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Our group is interested in the effects of amino acid stereoconfiguration on peptide self-assembly into 

supramolecular materials, which span a wide range going from crystals to gels1,2 and even glass.3,4 Recent 

developments include: metal coordination to yield metal-organic cages,5 the supramolecular templating of metal 

nanoparticle composites,1 and the assembly of variously sized nanotubes.6,7  

One approach to widen functional applications of peptide materials entails mastering the interactions at the 

interface between nanostructures (e.g., nanoparticles,1 nanodiamonds,8 nano-onions,9 carbon 

nanotubes/nanohorns, or graphene10) and peptide assemblies for uses in disparate fields from catalysis to medicine, 

sensing, and environmental remediation. The use of advanced characterization techniques including nano-IR is 

proving particularly useful to shed light in multi-component peptide nanomaterials, also to discern self-sorting 

form co-assembly,11 which can have important consequences for function, especially towards biocatalysis in 

enzymatic mimicry.12 

However, the true challenge may lie not in understanding the occupied nanoscale volume, but in engineering 

functionality within the voids. Achieving this requires the rational design of minimalistic heterochiral sequences 

capable of organizing around empty space, stabilizing it as a structural feature rather than succumbing to collapse 

through self-packing. Extending Görbitz work on hydrophobic dipeptide nanotubes offers a good starting point,13 

but mastering their design to tune their inner surface properties or making a leap towards cage design14 entails a 

whole new set of challenges that currently lack general predictive rules and give scope for further exploration 

within this exciting area.15 
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Short peptides and amino acids are attractive building blocks for sustainable materials due to their inherent 

biocompatibility, low toxicity, and biodegradability. In this lecture, I will present a versatile, bio-inspired platform 

for functional coatings formed by the spontaneous self-assembly of extremely short peptides and commercially 

available amino acids. These coatings can be deposited on a wide range of substrates—including metals, oxides, 

and polymers—under mild, aqueous conditions, without the need for curing or complex processing. 

I will first demonstrate how these minimalistic building blocks form robust coatings that inhibit the initial stages 

of biofouling by preventing the adsorption of bioorganic molecules. As a result, these surfaces significantly reduce 

the attachment and proliferation of bacteria, viruses, and fungi. In parallel, we show that by tuning peptide 

composition and assembly, these coatings can promote mammalian cell adhesion, offering opportunities for 

biomedical implant applications. 

Beyond antifouling and bioactivity, I will highlight the multifunctionality of this platform. Peptide assemblies 

formed in solution can act as carriers for active compounds, enabling controlled adsorption and release with 

synergistic antimicrobial effects. Furthermore, these materials can be seamlessly integrated into polymer matrices 

via simple co-extrusion processes to yield active composite films. 

A central focus of the talk will be our recent work on anti-icing coating. We demonstrate that peptide-based 

coatings can be engineered to significantly delay ice nucleation and inhibit ice accumulation under freezing 

conditions. Importantly, this antifreeze functionality is achieved through a simple, scalable, and environmentally 

friendly process, without relying on fluorinated compounds or complex fabrication techniques. This approach 

opens new avenues for sustainable icephobic coatings for applications in energy systems, transportation, and 

infrastructure. 
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A solution-assembled system comprised of computationally designed coiled coil bundle motifs, also known as 

‘bundlemers’, will be discussed as model colloidal nanoparticle systems for the formation of hierarchical materials. 

The molecules and nanostructures are non-natural amino acid sequences and provide opportunities for controlled 

solution behavior and arbitrary nanostructure creation with peptides. With control of the display of the amino acid 

side chains (both natural and non-natural) throughout the peptide bundles, desired physical and covalent (through 

appropriate ‘click’ chemistry) interactions are designed to control interparticle interactions in solution, which 

involve both individual bundlemer particles as well as polymers of connected bundlemers. With proper design of 

individual bundlmer particles, target nanomaterials are being created.  First, interbundlemer end-to-end stacking 

is observed between particles through physical interactions to form lyotropic liquid crystal phases. Important for 

liquid crystal formation is the design of single charge bundlemer particles (e.g., with only positive/basic amino 

acids) that lack of opposite charges on the particle surfaces so that there are no attractive electrostatic patches to 

disrupt the LC alignment. The liquid crystal phases span nematic to hexagonal columnar to smectic depending on 

peptide concentration as well as on specific peptide design (e.g., number of negative or positive charges, spatial 

display of charge, amino acid type to create charge). Particles with charge patches also have been designed so that 

liquid crystal formation is observed at extreme pHs from 1 to 14 with the bundlemer particles still folded and 

stable. Second, nanoporous lattices can be formed through simple solution mixing.  The lattices display crystalline-

like structure but with regular pores on the nanoscale.  The lattice structures are formed through two different 

assembly mechanisms; the functionalization of bundlemer paritcles with hydrophobic side chains on their exterior 

for lattice formation through interparticle hydrophobic interactions or through the mixing of oppositely charged, 

single charged bundlemers through electrostatic complexation.  Included in the discussion will be new, single 

charge peptide molecule design, hierarchical assembly pathway design, control of nanostructure, and 

characterization wtih cryotransmission electron micorscopy, transmission electron microscopy, small-angle x-ray 

scattering, and molecular dynamics simulations.  

  

Example of Bundlemer design for extreme pH materials. A) The charged state of designed patchy 

bundlemer particles at different pH.  Peptide sequence for homotetrameric coiled-coil formation is 

DEEIQQMAEEIQQMARRIKQMARQIYKRA. Blue indicates positive charge while red indicates negative 

charge.  At extreme pH, the particles exhibit a single charge-like character.  B) Cartoon schematic 

of the end-to-end particle stacking and hexagonal packing of particles at pH1. C) Polarized optical 

microscopy (POM) showing clear birefringence of 10 wt% particles at pH1 in hexagonal columnar 

LC phase.  D) CryoTEM of LC phase showing 1-d chains of particles.  E) SAXS curves of increasing 

concentration of bundlemer at pH1 showing individual cylinder chains at low concentration (< 1 

wt%) and a transition to hexagonal columnar phases at higher concentrations (> 4 wt%) with 

hexagonal diffraction peaks clearly visible.  Dilute SAXS curve fit to a cylinder form factor with a ~2 

nm diameter consistent of a cylinder having the same cross-section as individual bundlemer coiled 

coils. Data from Tang, Zhang, et al., Science, 391, pp 604-610 (2026). 
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Our research group is interested in the application of supramolecular chemistry to understand and 

manipulate biology. [1,2] Our work philosophy is based in the importance of weak and non-covalent 

forces to control the shape and the topology of biomolecules, which are governed by the principles 

described by supramolecular chemistry. These supramolecular lessons can then be applied to control the 

properties and function of biomolecules. We believe that by modulating the shape we can mimic, control 

and improve functional behaviour. With focus in supramolecular interactions for artificial membranes 

and tubular composites, we investigate the construction of synthetic systems for controlling and 

emulating biology and life-like soft systems. [3-8] 
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Amyloid β (Aβ) peptides are central to the molecular pathology of Alzheimer’s disease, where their aggregation 

behavior and interactions with lipid membranes determine neurotoxic outcomes. Here, we show our findings from 

recent studies to provide a unified view of how Aβ assembly pathways and membrane activity are mechanistically 

linked. Aβ peptides undergo a complex aggregation process involving transient oligomeric intermediates and the 

eventual formation of fibrillar structures. The balance between these pathways is strongly influenced by peptide 

size, conformational state, and environmental conditions. 

 

Low-molecular-weight Aβ oligomers exhibit high structural flexibility and a strong propensity to associate with 

lipid bilayers, leading to membrane perturbation and loss of integrity.1 In contrast, larger aggregates and mature 

fibrils adopt more ordered β-sheet-rich structures and display reduced direct membrane activity. Importantly, 

membrane environments not only serve as targets but also actively modulate Aβ aggregation by promoting 

structural rearrangements and altering kinetic pathways, thereby stabilizing membrane-active species.2 

 

Additionally, modulation of Aβ aggregation using small molecules demonstrates that interfering with peptide self-

assembly can redirect aggregation toward less toxic forms and reduce membrane disruption.3 These findings 

highlight the dynamic interplay between peptide aggregation, structure, and membrane interactions as a key 

determinant of toxicity. Understanding these relationships provides important insights for the development of 

therapeutic strategies targeting early-stage peptide assemblies in Alzheimer’s disease. 
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One of the main challenges in contemporary chemistry and biology research is establishing how 

interactions and coordinated functions in molecular networks give rise to life-like, emergent properties. 

A decade ago, while looking for such complex network-dependent behavior, we disclosed the “self-

synthesizing materials” (SSMs), which promote their own formation by accelerating synthesis of their 

own building blocks or the assembly of their super-structures. In line with this research, we will first 

present the design and replicative chemistry of peptide-based SSMs, driven by fibril self-assembly and 

reproduction [1]. We will then discuss our new research directions that focus on (i) coupling the SSM 

reactivity to orthogonal catalytic reactions [2], (ii) producing feedback mechanisms [3], and (iii) 

inducing selective product formation in simple networks.[1,4] We propose that studying these features, 

and the future recombination of their manifestations, may lead to production of the first artificial cell. 
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Antibiotics have dramatically improved quality of life worldwide by reducing infections during surgical 

procedures, increasing life expectancy, and saving countless lives. However, the rising resistance of bacteria to all 

currently available antibiotics highlights the urgent need for new antimicrobial compounds. Antimicrobial peptides 

(AMPs), promising candidates in this field, are key components of the innate immune system across a wide range 

of species, including mammals, and even produced by bacteria. They exhibit broad-spectrum activity against 

Gram-positive and Gram-negative bacteria, viruses, and fungi, and can also affect cancer cells.1-4 Their activity is 

often driven by electrostatic interactions with negatively charged bacterial membranes. The cytoplasmic 

membrane is therefore a primary target, either directly or as a barrier to intracellular components. AMPs typically 

bind to microbial surfaces and self-assemble into higher-order structures once a local concentration threshold is 

reached, which is required for antimicrobial activity.5,6 This intrinsic threshold can be bypassed by delivering 

peptides in a pre-assembled state, offering a strategy to 

enhance potency, accelerate antimicrobial response and 

reduce susceptibility to resistance. These pre-assemblies 

can be viewed as antimicrobial projectiles that disrupt 

membranes upon direct contact without requiring 

membrane-induced folding.7 In addition, self-assembly 

can reduce effective hydrophobicity, thereby improving 

selectivity by lowering affinity toward neutral eukaryotic 

membranes, such as the outer leaflet of healthy cells.8 It 

may also enhance proteolytic stability, increasing peptide 

lifetime in biological fluids such as blood plasma and 

improving therapeutic potential.9 However, antimicrobial 

efficacy is also strongly influenced by the fate of peptide 

assemblies upon membrane contact. Membrane 

interactions may trigger disassembly, enabling monomer 

insertion and membrane disruption, or alternatively, strong 

internal cohesion may stabilize assemblies and limit their 

dissociation, reducing activity.10 Thus, antimicrobial 

activity is governed by a balance between supramolecular 

stability and peptide-membrane interactions, which 

determines whether peptides act via disassembly or remain 

trapped in less active states (Fig. 1).  

 

References 

1. H. Jenssen, P. Hamill and R. E. W. Hancock, Clin. Microbiol. Rev. 19 (3), 491-511 (2006).  

2. M. Zasloff, Nature 415 (6870), 389-395 (2002).  

3. W. C. Wimley, ACS Chem. Biol. 5 (10), 905-917 (2010).  

4. R. E. W. Hancock and G. Diamond, Trends Microbiol. 8 (9), 402-410 (2000). 

5. D. Avrahami, Y. Shai, J. Biol. Chem. 279 (13), 12277-12285 (2004). 

6. S.M. Häffner, M. Malmsten, Curr. Opin. Colloid Interface Sci. 38, 56-79 (2018). 

7. V. Castelletto, E. de Santis, H. Alkassem, B. Lamarre, J. E. Noble, S. Ray, A. Bella, J. R. Burns, B.W. 

Hoogenboom, M. G. Ryadnov, Chem. Sci. 7 (3), 1707-1711 (2016). 

8. Z. Vaezi, A. Bortolotti, V. Luca, G. Perilli, M. L. Mangoni, R. Khosravi-Far, S. Bobone, L. Stella,  BBA-

Biomembranes 1862 (2), 183107 (2020). 

9. X. Ma, N. Yang, R. Mao, Y. Hao, Y. Li, Y. Guo, D. Teng, Y. Huang, J. Wang, J. Nanobiotech. 22, 668 (2024). 

10. O. Stachurski, D. Neubauer, I. Małuch, D. Wyrzykowski, M. Bauer, S. Bartoszewska, W. Kamysz, E. Sikorska, 

Bioorg. Med. Chem. 27 (23), 115129 (2019). 

  

 

Fig. 1. Graphical overview of the lecture 



Friday, 10th July 
 

I5: Polypeptides as Biomimetic Polymers: From Protein Inspiration to 

Functional Materials 

 
Colin Bonduelle1 

 

1University of Bordeaux, CNRS, Bordeaux INP, LCPO, UMR 5629, Pessac F-33600, France. 

colin.bonduelle@bordeaux-inp.fr 

 

 

Introduction. Polypeptide polymers provide access to scalable and tunable biomimetic materials that reproduce 

key biological structures and functions of proteins.1 Their ability to form biocompatible and stimuli-responsive 

systems makes them highly relevant for tissue engineering and drug-delivery applications. Amino acid–derived 

N-carboxyanhydride (NCA) monomers are widely used to synthesize polypeptides via ring-opening 

polymerization (ROP), including copolymerization and aqueous-phase methods such as ROPISA to generate 

structured nanomaterials (figure 1).2  

 

 
Figure 1. Synthetic polypeptides through ROP of NCAs. 

 

In this presentation, we will describe 3 main research approaches involving NCA polymerization: 

- to understand how polypeptides combine biocompatibility and tunable properties, making them 

promising candidates for the development of advanced materials.  

- to learn how ROP enable access to biomimetic polymers displaying protein-like behavior through 

their ability to form secondary structures and promote reversible conformational changes.  

We will first show how copolymerization of NCA enable the creation of simplified analogues of antimicrobial 

peptides, which exhibit selective antibacterial activity in vivo by tuning macromolecular parameters such as charge 

and hydrophobicity.3,6 We will then present the development of poly(L-proline), a thermoresponsive polymer with 

unique hysteretic LCST.4,7 Finally, we will overview recent progresses regarding aqueous Ring-Opening 

Polymerization-Induced Self-Assembly (ROPISA) that lead to the formation of anisotropic nanostructures.5,8  
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Biological systems achieve remarkable functionality through hierarchical organization governed by precise 

molecular interactions, such as those observed in viral capsids and nucleoprotein assemblies. Inspired by these 

principles, we present a class of functional biomaterials based on the interplay between collagen peptide rigidity, 

guanidinium-phosphate salt bridges, and nucleic acid phosphate groups. Collagen like peptides (CLPs) provide a 

structurally defined, rigid framework that supports higher-order assembly, while cationic domains rich in arginine 

residues enable multivalent guanidinium-phosphate interactions with nucleic acids. These interactions drive the 

co-assembly of peptides with plasmid DNA (pDNA) or siRNA into well-defined architectures, ranging from 

stoichiometric ~10 nm nanoparticles to extended lamellar sheets, depending on peptide-to-nucleic acid ratios and 

solution conditions. 

 

When siRNA is used to promote self-assembly, the resulting quaternary complexes mimic capsid-like behavior: 

they protect nucleic acids from enzymatic degradation, enable rapid cellular uptake, and facilitate efficient 

intracellular release and gene silencing without detectable cytotoxicity or immunogenicity. When the same CLP 

is combined with pDNA, structural characterization reveals that the formed assemblies exhibit ordered lamellar 

organization with nanoscale periodicity, in which both peptide and nucleic acid components are integrated within 

a single phase. Notably, these systems maintain structural integrity even upon partial disruption of the collagen 

triple helix, suggesting that peptide unfolding induces conformational locking that enhances nucleic acid 

condensation and stability. At larger length scales, these materials exhibit directional growth into mechanically 

robust, submillimeter sheets, reflecting anisotropic assembly driven by peptide alignment and electrostatic 

bridging. 

