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Interplay of  transition pathways leading to liquid-liquid 
phase separation (LLPS) and amyloid fibrils often underlies 
a disease-associated protein dysfunction. Selection criteria 
of  LLPS-dependent / LLPS-independent protein aggrega-
tion pathways remain unclear. Here, we report the LLPS/
fibrillization properties of  a family of  chimeric peptides, 
ACC1-13Kn, in which the highly amyloidogenic fragment 
of  insulin (ACC1-13) is merged with oligolysine segments 
of  various lengths (Kn, n = 8, 16, 24, 32, 40). Fibrilliza-
tion of  these peptides is conditioned on the presence of  
ATP which is stoichiometrically encapsulated within the 
forming amyloid. The incorporation of  ATP is an emer-
gent property of  ACC1–13Kn not observed for ACC1–13 
and Kn segments separately. The LLPS phase preceding 
the actual fibrillization is observed only for the peptides 
with the longest Kn segments, i.e. when Coulombic interac-
tions between charged lysine side chains and ATP anions 
are mostly involved in the self-assembly process. The kinet-
ics of  the phase transition and the stability of  mature co-
aggregates are highly sensitive to ionic strength indicating 
that electrostatics play a pivotal role in selecting the LPPS-
fibrillization transition pathway. The multicomponent / 
multiphase ACC1–13Kn-ATP system constitutes an excel-
lent model of  complex intracellular assemblies involving 
non-proteinaceous components within which protein mis-
folding takes place.
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In recent decades, evidence shows that mechanical and 
rheological measurements of  cells and tissues have become 
essential to determine how these changes contribute to dis-
ease development and progression. They can distinguish 
healthy/diseased states through quantitative measurements 
at the nano- and microscales that are reproducible, label-
free, and require small samples (single cells, tissues, or even 
proteins). Alterations in mechanics/rheology frequently 
are identified before other markers such as changes in pro-
tein expression, inflammation level, or disease symptoms 
occur. Thus, mechanical/rheological measurements can be 
a promising tool or become part of  the new procedures 
applied to diagnosse various diseases, including cancers, 
multiple sclerosis, or muscular dystrophy. Mechanomark-
ers are gaining attentions in the medical practice thanks to 
the technical development observed in the past decades. 
However, still research towards straightforward and fast 
measurements is needed to improve robustness and their 
applications in clinical practice.
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Analytical ultracentrifugation (AUC) is a powerful research 
tool used in biophysical studies of  the properties and be-
havior of  biological macromolecules in solution. It enables 
the determination of  their interactions, size, shape, and 
stoichiometry.
Using the analytical ultracentrifuge, two experiments can 
be conducted: sedimentation velocity and sedimentation 
equilibrium, using different detection systems: absorp-
tion, interference, or fluorescence. This method's scope, 
advantages, limitations, and specific applications of  each 
technique will be presented, demonstrating how AUC can 
provide valuable insights into complex biological systems 
in the fields of  molecular biology, biochemistry, drug dis-
covery, and biotechnology.
Several examples from our laboratory employing the an-
alytical centrifugation technique will also be presented. 
These include studies on EGFP and DNA aggregation 
monitored by fluorescence and absorption detection, eval-
uation of  the oligomeric structure of  wild-type and mutant 
purine nucleoside phosphorylases, and the examination of  
the impact of  environmental conditions on the quaternary 
structure of  proteins.
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New aspects of the pathophysiology 
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Lipid droplets (LDs) play a crucial role in cellular me-
tabolism, buffering toxic lipid species, and are implicated 
in diseases like diabetes and fatty liver. Despite growing 
knowledge of  endothelial LDs, their precise function and 
biogenesis pathway remain unclear. This was the motiva-
tion for the microscopic and spectroscopic characteriza-
tion of  LDs formed in vascular inflammation and in the 
response to excess lipids.
