1*, Vuk Milošević2,3, Branka Đorđević1, Vladana Stojiljković1, Milica 
Živanović4, Tatjana Jevtović Stoimenov1, Ivana Stojanović1  

1Department of Biochemistry, Faculty of Medicine, University of Niš, Serbia  
2Clinic of Neurology, University Clinical Center Niš 
3Faculty of Medicine, University of Niš 
4Radiology Center, University Clinical Center Niš 

*e-mail: jelena.basic@medfak.ni.ac.rs 

Apolipoprotein E (APOE) is a glycoprotein primarily produced by astrocytes and 
microglia. It plays a crucial role in complexing with amyloid β (Aβ) to accelerate its 
clearance. APOE genotyping holds great importance in determining whether an individual 
carries the APOE ε2/ε3/ε4 allele and the corresponding APOE2/E3/E4 protein isoform. 
Carrying the APOE ε4 allele has been associated with an increased risk of Aβ 
accumulation, amyloid plaque formation, and late-onset Alzheimer's disease (LOAD). The 
identification of novel biomarkers that indicate the earliest pathophysiological processes 
involved in Alzheimer's disease (AD) and the analysis of their diagnostic value in patients, 
especially through less invasive and cost-effective procedures that can visualize AD in a 
minimally invasive manner, are the primary focus of numerous researchers. Matrix 
metalloproteinases, their tissue inhibitors, and activators play a significant role in 
extracellular matrix remodeling, disruption of blood-brain barrier integrity, prolonged 
neuroinflammation, and Aβ clearance. These biomarkers are showing promise as potential 
blood-based diagnostic markers for patients with AD. In this context, we will discuss the 
possible mechanisms underlying the interrelation between APOE ε4 carrier status, matrix 
remodeling enzymes, and neurodegeneration in AD. Additionally, we will explore the 
diagnostic accuracy of these biomarkers in AD dementia patients based on the results 
obtained by our research group. 

Acknowledgments 
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the Republic of Serbia (Grant No. 451-03-47/2023-01/200113), and by the Faculty of Medicine 
University of Niš, Serbia (internal scientific project No. 44). 
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The effect of low-dose spermidine supplementation on 
polyamine content and antioxidative defence 
mechanisms in honey bees 
Jelena Spremo1, Elvira Vukašinović1, Danijela Kojić1, Marko Kebert2, Tatjana Čelić1, 
Srđana Đorđievski1, Jelena Purać1* 

1Department of Biology and Ecology, Faculty of Sciences, University of Novi Sad, Serbia 
2Institute of Lowland Forestry and Environment, University of Novi Sad 

*e-mail: jelena.purac@dbe.uns.ac.rs 

The honey bee, a widespread pollinator, contributes to the conservation of biodiversity. In 
recent decades, a trend of declining colony numbers has emerged. The unsustainable 
exploitation of the environment may be the cause of this phenomenon. One protective 
strategy of organisms is to strengthen their antioxidant capacity. A class of positively 
charged molecules, polyamines, play important roles in various cellular processes. They 
exert a regulatory effect on gene expression, have antioxidative properties, and promote 
longevity in model organisms. The three main representatives are putrescine, spermidine, 
and spermine. The aim of this study was to determine whether supplementation of bees 
with low-dose spermidine leads to an increased level of the mentioned polyamines and 
whether this could strengthen the antioxidative defence systems. Two experimental groups 
were established: C group (control), fed with 50% (w/v) sucrose solution, and S0.01 group, 
whose diet was supplemented with 0.01 mM spermidine. The experiment lasted for 10 and 
17 days. A significant increase in putrescine, spermidine, and spermine content was noted 
in the supplemented group after 17 days, compared to its respective control. These results 
show a positive impact of spermidine supplementation on maintaining polyamine levels 
throughout aging. FRAP and MDA biochemical assays were used for the assessment of 
oxidative status. FRAP assay showed increased antioxidative capacity in the S0.01 group. 
These results are in accordance with the results obtained from the MDA assay, which 
showed a decreased level of lipid peroxidation in the supplemented group in comparison to 
the control. The potential practical outcome of this study could be the use of spermidine in 
beekeeping practice to promote overall honey bee health. 

Acknowledgements 
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Cancer cell death induced by ruthenium complexes 
Jelena Žakula1*, Maja D. Nešić2, Milica Matijević2, Milutin Stepić2, Marijana 
Petković2, Lela Korićanac1 

1Department of Molecular Biology and Endocrinology, Vinča Institute of Nuclear 
Sciences, National Institute of the Republic of Serbia, University of Belgrade, Serbia 
2Center for light-Based Research and Technologies COHERENCE, Department of Atomic 
Physics, Vinča Institute of Nuclear Sciences, National Institute of the Republic of Serbia, 
University of Belgrade 

*e-mail: pozegaj@vin.bg.ac.rs 

Cancer is a complex and often fatal disease characterized by uncontrolled cell division. 
The most commonly used chemotherapeutics target rapidly dividing cancer cells but, at the 
same time, damage healthy dividing cells. New metal-based complexes, such as ruthenium 
complexes, that possess cytotoxic properties, have been developed to overcome these 
challenges1,2. Ruthenium complexes achieve their antitumor effect mainly by inducing 
apoptosis. However, its use is limited due to cancer cells' inherent and acquired resistance 
to apoptosis. Inducing ferroptosis in cancer cells is one way to overcome the problem of 
resistance. The dual role of autophagy in cancer cells is a major challenge for the 
application of metallocomplexes in cancer treatment, either as inducers or inhibitors of 
autophagy. Also, the effect of ruthenium complexes on other cellular processes such as cell 
cycle, cell migration, and adhesion are promising approaches in cancer treatment. Our 
results indicated a significant influence of Ru(II) complexes on these processes in 
melanoma, cervical and pancreatic cancer. The aim of this review is to summarize the 
latest data on the effect of ruthenium complexes on different types of cell death. 
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Macrophage polarization and infectious diseases  
Marija Stojadinović 

Center of Excellence for Molecular Food Sciences, Department of Biochemistry, Faculty 
of Chemistry, University of Belgrade, Serbia 

e-mail: mstojadinovic@chem.bg.ac.rs  

Macrophages are a heterogeneous cell population present in most mammalian tissues with 
a wide range of functions. They are an essential component of optimal tissue homeostasis 
and an essential first line of defense against pathogens.  Activated macrophages are 
typically divided into two phenotypes, M1 macrophages and M2 macrophages, which are 
influenced by microorganisms, the tissue microenvironment, and cytokine signals1. Primed 
M1 and M2 macrophages can be generated in vitro from human monocytes or murine bone 
marrow cells and subsequently activated to full phenotype with M1 or M2 stimuli2. In the 
long competitive history between pathogens and hosts, some pathogens have evolved 
various immune evasion strategies by utilizing and inter-converting macrophage 
phenotypes according to their needs3. Therefore the management of macrophage polarity is 
crucial for the prevention and treatment of infections and inflammatory disorders. We will 
evaluate the current state of knowledge regarding macrophage polarity and discuss how 
some pathogens exploit macrophage phenotypes for efficient replication and disease 
progression because studying the biology of these intriguing cells offers a great 
opportunity for future drug discovery. 
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Nepeta L. holds a prominent position as the largest genus in the Lamiaceae family and 
serves as the exclusive representative of the iridoid-lacking Nepetoidae subfamily which 
produces iridoids. The genus showcases a rich chemodiversity, encompassing taxa both 
with and without iridoids. Our study investigates the genetic basis of iridoid diversity using 
omics-guided and functional genomics approaches. We identified functional iridoid 
synthases in iridoid-producing N. rtanjensis (NrIS2) and N. sibirica L. (NsIS), as well as in 
iridoid-lacking N. nervosa L. (NnIS). Remarkably, N. nervosa carries a dormant iridoid 
biosynthetic platform, suggesting a loss of iridoid production during its evolutionary 
history. Moreover, we explore regulatory mechanisms through comparative iridoid 
profiling and co-expression analysis of biosynthetic genes and transcription factors under 
various stress conditions (e.g., dehydration, UV − B radiation, pathogens) or elicitors 
(MeJA). These mechanisms influence plant productivity and the presence/absence of 
iridoids or their specific groups (iridoid aglycones and iridoid glycosides). Our research 
offers valuable insights into the molecular mechanisms driving iridoid biosynthesis and the 
chemical evolution of iridoids within Nepeta. This study enhances our understanding of 
the intricate relationship between genetics and the environment, providing comprehensive 
insights into iridoid metabolism, chemical evolution and ecology. 
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Spinal muscular atrophy, a neurodegenerative recessive disease, is one of the leading 
genetic causes of death in early infancy and childhood worldwide, having an etiology in a 
mutation or deletion of the motor neuron 1 gene and deficient expression of the survival 
motor neuron protein1, 2. Being developed, spinal muscular atrophy is manifested in the 
denervation and consequent overexpression of histone deacetylase 4 in skeletal muscle, an 
epigenetic protein further having a role in the upregulation of two E3 ligases, atrogin-1 and 
MuRF1 via the myogenin-dependent pathway and leading to the structural and functional 
muscle protein breakdown through the ubiquitin-proteasome pathway 3. Being not 
medically treated, spinal muscular atrophy can progress toward the loss of movement and 
even death, and, therefore, great efforts have been made so far to find an adequate therapy, 
with therapies already approved in Europe and the United States, yet of limited availability 
due to the high prices and severe side-effects. In that sense, there are continuous efforts 
among the scientific community worldwide to develop novel, cost-efficient approaches in 
therapy. The development of selective histone deacetylase 4 inhibitors and their epigenetic 
modifying capabilities has been of high interest in an attempt to find potential candidates 
for the effective treatment of spinal muscular atrophy. Nevertheless, none of the histone 
deacetylase 4 inhibitors has been repurposed for treating spinal muscular atrophy.  
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The ultimate priority of food production and processing is food safety. To fulfil strict food 
safety requirements accurate and reliable assessment models of food-borne risks 
(hazards) to human health are needed, along with an effective control system in place. The 
Codex Alimentarius defines a risk assessment process as intended to calculate or estimate 
the risk to a given target organism, system, or (sub) population, including the identification 
of attendant uncertainties, following exposure to a particular agent1. The process of risk 
assessment includes four steps: hazard identification, hazard characterization, exposure 
assessment, and risk characterization. Data gained through epidemiological surveys and 
food outbreak reports show that the foodborne disease burden is constantly growing. 
Microbiological risk assessment (MRA) minimises food-borne risks to the population, by 
applying tools for assessment of the hazards, their proper identification and quantification, 
and determination of the occurrence probability and prioritisation of microbiological risks 
based on country-specific uncertainties.   MRA is a scientifically based analytical tool that 
encompasses the analysis of all the steps in the food production chain (from collection of 
raw materials, through processing, to the different food consumption patterns, retails, 
restaurants, and homes of people). Due to the high genetic diversity of microorganisms, it 
is still a challenge to encompass all the niches of their occurrence, transmission patterns 
along the food chain and impact to human health. MRA strategies applied in the EU, as 
well as the other developed countries worldwide, enable comprehensive evaluation of risks 
that influence the shaping of the food safety strategies globally. Aiming to ensure early 
detection of precise signals, new technologies, apart from traditional microbiological 
methods, are increasingly available. The application of new technological developments 
(known as omics) significantly improved general understating of microbial patterns, 
physiological triggers, and behaviors of microorganisms in different food matrices. Among 
these techniques certainly the most important ones are genome sequencing, protein 
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analyses and assessment of the metabolic profiles of microorganisms. These technologies 
are recently applied as powerful tools in MRA2. Metagenomics can be used to evaluate a 
microbial community, providing data on the hazard in specific foods or environments. 
Novel omics techniques in combination with machine learning algorithms, are becoming a 
big step forward, a promising area for collection and analysis of the vast data on 
pathogens, their characteristics, relation to the food matrixes and human health. These 
discoveries open a new era of fast, reliable, science-based identification and 
characterization of food borne pathogens, a paradigm shift will be required for the current 
risk assessment models to include genomic information3. 
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Biopolymer-based hydrogels with a tuneable structure have drawn significant attention due 
to their wide range of applications in the food, pharmaceutical, and biomedical fields. This 
can be attributed to their remarkable features such as desirable mechanical properties, high 
water content, biodegradability and biocompatibility. At first order, hydrogels can be 
described as a network containing a crosslinked polymer and open spaces (meshes) 
between polymers chains enabling the diffusion of liquids and entrapped molecules such as 
proteins, peptides, and vitamins. In this work, we prepared polygalacturonate-based 
hydrogels by diffusing divalent cations X2+ (eg., Ca2+, Zn2+, Fe2+) from an external 
reservoir, through a dialysis membrane, to the polygalacturonate (polyGalA) solution. 
These hydrogels exhibited various degrees of inhomogeneity and showed a significant 
gradient of both polyGalA and divalent cation concentrations, ranging from the part of the 
gel formed near the dialysis membrane (i.e., the initial stage of the gelation process) to the 
furthest part of the gel. We demonstrated that Fe2+ cations keep their oxidation sate in the 
entire gel, making them suitable for iron fortification purposes1. Furthermore, we observed 
that the mesh size (ξ) in the regions of the gel closer the dialysis membrane remained close 
to 7.5 nm, regarless of the divalent cation used (Ca2+, Zn2+, Fe2+)2. However, in the farthest 
parts of the gel, the mesoscopic structure depended on the nature of the cation, particularly 
on the different modes of interaction known to occur between the cation and the GalA unit, 
such as bidentate versus “egg-box” geometry. 
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Bacillus cereus has been seen as an established foodborne pathogen. Yet, emerging 
understanding of its taxonomy, pathogenic traits and foodborne related behavior change 
the way we go about it1. In our latest work we showed that unexpected properties, such as 
growth temperarures and toxigenic profiles, of B. cereus group members were found in 
unexpected different foods2. We have also seen that very low doses of B. cereus emetic 
toxin cereulide can cause sub-toxic responses in mammalian cells and their metabolic 
profiles. Important effects on ATP production were seen on all tested mammalian cells 
including intestinal cell lines, liver cell lines and viable spermatozoa3. How foodborne 
enterotoxigenic B. cereus (those strains producing HBL, NHE and cytK enterotoxins) 
rewires energy metabolism during intestinal tract infection is still not understood, but using 
Seahorse XFe analyzer we analyzed oxygen consumption and acidification rates to 
estimate bioenergetic changes in the intestinal Caco-2 cell line after exposure to the B. 
cereus enterotoxin-producing pathotypes. Infection of Caco-2 led to a more energetic 
phenotype due to increased flux through oxidative phosphorylation and glycolysis. Effects 
were strain dependent. 
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Although the biochemical processes of protein digestion are widely studied, the 
biophysical ones, like conformational changes, are more neglected, especially when 
resolving both time and space scales. We address the issue of structural changes of canola 
protein gel, as a solid food model, during in situ gastrointestinal digestion. We have used 
synchrotron Small-Angle X-ray Scattering (SAXS) with narrow beam, which provided 
structural information on macromolecules at the 0.5-nm up to 50nm scale, to study the in 
situ digestion of two gels, prepared by heating solutions at pH 8 and pH 11 in capillaries. 
Digestion was carried out by diffusion of enzymatic juices into the gel from the top of the 
capillary for several tens of hours. Kinetic measurements at different positions of the gel in 
the capillary showed trends consistently observed at longer digestion times on positions 
further from the digestive juice. Data analysis allowed us to extract parameters describing 
the proteins structures on a wide range of scales. Plotting the compactness as a function of 
their characteristic size measured at the protein scale reveals master curves in position and 
time, clearly showing the different digestion processes at the protein level. First, for the gel 
prepared at pH 11, with initially locally quite folded proteins, the digestive processes 
include back and forth evolutions of protein structure with unfolding (1st and 3rd steps), re-
compaction – aggregation phenomena due to gastrointestinal pH conditions and enzymatic 
cleavage (2nd step), further unfolding – disaggregation once enzymatic reaction has acted 
sufficiently (3rd step), before the final protein cleavages (4th step) resulting in small 
peptides. Second, for the pH 8 gel, the 1st unfolding step is omitted because the proteins are 
already highly unfolded after the heat treatment of the gel preparation. It is replaced, due to 
an easier access of enzymes to unfolded proteins, by a weak re-compaction. The following 
mechanisms, in intestinal condition, are accelerated by the already unfolded then weak 
aggregated structures of the gel. At the scale of large aggregates, we mainly observe for 
both gels the decreasing of the size and/or number of these aggregates during digestion and 
the alteration of their interfaces, partly due to the loosening of the local protein network 
(protein unfolding and cutting). These studies are completed by imaging experiments, 
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allowing to explore micron scale, i.e. structure and sizes of protein aggregates (confocal 
and neutron imaging). 
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The current global context is marked by environmental degradation, an increase in 
population density and a scarcity of agricultural production areas and natural resources. 
These persistent stresses around proteins productions and being able to provide enough 
proteins to feed the world population has led governments and a number of food 
companies to seek new natural resources with both nutritional and energy interests. 
Despite the strong interest in alternative proteins from insects and microalgae, two natural 
resources rich in protein and whose production performance is high, there are still 
scientific and technological barriers to be lifted to consider the creation of new products 
and ingredients, on an industrial scale, economically competitive and sustainable. These 
include the cost, both energy and environmental, of extraction processes that generally rely 
on the use of solvents. Indeed, most conventional processes for extracting protein of agri-
food interest are costly, denaturant, and not always compatible with food and sustainability 
constraints. We will present the results obtained in our laboratory1-3, on the use of green 
extraction methods to extract and valorize proteins from microalgae, insects and hemp 
press cakes. We studied the impact of extraction processes on the structure and 
functionality of proteins from insects, hemp press cakes, and a red microalgae 
porphyridium cruentum. We have been able to establish a correlation between the quality 
of insects, hemp and microalgae proteins and the processes adopted for extraction, on their 
functional properties and formulation. 
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The metabolism of metals in microalgae and adaptation to metal excess are of significant 
environmental importance. An excess of transition metals, such as copper, manganese or 
nickel, poses a serious threat to aquatic ecosystems and beyond. Microalgae use multi-step 
mechanisms and different strategies to inactivate metal ions. These include mucilage 
release, metal binding to the cell wall, transport across the membrane, temporary chelation 
with different oligo- and polymers, and storage of metals in the form of deposits or well-
organized metal clusters1. The removal of metal pollutants by microalgae is considered a 
promising route in water remediation. More importantly, we may utilize adaptive traits of 
microalgae and employ them as potential vehicles for biosynthesis of catalytically active 
metal cluster compounds2. De novo synthesis of metal cluster compounds that mimic 
structural, redox and catalytic properties of biological clusters in metalloproteins 
represents an interdisciplinary challenge. Chemical synthetic pathways come with 
limitations and large environmental footprint, which calls for finding novel routes of green 
synthesis.  
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Biosensors and biochips offer great advantages over conventional analytical techniques 
because they enable the direct, real-time and often also high-throughput detection of many 
biological and chemical substances. Their advantages include high specificity, sensitivity, 
and cost-effectiveness, and grow most in importance in the healthcare, biomedical, 
biopharmaceutical and food sectors. They can provide new analytical tools with reduced 
size as well as facilitate large-scale high-throughput sensitive analysis and screening of a 
very wide range of biomolecular interactions and samples for many different parameters 
and have been successfully applied in many fields such as medicine, pharmacy, food 
safety, environment, biotechnology, defence and security. One of the rapidly developing 
and increasingly desirable areas of bioanalysis is glycomics, where biosensors and 
biochips have a huge scope and potential for targeted applications. Determination of 
protein glycosylation may reveal changes in glycan composition occurring due to disease, 
ageing, lifestyle or other reasons. Altered glycosylation is one of the disease-related 
markers and information on glycosylation status can significantly increase the informative 
value of glycoprotein biomarkers. One such case is cancer where changes in the glycan 
composition of glycoprotein cancer biomarkers are markers for early diagnosis, prognosis, 
stratification and follow-up of patients. We have developed various lectin-based 
biosensing systems using analytical platforms such as protein microarrays, surface 
plasmon resonance and lateral flow assay. These biosensor and biochip analytical systems 
provide effective glycoprofiling of samples and screening/analysis of normal and aberrant 
glycosylation, and glycan biomarkers with attractive applications in biomedicine, 
biotechnology and biology. Although analytical assays based on lectin-glycan interactions 
do not allow the identification of glycan structures, in configuration with microarray 
platforms are suitable for rapid screening of glycosylation changes or abnormalities 
making them promising technologies for biomarker research and diagnostics. We have 
applied biosensors and microarray biochip platforms for the study of glycan changes in a 
number of various cases, e.g. cancer, gestational diabetes mellitus, kidney diseases, 
COVID-19, a congenital disorder of glycosylation, attention-deficit hyperactivity disorder, 
age-related glycosylation changes, and glycostructure of therapeutic proteins. 
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High pressure (HP) is particularly suited to study protein folding/unfolding, revealing 
subtle structural rearrangements not accessible by other types of denaturation. HP also has 
many industrial-scale advantages over heat treatments, including “greener” processing and 
preservation of nutritional values, colors, and flavors of foods. We have combined in situ 
HP with small-angle (X-ray and neutron) scattering (SAS) and spectrophotometry to 
follow the structure in solution of proteins of interest for the food industry. SAS is an 
essential technique for obtaining structural, but low-resolution, information about proteins, 
when conventional high-resolution structural biology methods are not possible. I will 
illustrate this approach with two studies on proteins of food interest: (i) bovine β-
lactoglobulin (BLG), a whey protein with a high propensity to bind to various bioactive 
molecules. We probed by SANS1 and absorbance the effects on pressure stability and 
reversibility of BLG of the binding of retinol (vitamin A), resveratrol (polyphenol), and 
biliverdin (linear tetrapyrrole chromophore) to different sites on the protein2, 3. (ii) C-
phycocyanin (CPC), a phycobiliprotein from cyanobacteria, to which tetrapyrrole 
chromophores are covalently attached and which can be used as a natural blue dye in the 
food industry. We studied by SAXS and absorbance HP-induced CPC unfolding and 
reversibility from two oligomeric states of the protein as a function of pH. 
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Breast cancer is the leading cause of death among female cancers. Excessive production of 
free radicals is associated with tumor development, but also with induction of apoptosis 
and inhibition of tumor cell progression. The aim of this study was to investigate the 
antitumor capacity of steams-derived Tanacetum balsamita L. essential oil (EO) by 
measuring cell viability, apoptosis rate, redox status parameters, migration capacity and 
Nrf-2 expression level on human breast cancer cell lines MBA-MB-468 and MDA-MB-
231. The cells were treated with different concentrations of EO (from 1 µg/mL to 200 
µg/mL) during 24 h and 72 h. The tested essential oil expressed antiproliferative activity, 
determined by MTT assay, proapoptotic effects, as well as dose- and time-dependent 
increase of nitrites and decreased of O2