 

At specific pDNA-to-CLP ratios, the resulting materials form two-dimensional sheets with a thickness of 3.5 ± 0.5 

nm and lateral dimensions extending to the millimeter scale. This 2D architecture is governed by the intrinsic 

secondary structures of the components: the supercoiled conformation of pDNA and the triple-helical structure of 

the CLPs. The resulting biological 2D material exhibits crystalline character, flexibility, thermal stability, and 

preserved structural integrity upon solvent removal. It is non-toxic, biocompatible, chemically tunable, and 

scalable. 

 

Together, these findings establish a unifying design framework in which collagen peptide rigidity provides 

architectural stability, guanidinium–phosphate salt bridges govern molecular recognition and assembly, and 

nucleic acid phosphate groups serve as structural and functional partners. This work advances the rational design 

of hierarchical, multifunctional biomaterials. Their inherent biological origin enables seamless integration with 

biosystems, positioning them as promising candidates for diagnostic and clinical applications. 
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World-wide observed resistance of pathogens against conventional antibiotics and the emergence of new diseases 

result in prolongated illness and in increase of death-rate. As alternative to traditional antibiotics, antimicrobial 

peptides, that typically target the microbial cell envelope, are intensively investigated as new potent drugs.  

 

The cell envelope of bacteria has a very complex structure. Gram-negative bacteria contain two lipid membranes: 

the inner (IM) and outer (OM) membranes that are separated by a peptidoglycan layer.  

The structural complexity of the cell envelope of Gram-negative bacteria limits the fabrication of realistic models 

of bacterial cell membranes. A vertical Langmuir−Blodgett withdrawing was used to deposit a 1-palmitoyl-2-

oleoyl-sn-glycero-3-phosphoethanolamine (POPE) monolayer on the Au(111) surface. The second leaflet 

composed of di[3-deoxy-D-manno-octulosonyl]-lipid A (KLA) was deposited using Langmuir−Schaefer transfer. 

As a reference, the same lipid composition was used to model using molecular dynamics simulation model of the 

OM.  

 

Computational and experimental approaches were used to study a model OM interaction with an antimicrobial 

peptide: melittin. Melittin is a 26-amino acid peptide which is the principal toxic component of bee venom. Typical 

for AMPs, melittin has net positive charge (+6) which except for Gln at the N-terminus is located at the C terminus 

as well as one proline residue at the fourteenth position. 

 

Molecular dynamics simulations revealed that the positively charged helical C-terminus of melittin anchors rapidly 

into the hydrophilic head group region of KLA, while the flexible N terminus makes contacts with the phosphate 

groups of KLA, supporting melittin penetration into the boundary between the hydrophilic and hydrophobic 

regions of the lipids.  

 

Little is known about the effects of electric fields on the structure of bacterial cell membranes, in particular of the 

OM. Electrochemical techniques were used to investigate the stability and integrity of the model OM before and 

after addition of melittin. To probe the peptide conformation and orientation during interaction with the membrane, 

polarization modulation infrared reflection absorption spectroscopy was used. The measurements revealed 

conformational changes in the peptide, accompanied by reorientation and translocation of the peptide at the 

membrane surface. Moreover, the orientation and hydrogen bond network with the carboxylate groups in KLA 

changes drastically after POPE–KLA bilayer interacts with melittin, agreeing with molecular dynamics simulation 

results. The packing order in hydrocarbon chains in the membrane with bound melittin increases. A hydrophobic 

match between the chains in the lipids and the peptide, which spans the membrane, seems to be responsible for the 

ordering of the hydrocarbon chains region of the bilayer. 

 

The study suggests that melittin insertion into the outer membrane affects its permeability and capacitance but 

does not disturb the membrane’s bilayer structure, indicating a distinct mechanism of the peptide action on the 

outer membrane of Gram-negative bacteria. 
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The cross-β motif is a characteristic structural arrangement of amyloid materials and fibers, in which peptide β-

strands are oriented perpendicular to the grow axis. Although historically associated with neurodegenerative 

diseases and pathological protein aggregation, supramolecular cross- β motif has increasingly attracted attention 

as a versatile platform for the rational design of functional peptide-based biomaterials. Its intrinsic structural order, 

stability, and self-assembly propensity make it particularly appealing for the development of new supramolecular 

systems with tunable properties. 

Starting from ultrashort peptides such as diphenylalanine (FF), numerous peptide sequences have been de novo 

designed and experimentally characterized to generate assemblies enriched in cross-β structure (Figure 1).[1,2] 

These studies have demonstrated that even short primary sequences can encode the molecular information required 

to drive ordered self-assembly, thus providing accessible building blocks for peptide materials development. 

At the same time, recent advances in structural biology, especially in cryo-electron microscopy and computational 

modeling, have enabled atomic-level characterization of cross-β aggregates deposited in the Protein Data Bank 

(PDB).  

This growing body of structural information offers a valuable opportunity to complement de novo design with a 

structure-guided strategy. In this context, fragments derived from transthyretin (TTR) are examined as potential 

self-assembling building blocks, highlighting a complementary PDB-guided approach for the identification of new 

peptide sequences for materials development.[3] 

 
Figure 1. Evaluated approaches for cross-β based functional peptide materials 
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Nature programs biomacromolecular function through sequence, arranging monomers with precision to generate 

proteins and nucleic acids capable of folding, recognition, catalysis, and information storage. Reproducing this 

level of control in abiotic polymer systems remains a major challenge and an emerging frontier in materials 

chemistry. In this talk, I will present our recent progress in programming self-assembly beyond biology through 

the design of sequence- and stereo-defined abiotic polymers derived from amino acid–based building blocks. By 

translating amino acid–encoded information into non-biological backbones, we establish a platform where both 

monomer sequence and stereochemistry act as design parameters to control macromolecular behavior.1 We 

demonstrate that systematic variation in sequence and stereoconfiguration directs chain conformations, enables 

the formation of defined folding motifs such as helices and sheet-like structures,2,3 and governs supramolecular 

organization of polyurethanes in non-physiological environments (Fig. 1).4 These structural features translate into 

emergent functions, including tunable molecular recognition, catalytic activity, and information encoding at the 

polymer level. Our results show that abiotic macromolecules can be guided toward protein-like behavior through 

rational molecular design, enabling the emergence of receptor- and enzyme-inspired functions in fully synthetic 

systems. This approach opens new avenues toward artificial protein-like materials and expands the scope of self-

assembly beyond the limits of biology, bridging natural molecular information with synthetic polymer architecture. 

 

 
Figure 1. Hierarchical self-assembly of precise polyurethanes.  

These instructions are an example of what a properly prepared meeting abstract should look like. Proper column 

and margin measurements are indicated. 
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Effective delivery of anthracyclines to glioma remains challenging due to limited transport 

across the blood–brain barrier (BBB), low selectivity toward tumour cells, and high toxicity 

toward healthy tissues. Surface functionalization of liposomes with targeting ligands may 

influence not only receptor-mediated interactions, but also the physicochemical behaviour of 

lipid carriers at biological interfaces. 

In this work, epirubicin-loaded PEGylated liposomes functionalized with transferrin (Tf), folic 

acid (FA), and triphenylphosphonium (TPP) were prepared using microfluidic mixing 

(NanoAssemblr Ignite). Liposomes based on DPPC/cholesterol matrices containing either 

DOPC or DOPE were investigated. Mono-, dual-, and triple-ligand systems were designed to 

evaluate how multiligand functionalization and lipid composition influence liposome 

interactions with biological membranes and biological response. 

The obtained formulations were characterized in terms of hydrodynamic diameter, 

encapsulation efficiency, and release behaviour in plasma-containing media. Liposome 

hydrophobicity influenced interactions with plasma proteins and anthracycline release kinetics, 

while it had no significant effect on liposome size or drug loading, except for transferrin-

containing systems. DOPE-containing liposomes exhibited the most favourable release profiles. 

In these systems, ligand functionalization accelerated drug release, whereas in DOPC-

containing liposomes the presence of ligands had no significant influence on release behaviour. 

Interactions of selected formulations with biomimetic glioma membrane models were 

investigated using Langmuir monolayers. Ligand composition influenced both the extent and 

kinetics of liposome insertion into model membranes, demonstrating that surface 

functionalization affects membrane-level interactions in addition to receptor-mediated effects. 

The results indicate that changes in liposome surface physicochemistry induced by ligand 

incorporation may enhance or weaken interactions with biological membranes and thereby 

modulate the overall biological activity of the systems. 

Biological studies using healthy brain and glioma cell lines revealed significant differences 

between formulations. DOPE-containing liposomes showed lower toxicity toward healthy cells 

than free epirubicin and DOPC-based systems, while preserving higher toxicity toward glioma 

cells. Although ligand functionalization slightly reduced this selectivity, DOPE-based 

formulations remained less toxic than free epirubicin and DOPC-containing liposomes. The 

results demonstrate that membrane interactions induced by multiligand functionalization 

contribute significantly to the biological behaviour of liposomal systems. 
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Naturally occurring peptides have the propensity to fold into a 3.6-α-helix, which means that on average 3.6 amino 

acid residues are needed per turn. N,N’-linked oligoureas, on the other hand, are artificial foldamers which fold 

into a 2.5-helix, and, as the name indicates, such a helix is formed with 2.5 urea residues constituting a single turn 

of the structure. Despite these differences, both the α-helix and the 2.5-helix have helical parameters such as pitch 

and radius.1 However, the α-helix requires the presence of at least six residues to form a stable secondary structure, 

whereas oligoureas require only four urea residues. The principal aim of this work is to demonstrate how shorter 

peptide fragments can fold into a helix when stabilised by hydrogen bonds from the oligourea part.   

 

This work is based on two mixed peptide-oligourea foldamers: one consisting of 3 peptide and 7 urea residues, 

and the other consisting of 5 peptide and 5 urea residues. These structures contain a thiol group at the N-terminus 

which enables the molecule to attach to a gold substrate and therefore to form a self-assembled monolayer (SAM). 

Such monolayers exhibit a relatively high packing density and low water content. Additionally, polarisation-

modulation infrared reflection-absorption spectroscopy (PM-IRRAS) measurements revealed collective 

reorientation of such helices when exposed to an electric field due to the internal electric dipole moment. Finally, 

the helicity of the two parts was assessed with IR techniques: transmission FT-IR and ex situ PM-IRRAS. The 

mixed urea I/amide I band was analysed. To distinguish the contributions from these two components, an 

isotopically labelled analogue with 13C in the carbonyl groups of the peptide residues was used (13C=O). The 

experimental findings confirmed the presence of a stable helix in both parts of the compounds.  

 

(1) Pulka-Ziach, K.; Sęk, S. α-Helicomimetic Foldamers as Electron Transfer Mediators. Nanoscale 2017, 

9 (39), 14913–14920. https://doi.org/10.1039/C7NR05209J. 
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Early detection of amyloid formation is a key challenge in diagnosing neurodegenerative diseases, where 

pathogenic aggregation precedes clinical symptoms [1-3]. Elucidating peptide aggregation and early structural 

transitions is therefore essential for developing sensitive diagnostic tools. Here, Lasing spectroscopy of Thioflavin 

T (ThT), a gold-standard amyloid probe, within a Fabry-Perot cavity was employed to investigate peptide-dye 

interactions in the condensed phase. Model systems include Aβ(1-42), its aggregation-prone core fragment 

KLVFFA, and the diphenylalanine motif (FF), enabling direct comparison between β-sheet-forming and non-

amyloid-like assemblies. Lasing thresholds provide an ultrasensitive readout of structural organization and 

microenvironmental changes. For Aβ(1-42), threshold evolution tracks aggregation kinetics, capturing early 

conformational rearrangements preceding protofibril and fibril formation. KLVFFA exhibits solvent-dependent 

behavior consistent with β-sheet surface interactions and highlights the role of microviscosity and dye orientation. 

In contrast, FF shows enhanced fluorescence without temporal evolution of lasing thresholds, indicating non-

specific interactions rather than amyloid-like transitions. These results demonstrate that lasing spectroscopy 

distinguishes peptide interaction modes beyond conventional fluorescence and enables detection of early 

aggregation events, suggesting strong potential for pre-symptomatic diagnostics in neurodegenerative diseases. 

 
 

Figure 1. Schematic illustration of a Fabry-Perot cavity demonstrating the absence of lasing for Thioflavin T 

(ThT) in solution alone, and the emergence of green lasing emission upon interaction of ThT with peptide 

assemblies. 
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Translating peptide sequence information into predictable nanoscale architectures with defined functional 

properties remains a central challenge in peptide materials science. Molecular dynamics (MD) simulations, 

integrated with experimental approaches, offer a powerful path to resolving the mechanistic details of peptide self-

assembly and guiding the rational design of peptide-based nanomaterials. Our group develops and applies such 

integrated workflows, with a focus on self-assembly at and near interfaces, which is of particular relevance for 

biomaterial applications. At the level of fibril growth mechanisms, MD simulations of the amyloid-forming peptide 

GNNQQNY reveal how competing assembly pathways, including monomer surface diffusion towards fibril ends 

and lateral protofibril association, collectively determine fibril morphology and higher-order structure.¹ 

Understanding these pathways provides a mechanistic basis for controlling fibril architecture through sequence 

and environmental design. Interfaces do not merely provide a passive interface for assembly. Using model lipid 

membranes of varied composition, including oxidized lipids, we demonstrate that electrostatic interactions, surface 

adsorption, and interface-induced secondary structure stabilization actively tune aggregation kinetics and pathways 

in a peptide-specific manner.² This positions membrane-mimetic interfaces as a designable parameter in peptide 

materials, relevant for applications at biological interfaces and in membrane-associated biomaterial systems. These 

mechanistic insights support the sequence-guided design of functional peptide fibrils. In a recent study on 

neurotrophic peptides derived from enhancing factor C, we show how systematic hydrophobic core engineering 

controls fibril stability, nanostructure formation, and bioactivity.³ This exemplifies a broader design workflow 

integrating MD simulation, structure prediction, and experimental feedback for the development of sequence-

defined peptide nanomaterials with targeted properties. Together, these studies position MD simulation as an 

integral component of the peptide materials design cycle from molecular sequence and interfacial environment to 

emergent nanostructure and function. 

 

The presented studies build on collaborations with the co-authors of the cited publications. 

 

 
Figure 1. Workflow of peptide fibril materials design.3 
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SAA is an acute-phase protein produced by hepatocytes, whose secretion markedly increases in response 

to inflammatory stimuli. Excessive production of SAA is particularly problematic in chronic conditions such as 

rheumatoid arthritis, cancer, and Crohn’s disease. At elevated concentrations, SAA undergoes progressive 

oligomerization, leading to the formation of larger aggregates that ultimately deposit as amyloid. These deposits 

accumulate not only in the liver, the primary site of SAA synthesis, but also in peripheral organs such as the spleen, 

kidneys, and heart to which the protein can be transported via the bloodstream [1,2]. SAA has been also found in 

aggregates composed of amyloid β deposited in the brains of people suffering from Alzheimer's disease [3]. 

Our research focuses on the design, synthesis, and characterization of PROTAC conjugates aimed at 

targeting excessively secreted SAA for proteasomal degradation. The PROTAC molecules consist of three key 

components: (i) a peptide-based “warhead” that selectively and reversibly binds SAA, (ii) an E3 ubiquitin ligase-

recruiting ligand (e.g., VHL or CRBN ligase-interacting small molecule); and (iii) a linker, typically composed of 

poly(ethylene glycol) or alkyl chains [4]. As the “warhead”, we propose the use of paratope-derived peptides based 

on anti-SAA antibodies to ensure high affinity and selectivity toward the target protein. The binding affinity of 

these paratope-derived sequences toward SAA would be verified using microscale thermophoresis (MST) and 

homogeneous time-resolved fluorescence (HTRF).  

We anticipate that such rationally designed PROTAC constructs will be capable of forming a stable 

ternary complex with SAA and an E3 ubiquitin ligase, enabling efficient ubiquitination and subsequent 

proteasome-mediated degradation of SAA. This strategy may facilitate the controlled removal of excess SAA, 

thereby reducing the risk of amyloid formation and progression of amyloidoses. 

.  

References: 

1. Papa R, Lachmann HJ. Secondary AA Amyloidosis. Rheum Dis Clin North Am. 2018; 44(4):585-603. 

doi: 10.1016/j.rdc.2018.06.004.  