The results demonstrate that activation of  inflammation in 
endothelial cells of  the isolated aorta, induced by various 
factors such as tumor necrosis factor (TNF), lipopolysac-
charides (LPS), angiotensin II (AngII), hypoxia, or excess 
oleic acid (OA), leads to the formation of  LDs and en-
hanced generation of  prostacyclin (PGI2). Blocking the 
adipose triglyceride lipase (ATGL) increases the number 
of  LDs in endothelial cells while inhibiting PGI2 genera-
tion. Furthermore, the Rac1 protein has been identified as 
a central factor linking LDs formation in endothelial cells 
with other markers of  the inflammatory response, includ-
ing increased endothelial stiffness, cytoskeletal reorganiza-
tion, and elevated secretion of  adhesion molecules.
In conclusion, the results suggest that the formation of  
vascular LDs in dysfunctional endothelium is dynamically 
regulated by both ATGL and the Rac1 protein, shedding 
light on new aspects of  the pathophysiology of  LDs.
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In the recent years, nanoparticles, as structures diversified 
in terms of  size, shape or surface functionalization, have 
aroused great interest. Interestingly, some of  them, such as 
platinum nanoparticles (PtNPs) possess anticancer activity 
and can possibly act as drug delivery platforms which make 
them promising candidate to investigate.
Cisplatin (CDDP), as a first generation platinum anticancer 
drug, is widely used in treatment of  various malignancies 
such as breast, ovarian or head and neck cancers. Neverthe-
less, CDDP causes serious side effects, especially severe ne-
phrotoxicity, but also triggers drug resistance. Consequent-
ly, in our research we investigated whether PtNPs could 
interact directly with CDDP and influence the activity of  
the tested drug.
The possible interactions between 5 nm and 50 nm PtNPs 
and CDDP were studied by Atomic Force Microscopy 
(AFM) and Dynamic Light Scattering (DLS). Moreover, to 
examine the biological effects of  PtNPs on CDDP activity, 
mutagenicity Ames test on Salmonella typhimurium TA102 
and MTT assay on the selected breast cancer cell lines were 
exploited.
The AFM revealed that CDDP triggers PtNPs’ aggregation. 
Moreover, the DLS results indicated the changes in hydro-
dynamic diameter of  5 nm PtNPs after adding CDDP, as 
opposed to 50 nm where the diameter change was negligi-
ble. Furthermore, the biological results imply PtNPs influ-
ence on CDDP activity by decreasing the mutagenicity and 
increasing the cytotoxicity in the selected models.
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Nanoparticles have been widely studied over the last dec-
ades. They gained interest mainly due to their effects on 
cells, dependent on their size, composition and possible 
surface functionalization. Among them, platinum nanopar-
ticles (PtNPs) gained particular interest. They are consid-
ered safe to human health, and, at the same time, exhibit 
anticancer effects. What is more, a few sources suggest they 
could be exploited as drug carriers. Herein, we test the ef-
fects of  various sizes of  platinum nanoparticles on dauno-
rubicin (DAU), an antibiotic used in leukaemia treatment.
To assess their interaction we first conducted DLS (Dy-
namic Light Scattering) to look for changes in size distribu-
tion dependent on the drug concentration. Furthermore, 
we performed fluorescence spectroscopy of  DAU titrated 
with increasing volumes of  PtNPs. Finally, we performed 
dialysis experiments, in which we measured the velocity of  
the drug release through a porous membrane at three dis-
tinct pH.
The results of  the DLS analysis suggest that all sizes of  
PtNPs interact with DAU. What is more, the fluorescence 
of  the drug decreases with addition of  nanoparticles, sug-
gesting their direct interactions. The release experiment 
shows that the amount of  released drug depends on both 
the size of  PtNPs and the pH of  the solution, suggesting 
once more that there is an interaction between DAU and 
PtNPs and that it may be pH-dependent, making PtNPs 
possible drug carriers.