.- production. The investigated oil significantly 
decreased migration capacity and the expression levels of Nrf-2. The obtained data suggest 
that the tested oil exerts considerable antitumor activity by reducing cell viability rate, 
elevating apoptosis level and inhibiting the motility of tested breast cancer cell lines. The 
reduced levels of Nrf-2 expression indicate decreased antioxidative defence potential of 
breast tumor cells, which may also be one of antitumor mechanisms of action of the EO.  
Based on the results this essential oil is a good candidate for further investigation as a 
potential therapeutic agent against breast cancer.  

Acknowledgements 
This study was supported by the Ministry of Education, Science and Technological Development of 
the Republic of Serbia (Grant No. 451-03-47/2023-01/200122). 



64 
 

EPR imaging of redox-responsive hydrogels 
Ana Vesković*, Barbara Bekić, Marija Kratovac, Ana Popović Bijelić 

EPR Laboratory, Faculty of Physical Chemistry, University of Belgrade, Serbia 

*e-mail: ana.veskovic@ffh.bg.ac.rs 

Hydrogels have attracted notable attention for various biomedical applications, including 
controlled drug delivery, wound dressing and healing, and tissue engineering. The 
significance of the stimuli-responsive degradation for sustained and "on-demand" release 
of the active agent has been recently recognized. Redox-responsive disulfide-containing 
polymeric networks that undergo degradation when exposed to a thiol-rich environment 
have become particularly attractive as systems for controlled delivery1. Expanding on this 
idea, the focus of this study was shifted from the therapeutic, to the diagnostic potential of 
redox-responsive hydrogels. Instead of introducing cleavable redox-active junctions into 
the network, in the approach used here, the bovine serum albumin (BSA)-based matrix 
remains intact, and the stimuli-responsive indicator, 3-carbamoyl-PROXYL (3CP), is 
located within the protein hydrogel water pores. 3CP is an electron paramagnetic 
resonance (EPR) spin probe, particularly suitable as a redox environment marker, 
considering its sensitivity to both reduction and oxidation, observed through the probe 
EPR signal loss. Thermally-induced BSA hydrogel is not only a safe 3CP-indicator 
reservoir, in terms of biocompatibility and biodegradability, but owing to its antioxidative 
properties, BSA can serve as the first line of defense from reactive oxygen species, thus 
preserving the probe signal during the initial experiment phase. EPR imaging experiments 
showed that during the incubation of the 3CP-labeled BSA hydrogel with activated yeast 
cells, the decrease of the EPR signal intensity is dependent on the number of live cells, as 
well as the time of exposure. It is important to note that the observed signal loss was not 
attributed to 3CP diffusion out of the hydrogel, for yeast cell volumes up to 1 ml, as the 
spin-labeled hydrogel signal remained constant during several hours of its incubation in 1 
ml of water or physiological saline. Ongoing experiments are likely to confirm the 
application of EPR imaging of spin-labeled hydrogels as a promising method for redox 
environment monitoring in human cell lines, and hopefully allow the translation of this 
methodology to in vivo studies. 
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Epilepsy is a chronic brain disease affecting over 50 million people worldwide. Literature 
data suggest the influence of oxidative stress on the development of epilepsy. However, 
little is known about the impact of selected antiepileptic drugs on redox homeostasis. This 
study aimed to investigate the effects of long-term use of antiepileptic drugs in 
monotherapy: oral antiepileptic drugs lamotrigine (LTG), carbamazepine (CBZ), and 
valproate (VPA) on the activities of antioxidant enzymes, haemoglobin and 
methaemoglobin levels in the erythrocytes of epileptic patients, as well as total protein and 
thiol concentration, NO· (as nitrite), lipid peroxides and total glutathione (GSH) levels in 
plasma. All these parameters were compared to those of drug-naïve (control) patients. The 
results showed that CuZn superoxide dismutase activity was statistically reduced in the 
LTG patient group (p<0.01) and especially under CBZ (p<0.001). Catalase activity was 
significantly lower in the VPA group (p<0.001), despite lower activity in all groups. A 
statistically significant (p<0.05) lower concentration of total thiol groups in the LTG group 
was also found. The CBZ group had the highest concentration of NO·, statistically 
significantly higher than the controls (p<0.05). There was a statistically significant 
decrease in lipid peroxides concentration between LTG and the control group (p<0.005) 
and both CBZ and VPA groups (p<0.001). Correlation analysis showed that increased 
oxidative stress was not generally compensated by changes in the activity of 
complementary enzymes, with only two statistically significant (positive) correlations 
between GSH peroxidase and reductase ctivity (p<0.05) and GSH peroxidase and catalase 
activity (p<0.05), both in the LTG group. Our results indicate that long-term monotherapy 
with studied antiepileptics could modify the blood oxidants–antioxidants balance.  
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Human transferrin (Tf) is a bilobal 76 kDa iron-binding glycoprotein present in human 
serum. Each lobe has the ability to bind one ferric ion (Fe3+) and a single synergistic 
bicarbonate anion. The main role of Tf is to transport Fe3+ ions through the circulation to 
cells, via interaction with transferrin receptor (TFR) on the cell surface. Previously 
described methods for Tf isolation and purification are either very time-consuming or 
provide Tf of lower final purity. Here we describe a fast and simple FPLC method for the 
isolation and purification of Tf from human serum. Serum samples were prepared by 
precipitation, while protein purification was performed on FPLC system, using an anion-
exchange column. Several different buffers at the same pH were tested. Tf purified by this 
method was analyzed by Western blot, followed by immunodetection, as well as with 
silver staining after SDS PAGE. Its functionality was tested with respect to iron-binding 
capacity (ferozzine method) and its ability to interact with TFR by immunofluorescent 
staining. The conformation of purified Tf was analyzed by recording intrinsic fluorescent 
emmision spectra originating from Trp residues. The method itself is highly reproducible 
(intra- and interday), easy to perform (only two steps) and fast (under an hour), yielding 
98% to 99% pure Tf with all buffers. Purified Tf was shown to have retained its iron-
binding capacity, as well as the ability to interact with TFR. Purified Tf also retained its 
native three-dimensional structure. Described method for the isolation and purification of 
Tf is fast, simple and highly reproducible, yielding a functional Tf of high purity in its 
native state while offering the flexibility of using different buffer systems. All of these 
features make this protocol a method of choice for the isolation and purification of Tf on a 
semi-preparative scale. 
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The tumor growth rate positively correlates with glucose levels. The Warburg effect 
promotes the glucose uptake of cancer cells. The cancer glucose starvation is an effective 
way for suppressing tumor growth. Reduction of blood glucose can inhibit the proliferation 
of cancer cells. In addition, the combination of glucose inhibitors could be a promising 
direction for cancer therapy. Anticancer efficacy of the glucose lowering antidiabetic drug, 
metformin, in combination with 2-deoxy-D-glucose, deoxycholic acid, caffeine, 
itraconazole, nitroglycerin and disulfiram was tested on fibrosarcoma experimentally 
induced by BHK21/C13 cells in Syrian golden hamsters. Tumor biophysical 
characteristics, histology and immunohistochemistry were assessed. Blood samples were 
collected for hematological and biochemical analyses and the main organs were 
toxicologically analyzed. The Combination Index (CI) analysis was used to determine 
synergistic (CI < 1), additive (CI = 1) or antagonistic (CI > 1) metformin interaction with 
other investigated drugs. Two-drug combinations with metformin showed significant 
synergistic (CI < 1) antitumor effects on hamster fibrosarcoma compared to control, 
regarding all tested tumor parameters (P < 0.05) without toxicity. Combinations of 
metformin with other repurposed drugs might be an effective and safe approach in novel 
nontoxic adjuvant anticancer treatment. 
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To improve safety and efficacy of conventional chemotherapeutics, it is important to target 
cancer cells more selectively. Potential strategies could arise from differences in iron 
metabolism between healthy and cancer cells, based on cancer cells high demands for iron. 
Their, so-called, “iron addiction” sets a foundation for new therapeutic approach. In this 
study, the cytotoxic effect of three diiron carbonyl complexes with a bridging thiocarbyne 
ligand was evaluated on different human cancer cell lines (HCT116 colorectal carcinoma, 
MCF-7 breast cancer and A2780 ovarian cancer), as well as on human embryonic lung 
fibroblasts (MRC-5), which were used for selectivity assessment. The most potent 
compound (FETPY) decreased viability of all cancer cell lines in dose-dependent manner, 
while A2780 cells emerged as the most sensitive. Therefore, they were selected for further 
investigation. On the other hand, the effect of FETPY on lung fibroblasts viability was 
remarkably less potent, showing its great selectivity towards malignant phenotype. 
Additionally, it was shown that intracellular iron concentration was much higher in A2780 
than in MRC-5 cells after treatment with FETPY. Viability decrease of A2780 cells was a 
consequence of cell death – ferroptosis, caused by iron-dependent lipid peroxidation and 
membrane damage. Oxidative stress that caused ferroptosis evolved from intensive 
production of nitric oxide and superoxide anion. Controversially, it was followed with 
scavenging of hydrogen peroxide and peroxynitrite. Treatment with FETPY also caused 
significant decrease of A2780 cells division rate. Overall, these results indicate that the 
considered diiron derivatives show great potential for further investigation in cancer 
treatment. 
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Human serum tansferrin (hsTf) is a major circulatory protein crucial for the 
transport/metabolism of Fe3+ ions. By sequestering and delivering ferric ions to target 
tissues/cells hsTf maintains redox homeostasis. Oxidative stress (OS), one of the hallmarks 
of (patho)physiological conditions, alters protein structure and function. The main role of 
hsTf hinges on specific interaction with cellular Tf receptor (TfR) while other interactions 
contribute to diverse functions. The aim of this study was to profile interacting partners of 
hsTf in the samples of serum coming from patients diagnosed with a wide range of 
pathological conditions with underlying OS status. Anti-hsTf pull-down samples were 
analysed using mass spectrometry. Data went through analysis by appropriate 
bioinformatic tools. Results reveal differences in expression of hsTf interacting proteins in 
sample groups of patients suffering from kidney insufficiency subjected to dialysis 
treatment (peritoneal-PD or hemo-HD) also with patients with gestational diabetes 
compared to respective healthy sample groups. Colorectal cancer stage T3 versus T2 stage 
shows an inverse distribution of expression profiles in comparison to healthy samples. 
Most prominent differences are seen in hsTf interacting partners involved in the 
complement and coagulation cascades and cholesterol metabolic pathways, suggesting a 
multifaceted role of hsTf in these processes throughout the course of the disease. 
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Phenolic acids are secondary plant metabolites, which could exhibit different bioactivities, 
including antioxidant and anti-inflamatory1. Oxidative stress, an imbalance between 
production of reactive oxygen species and antioxidant defence, could lead to 
cardiovascular and neurodegenerative diseases, diabetes, cancer, etc. Overproduction of 
prostaglandin E2 (PGE2) and thromboxane A2 (TXA2) in cyclooxygenase pathway of 
arachidonic acid metabolism has important role in inflammation. The aim of this study was 
to determine the total antioxidant potential of thirteen selected phenolic acids and their 
metabolites (gallic acid; 3-O-methyl gallic acid; 4-hydroxybenzoic acid; 2,5-
dihydroxybenzoic acid; 2,6-dihydroxybenzoic acid; 3,4-dihydroxybenzoic acid; 2-
hydroxyphenylacetic acid; 3-hydroxyphenylacetic acid; 3,4-dihydroxyphenylacetic acid; p-
coumaric acid; caffeic acid; ferulic acid; 3-(4-hydroxyphenyl)propionic acid), and their 
ability to inhibit production of PGE2 and TXA2 in in vitro cell-based model (human 
monocytes, U937 cell line). The oxidative stress was induced by AAPH, while DCFH-DA 
was used to monitor intracellular level of oxidative stress. Results showed significant 
antioxidant activity of several examined compounds (0.10–2.24 mg trolox 
equivalents/mmol of substance). The inflammation was induced by LPS and isolated 
products were quantified using the HPLC-MS/MS technique. It was shown that one 
compounds significantly exhibited inhibition of PGE2 production (13.6%), while five of 
them significantly inhibited TXA2 production (25– 37%). The results indicate that not all 
phenolic acids and their metabolites have considerable antioxidant and anti-inflammatory 
potential at physiological concentrations. 
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Allergen immunotherapy (AIT) is currently the only disease-modifying treatment for 
allergies. Pre-clinical models for the evaluation of novel therapeutics are crucial for 
ensuring their efficacy and safety. While cell culture models are cost-effective and 
efficient, they cannot fully replicate the cellular interactions in vivo. Therefore, it is 
essential to use more sophisticated model systems, such as co-cultures, to assess the 
potential of new therapeutics more accurately. Immunomodulatory protein banana lectin 
(BLwt) is an attractive candidate for adjuvant in AIT. Its mutant BLH84T was developed to 
reduce its potential mitogenicity. The aim of this study was the development of the co-
culture model system for testing the immunomodulatory effect of chimeras composed of 
the major birch pollen allergen (Bv1a) and BLwt (Bv1a-BLwt, Cwt), the hypoallergenic 
isoform of Bv1a (Bv1l) and BLH84T (Bv1l-BLH84T, C1 and BLH84T-Bv1l, C2). Chimeric 
structures were designed in silico, fully minimized, and relaxed without van der Waals 
atomic clashes. Afterward, proteins were successfully expressed in Escherichia coli and 
purified by IMAC yielding around 0.4 mg per 1L of expression medium. The IgE binding 
capacity was assessed using ELISA inhibition with birch pollen allergic patients’ sera. 
Caco-2 intestinal epithelial cells and THP-1 differentiated macrophages were used for the 
co-culture model system development. After protein application on the apical side of the 
co-culture, the integrity of the epithelial monolayer was not disturbed. The 
immunomodulatory potential of antigens was tested by measuring the gene expression 
levels for pro- and anti-inflammatory cytokines in both cell lines from co-culture. The 
obtained results indicate that the best anti-inflammatory response was favored after 
treatment with Cwt. Additionally, to further confirm the immunomodulatory effect of the 
recombinant chimeras, PBMCs obtained from individuals allergic to birch pollen were 
employed and treated with recombinant proteins. Only after treatment with Cwt, PBMCs 