2. Slivnick JA, et al. Serum amyloidosis: a cardiac amyloidosis. Eur Heart J Cardiovasc Imaging. 2023; 

24(4):e59. doi: 10.1093/ehjci/jeac264.  

3. Jang S, et al. Serum amyloid A1 is involved in amyloid plaque aggregation and memory decline in 

amyloid beta abundant condition. Transgenic Res. 2019 Dec;28(5-6):499-508. doi: 10.1007/s11248-

019-00166-x.  

4. Luh LM, et al. Prey for the Proteasome: Targeted Protein Degradation-A Medicinal Chemist's 

Perspective. Angew Chem Int Ed Engl. 2020; 59(36):15448-15466. doi: 10.1002/anie.202004310.  

 

The research was financed by the National Science Centre grant 2023/51/B/NZ7/00740. 

  

Figure 2. Structure and mechanism of action of PROTAC conjugates. Figure generated using Gemini AI. 
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Boosting the molecular recognition of proteins using peptides for in vivo applications is a challenge in chemical 

biology. As linear peptides are not conformationally stable under proteolytic conditions [1], a solution is needed. 

Stapled peptide engineering has emerged as one of the powerful strategies to meet it. Introducing chemical 

“staples” that lock the linear peptide into its bioactive α‑helical conformations can improve binding affinity, 

structural stability, and proteolytic resistance compared to linear peptides. Recently, we developed and 

characterised new linear C-reactive protein (CRP)-binding peptides [2]. Here, we aim to take this work further by 

developing a peptide that recognises CRP – a key systemic inflammation marker – in human serum. In these 

studies, we began with an in silico analysis to determine which linear CRP-binding peptides identified and 

characterised in our previous studies [2, 3] retain their CRP-binding activity after stapling. The calculations 

performed showed that the P9 peptide with a staple has a significantly higher affinity for CRP than linear peptides 

without a staple. The stapled P9 peptide was obtained in the ring-closing olefin metathesis reaction. The affinity 

of the stapled P9 peptide to CRP was evaluated in silico and experimentally. The computational analysis showed 

that the stapled form exhibits a higher binding energy (-79.1 kcal/mol) towards CRP than the linear one (-51.7 

kcal/mol). The experimental studies confirmed these results. Structural differences between the linear P9 peptide 

and the stapled peptide were demonstrated using transmission electron microscopy and circular dichroism 

spectroscopy (CD). In turn, electrochemical studies revealed that electrodes modified with the stapled P9 peptide 

exhibit a better affinity towards CRP than electrodes modified with the linear form of this peptide, both in the 

absence and presence of proteases. Furthermore, CD spectra showed that the stapled P9 peptide exhibits greater 

thermal stability and proteolytic resistance than its linear analogue. 
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[3] S. Boonkaew, K. Szot-Karpińska, J. Niedziółka-Jönsson, B. Pałys, M. Jönsson-Niedziółka, Sens. Actuators B. 

Chem., 397 (2023) 134659. 

 

 

  



O10: Membrane Mimics Modulate Interactions of Metal Ions with Peptides 

 
Wojciech Bal, Dobromiła Sudzik, Igor Śpiewak, Iwona Ufnalska, Igor Zhukov 

Institute of Biochemistry and Biophysics, Polish Academy of Sciences 

Pawińskiego 5a, 02-106 Warsaw, Poland 

wbal@ibb.waw.pl 

 

Metal ions are indispensable cellular nutrients that must be delivered across the cellular membranes, and their 

excess needs to be excreted. These processes are mediated by dedicated receptors and transporters, which are 

transmembrane proteins or protein assemblies, forming hydrophilic pores through the membrane bilayers. Such 

systems have been characterized for physiological metal ions, and some of them are also used by toxic metal ions, 

exploiting chemical similarities between them and their physiological counterparts, as is the case of Ag+ vs. Cu+ 

ions [1]. Specific oxidation states need to be maintained for proper transport, e.g. the Ctr1 receptors transport Cu+ 

but not Cu2+ ions [2]. Much less is known about mechanisms of control of this transport and auxiliary metal 

chelators, redox agents etc. that might assist or inhibit it. We developed a particular interest in studying membrane-

bound or membrane-targeted peptides as potential effectors of copper transport. Our research was inspired by the 

mechanism of selection of peptide ligands to tachykinin 

receptors based on their membrane interaction [3], and 

strengthened by a report suggesting that one such 

tachykinin peptide, Neurokinin B (NKB) may be involved 

in copper transport to astrocytes [4]. In our studies we used 

SDS micelles to model interactions of amphiphilic 

peptides with phospholipid membranes, while preserving 

compatibility with exact methods of studying copper 

complexes [5]. We found that all peptides able to embed 

in the micelle or adhering to its surface exhibit a severely 

decreased affinity to Cu(II) ions ([6], manuscripts in 

preparation). A major source of this effect is the elevation 

of pK values of Cu(II)-binding histidine residues, but 

conformational effects also contribute to this 

pehenomenon. Kinetic studies of Cu2+ binding to NKB, 

Neuromedin C and A peptides also revealed the 

stabilization (extension of lifetime) of intermediate 

reactive complexes (Fig. 1). Taken together, these 

findings indicate that the interaction with membrane 

may enhance Cu2+ ion transfer from peptidic carriers towards the receptor and into the cell. The experiments aimed 

at demonstration of this effect in cell culture are ongoing. 
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Fig. 3. Comparison of lifetimes of intermediate 

Cu(II) complex of NKB and DMHD model peptide 
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The development of functional peptide-based materials relies on access to structurally defined motifs that confer 

key physicochemical properties, such as net charge, amphipathicity, hydrophobic moment, conformational 

stability, and membrane activity. Although antimicrobial peptides are widely studied in this context, folded 

proteins remain an underexplored source of such functional building blocks1. 

 

Here, we show that bacteriophage endolysins can serve as a rich source of membrane-active peptide motifs. 

Structural analysis of PlyF307 and LysAB2 (endolysins from Acinetobacter baumannii-targeting phages) revealed 

amphipathic helical fragments located in their C-terminal regions. These fragments served as templates for the 

design of short peptides with tunable physicochemical properties. 

 

To generate optimized analogs, we combined structural analysis with machine-learning-guided design, focusing 

on parameters such as charge, amphipathicity, hydrophobicity, and membrane interaction propensity. Selected 

sequences were stabilized by hydrocarbon stapling to enhance their helical content and membrane activity2. 

 

Circular dichroism spectroscopy confirmed the formation of α-helical conformations, particularly for stapled 

variants, indicating effective structural stabilization. The resulting library of peptides, comprising native endolysin 

fragments, designed analogs, and stapled derivatives, enabled a systematic exploration of structure–property–

function relationships. Several peptides exhibited membrane-disruptive activity with low hemolytic activity. 

 

Overall, our results demonstrate that protein-derived structural motifs can serve as blueprints for the design of 

membrane-active peptide materials. This strategy expands the accessible design space beyond canonical 

antimicrobial peptides and provides a framework for developing peptide systems with tailored biophysical and 

antibacterial properties. 
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Peptide and protein-based materials have emerged as a unique class of functional soft matter capable of 

forming hierarchically organized structures through programmable self-assembly. In our research, we 

investigate the physicochemical mechanisms that govern the transition of intrinsically disordered protein 

and peptide systems into ordered fibrillar, gel, and fiber-like architectures across multiple length scales. 

A major focus is placed on silk fibroin as a model structural protein, where liquid–liquid phase 

separation (LLPS), nanofibrillar pre-assembly, and β-sheet crystallization collectively regulate the 

evolution of material properties from metastable feedstock to mechanically robust fibers. 

Using a combination of cryogenic electron microscopy, AFM, rheology, spectroscopy, and controlled 

chemical modulation, we study how environmental stimuli, including ions, solvents, confinement, shear, 

and external fields, govern peptide and protein assembly pathways. We further explore how these 

principles can be translated into the design of advanced biomaterials, including soft microgels, 

functional hybrid films, plasmonic protein composites, and artificial silk fibers with tunable structural 

and mechanical properties. 
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The constant increase in reported cases of new resistant strains of bacteria severely undermines the continued 

efficacy of conventionally used antibiotics [1]. Among potential replacements, membranolytic antimicrobial 

peptides (AMPs) are viewed as the most promising group. The process of membrane disruption universally relies 

on the initial accumulation of peptides at the membrane surface [2]. We hypothesize that this localized aggregation 

is facilitated by heightened ionic strength, which originates from the electrical double layer at the membrane 

interface [3]. This environment is further influenced by the outer membrane's anionic components, such as 

phospholipids and oligosaccharides with lipid anchors [4]. 

 

To verify this hypothesis, we utilized the Langmuir technique to evaluate the aggregation patterns of both model 

and semi-synthetic peptides under conditions of increasing ionic strength. We then compared these findings to 

experiments involving compressed lipid monolayers enriched with anionic lipids, specifically tracking the changes 

in peptide concentration needed to reach a surface pressure plateau. Furthermore, a quartz crystal microbalance 

(QCM) was used to monitor peptide adsorption and aggregation on the model membranes. After analysis of 

experimental data, we were able to estimate the range of concentrations of model peptides that exhibit optimal 

interactions with model systems across all tested conditions.  

 

Our initial results demonstrate that the aggregation profile of AMPs closely resembles the one commonly observed 

in surfactant behavior [5]. An evident trend was observed where elevated environmental ionic strength reduced 

the peptide concentration required to initiate aggregation. The introduction of lipid model systems further modified 

these dynamics, resulting in aggregation at even lower peptide concentrations.  

 

In conclusion, this study establishes the fundamental relationship between the ionic environment and the 

aggregation of model AMPs, both in the presence and absence of model lipid systems. These findings provide a 

crucial baseline for future studies exploring how peptides interact with distinct membrane components, and how 

those interactions are led by the interfacial ionic environment and membrane surface potential. 
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Inspired by antimicrobial peptides (AMPs), synthetic polypeptides offer a synthetic alternative that mimics AMP 

activity while reducing drug resistance. This is thanks to their amphiphilicity, which promotes membrane 

disruption in bacteria [1]. The antimicrobial efficiency and selectivity of polypeptides depend on features such as 

length, charge, hydrophilicity and conformation [2]. A significant limitation of AMPs and synthetic polypeptides 

is their susceptibility to proteolysis which restricts their use in oral treatments. Peptoids made of N-substituted 

glycine units have a backbone similar to that of peptides and provide an alternative scaffold in which the N-

substituted amide bonds reduce structural complexity and protease recognition. These peptoids can be obtained by 

ring-opening polymerization (ROP) of N-substituted N-carboxyanhydride (NNCA) monomers. This 

polymerization process enables the preparation of homo- and copolymers with diverse structures and 

functionalities [3]. Recent studies have shown that varying the solvent or the use of carboxylic acids could enhance 

the ROP kinetics and expand the range of NNCA monomers for designing bioactive structures [4]. Recently, our 

group synthesized copolypeptoids containing butylamine and benzyl side chains that exhibited effective 

antimicrobial activity against C. difficile bacteria, a pathogen of concern that causes hospital-acquired infections 

[5]. Building on these findings, this study developed the synthesis of new NNCA cationic monomers to design 

new polypeptoids. Accelerated ring-opening polymerization of these monomers was performed with L-proline to 

obtain librairies of copolypeptoids with potential antimicrobial activity. A structure-activity relationship was then 

carried out varying different parameters such as degree of polymerization, the nature of the counter ion of the 

cationic group and the carbon chain length of the cationic units.  
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Peptides have dramatically expanded in popularity over recent years due to blockbuster drugs 

like semaglutide and tirzepatide. Beyond pure pharmaceutical API synthesis, peptides have 

other powerful applications with a wide range of capabilities. Despite the versatility of peptide 

applications, some fundamentals of synthesis remain critical. Access to specific sequences at 

high purity, unnatural amino acids, and post-synthetic modifications is vital for modern peptide 

work. This presentation will describe best-in-class peptide synthesis, ranging from hundreds of 

peptides at a very small scale to research-scale synthesis at unprecedented speed and waste 

reduction, while providing all the above. Improvements to challenging  peptide synthesis will 

also be addressed with focused optimizations. 
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Peptide-based supramolecular low-molecular-weight gelators have emerged as promising materials across various 

fields, including healthcare, cosmetics, and bioanalysis. Their advance highlights the increasing importance of gels 

as foundational elements and tools in next-generation technologies. Advances in the structural, functional, and 

production-related aspects of peptide-based gels — combined with their biocompatibility, responsiveness to 

chemical modifications, and suitability for rational de novo design — are also accelerating their adoption in 

pharmaceutical science. Among recent innovations, peptide-based hydrogels (HGs) and nanogels (NGs) have 

gained particular interest. NGs are injectable, nanoscale systems closely related to hydrogels’ organization in their 

core and are stabilized by a surfactant shell. Formulated using self-assembling ultrashort peptides (e.g. Fmoc-FF), 

they can be produced through a refined top-down approach that enables precise control over particle 

characteristics.[1] According to the peptide sequence features, the formulations have demonstrated the capability 

of encapsulate a wide range of active pharmaceutical ingredients (APIs), such as doxorubicin, dexamethasone, 

short interfering RNA (siRNA), gadolinium-based contrast agents, and chemical exchange saturation transfer 

(CEST) agents.[2,3] Their colloidal stability, capacity for drug inclusion, controlled release profiles, and selective 

targeting potential underline their functionality in therapeutic and diagnostic contexts. Overall, peptide-based 

nanogels represent a significant advance in the formulation of responsive, biocompatible delivery systems, offering 

new possibilities in targeted drug delivery and biomedical imaging.  

 

 

 
 

Figure 1. Schematic representation of peptide based nanogels prepared by top-down method. 
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Hybrid peptide-based hydrogels have recently attracted significant interest as biomaterials for tissue engineering 

applications due to their tunable mechanical properties, biocompatibility, and potential bioactivity.1 In this 

contribute, mixed supramolecular hydrogels based on 2NapFF and FmocFF combined with their cationic 

analogues (2NapFFKK and FmocFFKK, respectively), were formulated and characterized, with particular focus 

on the role of the N-capping group in determining the final material properties. The systems were designed to 

explore potential applications in bone tissue engineering. The antimicrobial properties, expected due to the 

presence of lysine-containing cationic peptides,2 were also evaluated, with the broader aim of reducing infection 

risks during bone trauma repair.3 

Four different formulations were prepared by mixing 2NapFF and FmocFF with the cationic counterparts at two 

ratios (1/2 and 2/1 v/v), maintaining a final peptides’ concentration of 1.0 wt%. Hydrogels were obtained through 

a solvent-switch method using DMSO/H₂O (Figure 1). Among the investigated formulations, three systems 

successfully formed stable hydrogels, whereas the FmocFF/FmocFFKK 1/2 sample did not gel under the same 

experimental conditions.  

Preliminary characterization highlighted significant differences in gelation behavior, mechanical and structural 

properties depending on both the peptide ratio and the nature of the N-capping group. These findings suggest that 

the molecular design of the peptide building blocks strongly influences the supramolecular organization and 

functional profiles of the resulting matrices.  

 

 
Figure 1. Schematic representation of hydrogels formulation for tissue engineering applications and chemical 

structures of gelators.  
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Gelatin is a biopolymer widely used in biomedical applications. However, its poor mechanical stability under 

physiological temperature limits its application. In this study, we explored a physical crosslinking strategy to 

stabilize gelatin in a hydrogel phase, using three types of self-assembled amphiphilic and charged β-sheet peptides: 

anionic (An-FD)1, cationic (Cat-FK)1, and zwitterionic (Zwi-FDK)2. Upon temperature elevation from 25 to 60 

°C, the Cat-FK peptide solution was found to undergo a temperature-induced transition from nearly all polyproline-

II conformation at 25 °C to a majority of β-sheet content at 60 °C (Figure 1).  

 
This temperature-driven β-sheet transition, attributed to enhanced hydrophobic interactions, enabled Cat-FK to 

confer hydrogel stability to gelatin type B at 25 °C, while this effect strengthened at 37 °C (Figure 2B). 

Furthermore, both Cat-FK and Zwi-FDK, when mixed with gelatin type B, were found to promote hydrogel 

stabilization through electrostatic interactions, whereas the An-FD peptide failed to form hydrogels with either 

gelatin type A or type B. The formed hydrogels were characterized by their viscoelasticity, stability, fibril 

nanostructures, and as substrates for cell culture (Figure 2C).  