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Pseudomonas aeruginosa is an opportunistic bacterium re-
sponsible for severe infections in hospitalized patients with 
compromised immune systems. In P. aeruginosa, S-adenosyl-
L-homocysteine   hydrolase (PaSAHase) regulates numerous 
methylation processes crucial for the bacterium's metabo-
lism. PaSAHase is active as a tetramer, with each subunit 
folded into three domains. Two major domains (substrate- 
and cofactor-binding) are connected by a hinge element. 
During the hydrolytic cycle, the enzyme oscillates between 
closed (substrate-bound) and open (with a product re-
leased) conformations. Recent discoveries indicate that the 
activity of  PaSAHases strongly depends on the frequency 
of  domain oscillations, which must be synchronized with a 
time interval required to complete the catalytic cycle. This 
study aimed to define amino acid residues involved in Pa-
SAHase dynamics and analyze their influence on the fre-
quency of  domain oscillations. For this purpose, series of  
PaSAHase point mutants were generated, expressed in Es-
cherichia coli and purified. Next, selected variants were co-
valently and selectively modified with a fluorescent probe 
(N-(1-pyrenyl)maleimide, PMal) to analyze protein dynam-
ics with frequency-domain measurements of  the rotational 
dynamics of  PMal-PaSAHase conjugates using measure-
ments of  the fluorescence lifetimes.
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Plastic production is still at high levels. In the environment 
plastic exposed to physicochemical factors (e.g. biodegra-
dation, UV-radiation) is disintegrated into smaller micro-
plastics (MPs) (< 5000 nm), and then to nanoplastics (NPs)  
(< 1000nm). MPs and NPs can enter the human organisms 
through ingestion, inhalation, and dermal exposure.  As a 
result of  the detection of  plastic particles in blood, there 
is a potential risk of  transferring them to other organs and 
tissues, which could affect the body's homeostasis.  
Among the plastic particles detected in blood there were 
particles from polystyrene (PS), commonly used as packag-
ing, especially for food. Taking into consideration the lack 
of  data, we began to evaluate the effects of  non-function-
alized polystyrene nanoparticles (PS-NPs) of  different di-
ameters on the shape of  human erythrocytes.
The erythrocytes were incubated with PS-NPs with differ-
ent diameters of  ~30 nm, ~45 nm and ~ 70 nm in the 
concentrations range of  0,001 to 10 µg/mL for 24 h. After 
incubation, the erythrocytes were washed and fixed with 
2% glutaraldehyde. 
There was a statistically significant decrease in the number 
of  discocytes, the level of  echinocytes was not changed, 
whereas the percentage of  stomatocytes increased after 
incubation with PS-NPs in all tested diameters. The most 
intensive formation of  stomatocytes was observed under 
the influence of  the largest tested NPs.
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Respiratory Syncytial Virus (RSV) is one of  the pathogens 
causing respiratory infections. RSV is particularly danger-
ous for infants and can be fatal for premature babies. Viral 
entry requires fusion of  the envelope with the target host 
cell membrane. The N-terminal fragment of  the F1 subu-
nit is considered as the fusion peptide. However, it has not 
been experimentally confirmed. Our research aims to study 
the behavior of  the RSV fusion peptide at the membrane 
interface. We used a synthetic fragment of  the N-terminal 
30 amino acids of  the F1 subunit (F11-30). To visualize 
binding, we performed confocal imaging of  giant unilamel-
lar vesicles and fluorescently-labeled F11-30. We observed 
binding to the membrane composed of  POPC, however it 
was not the case in the presence of  cholesterol. Interesting-
ly, we noticed a more pronounced staining in the presence 
of  phosphatidylserine (POPS), accompanied by membrane 
deformations. To characterize the binding quantitatively, 
we determined the partition coefficients (Kx) by means of  a 
series of  fluorescence spectroscopy with the use of  a single 
tryptophan-mutated F11-30. In agreement with microscopic 
observations, the Kx were in the following order: POPC/
POPS (6/4 mol%), POPC, POPC/chol (6/4 mol%). Our 
research contributes to better understanding of  the mo-
lecular mechanism of  protein-mediated membrane fusion 
occurring in the early steps of  RSV replication.
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