secreted the anti-inflammatory cytokine IL-10. Obtained results suggest that Cwt chimera 
could have a therapeutic effect in AIT in birch pollen allergy. 
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Satureja spp. (Lamiaceae) have been used in traditional medicine as muscle pain relievers, 
tonics, and carminative agents to treat stomach and intestinal disorders. Satureja hortensis 
L. (summer savory) is among the best-known of the savory genus. It is used as a spice and 
for digestion improvement. S. montana L. (winter savory) has a similar application and is 
widely used in Serbia as a tea. This study aimed to analyze and compare the biological 
activities of S. hortensis and S. montana methanolic extracts. Both extracts showed good 
antioxidant properties, higher for S. hortensis in comparison to S. montana extract. The S. 
hortensis and S. montana extracts were investigated in vitro for the ability to prevent the 
oxidative damage of DNA induced by hydroxyl and peroxyl radicals. According to the 
relative electrophoretic band densities at various concentrations (25, 50, 100, and 200 
μg/mL), both extracts showed a significant reduction of DNA damage against oxidative 
changes caused by the free radicals (HO· and HOO·). The anti-inflammatory activity was 
assessed based on the inhibition of cyclooxygenase-1 and -2 (COX-1 and COX-2) 
activities. The results for S. hortensis and S. montana methanolic extracts showed strong 
inhibition of COX-1 (90.87 and 87.03%, respectively) and COX-2 (66.98 and 59.56%, 
respectively) activities at 50 µg/mL. The obtained results suggest deeper investigations of 
pharmacological potential and mechanistic studies of both Satureja spp. 
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DNJb6 is a chaperone protein expressed in various human tissues. Like other members of 
the DnaJ family, this protein serves as a co-chaperone for Hsp70 in ATP-dependant 
increase of amyloid protein solubility. Nevertheless, DNAJb6 also has an autonomous 
inhibitory effect on amyloid aggregation that is ATP-independent. It is known to inhibit 
the aggregation of polyQ peptides, amyloid-β, α-synuclein, IAPP, and TDP43. It is also 
known to be polydisperse and form micelle-like oligomers above roughly 100nM 
concentration1. A recent hypothesis explains the formation of DNAJb6 self-assemblies and 
its interactions with various clients prone to amyloid fibrillation as a consequence of its 
high chemical potential2. Testing this hypothesis and further understanding of the 
mechanism of chaperone activity requires a comprehensive study of the nature of both 
DNAJb6 self-aggregates and potential co-aggregates with amyloid peptides. With the aim 
to further understand the self-aggregation of DNAJb6, we investigated the kinetic and 
thermodynamic aspects of its oligomer dissociation using isothermal titration calorimetry 
(ITC) and Forster resonance energy transfer (FRET). Low enthalpy change upon 
dissociation of DNAJb6 oligomers indicates that its self-aggregation is highly entropy-
driven. The dissociation monitored by FRET appears to be a slow process taking place in 
the timescale of hours when diluted to below 100nM. Oligomer dissociation is 
temperature-dependent with the ∆G of 36.3 kJ/mol. 
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Cyanobacteria represent a rich source of biotechnologically important compounds. Many 
of them, such as polysaccharides and fatty acids exhibit a certain type of bioactivity, which 
is why they are used in the biomedical, pharmaceutical, food, and cosmetic industries as 
well as environmental protection and bioremediation. In this work, the metabolic potential 
of selected soil cyanobacterial strains was studied in terms of the production of 
polysaccharides and fatty acids. The modified colorimetric method adapted to work in 
microtiter plates, was used to determine the polysaccharide content. Using gas 
chromatography with a flame ionization detector, the composition of fatty acid methyl 
esters was determined. The obtained results showed the glucose-rich polysaccharides 
dominance in all tested strains, whereby the Nostoc M1 strain showed an exceptional 
production capacity. The results of the fatty acid composition analysis indicated the 
dominance of unsaturated over saturated fatty acids in all tested strains. The most abundant 
fatty acid was 18-carbon omega-3 α-linolenic acid with the highest content in the 
Tolypothrix K11 strain (43.15%). The fatty acids that also dominated were oleic acid and 
linoleic acid. The highest prevalence of oleic acid was found in the strain Phormidium M1 
(22.46%), while the highest prevalence of linoleic acid was detected in the strain Lyngbya 
T7 (35.21%). γ-Linolenic acid was identified only in strains Calothrix M2 (25.34%) and 
Calothrix SP2 (49.28%), while eicosapentaenoic acid was found only in Lyngbya T7 
(2.57%). The 16-carbon long-chain palmitic and palmitoleic acids were also present in 
most strains tested. The obtained results indicated that soil cyanobacteria can be a 
significant source of polysaccharides and essential fatty acids with high potential for 
biotechnological application. 
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The homeostasis of trace elements is affected by the excretion of bile and the good 
function of kidneys1. When normal excretory capacity becomes insufficient as a result of a 
chronic kidney disease (CKD), haemodialysis is a therapy option that allows important 
functions to be preserved2. Vital substances can be lost if their amounts in the dialysate are 
lower than the amounts present in whole blood, or if those substances are not present in the 
dialysate. Taking that into consideration, the elemental profile of haemodialysis patients 
should be monitored on a regular basis. Therefore, this study aimed to examine and 
provide elemental status in serum samples of many trace elements (Al, Cr, Mn, Co, Ni, Cu, 
Zn, As, Se, Rb, Sr, Cd, Pb, and U) in in haemodialysis patients (HD group) and pre-
dialysis patients with stage 3 CKD (PD group) and compare their trace element levels with 
the healthy individuals. The results have shown that the levels of Cr, Zn, Rb, Cd, and U 
were lower, while Al, Mn, Co, Ni, Cu, As, Se, Sr, and Pb were higher in HD patients than 
in the healthy individuals. Lower levels of As, Sr, Zn, Rb, and U levels and higher of Al 
and Se, were significant in differentiating HD group from PD group. This study also 
demonstrated that the Cu/Zn ratio might be utilized as a marker for both early and late 
identification of renal failure. Significant variations in trace element levels in sera imply 
new pathophysiological processes in CKD, which could contribute to HD patients' pre-
existing higher morbidity. 
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Gestational diabetes (GDM) is the most frequent pregnancy-related metabolic disorder. It 
represents a risk factor for both mother and a child, during pregnancy and after delivery, as 
it contributes to the development of a metabolic disease, obesity, type 2 diabetes mellitus 
and cardiovascular disease later during life. Accumulating evidence point out the 
importance of the impairment of the anti-oxidative system as the driving force of the 
devastating consequences in GDM, while microRNA molecules were associated with 
major disturbances related to the presence of (glyco)oxidative stress ((g)OS) and emerged 
as potential sensors and effectors of (g)OS-associated mechanisms. The aim of our study 
was to investigate the potential of OS-related microRNAs miR-27a, miR-222 and miR-340 
from peripheral blood mononuclear cells (PBMCs) to serve as indicators of oxidative 
stress in GDM. Selected microRNAs were quantified by real-time polymerase chain 
reaction in samples of patients with GDM and normoglycaemic controls (n=40 each). The 
expression levels were tested for correlations with the level of NRF2 mRNA, as well as 
with the activities of glutathione reductase (GR) and superoxide dismutase (SOD). 
Significant upregulation was determined for both miR-27a and NRF2 in GDM, but their 
expression levels were not correlated. However, the expressions of all three tested 
microRNAs were found to positively correlate with the activity of GD in GDM samples, 
while miR-27a and miR-340 further displayed the negative correlation with the SOD 
activity. GR activity at pregnancy week 24-28 was higher in GDM associated with later 
pregnancy or neonatal complications, while the analysed microRNAs failed to demonstrate 
the prognostic significance. The presented results illustrate the potential of microRNAs to 
indicate the specific OS-related changes associated with GDM. 
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Numerous lines of evidence point out the crucial involvement of the dysregulation of long 
non-coding RNAs (lncRNAs) in the molecular pathogenesis of human pathologies, 
including gestational diabetes mellitus (GDM). Among frequently analysed lncRNAs in 
terms of biomarkers properties and/or mechanistic roles in diabetic conditions are those 
involved in the regulation of oxidative stress (OS) response and inflammation. Since these 
interconnected processed are involved in the aetiology of GDM and severe obstetric and 
neonatal complications, the aim of this study was to evaluate the utility of OS-related H19 
and MALAT1 as indicators of OS response in GDM. Relative quantification of selected 
lncRNAs in samples of patients with GDM and normoglycaemic controls (n=50 each) was 
performed by real-time polymerase chain reaction. The expression levels were tested for 
correlations with NRF2 expression, as well as with the activities of glutathione reductase 
(GR) and superoxide dismutase (SOD). Significant downregulation was determined for 
H19 (p=0.012), while MALAT1 (p=0.009) and NRF2 (p=0.006) were upregulated in GDM, 
compared to normoglycaemic pregnancy. Furthermore, expressions of MALAT1 and NRF2 
demonstrated correlation in both GDM and controls (r=0.314 and r=0.390, respectively). 
However, the expressions of lncRNAs were not found to correlate with the activities of 
GD and SOD in GDM samples, while the level of NRF2 mRNA displayed positive 
correlation with SOD activity. Even though the results did not show the association of H19 
and MALAT1 with antioxidative enzymatic activities in GDM, correlation of MALAT1 and 
NRF2 expression illustrates the potential of this lncRNA to indicate OS-related changes 
associated with glucose intolerance in pregnancy. 
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The NF-κB activity in cancer cells promotes tumor growth by stimulation of cell 
proliferation, neoangiogenesis and by inhibition of apoptosis and ROS activity1. 
Anticancer combinations of two repurposed drugs: metformin2 with 2-deoxy-D-glucose, 
deoxycholic acid, caffeine, itraconazole or disulfiram (< 50% LD50, equivalent to usual 
human dose) mechanism of action was investigated by rescuing treated BHK-21/C13 
fibrosarcoma growth in hamsters with ROS inhibitor nitroglycerin and NF-κB stimulator 
mebendazole. 19 days after inoculation, anticancer effects were assessed by biophysical 
measurements of fibrosarcoma growth and immunohistochemical markers of tumor 
proliferation (Ki-67, PCNA), neoangiogenesis (CD34, CD31), glucose metabolism 
(GLUT1), NO metabolism (iNOS) and apoptosis (COX4, Cytochrome C). The 
combinations have shown significant antitumor effects (P < 0.05) which were inhibited 
partly by addition of ROS inhibitor nitroglycerin and completely by NF-κB stimulator 
mebendazole. Results indicate the key role of NF-κB in anticancer action of investigated 
drug combinations of non-oncological drugs and their potential to be used in oncology. 
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A high-sugar diet is associated with an increased risk of chronic intestinal disease1, but the 
capacity of the gut to adapt to dietary changes in young and adult rats is unknown. 
Therefore, the effects of an 8-week dextrose-enriched diet (20% or 60%) on intestinal 
histology, antioxidative defence status, and the expression pattern of high mobility group 
box-1 (HMGB1), a mediator of the inflammatory response2, were investigated. Numerous 
signs of tissue damage were associated with decreases in villus height (Vh), crypt depth 
(Cd), villus surface area (VSA), and muscle thickness (Mt) in adult rats fed with 60% 
dextrose. While the decrease in Vh and Cd was affected by age, the decrease in VSA and 
Mt was interactively affected by age and treatment. Structural changes were associated 
with decreased activity of antioxidative defence enzymes, particularly catalase, which is 
affected by treatment, and CuZnSOD, which is interactively modulated by age and 
treatment. Moreover, massive translocation of HMGB1 from the nucleus to the cytoplasm 
was detected in epithelial cells in the same group (interactive effect of age and treatment). 
We concluded that supraphysiological dextrose concentrations induce changes in the 
oxidative state, possibly leading to redox modification of HMGB1 and consequent tissue 
damage. The intestine undergoes dynamic functional and morphological changes with age 
that are more pronounced under high dextrose concentrations. 
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Glutamine (Gln) is the major source of energy in cells after glucose and has recently been 
shown to be an important carbon source for de novo lipogenesis1. To investigate whether 
Gln status affects adipocyte differentiation, mouse mesenchymal stem cells (MSCs) were 
subjected to Gln deprivation during differentiation and compared with MSCs differentiated 
in Gln-supplemented medium (5, 10, and 20 mM). Gln deprivation decreased adipogenic 
differentiation and lipid droplet formation, intracellular Gln concentration and gene 
expression for classic adipogenic markers including PPARγ. Also, glutamine restriction 
suppressed gene expression of isocitrate dehydrogenase 1 (IDH1), an enzyme that 
produces citrate for lipid synthesis. In contrast, Gln supplementation promoted adipogenic 
differentiation in a dose-dependent manner. These results suggest that the Gln pathway 
may have a previously overlooked role in adipogenesis. The underlying mechanism 
involving the Gln-IDH1 pathway may represent a potential therapeutic strategy to treat 
excessive lipid accumulation and, consequently, obesity. 
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This study investigates the impact of Porphyra sp. extracts on HT29 cell line growth and 
viability at reduced serum conditions. The concentration-dependent effects of 
phycobiliproteins (PBPs) on cell proliferation were examined over various time intervals. 
Lower concentrations of PBPs (20 μg/mL) demonstrated an increase in HT29 cell viability 
after 48 hours and 5 days of cultivation at reduced serum concentration (final serum 
concentration was in the range from 5 to 8%). This suggests a potential positive influence 
on cell proliferation, likely due to their antioxidant properties. Conversely, higher 
concentrations of PBPs exhibited inhibitory effects on cell growth, possibly due to 
cytotoxicity at elevated levels. Remarkably, when HT29 cells were cultured solely in algal 
extract without fetal calf serum (FCS), complete growth inhibition was observed after 72 
hours. This finding underscores the insufficient nutrient and growth factor provision of 
PBPs alone for sustaining cell viability. Morphological differences observed in cells 
cultured with 70 μg/mL of PBPs indicated potential alterations in cellular morphology. 
Notably, 70 μg/mL of PBPs in RPMI medium with 5% FCS displayed growth inhibition 
compared to the control (5% FCS). Furthermore, we assessed HT29 cell adaptability to 
changes in FCS concentration and PBP supplementation. Cells incubated under varying 
FCS and PBP conditions were subcultured into RPMI medium with lower FCS 