 
Figure 2. Peptide-stabilized gelatin hydrogels. A) Scheme of Cat-FK: gelatin hydrogel preparation. B) Relative 

hydrogel stiffness at 25 and 37 °C by different concentrations of Cat-FK and Gelatin. C) GFP-expressing fibroblast 

cells imaging on top of hydrogels with different peptide (P) to gelatin (G) ratios, after 10 days of incubation. Scale 

bar: 200µm.  

This study demonstrates the first co-assembled gelatin-peptide hydrogels that assemble either upon transitioning 

from room to physiological temperature or via electrostatic interactions. These co-assembled gelatin-peptide 

hydrogels provide a versatile platform for tailoring biomaterials to various biologically relevant applications, 

including cell culture. 
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Figure 1. Temperature-

dependent peptide conformations 

of Cat-FK, An-FD, and Zwi-FDK 

in deionized water, measured by 

circular dichroism during 

temperature increases and 

decreases.  
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Implon Laboratories Sp. z o.o. 

Jana Pawła II 27, 00-867 Warsaw, Poland  

 przemyslaw.alot@implon.com 

 

Collagen-based biomaterials play a key role in regenerative medicine due to their biocompatibility and structural 

properties. This study presents the development of a controlled, multi-stage process for the isolation and processing 

of atelocollagen derived from porcine Achilles tendons for applications in implantology and tissue regeneration. 

The process integrates optimized disinfection, mechanical purification, acid-enzymatic digestion, and controlled 

precipitation, enabling the production of highly purified collagen matrices. Analytical characterization confirmed 

the predominance of collagen with non-collagenous proteins below 0.1%. The process achieved a reproducible 

yield of approximately 50% at laboratory scale, with controlled physicochemical parameters, including dynamic 

viscosity (6–7 Pa∙s) and endotoxin levels below 250 EU/g. 

The material was processed into defined biomaterial formats, including dense membranes and cylindrical 

scaffolds, exhibiting high mechanical strength (up to 600 N). Functional evaluation confirmed sterility and 

cytocompatibility. The study also includes the design of a GMP-compliant pilot-scale purification system, 

supporting future scalability. 
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As materials science continues to advance, it holds the potential to address everyday challenges by providing 

innovative solutions in healthcare, energy, environmental sustainability, and beyond. One of the greatest 

challenges for scientists is to create complex architectures inspired by nature and its set of 'molecular Lego,' such 

as amino acids, nucleotides, and sugars that can self-assemble through weak non-covalent interactions.  

This approach leads to the development of smart nanomaterials for diverse applications, ranging from biomedicine 

to electrochemistry and catalysis. 

Here, we present the use of a halogenated β2,3-diarylamino acid capable of inducing the formation of various 

bioinspired architectures, depending on its absolute configuration and the peptide sequence in which it is 

incorporated. Specifically, we obtained and characterized proteolytically stable nanotubes, cationic spherical 

particles, and conductive nanoropes. These particular architectures has the potential to explore the development of 

new biosensors and supercapacitors. 
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Polypeptide-based nanoparticles represent a promising strategy for drug delivery due to their unique 

biocompatibility, biodegradability, and self-assembly properties.[1] However, their classical synthesis via ring-

opening polymerization (ROP) requires the use of anhydrous organic solvents, limiting their biomedical 

applications.[2] As an alternative, the ring-opening polymerization induced self-assembly (ROPISA) method in an 

aqueous medium has emerged as a more efficient and sustainable option, that allows for the simultaneous 

production of amphiphilic block copolymers and nanoparticles.[3,4]  

In this study, ROPISA was used to load an anticancer drug, namely doxorubicin, in anisotropic nanoparticles, 

which were synthesized using amino-poly(ethylene glycol) as a macroinitiator and benzyl glutamate and tyrosine 

N-carboxyanhydrides as monomers. The reaction’s pH profile and polymerization kinetics were accurately 

analyzed to optimize the drug loading process. Our results showed that the pH changed during ROPISA. Initially 

basic, the pH became acidic after 2h, once monomer conversion was complete, and returned to initial basic values 

after sixteen hours. This was attributed to the CO2 release during the propagation step of the polymerization. 

Studying drug encapsulation at two different times (and consequently pH values) and using polymers with different 

degrees of polymerization (DP) revealed that the time of drug addition and the DP are important factors in 

optimizing doxorubicin loading. In addition, our investigations into in vitro drug release kinetics under 

physiological conditions demonstrated that the drug is released in a slow and sustained manner.  

Finally, in vitro assays with CHO-K1 cells showed that ROPISA nanoparticles are non-cytotoxic, while 

encapsulated doxorubicin has an IC₅₀ about twofold lower than free drug after 24 hours. Although intracellular 

fluorescence confirmed uptake with partial nuclear localization, its lower intensity suggests that some drug remains 

encapsulated during incubation, consistent with the release kinetics and explaining both the IC₅₀ difference and 

reduced signal.  

Our results provide a basis for the development of a drug delivery system synthesized with ROPISA that enables 

controlled, stable release, with potential applications in nanomedicine.  
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Hemin, the iron-porphyrin cofactor found in many heme enzymes, is responsible for their catalytic activity. 

However, using hemin on its own is challenging due to its tendency to aggregate and deactivate in aqueous 

environments. This not only limits its bioavailability but also leads to significant cytotoxicity, making a suitable 

carrier essential for biomedical applications. In this work, we present the use of a simple artificial enzyme based 

on the coordination of hemin with bovine serum albumin (BSA), designed to enable stable aqueous catalysis and 

enzyme-like hydrogel formation. By using an alkaline-mediated approach, we obtained Hemin@BSA hybrids 

that exhibit both peroxidase- and catalase-like activity. These hybrids outperform free hemin and show improved 

activity compared to systems prepared under physiological conditions. The hybrid system showed remarkable 

stability, retaining its catalytic activity for over 100 days, which is rarely observed in natural enzymes. It also 

remains active across a range of hydrogen peroxide concentrations and temperatures, highlighting its robustness 

and aligning with the typical behavior expected from nanozyme-like systems. Beyond standard catalytic assays, 

Hemin@BSA was able to promote the oxidative coupling of N-acetyl-tyrosine, producing dityrosine. This 

reactivity was successfully translated to the macromolecular level, where the system catalyzed the crosslinking 

of hyaluronic acid-tyramine conjugates, leading to the formation of hydrogels with mechanical properties 

comparable to those obtained using natural enzymes. We also evaluated the interaction of Hemin@BSA with 

cancer cells, observing efficient uptake in U87 glioblastoma cells and a significantly reduced cytotoxicity 

compared to free hemin.  

Overall, this work shows that simple heme-protein assemblies can bridge the gap between molecular catalysts 

and functional biomaterials. These systems offer a low-cost, stable, and versatile alternative to natural enzymes, 

with strong potential for applications in redox-responsive hydrogels and biomedicine.  

 
Figure 1. Summary of the multifunctionality of the artificial enzyme Hemin@BSA, which ranges from 

single enzyme-like activity to hydrogel formation.  
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The controlled design of biomolecular materials, capable of self-assembly into functional nanostructures, remains 

a central challenge in nanobiotechnology. In this work, we introduce a bioinspired protein-based platform, that 

exploits the intrinsic crystallisation properties of a truncated domain from Bacillus thuringiensis, Cry1Ac, to 

generate self-assembling, functional nanoparticles in vivo. By genetically integrating active peptide and protein 

modules, including SpyTag002 peptide and monomeric red fluorescent protein (mRFP), we engineer hybrid 

biomolecular assemblies that combine structural order with modular functionality. The resulting nanoparticles 

form spontaneously in Escherichia coli as dense, nanostructured materials (500 nm), eliminating the need for post-

synthetic assembly or complex purification. These assemblies maintain a ordered structure as well as activity, 

exhibiting high stability across physiologically relevant pH and temperature ranges, alongside sustained cargo 

retention. Importantly, surface-displayed peptide tags remain accessible and enable site-specific covalent 

conjugation, via the SpyTag/SpyCatcher system, facilitating modular post-assembly functionalisation. We further 

demonstrate that biomolecular interactions at the nanoparticle interface are governed by pH-dependent 

electrostatic modulation, enabling selective cargo recruitment, under mildly acidic conditions. Combined 

experimental and computational analyses reveal that this behaviour arises from dynamic surface charge 

redistribution, providing a mechanism for stimulus-responsive control of protein–protein interactions. This work 

establishes a new class of bio-derived nanomaterials that bridge protein crystallisation, peptide-mediated assembly, 

and functional nano biomaterial design. By integrating self-assembly, modularity, and environmental 

responsiveness within a single platform, these materials offer promising opportunities for applications in targeted 

delivery, biosensing, and advanced biomaterials. Moreover, this approach highlights the potential of harnessing 

biological self-organisation principles to engineer next-generation peptide-inspired nanostructures. 
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Self-assembling peptide hydrogels are attractive biomaterials because they combine chemical precision with 

supramolecular organisation resembling selected features of the extracellular matrix. RADA16-I, built from 

alternating ionic and hydrophobic residues, forms beta-sheet nanofibrous hydrogels and can be covalently 

extended with short bioactive motifs without losing its role as a structural scaffold. This presentation will discuss 

how such RADA-based systems can be treated as a modular platform in which architecture, enzymatic 

responsiveness and biological signalling are programmed within one peptide construct.1 

The first part will summarise RADA hydrogels designed for skin repair. Hybrids carrying GHK, KGHK 

or RDKVYR motifs through an elastase-sensitive linker retained the main physicochemical properties of 

RADA16-I and supported cellular responses relevant to wound healing. In a related strategy, RADA-PDGF2 was 

designed as a self-assembling carrier of a PDGF-BB-derived peptide; this construct formed a hydrogel, released 

the active sequence after enzymatic cleavage and stimulated processes associated with wound closure in vitro and 

in vivo.1,2 

The central part of the lecture will focus on RADA-based hydrogels functionalised with IL-4- and SDF-

1-mimicking peptides for skeletal muscle reconstruction. These materials were evaluated using cell populations 

essential for regeneration, including myoblasts, fibroblasts and endothelial cells. The results show that the same 

RADA scaffold can generate beneficial but cell-type-dependent outputs, affecting proliferation, survival, 

migration or differentiation, while maintaining biocompatibility. This supports further use of functionalised RADA 

matrices as local, peptide-defined microenvironments for regenerative medicine.3 

To broaden this concept, additional RADA variants will also be presented. RADA-BMP peptides were 

designed to connect the RADA gelation block with BMP-derived pro-regenerative motifs through MMP-sensitive 

sequences, creating a route toward local enzyme-tuned delivery of signals relevant to bone and cartilage repair. 

Preliminary structural studies showed beta-sheet formation typical for RADA-type hydrogels, although the 

modified sequences differed in the extent and thermal stability of assembly. In parallel, exploratory RADA-W 

analogues address the infection-related aspect of biomaterial design. Initial antibacterial screening revealed 

selective rather than broad activity: RADA-W peptides inhibited Corynebacterium minutissimum, whereas MRSA 

strains were not inhibited under the tested conditions. 

Together, these studies illustrate that RADA modification is not only peptide elongation, but a strategy 

for constructing multifunctional nanoscale scaffolds. By changing the appended motif and the enzyme-sensitive 

linker, one can tune the material toward wound healing, skeletal muscle regeneration, bone/cartilage-related 

signalling or antimicrobial protection, while preserving the central self-assembling logic of the RADA platform. 
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3Ostaszewska, A.; Michalska, Z.; Dzierżyńska, M. et al., International Journal of Biological Macromolecules 2025, 317, 

144282. 

  



O25: Different Drug Release Strategies from Co-assemblies of Aromatic 

Peptides: Without and With a Hydrogel Carrier 

 
Merve Gul1,2,4, Anna Diószegi1, Dulce A. Quintana-Romero1,3, Enrica Chiesa4, Ida Genta4, Maria Luisa Gelmi3, 

Raffaella Bucci3, Maria M. Pérez-Madrigal1,2, *, and Carlos Alemán1,2,5, * 

 

1 IMEM-BRT Group, Departament d’Enginyeria Química, EEBE and 2 Barcelona Research Centre in Multiscale 

Science and Engineering (CCEM), Universitat Politècnica de Catalunya, BarcelonaTech,(UPC) 
3 Department of Pharmaceutical Sciences, University of Milan 

4 Department of Drug Sciences, University of Pavia 
5 Institute for Bioengineering of Catalonia (IBEC), The Barcelona Institute of Science and Technology, 

1,2 Av. Eduard Maristany, 16, Barcelona 08019, Spain. 
3 Via Venezian 21, Milano 20133, Italy 

4 V.le Taramelli, 12, 27100 Pavia (PV), Italy 
5 Baldiri Reixac 10-12, 08028 Barcelona Spain 

 * m.mar.perez@upc.edu and carlos.aleman@upc.edu 

 

In recent years, self-assembling peptides have gained attention serving as a versatile platform for drug delivery by 

mimicking structural features of nature 1. Especially aromatic self-assembling peptides capable of forming ordered 

structures have been widely explored for drug delivery applications, including use in chronic wounds where 

controlled release of antimicrobial agents is essential to inhibit infection and prevent damage that can impair 

healing 2. Non-natural amino acid–based antimicrobial peptides that can self-assemble into nanostructures have 

increased therapeutic efficacy against bacterial infection, although they have not prevented drug resistance 3; 

despite this, clinicians still favour conventional antibiotics due to their established use, highlighting the need for 

suitable carriers to advance self-assembling peptides in clinical applications 4. Carboxymethyl cellulose (CMC) 

hydrogels have gained popularity as wound dressing materials for skin regeneration due to their biocompatibility 

and cost-effectiveness 5, while their hydrophilicity enables moisture balance and their ability to regulate 

antimicrobial release makes them a strong candidate for treating chronic wound infections 6. In this work, we 

present the design of a wound dressing platform based on a CMC hydrogel loaded with different coassembled 

peptide(s) as antimicrobial structures for electrically stimulated controlled release. Three peptides containing 

aromatic groups, two chlorinated /-dipeptides and one sulphonated -peptide, were selected for this study. The 

/-dipeptides, denoted 1Cl and 2Cl, respectively, are enantiomers and the -peptide named as 3. The selected 

antimicrobial drug is curcumin (CUR), a natural polyphenolic active compound that exhibits broad-spectrum 

antibacterial activity against both Gram-negative and Gram-positive bacteria 7. The properties of CMC hydrogel, 

the strategy used to load the co-assemblies to the hydrogel, and the electrochemical response of the loaded hydrogel 

have been evaluated. Among all the groups, it was observed that 3-containing hydrogels showed the highest current 

density related to the electron-withdrawing behavior of the sulfonamide group, which enhances the π-accepting 

ability and stabilize π-stacking interactions, by that, facilitating electron transfer. The release profiles of 

coassemblies of 1Cl or 2Cl and 3, separately, without and with CMC hydrogel were evaluated passively and 

actively (by electrical stimulus). Our results showed that, optimization of self-assembly parameters is essential to 

have efficient encapsulation of drug in the carriers 3+1Cl and 3+2Cl around 88.7 ± 0.8% and 85.0 ± 0.6%, 

respectively. Although rapid release of CUR is observed from the peptide(s):CUR coassemblies, the protection 

provided by the CMC hydrogel enables a controlled and sustained release of the antimicrobial agent upon tunable 

application of an electrical stimulation. 
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Amyloids exhibit exceptional potential for peptide materials in biomedicine and nanotechnology due to their high 

mechanical stability and self-assembly capabilities; however, their broader application is limited by concerns 

regarding the presence of toxic oligomers similar to pathogenic aggregates found in neurodegenerative diseases. 

A promising solution is the development of methods for controlled dissociation that prevent the formation of 

harmful oligomeric species, ensuring safe and reversible disassembly of amyloid structures without generating 

toxic intermediates. Our goal was to design and synthesize photo-switchable small molecules that enable safe, 

controlled degradation of materials built from amyloid-β. We designed and optimized a series of azobenzene 

derivatives that precisely accomplish this objective.  