concentration and PBPs from Porphyra. The viability of cells following subculturing 
indicated sustained adaptability to reduced FCS levels. Overall, this study provides 
valuable insights into the concentration-dependent effects of PBPs from Porphyra extracts 
on HT29 cell growth and viability. The findings underscore the potential benefits of PBPs 
at lower concentrations for cell proliferation at reduced serum conditions and reveal the 
adaptability of HT29 cells to changing culture conditions. 
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Primary brain tumors as well as central nervous system (CNS) metastases are in focus of 
clinical and scientific interest because of the complexity of their treatment due to their 
location behind the blood-brain barrier (BBB). The main obstacle for efficacy of antitumor 
drugs in treatment of brain tumors is their low penetrance across the BBB and decreased 
drug delivery to malignant cells. Previously published results of our scientific group show 
that bile acids (BAs) and their derivatives have impact on improvement of the absorption, 
bioavailability and pharmacodynamic of several drugs1,2. In addition, current preliminary 
results of our group provides the evidence supporting the claim that antitumor drugs have 
the ability to cross the BBB when administered with BAs. That ability can be exploited by 
taking a part in novel drug carrier designs. BAs represent a drug carrier system as a part of 
a mixed micelle composition, bilosomes and conjugates with various drugs. Modern 
strategies addressed to this issue comprize intranasal drug administration, ligand 
conjugation, BBB disruption and use of BAs and nanomaterials for CNS drug delivery. 
Our present research discusses the current knowledge related to bile acid molecules as drug 
penetration modifying agents, with the focus on central nervous system antitumor drug 
delivery. 
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From the fundamental and practical perspectives, it is fairly important to gain an accurate 
and deep understanding of the structural consequences of natural genetic polymorphism in 
the cytochrome P450 (CYP) superfamily enzymes, as any of them may lead to altered 
functional state of these proteins. The missense variant CYP2C9.57 exhibits a single amino 
acid mutation N204H (2C9_N204H). The mutated position is within the highly conserved 
substrate recognition site-2 (SRS-2) region. The native amino acid residue is substituted 
with a more hydrophobic and bulkier amino acid1. The present study is focused on 
determination of ligand-binding properties of 2C9_N204H in comparison with wild-type 
CYP2C9 by the spectrophotometric titration through estimation of spectral dissociation 
constants as well as spectral signatures for several CYP2C9 substrates and inhibitors. 
In current work, difference spectra obtained in the presence of the azole-containing type II 
ligands miconazole and econazole showed conventional spectral response with 1.7-fold 
higher affinity for 2C9_N204H. While the proteins were titrated with type I ligands, 
diclofenac and tamoxifen, a non-typical, reverse type II response with λmax = ~410 nm and 
λmin = 430–437 nm was observed. Unexpectedly, in some cases, the early spectral change 
corresponding to reverse type II then switched to typical I (for diclofenac) or II (for 
fluconazole and cyproconazole). The 2C9_N204H led to the second binding mode 
appearance (for cyproconazole) or disappearance (for diclofenac) in comparison with the 
wild-type. Based on our results it may be concluded that the amino acid substitution 
N204H affects the spectral manner and binding affinity of CYP2C9 protein interactions 
with some of its substrates and inhibitors defined as the type I and type II ligands. 
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Recently, it has been suggested that nutrient deprivation (ND) may be effective as an 
adjuvant therapy to hepatocellular carcinoma (HCC) cell treatment with sorafenib (Sfb)1. 
These results suggest that ND-mediated priming of HCC cells to Sfb is positively 
correlated with the p53 status, suggesting the essential role of p53 in priming of HCC cells 
for regulated cell death (RCD). Preliminary data indicated morphological signs of 
ferroptotic RCD, so we aimed to determine whether ferroptosis plays a role in the removal 
of HCC cells in vitro with respect to their p53 status. To this end, p53 wild-type (p53WT) 
and p53 knockout (p53KO) HepG2 cells were grown in growth medium or in starvation 
medium and treated with Sfb or with ferroptosis inducer, Rsl-3, for 6 h. Morphological 
signs of RCD and nuclear translocation (i.e. activation) of Nrf2, (master regulator of 
ferroptosis-related signalling pathways), as well as protein levels of antioxidative defence 
(AD) enzymes (CAT, CuZnSOD, MnSOD) and ferroptosis-related proteins (GPX4, xCT) 
were analysed. The AD response to Rsl-3 treatment in p53WT cells was similar regardless 
of nutritional status, as the level of all analysed enzymes increased. The response to Sfb 
was enhanced by ND as CAT and CuZnSOD were elevated. p53KO cells responded quite 
differently, even when treated with Rsl-3, increasing only MnSOD. Starved Sfb-treated 
p53KO cells even decreased expression of AD enzymes. All signs of a proferroptotic 
response examined were present in starved p53WT cells (regardless of treatment): 
decreased nuclear translocation of Nrf2, GPX4, and xCT expression. Nrf2 activation and 
GPX4 expression were also decreased in starved p53KO cells (especially upon treatment 
with Sfb or Rsl-3), but accompanied by compensatory overexpressed xCT. These results 
may be indicative of enhanced AD in p53KO cells and may therefore explain, at least in 
part, their resistance to treatment with Sfb+ND which, as presented here, induces 
ferroptosis in p53WT HepG2 cells. 
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Interactions of drugs with redox-active biometals can affect their pharmacological activity 
by changing their solubility, bioavailability, and redox properties or leading to their 
decomposition by hydrolysis or redox processes1,2. The effect of pH on metal ion-oral drug 
interactions is of special importance considering the pH changes along the digestive tract 
(GIT). Iron can be present in significant concentration in GIT due to the intake of iron-rich 
foods and supplements or celiac disease3. Herein, we investigated the interactions of Fe3+ 
with levofloxacin (LEV) in water at different pH using UV-Vis spectroscopy. The 
coordination of Fe3+ with LEV is pH dependent showing pH 5 as optimum for complex 
formation. The determined stoichiometry of Fe3+- LEV complex is 1:3 (Fe3+:LEV). Cyclic 
voltammetry results showed a lower tendency of Fe3+ in the complex toward reduction into 
Fe2+, while LEV coordinated with Fe3+ is slightly more susceptible to oxidation than free 
LEV. 
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Urolithins (UROs), metabolites of ellagic acid (EA), are present in ellagitannins (ETs)-
containing food such as fruits, nuts, and oak-aged wines1. In the presence of gut 
microbiota, ETs are hydrolyzed to EA, which is poorly absorbed in the intestines and 
therefore undergoes the reaction of decarboxylation of the one lactone ring and successive 
removal of hydroxyl groups, forming several URO isomers2. Free and conjugated UROs 
are found in the systemic circulation after ingestion. In the circulation, UROs interact with 
serum proteins and are transported to tissues where they perform their biological role (anti-
inflammatory, anticarcinogenic, antiglycative, antioxidant, and antimicrobial)1,2. The 
interactions of UROs with HSA as carrier can be examined using fluorescence 
spectroscopy, where UROs act as molecular quenchers. The fluorescence emission spectra 
were performed at different temperatures (298 K and 310 K). The fluorescence intensity of 
the HSA decreased with increasing UROs concentration, but did not lead to a shift in the 
maximum emission λem1-3. The obtained constants decreased with temperature, indicating 
a static mechanism of binding (UroC Ksv 11.236x104 M-1 and UroD Ksv 4.028x104 M-1; 
UroC 0.9007x104 M-1 and UroD Ksv 0.129x104 M-1 at 310K). The binding affinity of 
UROs to HSA is dependent on their hydrophobicity. Corresponding aglicons have higher 
binding contants in comparison with conjugated (UroB Ksv 5476x104 M-1 and URO BG 
130x104 M-1 at 298K; UroB Ksv 6.301x104 M-1 and URO BG 2.46x104 M-1 at 310K). 
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The SARS-CoV-2 nucleocapsid (N) protein plays a significant role in the coronavirus life 
cycle and participates in a variety of critical events following viral invasion1. In infected 
patients, high titers of immunoglobulin G (IgG) targeting N protein were detected and 
correlated with the clinical course of the disease2. Therefore, N protein and anti-N protein 
IgGs were recognized as important diagnostic indicators of COVID-19 infection in 
serological and quick antigen tests3. In this study, we optimized the expression of the 
recombinant form of SARS-CoV-2 N protein in a mammalian cell line HEK293T by 
comparing the transfection efficiency between Polyethylenimine (PEI) and Calcium 
Phosphate (CaP) DNA-complexing agents. Transfection potency was tested at different cell 
confluence and passage number, in several cell culture media, pre-transfection and post-
transfection media change and in conditions of reduced serum. Chloroquine and glycerol 
treatments were included to enhance transfection efficiency as they might inhibit DNA 
degradation in lysosomes or increase membrane permeability. Protein expression was 
monitored in cell supernatants up to 7 days post-transfection in dot-bot and Western blot 
using anti-N protein antibodies. Both transfection methods have shown moderate to 
relatively high transfection efficiency dependent on the applied conditions, making them 
affordable and easy to use techniques for recombinant N protein production on a small-
scale in adherent mammalian systems. PEI acts as a good delivery system regardless of the 
presence of the fetal bovine serum (FBS), while CaP transfection is more dependent on the 
presence of FBS which in turn favors N protein degradation. However, we have optimized 
both methods to achieve optimal expression of unfragmented N-protein in serum-free 
conditions. Apart from setting up a cost-effective platform for expression of N protein in 
mammalian cells, we plan on investigating the mechanisms behind the PEI and CaP non-
viral gene delivery systems as there are still some uncertainties in the scientific 
community. 
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Research on eating habits and prediction for metabolic syndrome (MetS) of adolescents 
aged 14 to 17 years was conducted in three regions of Croatia due to predisposition to 
different types of diet - Mediterranean diet (respondents from Hvar), continental diet - 
urban population of Central Croatia (Zagreb City, Pregrada, Varaždin) and Eastern Croatia 
(Beli Manastir). This study aimed to determine the nutritional status and prediction of 
MetS in adolescents according to the National Cholesterol Education Program (NCEP). 
Values of parameters for predicting MetS according to NCEP include anthropometric 
criterion (waist circumference), blood pressure measurement and biochemical parameters - 
glucose concentration (GUC), HDL cholesterol and triglycerides (TG)1. GUC 
concentration values in the examined adolescents confirm that one subject with MetS 
prediction has elevated GUC values before education and after education 2 subjects (≥ 5.6 
mmol/L) according to NCEP criteria. HDL cholesterol concentrations were lowered in all 
subjects predicted for MetS according to the NCEP criteria before and after education2. In 
contrast, the differences in the representation of subjects concerning TG values were not 
significant either before or after education. Based on the results of this research, the 
importance of individual biochemical parameters, GUC, HDL cholesterol and TG 
concentration for determining the prediction of MetS in adolescents can be concluded. 
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Non-alcoholic fatty liver disease is a metabolic disorder caused by disturbances in glucose 
and lipid metabolism and is closely associated with type 2 diabetes (T2D) and oxidative 
stress1. In this study, we investigated whether microRNA-21-5p (miR-21-5p) and the 
antioxidant enzyme glutathione peroxidase-1 (GPX1) are associated with steatosis and 
T2D. The study included 203 participants who underwent ultrasonography and were 
divided into three groups: 66 patients with steatosis and T2D (group 1), 86 patients with 
steatosis (group 2), and 51 apparently healthy controls (CG). Both miR-21-5p and GPX1 
messenger ribonucleic acid (mRNA) expression were determined by real-time polymerase 
chain reaction. The miR-21-5p expression was statistically significantly lower in group 1 
(P=0.045), but higher in group 2 (P<0.001) than in CG. The expression of miR-21-5p was 
also statistically significantly lower in group 1 compared with group 2 (P<0.001). GPX1 
mRNA expression was statistically significantly lower in both patient groups compared to 
CG (P=0.004). Spearman correlation analysis showed a significant positive correlation 
between miR-21-5p and GPX1 mRNA expression in all participants (P<0.001). Our results 
showed altered expression of miR-21-5p and GPX1 mRNA in participants with steatosis 
and T2D and participants with steatosis compared to CG. 
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Cancer is responsible for millions of deaths worldwide each year and, although great 
advances have been made in the treatment options, there are still many issues that must be 
addressed in order to improve cancer therapy. In the present work, anticancer effect of 
three novel Ph3SnL complexes (L1–,3-(4-methyl-2-oxoquinolinyl-1(2H)-yl)propanoato; 
L2–,2-(4-methyl-2-oxoquinolin-1(2H)-yl)ethanoato; L3–,2-(4-hydroxy-2-oxoquinolin-
1(2H)-yl)ethanoato), was evaluated against several cancer cell lines (MCA-7, A375, 
HCT116, 4T1, B16 and CT26). The applied treatment decreased cell viability of all cell 
lines after 72 h in a dose-dependent manner with IC50 values in the low micromolar range. 
Flow cytometric assessment revealed apoptotic cell death in A375 but not B16 culture, 
exposed to tested drug. Morphological signs of apoptosis such as shrunk nuclei and 
condensed chromatin were further confirmed by fluorescent microscopy. Same treatment 
in B16 lead to cell division block coupled with two-fold increase in the amount of melanin 
and tyrosinase activity, indicating the differentiation of B16 cells towards melanocytes. In 
the background of different response of two melanoma cell lines lies dissimilar redox 
response to the treatment. While in A375 cultures, ROS/RNS production is inhibited in 
comparison to control, in B16 cells compound Ph3SnL1 provokes ROS/RNS generation. 
Finally, when applied in therapeutic regiment, Ph3SnL1 significantly reduced tumor 
volume in C57BL/6 mice. 
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Shikonin is a naphthoquinone found in the roots of plants of the Boraginaceae family and 
is widely known for its numerous biological activities, including anticancer. In this study, 
the antitumor mode of action of shikonin derivatives isolated from the roots of Onosma 
visianii was investigated in mouse melanoma cell line B16. MTT and CV assays showed 
that six examined shikonins decreased B16 cell viability in a dose-dependent manner, with 
compounds 5 and 6 exhibiting the highest cytotoxic activity. This effect correlated with 
caspase-mediated apoptosis, which was detected by flow cytometry and fluorescence 
microscopy. In addition, CFSE staining revealed a strong blockage of cell division in 
response to treatment, with a more profound effect of compound 6. The altered cell 
morphology together with the loss of dividing potential upon exposure to both shikonins 
implied reprogramming of the B16 cell phenotype. The absence of melanogenesis 
enhancement coupled with an elevated level of myelin basic protein in response to 
treatment with both tested agents suggested that the cells transdifferentiated into a 
Schwann-like phenotype, with possible involvement of the autophagic process in this 
conversion. Differentiation of malignant cells has become favourable in cancer treatment, 
bearing in mind the phenomenon of apoptosis-induced proliferation. Hence, the specific 
antitumor mode of action of shikonin derivatives on melanoma in vitro shown here 
provides a good platform for new investigations of these promising natural compounds. 
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Overexpression of cyclooxygenase (COX) and thus, prostaglandin E2 in numerous cancers 
justified COX inhibitors testing in cancer prevention or treatment1. Conjugate molecules of 
COX inhibitors and common chemotherapeutic drugs, as well as their immobilization in 
nanoparticles that increases drug delivery and accumulation in tumor tissue, can potentially 
improve approaches in cancer therapy. Cisplatin-naproxen conjugate and corresponding 
SBA-15 counterpart decreased the viability of B16 cells. Enlarged and elongated cells with 
distinctly granular cytoplasm and the increased presence of lipid droplets were noticed 
after haematoxylin–eosin and Oil Red O staining of treated cultures. In addition, enormous 
nuclei and markedly heterochromatin foci were confirmed by PI staining indicating 
establishment of senescent state upon the treatment. Alongside, differentiation of 
melanoma cells toward melanocytes was demonstrated by elevated tyrosinase activity and 
presence of melanin, thus leading to reduced tumorigenic potential in vivo. In addition, 
cisplatin-naproxen conjugate and corresponding SBA-15 counterpart significantly reduced 
melanoma growth in C57BL/6 mice, with lesser signs of toxicity compared to cisplatin as 
a positive control. Strong antitumor potential of both, free and immobilized conjugates on 
mouse melanoma cells opens numerous possibilities for further research. 
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Metal-based anticancer drugs, such as cisplatin, have a significant role in cancer 
chemotherapy, but their clinical use is limited due to severe toxicity and drug resistance. 
To overcome these challenges, there has been a rapid expansion in the research and 
development of more effective and safer metal-based anticancer agents. Copper(II) 
complexes with Schiff bases as ligands exhibit various biological activities, such as 
anticancer, antimicrobial, antiviral, or anti-inflammatory. Copper(II) complexes are 
considered safer alternatives to platinum complexes, as copper is an endogenous metal1. 
The interactions between metal-based drugs with human serum albumin (HSA) play 
crucial roles in their distribution, metabolism, and activity. To that end, we determined the 
binding affinities (Ka) of six previously reported Schiff base copper(II) complexes 1–6 to 
HSA using microscale thermophoresis (MST). MST is a novel technique for quantifying 
biomolecular interactions based on thermophoresis, the directed movement of molecules in 
a temperature gradient, depending on various molecular properties such as size, charge, 
hydration shell, or conformation2. Ka, calculated from the MST data, fell within the range 
of 1.27·104–1.13·105 M–1, which indicates a moderately strong binding. Complexes 1–4 
display a single transition throughout the titration, indicating a 1:1 binding relationship, 
while complexes 5 and 6 exhibit two transitions, indicating a 1:2 binding interaction. 
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At present time TiO2 has gained great attention as a promising photocatalyst due to its 
excellent optical and electronic properties, high chemical stability, low cost, non-toxicity, 
and eco-friendliness. Usually it is used for the photodegradation of organic pollutants, but 
it is also possible to use inorganic material as a component of a conjugated “metal 
oxide/enzyme” system. Such systems are of great interest for enzymatic synthesis of 
different compounds in organic chemistry. In present work classical molecular dynamics 
simulations of TiO2 with human enzymes, sterol-7α-hydroxylases (CYP7), containing 
different peptide tags, were performed. Force field parameters (charges on atoms of Ti and 
O, parameters of vdw interaction) were identified using systematic optimization approach 
based on the experimentally derived lattice parameters for anatase TiO2 modification. 
Molecular dynamics simulation of human CYP7 interaction with the inorganic surface was 
performed in explicit solvent with periodic boundary conditions. It was found that protein 
structure remains stable in general and interacts with the surface mainly due to contacts 
that are formed between O atoms of inorganic material and atoms of positively charged 
amino acids (lysine, arginine) localized in peptide tags. CYP7 enzymes without added 
artificial tags form bonds between charged amino acids on the protein surface and O atoms 
of TiO2 thus allowing the protein to adsorb differently on the inorganic surface. It was also 
confirmed during the simulation that water molecules form a layer on the TiO2 surface, 
which plays significant role for protein binding to inorganic material. The data obtained 
will be used for the development of optimal immobilization protocol of human CYP7 
enzyme on the surface of TiO2 nanoparticles. 
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Allergen-specific immunotherapy (AIT) can induce allergen long-term tolerance after 
discontinuation and is the only curative approach for allergy treatment1. However, because 
this therapy is not always effective, novel approaches to increase its efficacy, such as the 
use of virus-like particles2, are urgently needed. Furthermore, because N-glycans influence 
the innate immune response via pattern recognition receptors, hemagglutinin (HA), a 
surface glycoprotein and the main antigen of Influenza virus, is a promising adjuvant 
candidate. House dust mite allergy affects 65-130 million people worldwide3, with Der p 2 
being the most common allergen. To assess the effect of N-glycans on innate immunity 
modulation during AIT, we created in silico H1sD2 glycoproteins, which are made up of 
the receptor-binding domains of HA (H1s) and Der p 2 (D2). The NCBI database was used 
to obtain protein sequences. Clustal Omega multiple sequence alignment and the BepiPred 
2.0 server were used for in silico analysis of linear B-cell epitopes. Using the PDB70 
database, three-dimensional models of H1sD2 glycoproteins were predicted in ColabFold 
v1.5.2: AlphaFold 2 with an average RMSD of 0.28. Recombinant glycoproteins were 
produced in the Pichia pastoris expression system and purified using an IMAC/IEX 
combination. In silico analyses revealed that B-cell epitopes differ between chimeras. 
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Plastic materials have become indispensable in the modern world, with their extensive use 
resulting in their environmental accumulation. A promising solution for overcoming this 
ecological threat may be found in recombinantly produced plastic-degrading enzymes. Due 
to the complexity of the heterogeneous catalysis occuring during enzymatic PET 
hydrolysis, quantifying and comparing activities of such enzymes is rendered difficult. 
Here, we have assessed various assays documented in existing literature, employing 
different preparations of the purified recombinant Ideonella sakaiensis PETase mutant 
W159H/S238F (expressed from commercial plasmid Addgene #112203). The investigated 
methods were as follows: p-nitrophenyl acetate (pNA) hydrolysis assay, bis-(2-
hydrohxyethyl)-terephthalate (BHET) agar and PET agar diffusion assays, and UV 
absorbance monitoring after PET particle and PET bottle cut-out hydrolysis. Additionally, 
we introduced an indirect colorimetric assay using the indicator pyrocatechol violet (PCV). 
Our work reveals many advantages and problems for each of the tested methods. The pNA 
hydrolysis assay is the quickest, but many substances which are usually present in enzyme 
buffers and solutions tend to hydrolyse this compound (e.g. imidazole). It is also unspecific 
due to hydrolysis by other esterase enzymes. The BHET diffusion assay offers a great tool 
for activity comparison and estimation, with greater enzyme specificity. However, it is 
slow and accurate activity quantification is difficult. PET hydrolysis was conducted on in-
house prepared PET particles with UV spectrophotometric measurement or by a diffusion 
assay. Due to the measuring wavelength (240 nm), the importance of proper blanking is 
critical, but accurate results can still be obtained. The sensitivity of the diffusion assay is 
much lower in comparison to the similar BHET assay. We also report on a modification of 
the phenol red indirect colorimetric assay using PCV as the indicator and PET particles as 
the substrate, which has not been previously described in existing literature. 
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C-phycocyanin (C-PC) is a photosynthetic protein from Arthrospira platensis 
(cyanobacteria). Due to its intense blue colour, which is very rare in nature, C-PC has 
industrial applications as a food colourant as a substitute for synthetic food colourants. 
Disadvantages of C-PC as a food colourant are its poor stability at high temperatures 
(during thermal treatment of the food) and its sensibility to change pH value. The binding 
of food-derived small molecules, such as vitamins, could stabilize the structure of C-PC at 
high temperatures and wide pH ranges. In this study, we characterized the binding of 
selected vitamins to C-PC, purified from the commercial powder of Arthrospira platensis. 
We used hydrophilic vitamins (B1, B2, B7, B9, B12), lipophilic vitamins (A, D3) and 
provitamin (β-carotene). Fluorescent spectroscopy showed a decrease in fluorescence of C-
PC in the presence of vitamin A, vitamin D3 and β-carotene (lipophilic molecules) 
compared to the control. In contrast, the fluorescence of C-PC in the presence of 
hydrophilic vitamins showed minimal change. The protein fluorescence quenching 
approach demonstrated hydrophobic (pro)vitamins binding affinities ranging from 0.02 to 
5.9 x 105 M-1, with the ability of hydrophobic (pro)vitamins to bind at the different sites on 
C-PC. UV-VIS spectrophotometry showed that the binding of hydrophobic (pro)vitamins 
does not affect the protein colour, while CD spectroscopy revealed that the binding of 
chosen molecules does not significantly influence the secondary structure of C-PC. 
Overall, this study demonstrated C-PC's significant potential in binding hydrophobic 
(pro)vitamins, while further research is required to test if these ligands could improve C-
PC stability. 
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Citrus fruits, including important crops such as oranges, lemons, grapefruits, pomelos, and 
limes, represent an essential food product worldwide. The variety of their aromas and 
flavors is characterized by mixtures of volatile terpenes that refine their peel. Limonene (1-
methyl-4-(1-methylethenyl)-cyclohexene), a colorless liquid cyclic monoterpene, is the 
most abundant volatile component present in the oil of all commercially grown citrus 
fruits. Various genetic manipulation techniques are used to influence the expression of the 
gene encoding for limonene synthase, a key enzyme in monoterpenoid biosynthesis, in the 
antisense and sense orientation of the integrated sequence in the plasmid. Obtained 
transgenic citrus fruits have been shown to have changed organoleptic properties and have 
a different impact on the ecological balance in the environment in which they grow. This 
study provides an overview of the influence of transgenic lines of citrus fruits that either 
have reduced or elevated concentrations of limonene on the human sense of smell and the 
interaction of the plant with insect herbivores and pathogens.  
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DNA-exotransferase (TdT) – is a unique enzyme, useful for template-independent DNA 
synthesis by nucleotides addition to the 3ʹ-terminus of DNA. TdT is currently concerned as 
a single way to realization of enzymatic de novo synthesis of DNA1. Gene fusion 
techniques offer multiple opportunities to combine the desired properties of different 
proteins in a single polypeptide, for example high thermostability and DNA-binding 
properties of Sso7d and unique enzyme activity of TdT. DNA binding protein from S. 
solfataricus (Sso7d) has been successfully used before to improve the processivity of 
thermostable DNA polymerases2. Here, we report a novel strategy to enhance the 
thermostability and functional properties of TdT by fusion with Sso7d. The fusion gene 
(TdT_GGS_SSO7d) was obtained by OE PCR technique (Sso7d fused to amino terminus 
of TdT) from plasmids containing TdT and Sso7d genes. The TdT_GGS_SSO7d gene was 
ligated into the pCWori plasmid and transformed into DH5α E. coli competent cells. 
Enzyme was purified to homogeneity by immobilized metal affinity chromatography. The 
amount of isolated fusion protein is comparable to that of native TdT when expressed and 
purified under identical conditions. The thermostability of proteins was measured by 
thermal shift assay with DLS and fluorescent detection. Different principles of methods 
allowed to get a deep insight into structure and functional properties of designed enzyme. 
The fusion protein’s thermal denaturation begins at a temperature that is 30% higher than 
that of the native TdT, as determined by fluorescence and DLS measurements. The 
denaturation midpoint was shifted from 45 to 49°C as detected by DLS and from 46 to 
70°C as detected by fluorescence measurements. Therefore, thermal shift assay observed 
by independent measurements revealed significant growth in fusion protein 
thermostability. Functional properties of novel fusion enzyme are under study. 
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Photo-crosslinked modified alginate hydrogels are useful in various biomedical 
applications, including tissue engineering, wound healing, regenerative medicine, 
controlled drug delivery, and 3D bioprinting1. Traditional UV-crosslinkable hydrogels, 
often used for injectable soft tissue regeneration, have faced hurdles in clinical translation 
due to concerns about UV light's potential harm2. The use of visible light and safer 
photoinitiators during hydrogel synthesis significantly boosts their efficacy in 
immobilizing biocatalysts and advancing tissue engineering applications3. In this study the 
synthesis of tyramine modified alginate were optimized and spectral characterization of the 
modified alginate by ultraviolet-visible spectroscopy, infrared spectroscopy and proton 
nuclear magnetic resonance.  Laccase from Streptomyces cyaneus was expressed on the 
surface of yeast cell walls, followed by cell lysis and immobilization of obtained cell walls 
withinin calcium-tyramine-alginate beads. Additional cross-linking of the obtained 
immobilizers by photopolymerization with visible light, in the presence of the riboflavin 
photoinitiator, in order to obtain a biocatalyst with improved characteristics and the ability 
to be used multiple times. The temperature stability of both photopolymerized and non-
photopolymerized biocatalysts was determined. At 60℃, the cell wall-immobilized laccase 
entrapped in photopolymerized alginate-tyramine beads exhibited a 30% increase in 
enzymatic activity compared to the non-photopolymerized tyramine-alginate biocatalyst 
and 2.5 times higher activity compared to the enzyme immobilized in native alginate 
beads. 