The primary objective of the study was to evaluate the ability of designed molecules to interact with amyloid-β 

(Aβ) aggregates. Molecular dynamics trajectory analysis revealed a transiently exposed hydrophobic pocket 

between Aβ peptide chains, identified as a potential target site for molecular intervention. The designed 

compounds were structurally optimized to fit this region, enabling efficient intercalation. Biological activity was 

assessed using the thioflavin T fluorescence assay and atomic force microscopy, under both dark conditions and 

upon photoactivation. The results demonstrate that the investigated compounds can act as inhibitors of Aβ 

aggregation, while light stimulation triggers effective dissociation of amyloid fibrils at micromolar concentrations. 

Notably, derivatives containing two azobenzene units exhibited the highest activity, acting, according to 

simulations, as a “wedge” destabilizing the fibrillar structure. Importantly, no enhanced reaggregation was 

observed following fibril disruption. Cytotoxicity studies indicated a favourable safety profile for most 

compounds, with up to 98% cell viability at 200 μM after 48 hours. These findings highlight the strong potential 

of the developed degraders as tools for controlled photodegradation of amyloid structures, with prospective 

applications in the regulation of growth and degradation of amyloid-based biomaterials, e.g., in tissue engineering; 

moreover, these results are highly promising for other medical applications, including the disruption of bacterial 

biofilms. 
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Chirality-induced spin selectivity (CISS) occurs when chiral molecular structures are deposited on ferromagnetic 

multilayer substrates and preferentially select electrons of specific spin orientations dependent on the chirality (e.g. 

spin up or down depending on right-handed or left-handed helicity). This phenomenon enables promising 

applications in spintronics and magnetosensor design. Helical peptides provide the chirality required for spin 

filtering and alanine-rich helical peptides of the sequence C[AAAAK]x have been shown to induce the CISS 

effect.1–3  

To probe how enforced helical stability affects CISS, we used the principle of helix stapling, where a covalent 

linker is attached on one side of the helix to stabilize it. We synthesized a stapled variant of C[AAAAK]4 using a 

2,2′-bipyridine-4,4′-dicarboxylic acid at position i→i+7 and compared it to the non-stapled derivative. By circular 

dichroism (CD) spectroscopy, we confirmed that the stapled compound retains its helical structure. Scanning 

tunneling microscopy (STM) images show that the stapled peptides form pronounced surface cluster compared to 

dispersed unstapled films. Scanning tunneling spectroscopy (STS) i–V measurements revealed spin polarizations 

of ~70% for unstapled films and ~50% for stapled films, indicating a substantial reduction of spin selectivity upon 

stapling. We used time-dependent density functional theory (TD-DFT) calculations to explain the experimental 

results: although the bipyridine linker potentially increases rigidity, its aromatic-electronic transitions overlap with 

the electron transition within the helix and may alter the dipole-moment orientations, that are central to CISS.1,2 

Taken together, the data indicate two cooperating mechanisms for reduced polarization in stapled samples: i) 

surface clustering, that disrupts effective molecular spacing and ii) electronic interference from the aromatic linker. 

Our results highlight that both supramolecular assembly and the linker electronic structure must be balanced when 

engineering chiral spintronic interfaces. 

 
Scheme I. Stapling of C[AAAAK]4 via a 2,2′-bipyridine-4,4′-dicarboxylic acid i→i+7 cross-link. The stapled peptide shows reduced spin 

polarization compared with the unstapled variant. 
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Cyclic peptide nanotubes (CPNTs) formed by self-assembly of amphiphilic cyclic peptides represent a promising 

platform for biomimetic proton transport. We present a multiscale computational study of the c(KF)₄ peptide 

material, whose hierarchical self-assembly generates hydrophilic nanochannels lined by lysine side chains capable 

of supporting long-range proton conduction. 

 

Classical molecular dynamics simulations of hydrated CPNT bundles reveal that partial protonation of lysine 

residues drives the formation of complex hydrogen-bond networks between adjacent side chains and confined 

water molecules, providing structural prerequisites for efficient proton hopping [1]. Building on this foundation, 

QM/MM simulations show systematic changes in hydrogen bond geometry  relative to the classical description, 

highlighting the importance of quantum effects in accurately capturing the local structure of the proton conduction 

network. 

 

QM/MM free energy calculations map the energetics of both direct lysine-lysine and water-mediated proton 

transfer pathways, as well as the role of chloride ions in modulating free energy barriers. Together, these profiles 

provide a mechanistic picture of how charge migrates through the material. 

 

Finally, preliminary DFT calculations of the electronic structure upon water uptake suggest that hydration 

significantly modifies the molecular orbitals of the peptide assembly, with potential implications for electronic 

transport. 

 

This combined classical / QM/MM / DFT approach provides a comprehensive view of structure-transport 

relationships in CPNT-based materials, bridging atomistic detail with functional understanding, in line with 

experimental data. 

 

[1] S. Censor, J. Vega Martín, O. Silberbush, S. M. M. Reddy, R. Zalk, L. Friedlander, D. G. Trabada,    J. 
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Figure 1. Hierarchical assembly of c(KF)4. 

Side view of a single c(KF)4 nanotube structure (left) and top view of a four-nanotube bundle (right). The pink 

circle highlights the hydrophilic nanochannel where lysine side chains, counterions, and water molecules form the 

hydrogen-bond network responsible for proton transport. 
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Wet adhesion to soft biological tissues remains a major challenge in biomaterials design, as adhesive materials 

must maintain interfacial bonding under hydrated conditions while remaining compliant, tough, and stable during 

deformation. Here, we present a mussel-inspired adhesive film based on catechol-functionalized chitosan (Cat-

Chit) reinforced with the self-assembling catechol-bearing amino-acid derivative Fmoc-DOPA. 

 

The resulting Cat-Chit/Fmoc-DOPA films are free-standing, homogeneous, flexible, and hydrophilic, and adhere 

directly to wet soft-tissue substrates. Incorporation of Fmoc-DOPA markedly changes the mechanical response of 

the catechol–chitosan matrix, transforming an otherwise brittle film into a ductile, elastomer-like material with 

extensibility approaching 250% strain. This behavior is attributed to supramolecular Fmoc-DOPA domains that 

act as reinforcing and energy-dissipating elements within the polysaccharide network, while preserving wet 

interfacial adhesion. 

 

Beyond adhesion and mechanics, the composite films exhibit direct-contact antibacterial activity against 

Staphylococcus aureus, indicating that antimicrobial functionality can be integrated without externally added 

antibacterial agents. Overall, these results demonstrate a modular route for designing self-assembled, 

supramolecularly reinforced wet adhesives for soft biological interfaces. Such films may serve as promising 

materials for wound dressings, tissue-contact patches, device-securement materials, and other biomedical 

applications requiring robust adhesion in wet and dynamic environments. 
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The assembly of synthetic peptides at cellular interfaces offers significant promise for the analysis, understanding, 

and manipulation of natural cellular processes. This rewarding yet challenging endeavor requires controlling the 

structure and composition of peptide assemblies, to fine-tune the display of cell-related functional modules. It also 

requires strategies that correlate cellular cues with peptide assembly behaviors. We have developed a neighbor-

controlled coassembly method that enables precise adjustment of the multivalent presentation of binding ligands 

within nanoscale. We have also reported a method to control peptide assembly morphology via multifaceted cyclic 

“intermediates”. Based on these studies, we recently designed dynamic peptide fibrils that can elongate from 

nanoscale to microscale when specific cells encounter each other. These fibrils have been translated into responsive 

ligand scaffolds for recognizing and targeting cancer cells lacking cell-specific binding targets. Additionally, we 

constructed peptide/protein coassemblies on live cell surfaces, enabling the formation of clusters of natural death 

receptors with tunable separations. This approach induces higher levels of apoptosis compared to conventional 

practice of using preformed ligand-appended materials. These results suggest that designing cell-interfacing 

assemblies with compositional and structural control would advance our ability to analyze and regulate cell 

behavior. 
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Articular cartilage exhibits poor intrinsic regenerative capacity due to its avascular and aneural nature, 

resulting in progressive degeneration in osteoarthritis (OA) - a leading cause of chronic pain and disability 

worldwide. Conventional treatments frequently yield inferior fibrocartilage rather than functional hyaline tissue, 

highlighting the urgent need for advanced biomaterial scaffolds in cartilage tissue engineering1. Polyester-based 

polymeric systems have attracted considerable interest as candidates for biodegradable and biocompatible 

scaffolds, due to their adjustable mechanical properties and their ability to provide a structural environment 

resembling the extracellular matrix of cartilage tissue. Despite these advantages, such materials often lack 

sufficient intrinsic bioactivity required for optimal biological performance. 

To enhance scaffold biofunctionality, surface immobilization of functional peptides represents a 

promising strategy. Such molecules can improve interfacial properties, support cellular interactions, and promote 

integration with surrounding tissue. Beyond roles related to lubrication or matrix affinity, peptide-based 

modifications may also facilitate cell adhesion, regulate cell signaling pathways, promote migration and 

proliferation, and modulate local biological responses. Additionally, they can contribute to antimicrobial 

protection, influence differentiation processes, and enhance overall compatibility of the material with the 

physiological environment2,3. However, free peptides display limited stability and rapid degradation in 

physiological environments such as synovial fluid (especially under inflammatory conditions) and cell culture 

media, restricting their long-term therapeutic efficacy. Covalent surface modification using photoactivatable 

groups offers a mild, site-specific approach for stable peptide attachment to polyester based polymers upon UV 

irradiation, potentially overcoming these stability limitations while preserving polymer integrity4. 

The objective of this study was to evaluate and compare the stability of selected peptide variants in both 

their native and modified forms, assessed in solution as well as after covalent attachment to polymer-based 

surfaces. Stability testing was conducted under multiple representative conditions, including aqueous, 

physiologically relevant, and cell culture environments. 

This work provides critical insights into the role of covalent surface engineering in prolonging peptide 

functionality within cartilage regeneration scaffolds, advancing the development of more effective polymer-based 

implants for OA therapy. 
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Bone morphogenetic protein 2 (BMP-2) belongs to the transforming growth factor β (TGF-β) superfamily 

that plays essential roles in many processes, including cardiogenesis, neurogenesis, and osteogenesis. BMP-2 by 

associating with type I receptor BMPR1A and type II receptor BMPR2 initiates the canonical signaling cascade 

reactions leading to bone and cartilage tissue regeneration. It has been identified and characterized by over twenty 

BMPs in mammals, but the multifaceted action of BMP-2 in tissue regeneration attracts the most attention of 

scientists [1,2]. Bone morphogenetic protein 2 (BMP-2) is currently the FDA-approved osteoinductive growth 

factor used as a bone graft substitute. However, more and more information is emerging about the side effects of 

its use, including postoperative inflammation, ectopic bone formation, osteoclast-mediated bone resorption, and 

inappropriate adipogenesis [3].  

Searching for methods to eliminate the undesirable effects of using native proteins, we made attempts to 

select BMP-2 fragments reproducing the external sphere of the protein, which determines the protein-receptor, 

peptide-receptor interaction. In the research, we used a library of protein fragments immobilized on cellulose in 

the dot-blot test, which allowed for the selection of 9 externally exposed fragments of the BMP-2 capable of 

interacting with specific anti-BMP-2 polyclonal antibodies. The library of immobilized BMP-2 fragments was 

synthesized according to the SPOT methodology using a triazine coupling reagent and a linker based on 1,3,5-

triazine derivatives [4]. It was synthesized 39 element library of decapeptides and one hexapeptide of BMP-2 

which in the next step were treated with polyclonal anti-BMP-2 antibodies. The strength of an interactions peptide-

antibody was determined according to the standard procedure, by measuring the coloration of the spot after 

treatment with antihuman secondary antibodies labeled with horseradish peroxidase. Based on the obtained results 

it was selected 9 decapeptides from the external sphere of BMP-2 were able to strong interaction with polyclonal 

antibodies. Subsequently, these peptides (11LLLPQVLLGG20, 31RKFAAASSGR40, 61FGLKQRPTPS70, 
71RDAVVPPYML80, 171INIYEIIKPA180, 181TANSKFPVTR190, 211PAVMRWTAQG220, 241KRHVRISRSL250, 
281KRQAKHKQRK290) were synthesized on 2-chlorotrityl chloride resin under SPPS conditions using a triazine 

coupling agent (DMT/NMM/TosO-) [5]. BMP-2 fragments were tested for their cytotoxicity against human 

osteoblasts-femoral (HO-f) and human osteosarcoma (Saos-2) cell lines. A colorimetric MTT assay was used to 

estimate the cytotoxicity of peptides. It has been found that the survivability of Ho-f cells in presence of each 

analyzed peptide was higher in comparison to a positive control (K+). This was the first important clue that reflects 

the possible potential of BMP-2 fragments in regenerative medicine. Moreover, the concentration of the peptides 

had a crucial influence on cell proliferation – its increase not in all cases favored cell growth. The very interesting 

results were obtained for the more resistant cell line Saos-2. Namely, also in this case, it was observed a remarkable 

increase in cell survivability, even more than it was noticed for cells cultured in a medium without the addition of 

any substances (K-). Furthermore, for peptides 5-9 cells proliferation was the most effective, which meant that 

different decapeptides might have differential osteogenic activity. 

The set of selected BMP-2 fragments was used to obtain polysaccharide-peptide materials potentially 

useful in the regeneration of bone and cartilage tissue. The following polysaccharide matrices were used: calcium 

alginate, chitosan, and mixed nonwovens containing additionally a chitin derivative. Physic-chemical and 

biological studies have shown that these materials can be successfully used as scaffolds in regenerative medicine. 
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Dressing materials are used in regenerative medicine to treat wounds, as well as materials supporting the 

regeneration of damaged tissues [1]. As a part of the research work carried out at the Institute of Organic Chemistry 

of the TUL, we conduct research on new, biocompatible, multi-component hybrid materials useful in the treatment 

of non-healing wounds, including diabetic foot syndrome [2,3]. The final hybrid materials stimulate all stages of 

the wound healing process, thereby providing the basis for a holistic wound treatment tool. The obtained hybrid 

materials meet all the criteria of a uniform concept for treating chronic wounds - TIME strategy. In the group of 

diseases occurring with the formation of difficult-to-heal wounds are vascular wounds, diabetic foot syndrome, 

trophic ulcers, haematological wounds, cancer ulcers and wounds accompanying congenital vascular 

malformations. The problem of diabetes could affect up to 3 million people in Poland. The diabetic foot syndrome 

is responsible for about 5% of chronic wounds; in Poland this problem affects 10% of people with diabetes. The 

risk of ulceration in a diabetic ranges from 12 to 25%. And the risk of amputation in in diabetic patients is 30-40 

times higher than in the general population.  

As a result of the synergy between the selected set of biologically active peptides and polysaccharides, it 

has been found that it is possible to obtain a hybrid material useful in the treatment of difficult-to-heal wounds that 

affect (i) hemostasis (fragments: α- and γ-chain of fibrinogen, lactoferrin, fibronectin, factor XIII); (ii) 

inflammation (fragments of pro and anti-inflammatory cytokines); (iii) proliferation (fragments of ECM 

components: collagens, elastin, fragments of growth factors); and (iv) remodeling of tissue and protection against 

bacterial infection. Our method was used to select protein fragments involved in the regeneration process, 

including the synthesis of peptide libraries covering whole proteins (SPOT synthesis) and a dot blot test using 

specific polyclonal antibodies [4].  

The following peptides were selected: 21 fibronectin fragments, 23 factor XIII fragments, 54 IL-6 

fragments, 69 IL-10 fragments, 141 IL-11 fragments, 59 IL-13 fragments, fragments 3-22, 17-32, 26-47, 40-51 

EGF, fragments 1-14, 9-23, 17-36, 33-47, 40-50 TGF-α, fragments 37-48, 71-80, 77-90, 91-102, 134-154 FGF1, 

fragments 97-112, 106-115, 186-196 PDGF-A, fragments 15-27, 45-56, 51-60, 71-80, 157-170, 166-175 VEGF-

A, 49 COL1α2 fragments. Modeling was performed for all the proteins and fragments examined. It was hoped that 

these studies would confirm that these fragments constitute the outer shell of the protein. DeepMind's AlphaFold 

v2.0 program, which utilizes the AlphaFold database, was used for modeling.  