Acknowledgments 
This research was funded by the Ministry of Science, Technological Development and Innovation of 
the Republic of Serbia Grant No. 451-03-47/2023-01/200168 (University of Belgrade-Faculty of 
Chemistry), Grant no. 451-03-47/2023-14/200288 (Innovation Center of the Faculty of Chemistry) 



111 
 

(RS-200288), Grant No. 451-03-47/2023-01/200053 (University of Belgrade-Institute for 
Multidisciplinary Research). 

References 
1. Chiulan I, Heggset EB, Voicu ŞI, Chinga-Carrasco G. Photopolymerization of bio-based 

polymers in a biomedical engineering perspective. Biomacromolecules 2021;22:1795-814. 
2. Kong X, et al. Comparative analysis of different laser systems to study cellular responses to 

DNA damage in mammalian cells. Nucleic Acids Res 2009;37:e68. 
3. Donnelly PE, Chen T, Finch A, Brial C, Maher SA, Torzilli PA. Photocrosslinked tyramine-

substituted hyaluronate hydrogels with tunable mechanical properties improve immediate 
tissue-hydrogel interfacial strength in articular cartilage. J Biomater Sci Polym Ed 2017;28:582-
600. 

 



112 
 

Optimization of the protocol for isolation of lipid 
transfer protein from lentil 

Faiza Zafar1*, Zorana Lopandić2, Isidora Protić-Rosić1, Milena Zlatanova,1 Marija 
Gavrović-Jankulović1 

1Department of Biochemistry, Faculty of Chemistry, University of Belgrade, Serbia 
2Institute for Chemistry in Medicine, Faculty of Medicine, University of Belgrade 

*e-mail: faiza@chem.bg.ac.rs  

A large group of lipid transfer proteins (LTPs) transfer lipids using hydrophobic cavities 
that stabilize lipid molecules outside of the membrane1. Nonspecific LTPs present in plants 
have “alpha –helices” fold and are involved in the transport of phospholipids, fatty acids, 
and prostaglandin B2. Plant LTPs, on the other hand, are frequently identified as IgE 
reactive molecules capable of traversing the epithelial barrier in the first line of defence2. 
The purpose of this study was to develop a protocol for isolating non-specific LTP from 
lentil (Len c 3) for use in epithelial transport studies. The lentil protein extraction was 
performed in citrate buffer pH 3.5 and purified using the QAE-Sephadex chromatography 
after dialysis against citrate buffer pH 7.0 followed by SP-Sepharose chromatography in 
Tris-HCl pH 7.0. The purification process was monitored using tricine SDS-PAGE. The 
identity of three isoforms indicated as nLTP2, nLTP4, and nLTP5 (UniProtKB A0AT29, 
A0AT33, and A0AT31, respectively) was confirmed by a mass fingerprint. Because 
epithelial barrier studies require highly purified allergens, Len c 3 purification must be 
further optimized. 
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Plants of the genus Mentha are well-known for their various medicinal properties including 
anti-inflammatory, antiemetic, antispasmodic, analgesic and antiparasitic effects, which are 
used for the treatment of various gastrointestinal and respiratory diseases. The aim of this 
study was to determine the chemical composition of the essential oils (EOs) of two Mentha 
species, peppermint (M. piperita) and spearmint (M. spicata), and to evaluate their 
anthelmintic activity against gastrointestinal nematodes, parasites that have a significantly 
negative impact on modern sheep farming. The main compounds of peppermint EO, 
determined by GC-MS analyses, were menthol (32.6%), menthone (22.0%) and 
isomenthone (9.39%), and those of spearmint were carvone (64.4%), trans-4-caranone 
(8.67%) and limonene (4.37%). Their anthelmintic effects, assesed using the egg hatch test 
conducted at eight different concentrations (50, 12.5, 3.125, 0.781, 0.195, 0.049, 0.025 and 
0.0125 mg/ml), were 20.0-90.3% and 13.0-93.7%, respectively. Although both tested 
samples showed high and dose-dependent (R2 = 0.93 and 0.96, respectively) anthelmintic 
potential, their effect was significantly different at five concentrations (p<0.05). The 
obtained results suggest the high influence of differences in chemical composition of EOs 
on their pharmacological properties, although the samples were extracted from similar 
plant species. These should not be neglected during the preparation of formulation, which 
is important for finding alternatives to combat resistance in nematode. 
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The administration and delivery of bioactive compounds is restricted by a variety of 
obstacles that result in limited biocompatibility and bioavailability. Efforts to maintain or 
even improve their bioactive properties have often employed their incorporation in 
hydrogels that are based on natural polymers. In this context, hydrogels are particularly 
widespread as biomolecule encapsulation and release systems. In the present work, 
chitosan and a cellulose derivative (HPMC) were used to develop hydrogels for the 
encapsulation of pigments from natural sources that also present antioxidant activity, 
namely, phycocyanin, phycoerythrin and curcumin. Firstly, phycocyanin and 
phycoerythrin were successfully extracted and purified. Moreover, the connection of the 
hydrophobic polyphenol curcumin to the hydrophilic protein carrier BSA was 
accomplished, allowing curcumin to be dissolved in aqueous solutions1. The extracted 
phycobiliproteins and curcumin-BSA complex were dissolved in an aqueous solution, and 
their antioxidant activity was studied using the ABTS and DPPH assays. Phycoerythrin 
had a higher antioxidant capacity than phycocyanin. When phycocyanin and curcumin-
BSA were incorporated into natural hydrogels made of chitosan and HPMC, the inhibition 
of the DPPH radical was significantly enhanced due to the antioxidant activity of chitosan.  
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Acid mine drainage ponds represents a specific artificial ecosystem that gives advantage to 
extemophilic microalgae. The mechanisms of adaptaton of such strains to excess metal 
concentrations that are common for their habitat, are poorly understood. Herein, we 
analzyed two strains of the green microalga Chlamydomonas acidophila - 137 and PM01, 
which have been isolated from different mining sites, for their interactions with Mn ions. 
The effects of different concentrations of Mn2+ were investigated in the late 
exponential/early stationary phase of culture growth (15 days). Viability was determined 
by Evans blue assay. No toxic effects were observed at concentrations as high as 2 mM 
Mn2+. The the time dynamics of Mn accumulation in the biomass was determined using 
ICP. It was shown that the maximum accumulation of Mn in strain 137 (3.79 ± 0.68 
µg/mg) was reached at 24h, while for PM01 the highest uptake (3.23 ± 0.17 µg/mg) was 
observed at 72 h. Next we analyzed redox settings by measuring the levels of reduced 
thiols unsing in vivo EPR spin probing. The treatment with 2 mM Mn2+ induced a rapid 
and irreversible decrease in the level of thiols which indicates that Mn2+ activated 
prooxidtaive processes. The maximum drop of thios levels were: from 4.80 ± 0.05 to 2.70 
± 0.05nmol/mg  fresh weight after 1h for 137; and from 4.70 ± 0.05 to 3.40 ± 0.05 
nmol/mg fresh weiht after 30 min for PM01. Further, the level of reactive oxygen species 
was evaluated using fluorescent probe DCFH-DA assay. The changes were in agreement 
with thiol levels. Both tested algal strains show resistance to Mn and are therefore good 
candidates for application in water bioremediation.  
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This study aimed to improve chitosan polymer's capabilities to absorb mercury by 
immobilising phycobiliproteins (PBPs) onto the surface of chitosan beads (chitosan–
PBPs). Phycobiliproteins, light-harvesting proteins from algae and cyanobacteria, have 
several industrially essential applications. These proteins can bind heavy metals with high 
affinities. Protein extracts obtained from both Arthrospira platensis, with C-phycocyanin 
as the dominant phycobiliprotein and Neoporphyra haitanensis, with R-phycocyanin and 
R-phycoerythrin as the dominant PBPs, were covalently immobilised onto chitosan beads. 
Binding analysis showed that, on average, 54 µg of PBPs were immobilised per bead. 
Immobilised proteins were still in their native state, with no visible colour change after 
immobilisation. Chitosan–PBPs and chitosan alone were tested for mercury adsorption at 
pH 4 and pH 7 by atomic absorption spectroscopy. The tested concentration range of 
mercury was from 1 to 70 ppm. Affinity, calculated using Henry's binding isotherm, of 
chitosan–PBPs for mercury was higher at both pH values than chitosan alone. 
Furthermore, chitosan–PBPs beads were able to absorb significantly more mercury than 
chitosan alone. These results show that the covalent immobilisation of PBPs onto chitosan 
improves its mercury adsorption characteristics and creates a more efficient eco-friendly 
adsorbent for removing mercury ions in the tested concentration range.  
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Spermidine (Spd) is a polyamine (PA) with various cellular functions. Like other PAs, Spd 
content declines with age. Exogenous Spd can replenish cellular PAs content with 
beneficial effects on lifespan and health of model organisms and humans. Autophagy is 
believed to be the key mechanism of anti-aging activity of Spd. In our previous study, we 
found that Spd added at mM concentrations to food extended lifespan and improved 
oxidative status in honey bees1. To see if Sdp induces autophagy in honey bees, we tested 
for indicators of autophagy induction in bees supplemented with Spd. We measured the 
relative gene expression of autophagy-related proteins (Atg3, Atg5, Atg9 and Atg13)2, as 
well as gene of enzymes involved in epigenetic modifications related to autophagy, such as 
DNA methyltransferase (DNMT1A/B and DNMT3), histone deacetylases (HDAC1, 
HDCA3 and Sirt1), and histone acetyltransferases (KAT2A, KAT6B and p300) in 
abdomen and head of honey bees supplemented with Spd at 0.1 and 1 mM concentrations 
for 17 days. Results showed that both Spd concentrations elevated gene expression of most 
analyzed genes, especially in abdomen, but 0.1 mM was more effective. This pattern of 
gene expression probably triggers other geroprotective mechanisms as well, but autophagy 
could be crucial in honey bee life extension. 
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Nanoflowers are unique nanobiocatalysts with an attractive morphology, enhanced loading 
capacity and high specific surface area, resulting in remarkable catalytic activity and 
stability of the immobilized enzymes1. Candida rugosa lipase (CRL, EC 3.1.1.3) is a 
renowned biocatalyst with a great industrial potential in fats and oils processing and 
production of ester-based nutraceuticals, food additives and biofuels2,3. To tackle the issue 
of the low stability of CRL, we have devised a cost-effective and environmentally friendly 
method for production of CRL nanoflowers with calcium as an inorganic component 
(CRL-NF). Preservation of catalytic activity of CRL-NF was confirmed in hydrolytic 
zymograms with p-nitrophenyl palmitate (pNPP) and olive oil. Most importantly, 
immobilization has resulted in significant stabilization of CRL at temperatures ≥55oC and 
pH ≥8. Obtained CRL-NF could be effectively re-used in 4 consecutive cycles of pNPP 
hydrolysis. Accordingly, our preliminary data indicate the promising applicative potential 
of CRL-NF in fats and oils processing and production of functional food. 
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Extracellular vesicles (EVs) are a heterogeneous group of lipid bilayer-closed structures 
derived from almost all types of cells. Urine is a highly preferred biofluid in disease 
detection because it’s non-invasive, easy, and fast sampling that can be carried out by 
patients themselves. In this work, we tried to implement the previously developed 
immune-affinity procedure for the purification of EVs to capture vesicles from urine.1 
Nanobodies used in this work were isolated from a naïve pre-immune (heavy-chain only-
VHH) library by direct panning against EVs. The method was successfully adapted to 
urine, allowing rapid isolation of EVs in single-step chromatography. For determining 
morphological and biochemical features of the isolated EVs we used different biochemical 
and instrumental methods (colorimetric sulfophosphovanilin- SPV assay, Bradford assay, 
Flow cytometry, Dynamic light scattering- DLS, Nanoparticle Tracking Analyzer NTA, 
Scanning electron Microscopy- SEM). The combined analyses indicated that the recovered 
EVs were exosomes by confirming diameter and biomarkers such as CD9, CD63, and 
CD81. This inexpensive, relatively fast and easy-to-perform method has excellent potential 
for isolating different classes of EVs from various biological sources.  
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In the past ten years orange wines have significantly attracted the attention of wine 
producers, someliers and consumers. Orange wine is essentially white wine that is 
produced similary to red wines, with long skin-contact fermentation, without any chemical 
or specific yeast. The phenolic profile and biological activity of orange wines have been 
poorly investigated1. The aim of this study was to compare the polyphenolic profile (HPLC 
analysis), content of total polyphenols, flavonoids and tannins (spectrophotometric 
methods) in 24 orange wines from Serbia and to evaluate their potential to inhibit oxidative 
stress in in vitro cell-based model (human monocytes, U937 cell line). The oxidative stress 
in U937 cells was induced by 2,2´-azobis(2-amidinopropane)dihydrochloride, while 
dichlorofluorescein diacetate was used to monitor intracellular level of oxidative stress. 
Among the examined polyphenolics, catechin (0−76.7 mg/L), followed by gallic (0−49.5 
mg/L) and caffeic acid (0−22.2 mg/L) were dominant polyphenols in examined wines, 
while sporadic occurrence of some anthocyanins was noticed. All wines had significant 
amounts of total polyphenols (227.0−1318 µg gallic acid equivalent/mL of wine), 
flavonoids (33.55−104.9 µg quercetin equivalent/mL of wine) and tannins (145.8−1254 µg 
catechin equivalent/mL of wine). Regarding inhibition of oxidative stress, the activity 
range varied from 138.0 to 1063 µg trolox equivalent/mL of wine, implicating that 
examined wine samples are effective inhibitors of oxidative stress. 
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Cultured meat requires less land and water and is less polluting, but still costly. The critical 
challenge in cultivated meat science is identifying and developing bovine serum albumin 
alternatives as the key component in cell media. Phycobiliproteins (PBPs) from micro- and 
macroalgae are promising candidates for albumin replacement due to their high abundance 
and well-known excellent antioxidative and metal-binding activities of covalently attached 
tetrapyrrole chromophores. Considering the importance of fatty acids (FA) binding by 
albumin for cell cultivation, the additional prerequisites for developing PBPs as albumin 
replacement components is their validation for the ability to bind FA. This study aims to 
examine the ability of C-phycocyanin (C-PC), the major PBP of microalgae Arthrospira 
platensis, to bind seven fatty acids (stearic, palmitic, oleic, elaidic, linoleic, linolenic and 
docosahexaenoic acid). For this purpose, we employed various optical spectroscopy 
techniques (fluorescence, CD, and VIS absorption spectroscopy). The protein fluorescence 
quenching approach demonstrated FA binding affinities ranging from 0.42 to 2.4 x 105 
M−1, with the ability of FA to bind at different sites on C-PC. Fatty acid binding induces 
substantial changes in the VIS absorption spectra of C-PC, indicating the FA are attached 
in the vicinity of C-PC chromophores. On the other hand, CD spectroscopy did not show 
significant effects of FA binding on C-PC secondary structure content. Overall, this study 
revealed C-PC's significant potential in binding FA, the critical prerequisite to replacing 
albumin for developing animal-free cell media for meat cultivation.  

 

 



122 
 

Acknowledgements 
This study was supported by the Good Food Institute, Field Catalyst Grant Program 2022 (Alg2Meat 
project) and the Ministry of Science, Technological Development and Innovation of the Republic of 
Serbia, contract number: 451-03-47/2023-01/200168. 