Additionally, in the biodegradation process, these materials are decomposed only into natural compounds. 
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Gelatin is a biopolymer widely used in biomedical applications. However, its poor mechanical stability under 

physiological temperature limits its application. In this study, we explored a physical crosslinking strategy to 

stabilize gelatin in a hydrogel phase, using three types of self-assembled amphiphilic and charged β-sheet peptides: 

anionic (An-FD)1, cationic (Cat-FK)1, and zwitterionic (Zwi-FDK)2. Upon temperature elevation from 25 to 60 

°C, the Cat-FK peptide solution was found to undergo a temperature-induced transition from nearly all polyproline-

II conformation at 25 °C to a majority of β-sheet content at 60 °C (Figure 1).  

 
This temperature-driven β-sheet transition, attributed to enhanced hydrophobic interactions, enabled Cat-FK to 

confer hydrogel stability to gelatin type B at 25 °C, while this effect strengthened at 37 °C (Figure 2B). 

Furthermore, both Cat-FK and Zwi-FDK, when mixed with gelatin type B, were found to promote hydrogel 

stabilization through electrostatic interactions, whereas the An-FD peptide failed to form hydrogels with either 

gelatin type A or type B. The formed hydrogels were characterized by their viscoelasticity, stability, fibril 

nanostructures, and as substrates for cell culture (Figure 2C).  

 
Figure 2. Peptide-stabilized gelatin hydrogels. A) Scheme of Cat-FK: gelatin hydrogel preparation. B) Relative 

hydrogel stiffness at 25 and 37 °C by different concentrations of Cat-FK and Gelatin. C) GFP-expressing fibroblast 

cells imaging on top of hydrogels with different peptide (P) to gelatin (G) ratios, after 10 days of incubation. Scale 

bar: 200µm.  

This study demonstrates the first co-assembled gelatin-peptide hydrogels that assemble either upon transitioning 

from room to physiological temperature or via electrostatic interactions. These co-assembled gelatin-peptide 

hydrogels provide a versatile platform for tailoring biomaterials to various biologically relevant applications, 

including cell culture. 
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Gold NPs present unique properties, which are not found in bulk materials. Great importance comes from strong 

absorption of visible light caused by localized plasmon effect. This unique property can be used for construction 

of detection systems. Factors such as size and morphology are important consideration for nanoparticles, therefore 

much attention has been devoted to finding methods which provide a way to control these parameters. These 

properties may be obtained by the addition of particular substances during formation and growth of nanoparticles. 

When solution used for growth contains chiral compounds, the nanoparticles obtained from that solution are also 

chiral and exhibit absorption of circularly polarized light. Thiol – SH group, because of particularly strong S – Au 

bond, is commonly present in the compounds used for gold nanoparticles such as cysteine or peptides like 

glutathione (GSH). Here we propose the use of short oligourea derivatives for induction of chirality in gold 

nanoparticles. Oligoureas belong to the group of foldamers and exhibit some features which closely resemble α-

peptides. All of the compounds obtained have a thiol group as anchor group, aromatic ring which helps with 

interaction with NPs surface and amine – NH2 or carboxyl – COOH group which improve water solubility and 

also contribute to interaction with nanoparticles surface.  
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The formation of a protein corona on nanoparticles upon entering the bloodstream is an important 

phenomenon to consider when conducting research on drug delivery systems. Protein corona is formed 

immediately and drastically changes nanoparticles’ properties, such as circulation time, cellular uptake, and overall 

therapeutic efficacy. In my work, I investigated how proteins, such as Human Serum Albumin and various proteins 

from Fetal Bovine Serum, interact with liposomal drug delivery systems. 

Liposomes were synthesized from DPPC, cholesterol, DDAB, and DSPE-PEG(2000). All formulations 

contained DPPC and cholesterol; the presence of DDAB and PEG varied. Protein adsorption from HSA solution 

on the liposomes containing PEG was inhibited to a significant degree due to steric hindrance, which was 

concluded based on DLS experiments. On the other hand, liposomes containing DDAB shrank upon HSA 

incubation and showed a great change in zeta potential. All of the liposomes exposed to Fetal Bovine Serum 

changed their sizes and surface potentials, PEG did inhibit the adsorption of some amount of proteins, but to a 

lesser degree than with HSA. Liposomes with protein coronas showed three effects: shrinkage, aggregation, and 

lipid bilayer disruption. The research also included evaluating liposome stability  in the presence of a protein 

corona. Liposomes turned out to be stable for at least 90 minutes. 

Liposomes were designed as JAK inhibitors carriers. The encapsulation efficacy factors were determined 

using active loading, as well as passive loading. Drug release profiles were determined in order to assess 

therapeutic effectiveness. 

These results show that protein adsorption is affected by steric hindrance and electrostatic interactions. 

They also demonstrate that liposomes are stable in the presence of proteins. These findings broaden our 

understanding of the protein corona phenomenon and contribute to the design of drug delivery systems. 
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Peptide-based materials are emerging as versatile platforms for biomedical nanotechnology due to their intrinsic 

biocompatibility, structural tunability, and capacity for precise molecular design [1]. Among these systems, self-

assembling peptide fibrils constitute a distinctive class of one-dimensional nanomaterials characterized by highly 

ordered cross-β architectures, exceptional thermodynamic stability, and resistance to proteolytic degradation. 

These properties, combined with high mechanical rigidity and a large surface-to-volume ratio, make peptide fibrils 

particularly attractive for applications in targeted drug delivery and bioimaging. 

 

 
Fig.4. Design of a Multipurpose Peptide Carrier System. 

 

In this work, we explore fibrillar assemblies formed by the peptide GQAGIVV (s7), derived from human cystatin 

C, as a modular nanocarrier platform (Fig.1). Controlled self-assembly protocols were employed to generate 

structurally well-defined fibril populations. Fibril length was modulated by sonication, allowing precise 

dimensional control suitable for cytotoxicity studies in 3D cell culture models. Morphological and structural 

characterization was performed using atomic force microscopy (AFM) and transmission electron microscopy 

(TEM), confirming the formation of homogeneous fibrillar architectures.  

To assess functional properties, fibrils were labeled with fluorescent probes and analyzed by fluorescence 

microscopy, demonstrating uniform incorporation and spatial distribution of functional moieties.  

Importantly, the s7 fibril platform enables modular functionalization, including the incorporation of 

HER2- targeting affibodies, supporting its potential for selective delivery applications. By integrating structural 

control, functional versatility, and biocompatibility, this study highlights peptide fibrils as adaptable nanomaterials 

for biomedical use. The presented system establishes a foundation for the rational design of peptide-based 

nanocarriers with tunable physicochemical and biological properties. 

 

This work is funded by a grant from the National Science Centre 2022/45/B/NZ7/03889 and by the University of 

Gdansk BMN no. 539-T070-B264-26. 
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Polymersomes are synthetic vesicles resulting from the self-assembly of amphiphilic block copolymers that 

represent a versatile class of nanocarriers for biomedical applications1. Polypeptide-based polymersomes are 

gaining attention due to their biocompatibility and biodegradability, and their ability to bridge synthetic and natural 

materials. PICsomes are another distinct class of vesicles formed through polyionic complexation, driven by 

electrostatic attraction between oppositely charged polymer blocks, mostly illustrated with polypeptides2. These 

recently developed architectures are hollow vesicles formed through a trilayer membrane, where PIC lamella is 

sandwiched between the hydrophilic shells. Unlike conventional polymersomes, PICsomes form by simply mixing 

aqueous solutions of oppositely charged block copolymers in a stoichiometric ratio to balance charges, and the 

same chain length to minimize the phase mixing of PIC lamellae with inner and outer shell layers of the hydrophilic 

block3. Since the formulation takes place in an aqueous medium, these systems are suitable candidates for 

encapsulating sensitive molecules such as nucleic acids and proteins. Their size, permeability, and stability can be 

tuned by adjusting the concentration of ionomers, charge balance, polymer composition and crosslinking of the 

membrane to increase stability and modulate solute transport to tune permeability. PICsomes are a promising, 

biocompatible nanoplatform for next-generation therapy, especially for gene therapy and nucleic acid therapeutics, 

such as siRNA or mRNA delivery4.  

My PhD research focuses on developing vesicles through a “one-pot synthesis” starting from polypeptide block 

copolymers produced via implementing aqueous ROPISA5. This synthesis method produces polypeptide blocks 

from NCAs of natural amino acids with very low polydispersity, eventually generating anisotropic nanoparticle 

suspensions in water, and, upon in situ deprotection of the polypeptide block within the nanoparticle suspension, 

forming ionic block copolymers. Ionic block copolymers are then formulated directly by mixing in an aqueous 

buffer solution without any organic solvent. Regarding the stability of PICsomes, we aim to introduce 

hydrophobicity into the ionic block in a statistical manner to avoid cross-linking of the PIC membrane. 

Additionally, the project involves forming vesicles directly after ROPISA in a one pot two steps approach. 

Hence, this project demonstrates the development of polypeptide-based PICsomes and vesicles in one pot, 

achieving structural control and membrane tunability. This strategy opens new avenues for the rational design of 

multi-responsive vesicles and a promising solvent-free formulation route, thereby enabling more biocompatible 

and sustainable formulations.  
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The efficacy of an active targeting drug delivery system is typically characterised only indirectly through cellular 

uptake, regardless of the nanoparticle type.1-5 This hampers the establishment of solid nanoparticle design criteria 

for selective ligand-receptor binding. To systematically study the ligand-receptor interaction as a function of the 

receptor density on the cell surface, we applied and expand a quantitative in vitro luminescence biosensor 

developed by Paramonov et al.3 Furthermore, mesoporous silica nanoparticles (MSNs) were conjugated with 

varying ratios of the peptide Octreotide (Oct), an agonist of SSTR2, and a non-active scramble peptide (SP). 

Implementing a SP ensures a constant peptide load on the particles maintaining consistent surface properties 

(charge, polarity) across all formulation. Even though that Paramonov et al. already showed the successful 

targetability of Oct-conjugated MSNs in serum conditions, here, ligand-receptor binding studies were performed 

under protein-depleted conditions to obtain the real readout of the interaction.4 The outcome shows increasing Oct-

density on MSNs enhances the targetability towards the SSTR2 – a key finding of the active targeting approach - 

and that this relationship holds independently of receptor density. Additionally, free Oct was also measured with 

regard to ligand-receptor interaction to show the quantifiability of the assay itself. Corresponding uptake studies 

using wild-type and overexpressed cells show that the MSN internalisation under protein-depleted conditions 

follows the targetability trend. Interestingly, switching from protein-free to serum-containing conditions halves 

the total amount of internalized particles and causes the fully Oct-conjugated particles to lose their effectiveness. 

The results demonstrate how important it is to examine active targeting and internalisation separately and that the 

experimental conditions have to be well defined. 
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Breast cancer remains one of the most common malignant diseases in women and is still associated with 

high mortality. Although chemotherapy and immunotherapy have significantly improved treatment 

outcomes, limited selectivity, systemic toxicity and multidrug resistance remain major obstacles [1]. For 

this reason, increasing attention is being paid to combination strategies in which two compounds affect 

cancer cells through complementary mechanisms, potentially allowing stronger anticancer activity at 

lower individual doses. 

In this context, perifosine and melittin represent an interesting pair of membrane-active agents. 

Perifosine, an alkylphospholipid, accumulates in cellular membranes, alters their organization and 

affects lipid-dependent signalling pathways, including PI3K/Akt, which is involved in cancer cell 

survival and proliferation [2]. Melittin is a cationic amphiphilic peptide known for its strong interactions 

with lipid membranes, which may destabilize or disrupt them. Importantly, melittin has also been 

reported to enhance the activity of selected chemotherapeutic agents [3]. Therefore, combining 

perifosine and melittin may provide a rational approach in which perifosine modifies the lipid 

environment and survival signalling of cancer cells, while melittin further disturbs membrane integrity. 

Such a dual membrane-targeted mechanism could potentially promote synergistic anticancer effects.           

The aim of this study was to investigate how perifosine, melittin and their mixtures interact with a model 

membrane mimicking MCF-7 human breast cancer cells. Model lipid monolayers composed of POPC, 

POPE, SM and DMPS in a weight ratio of 47:35:5:13 were examined using the Langmuir monolayer 

technique. First, the effects of perifosine and melittin were analysed separately. Next, mixtures 

containing different concentrations of both compounds were studied to evaluate whether their combined 

action leads to enhanced disruption of the model membrane. 

The results showed that both perifosine and melittin interact with and incorporate into the model lipid 

monolayer. The effect was concentration-dependent, with higher compound concentrations leading to 

stronger penetration and greater disturbance of monolayer organization. The combined systems revealed 

changes consistent with intensified membrane destabilization compared with the action of the individual 

compounds. These findings suggest that the interaction between perifosine and melittin at the membrane 

level may contribute to their potential synergistic activity and provide a useful physicochemical basis 

for further studies on combination strategies against breast cancer. 
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The protein corona that forms on the surface of drug carriers significantly influences their biological 

properties and behavior in the body. Protein adsorption alters key physicochemical parameters of 

nanoparticles, such as effective size, surface charge, and the availability of functional groups. 

Despite its great importance, this phenomenon remains insufficiently investigated, especially for 

membranes with a surface charge and containing PEG. Albumin is the most abundant protein in 

plasma, which is why I used it in my research on model lipid monolayers, which are the basis of 

liposomal drug carriers. 

I used the Langmuir method for model monolayers of cationic - DPPC:Chol:DDAB, anionic - 

DPPC:Chol:DSPE-PEG, and PEGylated - DPPC:Chol:DDAB:DSPE-PEG (2000) to assess the 

influence of composition on their structure, degree of order, flexibility, and mechanical and 

temporal stability of the monolayer. HSA was added to the system in two ways: as a component of 

a layer or as a subphase. Protein penetration into the layer increases the surface area per molecule 

and promotes its reorganization, while its presence promotes the formation of a more relaxed 

structure from the outset. In the cationic system, strong electrostatic interactions between DDAB 

and protein increase fluidity and destabilize the layer. In anionic DSPE-PEG, it stabilizes the 

structure, leading to its rigidity and high reversibility. In the DPPC:Chol:DDAB:DSPE-PEG, 

however, the protein can both order and reorganize the layer, promoting the formation of a stable 

complex. The studies were conducted under physiological conditions (pH 7.4 and 36.6°C) because 

the work may contribute to the optimization of lipid drug delivery systems design. 

Summarizing the results, it was concluded that monolayer properties depend on their composition, 

which determines the degree of order and stability. The presence of HSA significantly changes the 

surface properties, causing reorganization of the layer, and the nature of these changes depends 

primarily on electrostatic or steric interactions and the degree of order of the system. These findings 

shed new light on the relationship between membrane structure and the adsorptive binding of 

proteins to their surfaces. This represents a significant contribution to our understanding of the 

surface interactions that shape the biological identity of lipid-based drug delivery systems. 

  



P12: The Role of Membrane Composition and Environmental Factors in 

Insulin Amyloid Aggregation 

Gabriela Tabernacka1, Joanna Juhaniewicz-Debinska1 

1Faculty of Chemistry, Biological and Chemical Research Centre, University of Warsaw, Zwirki I 

Wigury101, 02-089, Warsaw, Poland 

g.tabernacka@student.uw.edu.pl 

 

Insulin aggregation into amyloid fibrils is associated with reduced therapeutic efficacy and may 

contribute to local complications during long-term insulin therapy [1]. Since insulin fibrillation can be 

modulated by solution conditions, metal ions and lipid membranes [2,3], understanding how these 

factors affect aggregation is important for elucidating the physicochemical mechanisms of insulin 

amyloid formation. 

In this study, insulin aggregation was investigated in HEPES buffer (pH 7.2), aqueous ZnCl₂ solution 

and in the presence of liposomes composed of DMPC, DMPC/DMPS (9:1 mol/mol) and DMPC/DMPS 

(7:3 mol/mol). The kinetics of fibril formation were monitored using Thioflavin T fluorescence 

spectroscopy. In parallel, Langmuir monolayer experiments were performed to evaluate insulin 

interactions with lipid membranes containing 10 and 30 mol% DMPS. 

Fluorescence measurements showed that HEPES buffer accelerated insulin fibril formation, whereas 

Zn²⁺ ions did not significantly affect aggregation kinetics. Among the investigated lipid systems, only 

liposomes containing 30 mol% DMPS promoted faster insulin aggregation, while DMPC and 

DMPS10% liposomes did not noticeably alter fibrillation. Langmuir isotherms revealed that insulin 

interacts with negatively charged lipid monolayers, leading to membrane expansion and reduced 

packing density. These results indicate that insulin aggregation is strongly dependent on the 

physicochemical environment, with highly negatively charged lipid membranes promoting amyloid 

formation. The findings highlight the importance of membrane composition in modulating insulin –lipid 

interactions and insulin fibrillation. 
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PEGylated liposomes enable co-delivery of drug combinations with synergistic anticancer potential, but their 

therapeutic performance strongly depends on formulation stability and retention of active compounds within the 

carrier. In this study, PEGylated liposomes co-loaded with emetine and mitoxantrone were modified with surface-

associated human serum albumin (HSA) and compared with non-coated formulations in terms of physicochemical 

properties, drug retention and biological activity. 

The association of human serum albumin with the liposomal surface did not substantially affect hydrodynamic 

diameter or dispersity of the formulations, while changes in zeta potential indicated modification of the outer 

liposomal layer after albumin association. HSA-coated liposomes showed reduced emetine leakage in albumin-

containing media. After 24 h, emetine release in human serum albumin medium decreased from 22.7% for non-

coated liposomes to 10.2% for HSA-coated liposomes, with similar reductions observed in bovine serum albumin 

(BSA) and rat serum albumin (RSA) media, representing protein environments relevant to in vitro experiments, 

preclinical animal studies and human biological systems. HSA-modified liposomes also demonstrated improved 

drug retention during storage. 

The biological activity of the formulations was evaluated in vivo in a tumour-bearing mouse model. Both HSA-

coated and non-coated liposomes co-loaded with emetine and mitoxantrone reduced tumour growth compared with 

free drugs. However, HSA coating did not result in a clear improvement in antitumour efficacy over the 

corresponding non-coated formulation. 

These results demonstrate that surface-associated human serum albumin improves liposomal stability and drug 

retention under protein-rich conditions, but enhanced physicochemical stability does not necessarily translate into 

improved therapeutic performance. These findings highlight the importance of balancing carrier stabilization and 

drug availability during the design of protein-modified liposomal systems for combination anticancer therapy. 
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 Metal nanoparticles are increasingly utilized in biomedical applications. Among these, silver 

nanoparticles (AgNPs) serve as active components in antibacterial coatings for wound dressings, medical devices, 

implants, cosmetics, textiles, and food packaging. However, AgNPs can be toxic to humans, depending on the 

dose and route of exposure, by delivering silver to cells. Cysteine residues are the primary molecular targets in 

such exposures due to the high affinity of Ag+ ions for thiol groups [1,2]. The Endothelial monocyte-activating 

polypeptide II (EMAP II), a cleaved C-terminal peptide of the intracellular aminoacyl-tRNA synthetase 

multifunctional protein AIMP1, contains five surface-exposed cysteines. This raised the question of whether these 

cysteines could be targeted by Ag+ ions present on the AgNP surface or released from AgNPs during the cell's 

oxidative metabolism. 

 In this project, we investigated the interactions among recombinant EMAP II, tRNA, and AgNPs using 

UV-Vis and fluorescence spectroscopy. This approach provided insights into how AgNP dissolution kinetics affect 

EMAP II's interaction with tRNA. Based on a high-resolution 3D structure established by NMR spectroscopy [3], 

we identified EMAP II fragments that bind to intact AgNPs by utilizing heteronuclear 1H-15N HSQC data with a 

paramagnetic probe and 19F NMR spectroscopy. Structural analysis revealed that Ag+ ions released from AgNPs 

destabilized (partially denatured) the 3D structure of EMAP II by binding to its most exposed cysteines. 

Conclusion 

 The overall EMAP II/tRNA/AgNP reaction was further modulated by factors such as Mg2+ ions and 

TCEP, a thiol-group protector that mimics the cell's reducing conditions. Surprisingly, the observed 

lower Kd suggests that partial denaturation of the EMAP II 3D structure enhances its affinity for tRNA. 

Acknowledgment: This research was supported by EMBO Solidarity Grant SLG 5427-2023 (for L.K.) grant 

number 2021/41/B/ST4/03807 (for I.Z.), 2021/43/O/ST4/02667 (for P.S., W.B.) from National Centre for Science, 

Poland. 
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Non-lamellar lipid nanoparticles such as cubosomes and hexosomes are self-assembled lipid-based 

nanostructured liquid crystalline particles that offer numerous advantages as drug carriers. These systems can 

accommodate a wide variety of pharmaceuticals, providing a stable platform for their targeted transport and 

controlled release. Additionally, they improve their bioavailability, durability and chemical stability and protect 

them from enzymes, reducing their side effects. [1] Due to the growing scale of antibiotic resistance, intensive 

efforts are underway to develop new types of antibacterial therapies. Antimicrobial peptides (AMPs) appear to be 

good candidates for new antibiotics, primarily due to their potent, broad-spectrum antimicrobial activity and their 

mechanism of action, which involves disruption of bacterial membrane integrity through pore formation or 

membrane deformation. [2] Combining these peptides with nanoparticles exhibiting fusogenic properties, such as 

cubosomes or hexosomes, can enhance their antibacterial activity.  

 

As part of this work, two potential carriers for the antibacterial peptide drug nisin were obtained, 

characterized and compared. Two non-lamellar lipid nanoparticle systems based on monoolein were prepared and 

optimized: cubosomes, obtained by the top-down approach and surface-modified with nisin and hexosomes, 

prepared by the bottom-up method, with nisin incorporated into their structure. Structural characterization was 

performed using small-angle X-ray scattering (SAXS) and dynamic light scattering (DLS). Interactions of the 

carriers with liposomes mimicking bacterial membranes were studied by spectrofluorimetry using the Laurdan 

fluorescence probe. The generalized polarization (GP), a ratiometric parameter was determined to characterize the 

degree of membrane hydration. SAXS in turn allowed us to investigate how liposomes affect the structure of the 

nanoparticles. 
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Liquid-liquid phase separation (LLPS) is a thermodynamically driven phenomenon in which a homogeneous 

solution of macromolecules spontaneously separates into two immiscible liquid phases. LLPS is subdivided into 

main two main classes: segregative or associative LLPS. Associative LLPS produces solute-rich microdroplets, 

known as coacervates1 in equilibrium with a dilute aqueous phase. Simple coacervates contain a single component 

that is responsible for phase separation and form via weak, non-covalent intermolecular forces such as hydrophobic 

interactions and hydrogen bonds2. Amino acids (AA) are prebiotically plausible and attractive building blocks for 

simple coacervate formation. Yet, AA generally undergo crystallization rather than coacervation3. Recent research 

has shown that there are some examples of N-protected AA that separate from solution into a dense liquid phase 

under certain conditions23. Inspired by this study, we here studied the phase separation behavior of AA with 

prebiotically relevant C-protecting groups. In our system also, we were able to form LLPS using proline whose 

phase separation was influenced by different parameters (e.g. temperature, pH, concentration, scheme 1). In 

particular we demonstrate that L-proline tert-butyl ester exhibits tunable stimuli-responsive phase separation. 

   

Scheme 1: Phase separation of proline by changing different parameters (e.g. temperature, pH, concentration) 
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Plasma-treated poly (lactic acid) (PLA) is widely used in biosensing and tissue engineering [1], but how 

peptides recognise and assemble on these chemically complex surfaces remains unknown at the molecular level. 

In this work, we use atomistic molecular dynamics simulations to investigate the adsorption and self-assembly of 

small non-natural peptides on low-pressure oxygen plasma-treated PLA and amorphous PLA. A slab model of the 

functionalized polymer incorporating experimentally calibrated densities of plasma-induced carboxylate and 

hydroxyl groups is built using recently parameterised force fields [2]. Using multiple independent, unbiased MD 

simulations, we show how surface charge patterns direct the orientation, clustering, and supramolecular 

organisation of small peptides, the methyl ((R)-2-(methylsulfonamido)-2-phenlacetyl)-L-phenylalaninate [3]. The 

simulations in different solvents were also carried out to obtain information on the effect of the solvent choice in 

the formation of nanofibers. Initial simulations are validated against experimental data, thereby establishing design 

rules for peptide-based bioactive coatings on plasma-modified biopolymers.  
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Nanofiber scaffolds assembled via electrospinning are highly promising for tissue engineering, yet traditional 

synthetic polymers often lack the bioactivity and hydrophilicity required for cellular regeneration. To bridge this 

gap, we have developedpyrrolo-pyrazole (Pyr) building blocks that serve as stable γ-amino acid mimics.1 However, 

the self-assembly of Pyr-based peptides was purely empirical. We have now established a solid theoretical 

foundation by investigating the structural and conformational properties of two Pyr peptides with Temperature 

Replica Exchange Molecular Dynamics (TREMD) and Density Functional Theory (DFT). By mapping their free-

energy landscapes in explicit solvent, we identified key stable αL|δL and εL|δL conformations. We demonstrated 

how N-terminal protecting groups (Fmoc vs. Boc) modulate backbone flexibility. Hierarchical clustering 

(HDBSCAN) and Non-Covalent Interaction (NCI) analyses further revealed the propensity of these molecules to 

adopt specific supramolecular orientations. We can now generalize our findings to suggest novel Pyr peptides as 

programmable building blocks for biocompatible nanofibers. 
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High-yielding and scalable synthesis of sequence-defined macromolecules remains one of the key challenges in 

modern polymer chemistry. Conventional iterative approaches require multiple purification steps, extensive 

reagent and solvent consumption, and often suffer from cumulative yield losses during multistep synthesis. In this 

work, we present a one-pot strategy for the synthesis of sequence-defined oligourethanes without isolation or 

purification of intermediates. The approach is based on aminoalcohol building blocks, including derivatives 

obtained by reduction of natural amino acids, while also being readily extendable beyond naturally derived 

monomers. By implementing a monitoring feedback loop, the exact amount of reagents and reaction time can be 

adjusted at each stage to ensure complete conversion of consecutive steps, enabling precise control over polymer 

sequence and stereochemistry. This methodology provides access to uniform oligourethanes with defined 

sequences and stereochemistry in a highly efficient and scalable manner.1 Combining one-pot oligomer synthesis 

with iterative exponential growth enables the fabrication of advanced macromolecular systems with increased 

chain lengths (Figure 1). The developed strategy reduces the number of synthetic operations and minimizes yield 

losses associated with intermediate isolation while maintaining precise sequence and stereochemical control. 

Using this methodology, we successfully synthesized polyurethane 40-mers and demonstrated the preparation of 

non-symmetrical polymer sequences.2 Importantly, stereocontrol was found to play a key role in directing polymer 

folding and three-dimensional organization, opening opportunities for the scalable production of abiotic polymers 

capable of mimicking structural features of proteins and peptidomimetic systems. Overall, the presented approach 

establishes a versatile platform for tailoring polymer architecture, functionality, and material properties toward 

highly specialized applications. 

 
Figure 1. Schematic representation of one-pot synthesis of sequence-defined polyurethanes 
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Many essential cellular and viral processes, including replication and translation, rely on highly coordinated 

systems in which nucleic acids and proteins/peptides operate synergistically. Substantial experimental evidence 

suggests that the precursors of both nucleic acids and peptides could have been synthesized under plausible 

prebiotic conditions. To date, however, most investigations in functional supramolecular design have primarily 

focused on assemblies derived from either peptides or nucleic acids alone.  

In our previous work, we demonstrated the selective replication of nucleopeptide chimeras, uncovering 

mechanisms that favor one product over another. Specifically, we investigated two nucleobase-containing 

replicators, RAA and RTT, synthesized via native chemical ligation of di-nucleobase thioesters (EAA, ETT) with a 

cysteine-containing peptide (N). Both replicators exhibited significantly enhanced replication rates in template-

seeded reactions compared to template-free controls, with cross-catalysis outperforming autocatalysis.1 Building 

on this foundation, our ongoing research has examined the replication behavior of cytosine-based nucleopeptides. 

We identified a nucleopeptide chimera (RCC), generated through the native chemical ligation of a cysteine-based 

nucleophile (N) with cytosine-containing electrophiles (ECC), which is capable of undergoing autocatalysis under 

specific pH and temperature conditions.  

We hypothesize that under mildly acidic conditions (pH 6.7), selective hemi-protonation of cytosine enhances 

base-pairing interactions, thereby stabilizing the formation of RCC and promoting autocatalysis. Structural analyses 

by AFM and SEM revealed that at pH 6.7, RCC formed short fibrillar assemblies, whereas at pH 6.0 and 7.4 

spherical aggregates predominated. These findings suggest that at pH 6.7, fibril-templated autocatalytic replication 

occurs, with fibrillar surfaces facilitating the spatial association of electrophile (E) and nucleophile (N) units at 

assembly edges, thereby promoting ligation. We propose that this autocatalytic system is highly relevant to origin-

of-life studies, as it illustrates how molecular assemblies could self-sustain, amplify, and ultimately evolve toward 

increasing complexity.  
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Peptide self-assembly is a powerful strategy for designing functional bioinspired materials, offering sequence-

level control over secondary structure, fibrillar architecture, and interfacial chemistry. Among these functions, 

proton conduction is especially attractive because peptide assemblies can mimic biological proton-relay motifs 

while maintaining biocompatibility and structural tunability. Incorporating charged residues into the peptide 

sequence provides a direct means to regulate hydration and proton-transport pathways within the assembled state. 

Here, we examine intramolecular salt bridges as a design element for peptide-based proton conductors. We 

hypothesized that a zwitterionic peptide containing complementary acidic and basic residues would form ordered 

architectures stabilized by salt-bridge interactions, and that these interactions would support proton transport under 

both hydrated and anhydrous conditions. To test this, a zwitterionic alternating amphiphilic octapeptide was 

compared with its purely cationic and anionic analogues in terms of self-assembly, secondary structure, hydration 

capacity, and protonic performance. 

All three peptides assembled in ultrapure water into antiparallel β-sheet structures but displayed distinct 

morphologies and stabilities. The cationic peptide formed ∼2 nm fibrils that remained stable only for a few hours, 

the anionic peptide produced more persistent ∼4.5 nm fibrils, and the zwitterionic peptide formed ∼4 nm fibers 

that matured into ∼7 nm fibers within one day. FTIR further suggested salt-bridge formation in the zwitterionic 

assemblies. This structural robustness was accompanied by the highest proton conductivity under both hydrated 

and anhydrous conditions, following the trend zwitterionic > cationic > anionic. Notably, when conductivity was 

normalized against water uptake, the trend became zwitterionic > anionic > cationic, indicating that the superior 

performance of the zwitterionic peptide is not governed simply by higher hydration. Instead, its balanced charge 

architecture appears to decouple proton conduction from bulk water content, supporting salt-bridge-associated 

pathways as active contributors to proton transport. After thermal cycling and rehydration, this conductivity 

ranking with respect to water loading was retained, although only the anionic assembly fully recovered its initial 

conductivity. 

Overall, these findings establish electrostatic complementarity as an effective molecular design principle for 

peptide proton conductors. Zwitterionic sequence design promotes stable β-sheet fibrillar assembly while enabling 

efficient proton transport across hydrated and dry regimes. This work identifies zwitterionic peptide assemblies as 

promising bioinspired proton-conducting materials in which charge organization, rather than water uptake alone, 

governs functional performance. 
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Mitochondria are crucial intracellular organelles for cell existence1. Not only do they provide energy and  

participate in cell signaling, but they also play an essential role in apoptosis1. Their function is highly related to 

molecular structure. It contains a wide variety of proteins embedded in or associated with the phospholipid bilayer2. 

Mitochondria consist of two distinct membranes, the inner mitochondrial membrane (IMM) and the outer 

mitochondrial membrane (OMM)2. Speaking of mitochondrial role in cellular functioning, OMM is a key factor 

in mechanism of apoptosis3. This process is associated with the Bcl-2 family of proteins, which include both pro-

apoptotic and anti-apoptotic3. It has been found that cancer cells exhibit high levels of anti-apoptotic proteins such 

as Bcl-2 and Bcl-xl, which contribute to their immortality4. Moreover, apoptosis is implicated in the pathogenesis 

of neurodegenerative diseases, for example, overexpression of the pro-apoptotic protein Bax is evidence for 

apoptosis in Parkinson’s disease5. Therefore, it is important to understand the underlying mechanisms of apoptosis, 

particularly the role of OMM interactions, in order to facilitate the development of novel drug candidates based 

on a variety of biomimetic synthetic peptides. 