123 
 

Genome-wide identification of sucrose non-fermenting 
kinase-1 (SNRK1) genes in the maize genome  
M. Aydin Akbudak1*, Ertugrul Filiz2 

1Department of Agricultural Biotechnology, Akdeniz University, Antalya, Turkiye 
2Cilimli Vocational School, Duzce University, Turkiye 

*e-mail: akbudak@akdeniz.edu.tr 

SnRK1 (Sucrose Non‐Fermenting Kinase‐1) is an evolutionarily conserved protein kinase 
that plays a vital role as a regulatory enzyme with numerous functions in living organisms. 
In plants, it exerts control over energy metabolism, growth and development, stress 
responses, sugar homeostasis, seed germination, flowering time, abiotic and biotic stress 
tolerance, as well as plant adaptation. By coordinating plant metabolism, growth, and 
stress responses, SnRK1 ensures plant survival and adaptation under adverse conditions. 
Although SnRK1 is generally accepted as a defense regulator, its effects on plant growth 
and performance are still not fully understood. In the present study, we employed 
bioinformatics methods to identify the SnRK1 gene family throughout the maize genome, 
enabling us to determine the transcriptional changes of the identified genes under various 
stresses that hinder maize production, such as drought, cold, salinity, and aphid damage. 
Consequently, this study represents the first comprehensive exploration of the Zea mays 
SnRK1 (ZmSnRK1) genes on a genome-wide scale, facilitating their characterization and 
the identification of their regulatory mechanisms under both biotic and abiotic stress 
conditions. Elucidating the functions of the ZmSnRK1 gene family in these contexts holds 
promise for the development of maize varieties with enhanced yield, quality, and 
environmental stress tolerance. Overall, our findings provide valuable insights that can 
contribute to the breeding of maize cultivars capable of thriving under challenging biotic 
and abiotic conditions. 
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The family of  Lamiaceae includes a variety of fragrant and medicinal plants. In the 
Mediterranean region, numerous wild and cultivated lavender species are grown, which are 
used in folk medicine, cosmetics and pharmaceuticals1. In traditional medicine they are 
used to treat insomnia and anxiety. They have anti-inflammatory, antioxidant, 
antispasmodic, sedative, insecticidal, antibacterial and antifungal properties2. It is known 
that the composition of chemical components of plants is related to their response to 
environmental conditions. In addition, essential oil and different extracts of the same 
species have been shown to have different biological activities. The medicinal plant 
Lavandula multifida L., which grows in arid regions, plays a significant role in protecting 
against erosion. Many studies have proven that the essential oil and ethanol extracted from 
L. multifida have significant antimicrobial, anti-inflammatory and anti-septic activity3. In 
this study, the potential antioxidant properties of the methanol extract from the leaves of L. 
multifida L. were investigated. The 2,2-diphenyl-1-picryl hydrazyl (DPPH) assay was used 
in the present study to evaluate  the potential antioxidant activity (or radical scavenging 
activity) of methanol extract of  L. multifida. The EC50 value of the tested extract was 
0.0224 μg/ml (the amount of antioxidant required to scavenge 50% of DPPH radicals). 
Based on the obtained results, we can conclude that the methanol extract of L. multifida 
has a possible biological activity due to its antioxidant potential. 
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Metabolism of metals in microalgae, as well as their adaptation to metal excess, are of 
significant environmental importance. We have found previously that the green microalga 
Chlorella sorokiniana accumulates environmental Mn excess in the form of a multivalent 
Mn-O-Ca cluster with structure that is very similar of oxygen-evolving complex (OEC) in 
photosystem II1. The application of microalgae in the ‘green’ synthesis of catalytic metal 
clusters is very important, since the use of toxic chemicals for traditional synthesis could 
be avoided. The aim of this study was to investigate the magnetic, redox and structural 
properties of this cluster. The magnetic properties of the cluster, were tested using Low-T-
EPR spectroscopy and SQUID magnetometry. Based on the analysis of the EPR spectra, it 
was concluded that the spin of Mn in the cluster is >1/2. In addition, the spin of Mn is not 
an integer since parallel mode EPR did not deliver any detectable spectrum. The 
paramagnetic nature of the Mn-O-Ca cluster was confirmed by the SQUID instrument. 
Effective magnetic moment calculated per ion Mn was ~5 BM (Mn ratio in biomass was 
12,1%). For the investigation of redox and structural properties, an extract of cluster from 
microalga was used. Cluster extraction involved the application of a series of solvents - 
phenol in Tris-Cl buffer, chloroform, methanol, 0,17% sodium hypochlorite2. Cyclic and 
differential voltagrams were recorded in the range from -1,5 to 2 mV3. The analysis 
revealed the presence of different oxidation states of Mn (+2, +3, +4). The peak potentials 
resembled the potentials in OEC model compounds2.The redox similarities between the 
Mn-O-Ca cluster in microalgae and OEC imply that cluster may be have a similar catalytic 
activity. More detailed analysis of activity and structure of Mn-O-Ca cluster is warranted.  
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Pseudomonas aeruginosa is an opportunistic pathogen known for causing infections, 
particularly in immunocompromised individuals. Its resistance to multiple antibiotics poses 
challenges for effective treatment. In addition to the well-known virulence factors like 
adhesins, exotoxins, alginate, and quorum sensing1, P. aeruginosa possesses two distinct 
factors that contribute to its pathogenesis. One is cholesterol oxidase (ChOx)2, which 
oxidizes cholesterol in host cell membranes, rendering them susceptible to toxin injections 
via the Type III Secretion System. The other factor is a group of secondary metabolites 
called "phenazines" 3, which promote biofilm formation and affect host immune responses. 
While previous research did not establish a connection between these two features, our 
current study reveals the ability of phenazine metabolites as well as NADH to selectively 
regulate ChOx activity. Thus, we demonstrated that self-sufficient ChOx can be regulated 
by the NADH. Moreover, carboxyphenazine and 2-hydroxyphenazine were identified as 
potent enhancers of ChOx activity, surpassing the effects of NADH. Conversely, 
pyocyanine, another phenazine metabolite, that are a predominant in P. aeruginosa 
phenazines production, does not affect ChOx activity. The features found help to more 
fully understand the pathogenesis of the diseases that are caused by the P. aeruginosa. 
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Exploration of the biochemical potential of autochtonous macrofungal strains for 
production of specific bioactive agents is an essential part of the continuous search for 
novel strains with improved biological activities. Fungi are a reliable source of bioactive 
compounds with significant antioxidant capacity, and can be used in the treatment of many 
diseases, including cancers. The aim of this study was to evaluate antioxidant potential, 
aldo-keto reductase inhibition, and estrogen receptor binding affinity of four types of 
extracts of two autochtonous species, Lentinus tigrinus and Sanghuangporus lonicerinus 
from Uzbekistan. Determination of antioxidant activity of the tested fungal extracts was 
done using standard in vitro assays: ABTS, DPPH and FRAP. The potential of fungal 
extracts to inhibit human aldo-keto reductases, AKR1C3 and AKR1C4, was measured by 
fluorescence spectroscopy, by monitoring consumption of NADPH cofactor. The relative 
binding affinities of fungal extracts for the ligand-binding domains (LBDs) of estrogen 
receptor α (ERα) and estrogen receptor β (ERβ) were evaluated using a fluorescent screen 
in yeast. The highest scavenging activity and reducing power was observed for 
Sanghuangporus lonicerinus ethanol extracts. Furthermore, all tested extracts showed high 
inhibition potential against AKR1C3, while Sanghuangporus lonicerinus ethanol extracts 
were the strongest inhibitors. In contrast, AKR1C4 inbition was weak. Finally, of the 
tested fungal extracts, Lentinus tigrinus H2O extracts showed the highest binding affinity 
for ERα-LBD, similar to estrone, a natural ligand. Our results suggest that the extracts 
tested in the present study could serve as a valuable starting point for isolation of new 
compounds for design of anticancer drug candidates. 
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Tropomyosin has been recognized as one of the most common allergens among shellfish 
allergens. Sensitive and specific quantification of traces of allergens present in food 
samples is of critical importance for people with food allergies. This study thus aimed to 
develop a highly sensitive immuno-PCR method for detecting crustacean tropomyosin in 
foods. Method couples conventional sandwich ELISA assay with real-time PCR 
amplification of marker DNA. Monoclonal mouse anti-tropomyosin antibody was used as 
a capture antibody, while polyclonal rabbit anti-tropomyosin antibody served as a 
detection antibody in sandwich ELISA. A double-stranded amino-DNA molecule of 77 
base pairs was covalently conjugated to a secondary goat anti-rabbit antibody and 
subsequently amplified and quantified by real-time PCR. Tropomyosin was quantified 
using highly purified natural shrimp tropomyosin as standard. The sensitivity of immuno-
PCR for quantification of tropomyosin was increased by up to 20-fold compared to 
ELISA, demonstrating accuracy as low as 19.8 pg/mL. Recovery of tropomyosin in 
vegetable soup as a food matrix was in the 87.7–115.6% range, with relative standard 
deviations in the 5–24.5% range. Tropomyosin was also quantified in the commercially 
available food products. Developed immuno-PCR technique thus shows the potential to be 
a method of choice for specific and ultrasensitive detection of tropomyosin in food 
samples, with the final aim of reducing risks of accidental food contamination. 
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Insulin resistance is a state where a normal amount of insulin can’t provoke an appropriate 
metabolic response. Insulin promotes membrane trafficking of the glucose transporter 
GLUT4 from the storage vesicles to the plasma membrane in white adipose tissue. 
Adipocytes use glucose for lipogenesis and store the energy as lipid droplets. If adipocytes 
are unable to uptake glucose, a chronic state of hyperglycemia is developed, with severe 
health consequences. Polyphenols are natural anti-inflammatory and antioxidant agents. 
Food rich in polyphenols has been suggested to exert an ameliorative effect on restoring 
insulin sensitivity, with the main identified target being AMPK1,2, one of the key sensors 
of intracellular energy. Here, we tested the effect of methanol extracts from three newly 
introduced strawberry (Fragaria x ananassa, Duch.) cultivars – 'Aprika', 'Sandra' and 
'Quicky' on glucose metabolism in 3T3-F442A adipocytes. It was determined that 'Aprika' 
has the highest total phenolic content, relative to the other two cultivars. After 72-h 
exposure, none of the strawberry cultivars affected adipocyte cell growth significantly. 
Protein expression analysis of the differentiated adipocytes suggested 'Aprika', but not the 
other two cultivars, significantly increased the AMPK expression, as well as GLUT4, thus 
increasing glucose uptake. Strawberry extracts did not significantly affect the 
differentiation of adipocytes (SIRT1 and PPARγ), nor the fatty acid synthesis (ACC). 
Conclusively, the 'Aprika' methanol extract with high phenolic content exerts an 
ameliorative effect on glucose uptake, presumably through activation of the AMPK-
dependent mechanism of GLUT4 trafficking. The systemic effects of the ‘Aprika’ cultivar 
should be further investigated. Implications of the research are decreased hyperglycemia in 
obese and diabetic patients, by the introduction of the 'Aprika' strawberry cultivar into 
everyday diet. 
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Water pollution represents one of the global leading factors for illness and death1. 
Synthetic dye compounds are frequently discharged as environmental waters originating 
from textile, paper and leather industries. It has been proven that synthetic dyes may have 
harmful and toxic effects on the environment, even in low concentrations2. Therefore, it is 
of great significance to investigate and produce novel materials for water purification. In 
this research, we have made amyloid fibrils3, directly from the egg-white powder, without 
the need of purification. Then, we have investigated the optimal manner for amyloid 
precipitation and quantified dye-binding capacities of several amyloid preparations. Along 
side, we have examined the effect of acidic/alkali conditions on the amyloid dye-binding 
capacity. It is shown that pH level higly affected the dye-binding capacity due to 
electrostatic repulsions. We have put the foundations of novel method for the purification 
of water contaminated by synthetic dyes, emerging on its simplicity, low-costness and eco-
friendliness. 
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Due to their specific aroma, rose petals have been used for centuries as food in the 
production of jams, teas, wine, cakes, flavor extracts and candies. They also can be rich in 
biologically active compounds that contribute to human health. In this study, flowers of 6 
new genotypes of Rosa hybrida, classified as edible roses due to their specific aroma, were 
harvested from the experimental fields of Pheno Geno Roses company near Temerin, 
Vojvodina. Petals were macerated with 70% MeOH and extracts were chemically 
characterized by determining total phenolic (TPC), flavonoid (TFC) and monomeric 
anthocyanin contents (TAC) as well as LC-MS/MS quantitative analysis. Biological 
activity was evaluated by DPPH, FRAP and acetylcholine esterase inhibition assays. 
Examined extracts are rich in phenolic compounds (TPC was in the range of 91-217 mg 
gallic acid eq./g d.e., TFC – 17-56 mg quercetin eq./g d.e., and TAC – 0.2-6.7 mg 
cyanidin-3-O-Glc eq/g d.e.). LC-MS/MS analysis revealed that the dominant phenolics are 
quercetin and kaemferol glycosides. The extracts expressed great antioxidant potential. 
Total antioxidant power in the FRAP assay was 74-223 mg ascorbic acid eq./g d.e., while 
EC50 values in the DPPH assay ranged from 7.7 µg/mL to 45 µg/mL. The extracts also 
showed moderated neuroprotective activity determined by acetylcholine esterase inhibition 
assay, with results in the range of 16-68 ng of eserine eq./g d.e. Based on the obtained 
results, the new genotypes of edible roses investigated in this study can be considered as 
functional food due to the high level of bioactive compounds with health-promoting 
properties. 
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Several ongoing studies have indicated that various animal products may contain 
biologically active substances with the potential to be used in medicine1. The Indian meal 
moth (Plodia interpunctella Hbn.) silk imprimis exists to protect the larvae, particularly 
during pupation. Since the silk is produced by larval glandular apparatus, that silk contains, 
except for the dominant fibroin and sericin, a certain amount of mandibular enzymes 
which can potentially possess antitumor activity. Therefore, this study aimed to evaluate 
the antitumor potential of the DMSO-extracted silk (five days produced by the final larval 
stage of P. interpunctella) on the SW-480 human colorectal adenocarcinoma cells. The 
MTT test of cell viability showed a strong cytotoxic activity of silk on SW-480 cells after 
72 h. After the same time of incubation, the selectivity was also shown due to non-
cytotoxicity on normal human keratinocytes, HaCaT cells. The pro-apoptotic activity was 
examined 72 h after treatment by fluorescent staining to detect morphological changes on 
SW-480 carcinoma cells, as well as by flow cytometry. Also, the expression of apoptosis-
related genes was determined by the qPCR method. The results show proapoptotic activity 
of silk extract and increased expression of Caspase 8 and 9 genes compared to control, 
suggesting the caspase-induced apoptosis. Based on the observed results on cytotoxicity, 
selectivity, and proapoptotic activity of P. interpunctella silk, our results undoubtedly 
indicate the presence of antitumor substances in the tested silk, as well as a high level of 
biocompatibility with healthy human cells. 
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Double emulsions (W/O/W) have a specific structure with small water droplets 
incorporated in oil drops dispersed in a continuous aqueous phase. This characteristic 
consistency enables their application for the encapsulation of specific molecules in 
pharmaceuticals, preparation of cosmetic products, agricultural or food products, and fat 
reduction in food. In this study, the stability and physicochemical properties of W/O/W 
emulsions prepared using different emulsifiers and stabilizers were compared. The oil 
phase of the W/O/W emulsions consisted of paraffin oil or Calendula officinalis L. infused 
oil and polyglycerol polyricinoleate as a lipophilic emulsifier. These lipid components 
were dispersed in water to obtain inner W/O emulsions that further, in the second step, 
homogenized with the outer aqueous phase with a hydrophilic emulsifier and stabilizer to 
obtain W/O/W emulsion. Different concentrations of carboxymethylcellulose or 
hyaluronic acid were used as stabilizers, while Tween 80 (polyoxyethylene (80) sorbitan 
monooleate), CreamMaker ANIO (glyceryl oleate citrate, caprylic/capric triglyceride), 
Rosmarinus officinalis L. water extract, and/or hydrolyzed wheat proteins were used as 
hydrophilic emulsifiers. The stability of the W/O/W emulsions was analyzed over a one-
month storage period using physicochemical measurements. An excellent structure and 
stability of W/O/W emulsion were observed using paraffin oil and 1% of 
carboxymethylcellulose and 1% of Tween 80 in the outer aqueous phase. The formation of 
W/O/W emulsion using C. officinalis infused oil was possible using two combinations of 
emulsifiers and stabilizers from natural origin, 1% of CreamMaker ANIO and hyaluronic 
acid, as well as carboxymethyl cellulose and hydrolyzed wheat protein in the outer 
aqueous phase. These emulsions with all ingredients from natural origin showed lower 
stability with higher average particle size and creaming indexes than those obtained using 
paraffin oil and synthetic surfactant.  
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Studying metal-protein interactions is essential for understanding the fate of metallodrugs 
in biological systems. Lately, alternative metal-based cancer therapies have received 
widespread attention since cisplatin was developed as an anticancer drug1. The purpose is 
to find drugs that have lower toxicity but more potency than Pt-based agents. Schiff base 
Rh(III) complexes are considered as one alternative to Pt drugs, which exhibit low toxicity 
to normal cells, as well as easily absorbed by tumor tissue and rapidly excreted from the 
body. AGP exerts a substantial impact on transporting and disposing of numerous drugs 
present in blood. It has been shown that the drug–AGP interactions in the blood can 
influence the drug stability, toxicity and distribution during the chemotherapeutic process. 
The nature and magnitude of drug–AGP interactions significantly influence the 
pharmacokinetics of drugs, and the binding parameters are useful in studying metal–
protein binding2. Therefore, the binding affinity of two newly synthesized Rh(III) 
complexes H[Rh(acac2en)Cl2] (RhAA) and H[Rh(phacac2en)Cl2] (RhPP) with AGP have 
been studied by MST as a powerful technique in quantitation of binding events based on 
the movement of molecules in microscopic temperature gradient, depending on various 
molecular properties such as size, charge, hydration shell or conformation3. The results 
show that the binding affinity of RhPP was measurable (KA = 7.69 mM‒1) than that of 
RhAA when bound to AGP, where RhAA did not show any significant binding indicating 
that RhAA might be more bioavailable and potent drug.  
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Of all biomolecules, proteins have the most significant roles in living systems. It is not an 
exaggeration to say that proteins sustain life. Hence the entirely appropriate name for this 
group of molecules of life was coined by the famous Swedish chemist and inventor 
Berzelius: in Greek, the word prōteios means the first, the most important. The most 
famous colored protein is certainly hemoglobin, red due to the presence of the heme group, 
thus making the blood red-colored. Although hemoglobin is a textbook model system in 
protein biochemistry, for studying its quaternary structure, the relationship between 
structure/activity/function, and allostery, as a critical feature of protein regulation in all 
living cells, safety, and related ethical issues limit its use in the student laboratories. 
Cyanobacteria (such as the blue-green algae Spirulina) and red algae (such as the genus 
Porphyra) are the richest natural source of (complete) proteins, which have always been 
used in human nutrition. Their most abundant proteins (phycobiliproteins), as part of the 
complex photosynthetic apparatus, are all deep-colored, thanks to different, covalently 
bound tetrapyrrole chromophores (phycobilins). Given that the starting material for 
experimental work on phycobiliproteins is cheap and available and that they are relatively 
easy to obtain, purified enough in the required quantity, they could enter the curricula of 
all courses that study proteins. This presentation will briefly present our previous teaching 
experiences working with three colored algae proteins: blue C-phycocyanin, purple R-
phycocyanin, and reddish-pink R-phycoerythrin. More specifically, how they can be used 
to consider the relationship between the structure and physicochemical properties of such 
macromolecules in the student laboratory. For example, for easier experimental 
understanding (on a visible, therefore macroscopic level) of protein structural stability in 
aqueous solutions and related conformational transitions, a particular challenge in general 
biochemical education. 
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Sage and peppermint have a number of biological properties that have been demonstrated 
to be helpful for the treatment of a range of diseases. Determination of phenolic profile and 
the investigation of the biological activity of traditionally made juices obtained from sage 
and peppermint leaves origin from one village in Republic of Montenegro was the main 
goal of the present study. Phenolic compounds have been quantified using LC-MS/MS 
technique. The most abundant phenolics in the sample of traditional sage juice were quinic 
acid (2571.86 ±1.15 µg/g) and apigenin-7-O-glucoside (324.36± 1.15 µg/g). Only two 
phenolic acids (caffeic and quinic) have been quantified, in significantly lower amount, in 
peppermint juice. In experimental mice (Mus musculus, NMRI Haan strain), the anti-
diabetic (oral glucose tolerance and streptozotocin induced diabetes test) and antioxidant 
activity (measuring oxidative stress-related enzymes including superoxide-dismutase, 
catalase, glutathione peroxidase, glutathione reductase and glutathione-S-transferase and 
level of lipid peroxidation in liver homogenates) were examined. In both healthy and 
diabetic animals, a ten-day treatment with the tested juices caused the blood glucose level 
to decrease. Furthermore, the juices demonstrated notable antioxidant activity, which has 
boosted the activity of antioxidant enzymes and decreased the level of lipid peroxidation. 
The obtained results support traditional use of sage and peppermint juice as food with 
health and nutritional benefits. 
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Laser surface scanning was applied in the present work to achieve the improvement of 
biointegration properties of the titanium alloy with high niobium content as potential 
implant material. The use of laser surface scanning enabled modification of the surface 
chemistry, morphology, and roughness and in that way influenced the obtainment of alloy's 
excellent biocompatibility. Scanning electron microscopy analysis showed that the 
interaction of laser irradiation with β-titanium alloy surface resulted in the formation of 
specific scanned pattern lines, as well as distinctive surface damage features in the form of 
microcracks, periodic wave-like structures, and ripples. An increase in the laser pulse 
energy led to the appearance of more pronounced hydrodynamic effects. Moreover, the 
optical profilometric analysis showed that the laser surface scanning of the investigated 
alloy with higher laser pulse energy caused an increase in surface roughness. In vitro 
examination of the cell culture assays in contact with the investigated alloy indicated that 
there were no cytotoxic effects of the alloy under given examination conditions, while the 
cell morphology analysis demonstrated that the cell attachment and proliferation were 
enhanced after the laser beam irradiation. Taking into account the obtained results, it can 
be concluded that the laser surface modification of the β-titanium alloy, which resulted in 
the appearance of pronounced surface features, shows a high impact on the material 
properties and enhances its performance in the biological environment. 
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Directed enzyme evolution approach is widely used for the creation of novel biocatalysts, 
producing molecules of interest: drugs, intermediate compounds for organic synthesis etc. 
A successful directed evolution experiment depends on the genetic diversity and high 
throughput selection approach. Usage of bacterial cells allows to analyze a large number of 
polymorphic variants of the protein (>1011) with simple experimental procedures. 
Cytochromes P450 (CYPs) are enzymes, considered as the most versatile biocatalysts in 
nature because of the variety of substrate structures and the types of reactions they 
catalyze. They are extremely perspective for the usage in production of pharmaceuticals 
and other chemicals. Here we present preliminary results of the development of the 
bacterial high-throughput elicitor screening (HiTES) system for usage in directed evolution 
of CYPs. Elementary selection system was created on the basis of inducible lac operon. 
Gene coding aminoglycoside-3'-phosphotransferase was cloned into pACYC184 vector 
(restriction sites NdeI and SacI) in lac operon cassette and corresponding plasmid was 
transformed into E. coli cells (BL21 strain). Cells cultivation on gradient LB agar with 
different concentrations of kanamycin (Km) and IPTG (inducer of LacI protein) allowed to 
identify optimal concentrations of bioregulators (170 µg/ml Km and 0.1 mM IPTG) for the 
selection of producents. In the next step, bacterial library of mutant forms of LacI was 
constructed using a set of degenerate mutagenic primers, which was designed on the basis 
of the results of pharmacophore modelling. The results obtained will be used for the 
further screening of bacteria, containing mutant forms of LacI protein with high affinity to 
the molecules of interest – products of enzymatic reactions, mediated by different CYPs. 
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Microplastics (MPs) continue to be detected in various foods, including milk products1. 
There is increasing evidence from the literature on the potential negative effects of MPs on 
human health. Milk as a source of protein is one of the most commonly consumed food 
products. Polypropylene is a major polymer used to manufacture milk products packaging 
and has been identified as a contaminant of milk products2. However, its effect on the 
digestion of milk proteins is unknown. Therefore, the study described herein evaluated the 
interaction of polypropylene microplastics (PP-MPs) with proteins in skimmed cow milk 
(31.36 mg/mL proteins and 0.7 % fat) to understand the binding efficacy of proteins on  
the MPs. Different amounts (5, 10, 20, and 30 mg per 250 mL) of PP-MPs (63–180 mg in 
size) were incubated in simulated salivary fluid (SSF), simulated gastric fluid (SGF), and 
simulated intestinal fluid (SIF) for 60 min with continual mixing. After the incubation 
process, proteins binding to the PP-MPs were extracted from the soft corona and hard 
corona using different extraction methods (once, twice, and thrice with 1X buffer 
solution). The protein profiles of the samples were analyzed using SDS-PAGE. In 
addition, quantification of proteins bound in the hard corona was done for the SGF 
incubated skimmed cow milk and PP-MPs. Binding of proteins such as α-casein, β-casein, 
k-casein, β-lactoglobulin, and α-lactoglobulin both in the soft and hard corona was 
observed in all the simulated digestive fluids, regardless of the amount of PP-MPs used. 
However, more proteins were bound to the PP-MPs in skimmed cow milk incubated with 
SGF compared to SSF and SIF, suggesting that proteins from skimmed cow milk have 
different capacities to bind to the PP-MPs in different digestive systems. Increasing the 
number of extractions and the amount of PP-MPs enhanced the protein content extracted 
from the hard corona. In addition, 20 mg/250 mL was determined as the optimum PP-MPs 
concentration for increasing the extraction of proteins from the hard corona; beyond that 
concentration, no significant increase in protein content was observed. This study lays the 
foundation for the in vitro digestion of skimmed cow milk proteins in the presence of PP-
MPs.   
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Mircoplastics (MPs) are an abundant contaminant in the environment with ingestion being 
the most common way of exposure for humans. Binding of protein to MPs is proposed to 
be multilayered with the formation of a soft and hard corona1. It has been proven that MPs 
interact with enzymes present in the digestive system and impact their activity2. The aim of 
this study is to investigate the impact of MPs on the activity of trypsin in simulated 
intestinal fluid (SIF). For this purpose, two sizes of polypropylene (large – 180-500 µm, 
small – 63-180 µm) and one size of polyethylene terephthalate (<80 µm) have been 
studied. Activity in bulk and soft corona was determined in SIF at 405 nm with Nα-
Benzoyl-DL-arginine 4-nitroanilide hydrochloride after different times of incubation. 
Activity in hard corona was determined after 1 h of incubation with the MPs. Although 
specific activity in the control decreases through time, there is a tendency for all MPs to 
preserve activity in bulk and soft corona trypsin after 4 h of incubation. Trypsin remains 
active in the hard corona, with the activity being an order of magnitude lower than in the 
control, possibly due to significant changes in structure. 
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A bottom-up proteomic study, using high-resolution tandem mass spectrometry (HRMS) 
and, PEAKS Studio X+ was performed to investigate the impact of peanut roasting on 
readily soluble allergens and their post-translational modification (PTM) profiles. Among 
four major peanut allergen groups, we found that Ara h 3 prevails in raw peanut extract 
(PE), similar to Ara h 1, while the opposite is true for Ara h 6, which is enriched in roasted 
PE; Ara h 2 bands are near the same intensity. HRMS detected more than 40 different 
types of modification in raw and roasted samples. Distinct variations in the types and 
occurrence of specific amino acid PTMs were identified between allergens present in raw 
and roasted samples. Roasting affected the most frequent modifications by enrichment of 
OxM, HyP, carbamoylation (KR), and deamidation. The PTMs could also be mapped to 
the regions of IgE-binding epitopes of Ara h 1–3 and Ara h 6. As porcine trypsin is used 
for HRMS sample preparation and is also a digestive protease, hindrance effects to trypsin 
efficacy regarding PTMs was assessed. Roasting caused dihydroxylation and formylation 
PTMs with hindrance effects to trypsin efficacy, while methylation on several K/R showed 
opposite effects. In the case of methylated R342, results suggested facilitation of tryptic 
performance at modified residue compared to unmodified counterpart, while in the rest of 
seven genuine sequences containing modified residues, trend was opposite. Further 
exploration of how different PTMs could affect digestion efficiencies of major gastric and 
intestinal peptidases is currently in works and a much-needed assessment to better 
understand the role of PTMs. 
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One of the greatest advances in biochemistry and medicine was the discovery of 
antibiotics, but the same compounds that have saved many lives are now beginning to lose 
their efficacy. The rise of multi- and ultraresistant bacterial strains is one of the most 
pressing global problems. Active peptides with antibacterial properties, such as those 
obtained from insects, can offer alternative solutions. Insects, which have evolved an 
outstanding innate immune system that allows them to adapt to diverse environments, are 
still an untapped resource of biotechnological potential, notably with regard to food and 
human health. The chosen insect species, Tenebrio molitor (yellow mealworm, YMW), 
Hermetia illucens (black solider fly, BSF), and Rhynchophorus ferrugineus (red palm 
weevil, RPW), are recognized as model species in the field of biotechnology, with YMW 
and BSF and their products also being used as key sources of human food and animal feed. 
Gram-positive (Microccoccus flavus, Mf, and Staphylococcus aureus, Sa) and Gram-
negative bacteria (Escherichia coli, Ec, and Pseudomonas aeruginosa, Pa) were used to 
infect larval stages, after which their haemolymph was extracted and target peptides were 
isolated via organic solvent precipitation. Infection of RPW and BSF was done via 
injection with Ec or Mf, while YMW was infected via food with Pa or Sa. Small peptides 
(below 30 kDa), similar in size to the majority of antimicrobial peptides (AMPs), were 
present in the precipitate. The activity of AMPs was tested using an agar diffusion assay, 
which showed that selected bacteria are susceptible to the active peptides from 
haemolymph, with Pa having greater zones of inhibition overall. More precisely, Pa was 
sensitive to YMW haemolymph, while Sa showed intermediate sensitivity due to the 
growth of bacteria back into the inhibition zone after 24 h. RPW haemolymph had a 
similar effect on both bacterial plates but with slightly wider initial inhibition zones. Both 
bacterial strains seem to be resistant to peptides from BSF haemolymph. Further testing of 
activity after 8 and 12 hours will be performed. Results show great potential for the use of 
insect-derived peptides as potential alternatives to antibiotics. 
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The color of food products is an important aspect in food industry, and its preservation 
remains a big challenge. We aim to preserve the natural blue dye of C-phycocyanin (C-PC) 
phycobiliprotein from Spirulina microalgae. For this purpose, we incorporated C-PC in 
combined starch and β-lactoglobulin (BLG) hydrogels by using a high-pressure (HP) 
process. Indeed, in thermal treatment, the color derived from C-PC is entirely lost. We 
characterized the obtained HP gels by both rheology and small-angle X-ray scattering 
(SAXS). Various formulations of binary (BLG/C-PC) and ternary (starch/BLG/C-PC) 
systems were tested under HP up to 4,500 bar. A good preservation of the C-PC pigment 
was established by mixing BLG and starch with C-PC at pH 7, with concentrations of 180, 
5, and 10 mg/mL, respectively. Identical component concentrations were maintained in the 
binary systems. Structure of gels was characterized by SAXS providing insight of C-PC 
interactions with BLG and starch after HP process which leads to the formation of solid 
gels with larger mesh compared to two-component systems. This results in enhanced 
mechanical properties, which were determined by amplitude and frequency sweep 
measurements using a rheometer with applied plane/plane geometry. Therefore, adding 
starch, even at small concentration, significantly improves gel visual appearance and 
mechanical properties. Our study reveals that preservation through HP treatment is more 
effective than high temperature treatment, as visually observed through the sustained color 
integrity of C-PC blue dye. 
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