 Our objective is to reflect physicochemical properties of OMM as a biomimetic model. We investigate 

the influence of various cytosolic factors using spectroscopic techniques such as ATR-FTIR and electrochemical 

methods including QCM, CV, EIS. Considering both, we will finally examine the role  and broader features of 

Bcl-2 protein family, considering both interactions with OMM and apoptosis, using synthetic domain-mimetic 

peptides. Finally, we examine the role and broader features of the Bcl-2 protein family, focusing on their 

interactions with the OMM and their involvement in apoptosis, using synthetic domain-mimetic peptides. 
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Cell membranes are rich in various proteins and peptides that are crucial for cell survival. An example is ion 

channels that provide the cell with ability to freely exchange ions with the surroundings. Non-selective cation 

channels more specifically allow the flux of mainly monopositive cations such as K+ and Na+. This phenomenon 

is crucial in maintaining the resting potential of a membrane. In the discussed study, we looked at the mechanism 

of inhibition of these ion channels by calcium cations using the example of gramicidin A (gA). These properties 

of Ca2+ are typically explained as a result of steric blockage. However as it turns out, this mechanism is much 

broader. 

 

In the discussed study, the authors comprehensively examined the behavior of 10 mol% gramicidin A in a lipid 

matrix that consisted of 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC). To achieve this, techniques such as 

electrochemical impedance spectroscopy (EIS), surface-enhanced infrared absorption spectroscopy (SEIRAS), 

polarization modulation infrared reflection absorption spectroscopy (PM-IRRAS), and a Langmuir trough were 

utilized. Results from EIS indicate a decrease in ion channel activity over time after the addition of Ca2+. However 

even after extended exposure the values of resistance remain below that of the system without calcium cations. 

Further information was provided by infrared measurements. Based on these results, membrane dehydration was 

observed, which was attributed to the preferential interactions of lipids with Ca2+. This can lead to tighter packing 

of the membrane, which also changes the conformation of gA to inactive forms that were concluded from the 

position of amide I band. Results from the Langmuir trough appear to confirm that observation – after exposure to 

the calcium ions DOPC/gA membranes showed a clear decrease in surface area per molecule. 

 

The collected results confirm a nontrivial influence of Ca2+ cations on gramicidin A ion channels. The mechanism 

of their inhibition goes beyond the generally accepted steric blockage hypothesis and takes into account changes 

in the membrane structure caused by its better packing and stiffness as well as dehydration of the bilayer surface 

that can lead to conformational changes and reduced mobility of gA. The results of this study should encourage 

deeper investigation of seemingly simple mechanisms, which may contribute to a better understanding of the world 

of molecular mechanisms [1]. 
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Organelle-targeting peptides are increasingly incorporated into multifunctional plasmonic nanosystems for 

intracellular sensing and biointerface engineering. In many reported SERS-based platforms, peptide ligands 

coexist with Raman reporters, stabilizing molecules, and additional surface modifiers on gold nanostructures1. 

Despite the growing complexity of such systems, the dynamic nature of competitive adsorption at the metal surface 

remains insufficiently explored. Surface composition is frequently treated as static, although ligand exchange and 

molecular reorganization may strongly influence signal stability, targeting efficiency, and analytical 

reproducibility.  

In this preliminary study, we investigate competitive adsorption phenomena occurring at peptide-functionalized 

gold interfaces exposed to mercaptobenzoic acid (MBA)-based Raman reporters. Time-dependent SERS 

measurements reveal progressive spectral restructuring following incubation with MBA derivatives, indicating 

dynamic reorganization of the interfacial layer. Comparison of peptide-functionalized gold substrates before and 

after MBA exposure suggests partial displacement or redistribution of peptide species at the surface rather than 

formation of a stable single-component monolayer.  

The obtained spectra demonstrate that 

adsorption equilibria within 

multifunctional SERS biointerfaces may 

evolve substantially over time and 

depend strongly on the relative affinity 

of competing sulfur-containing ligands 

toward gold surfaces. These 

observations highlight a potentially 

important but frequently overlooked 

aspect of peptide-based intracellular 

SERS nanosystems, where reporter 

molecules, targeting peptides, and 

biomolecular environment components 

may continuously compete for surface 

occupancy.  

The presented results constitute an initial 

step toward mechanistic understanding 

of dynamic nano-bio interfaces relevant 

to future organelle-targeting plasmonic 

platforms and peptide-functionalized 

biosensing systems.  

Figure 1. Time-dependent SERS spectra of peptide-functionalized gold substrates following incubation with 

mercaptobenzoic acid (MBA) derivatives. Progressive spectral changes observed after MBA exposure suggest 

competitive adsorption, partial ligand exchange, and dynamic reorganization processes occurring at the peptide-

gold interface. Spectra were collected for peptide-modified Au substrates before MBA treatment and after 

incubation at different MBA concentrations and exposure times.  
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Three-dimensional (3D) tissue models have emerged as valuable platforms for investigating inflammation, 

infection, and tissue regeneration, effectively bridging the gap between conventional two-dimensional cell cultures 

and in vivo animal models. In this study, we present an organotypic three-dimensional model of gingiva (OTG) 

composed of telomerase-immortalized gingival keratinocytes and immortalized human gingival fibroblasts. This 

system forms a well-differentiated epithelial layer that closely recapitulates the architecture and function of native 

stratified gingival epithelium. Functional characterization demonstrated that the OTG model resemble epithelial 

tissue to study infection by both bacterial and viral oral pathogens, enabling comprehensive analysis of pathogen 

adhesion, biofilm formation, tissue dissemination, persistence, and host-pathogen molecular interactions. 

Furthermore, the model provides a robust platform for evaluating the efficacy of antimicrobial agents, including 

peptide-based therapeutics, with the added capability of visualizing compound penetration into tissue. Additional 

advantage is simultaneous assessment of cytotoxic effects on gingival tissue that enhances its utility for preclinical 

screening. Notably, the OTG system is constructed using commercially available human cell lines, ensuring cost-

effectiveness, reproducibility, and consistent access to biological material while minimizing donor variability. 

Collectively, this model represents a practical and translational tool for the development and evaluation of novel 

therapeutics targeting oral pathogens. In addition, it offers broad applicability in oral medicine research, including 

studies on periodontitis, oral mucositis, and oral cancer. 
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Chronic wounds complicated by bacterial infections remain challenging to treat in clinical practice, particularly 

given the increasing prevalence of antibiotic-resistant pathogens, which hinder effective wound healing. 

Consequently, alternative approaches such as maggot wound debridement therapy have attracted increasing 

clinical interest in recent years.  Lucilia sericata larvae are recognised for their wound-healing properties, 

demonstrating an innate ability to debride necrotic tissue, restrict microbial proliferation, and stimulate local 

angiogenesis and vascularisation [1]. We hypothesised that exposing L. sericata to a pathogenic environment 

would induce the expression of novel, therapeutically viable antimicrobial peptides in their secretions. Therefore, 

this study aimed to isolate, identify, and evaluate the bioactivity of low-molecular-weight peptides from larvae 

"immunised" via a diet inoculated with Staphylococcus aureus, a prevalent pathogen in chronic wounds [2]. This 

approach was informed by previous findings demonstrating that exposure to infected environments can induce 

antibacterial activity in L. sericata larvae [3]. Larval secretions were fractionated using analytical chromatography 

to isolate components below 3 kDa, and the fractions were subsequently evaluated for antibacterial activity against 

Gram-positive and Gram-negative bacterial reference strains. Active fractions were further scrutinised via LC-

MS/MS, followed by Mascot database analysis to identify constituent peptides. Following in silico screening for 

favourable physicochemical properties and predicted antibacterial efficacy, eight novel peptides were selected and 

chemically synthesised. These synthetic peptides were subsequently evaluated for in vitro antibacterial activity 

against standard reference strains. Ongoing studies are assessing their anti-biofilm properties and broader-

spectrum efficacy. Ultimately, the identification of these pathogen-induced larval peptides provides a promising 

strategy for developing novel antimicrobial agents to combat antibiotic resistance and improve chronic wound 

management. 
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The increasing life expectancy and declining birth rates contribute to the aging of societies, which is 

accompanied by a growing incidence of chronic and degenerative diseases [1]. Among them, type 2 diabetes 

mellitus (T2DM) has become a global health problem, affecting over 400 million people worldwide [2]. 

A hallmark of T2DM is the aggregation of human islet amyloid polypeptide (hIAPP, amylin), a peptide 

hormone co-secreted with insulin by pancreatic β-cells. In insulin-resistant states, excessive production of amylin 

promotes the formation of toxic oligomers and amyloid deposits, leading to β-cell damage [3]. Moreover, recent 

studies suggest that amylin may also accumulate in the brain and contribute to neurodegenerative processes, 

including Alzheimer’s disease [4]. 

Despite the growing scale of the problem, there are still no effective methods for removing amyloidogenic 

proteins. Targeted protein degradation (TPD) represents a novel therapeutic approach that enables selective 

elimination of disease-causing proteins by exploiting natural cellular degradation mechanisms. One of the most 

promising tools within this strategy is Proteolysis Targeting Chimeras (PROTACs) [5]. These are molecules 

composed of a ligand binding the target protein, a linker, and a ligand recruiting an E3 ubiquitin ligase. The 

resulting ternary complex leads to ubiquitination of the target protein and its subsequent degradation by the 26S 

proteasome. In contrast to classical inhibitors, PROTACs act catalytically and can be reused, which increases their 

efficiency even at low concentrations [6]. 

The present results demonstrate the development of peptide-based motifs binding hIAPP, which may 

serve as a basis for the design of PROTAC-type molecules. The designed peptides were based on antibody-derived 

sequences to ensure high selectivity toward amylin. Their ability to interact with hIAPP was evaluated using 

biophysical methods such as HTRF (Homogeneous Time-Resolved Fluorescence) and MST (Microscale 

Thermophoresis). The obtained results indicate that selected peptides exhibit binding to hIAPP with measurable 

affinity, confirming their potential as recognition elements in PROTAC constructs. This work constitutes an 

important step toward the development of strategies for the selective removal of amylin, which may contribute in 

the future to the development of new therapeutic approaches for  

type 2 diabetes and protein aggregation-related diseases. 
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C-reactive protein (CRP) is an important acute-phase protein and a commonly used biomarker  

of inflammation, infection, and cardiovascular disease. Its production is mainly stimulated  

by pro-inflammatory cytokines, especially interleukin-6. Increased CRP levels are used in diagnostics  

to evaluate inflammatory processes and disease progression. Under normal conditions, CRP mainly exists as a 

pentamer (pCRP). However, it can dissociate into its monomeric subunits (mCRP) at sites of tissue damage, 

platelet activation, and local inflammatory activity. Compared to pCRP, mCRP exhibits stronger pro-inflammatory 

and pro-thrombotic activity, and its presence is linked to disease progression. Measuring both forms may improve 

diagnosis and prognosis. However, detecting mCRP is difficult because highly specific antibodies that recognize 

only this form are not available [1]. 

With this in mind, we proposed an electrochemical sensing platform for the determination of mCRP using CRP-

binding peptides as recognition elements. The peptides were identified using phage display technology, and their 

amino acid sequences were determined. The peptides, P2 and P3, which exhibited affinity towards CRP, were 

selected for further application [2].  

In these studies, an ITO-coated glass electrode modified with 3-(triethoxysilyl)propyl succinic anhydride 

(TESPSA), then functionalized with covalently immobilized peptides P2 and P3, served as a sensing platform for 

the detection of both pCRP and mCRP. The prepared electrodes were tested in buffer solutions using differential 

pulse voltammetry. During the electrochemical measurements, peptide P2 was shown to exhibit a higher affinity 

for binding mCRP than P3 peptide. 

In summary, a novel electrochemical sensing platform for CRP detection was developed based on ITO-TESPSA 

electrodes functionalized with CRP-binding peptides P2 and P3. The system enables sensitive detection of both 

pCRP and mCRP. The proposed approach highlights the potential of peptide-based recognition layers for selective 

analysis of CRP isoforms and offers a promising strategy for advanced biosensing applications. 
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The development of peptide-based materials that prevent biofilm formation requires not only effective peptide 

candidates but also robust and reproducible methods for evaluating their activity. Antimicrobial peptides (AMPs) 

and antibiofilm peptides (ABPs) are promising components of such systems, particularly for applications in 

biomedical and industrial coatings.  

 

Using Acinetobacter baumannii as a model organism, we systematically optimized a crystal violet biofilm assay 

by examining the effects of growth conditions, solvent composition, and readout workflow. Our analysis shows 

that these parameters strongly influence assay reproducibility, highlighting the need for standardized protocols. 

 

In parallel, we collected preliminary minimum inhibitory concentration (MIC) data for chosen peptide candidates, 

providing an initial assessment of their antimicrobial activity. We selected peptides 1018 and 1037, well-

characterized ABPs reported in the literature¹˒², together with bacteriophage endolysin-derived peptides3 designed 

in-house and exhibiting antimicrobial activity, to establish a structurally and functionally diverse panel of 

candidates for evaluation. In the next stage, we will investigate synergies between AMPs and ABPs using the 

fractional inhibitory concentration index (FICI) and biofilm inhibition assays. Such combinations are expected to 

enhance antimicrobial performance by targeting the prevention and/or disruption of biofilms, thereby facilitating 

improved access and more effective AMP action. 

 

Ultimately, this workflow will support the rational design of peptide-based materials, in which optimized peptide 

combinations are incorporated into coatings or composite systems to prevent biofilm formation. Our work 

establishes a methodological framework linking microbiological evaluation with the rational design of peptide-

based antibiofilm materials. 
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Stress is one of the most complex processes in the human body, and any subsequent reports in this regard may 

occur crucial and highly developmental. Homeostasis in the human body is natural, but in many situations it can 

be disturbed. One of these situations is chronic stress, then the economy of many systems is deregulated, and this 

can lead to many undesirable follow-up effects.  

Galanin (Scheme 1), a neuropeptide found naturally in the human body, performs many key functions, one of 

which is to protect against overstimulation of nervous system cells in the stress situations.  

 

 
Scheme 1. Sequence of the human galanin.  

When stress occurs chronically, galanin level is dysregulated and we are dealing with pathological states [1]. In 

addition, chronic stress also affects, among others, the homeostasis of ions, changing their level, e.g. the level of 

elements such as copper or zinc increases [2].  

In our research, we decided to include potentiometric titration, as well as UV-Vis and CD spectroscopy methods. 

Each of these complementary techniques provides a view of the copper coordination with galanin. Potentiometric 

titration provides quantitative thermodynamic data, however it lacks in direct structural insight. To determine the 

coordination sphere and identify the specific donor atoms, spectroscopy is employed. Measurements were made 

for peptide-to-metal molar ratios 1:1, 1:2 and 1:3, over a wide pH range. Our results provide preliminary 

information on the nature and potential binding sites of copper (II) to human galanin. We know, that galanin has 

several potential binding sites, and thanks to this research, we can potentially indicate which sites it could be. 

Based on the amino acid sequence of human galanin, which includes two distinct histidine residues at positions 14 

and 19 and free N-terminal amino group, it is highly anticipated that this positions will serve as the primary binding 

sites, allowing galanin to wrap around the copper.  

This can be an excellent starting point and provide a basis for further analysis of the area under study. At the 

moment, we are certain that there is an interaction between these two factors, but more research is needed to assess 

the importance of this interaction.  

Acknowledgements:  

A.L.’s participation in the conference was funded by Wroclaw Medical University under the “Young Science” 

programme (No. MNAU.Z500.26.001).  

 

 

 

 

References:  

[1] Swapnali Barde, Joelle Rüegg , Josée Prud'homme, Tomas J. Ekström, Miklos Palkovits, Gustavo Turecki, 

Gyorgy Bagdy, Robert Ihnatko, Elvar Theodorsson, Gabriella Juhasz, Rochellys Diaz-Heijtz, Naguib Mechawari 

Tomas GM Hökfelt. PNAS. 2016 Dec 9;113(52)E8472-E8481. doi: 10.1073/pnas.1617824113.  

[2] Yulu Meng, Shuangshuang Liu, Miao Yu, Hongyue Liang, Yu Tong, Ji Song, Jian Shi,Wen Cai, Qiong Wu, 

Zhifeng Wen, Jialu Wang, Feng Guo. PubMed. 2024 Aug;61(8):5369-5403. doi: 10.1007/s12035-023-03891-x. 

mailto:justyna.brasun@umw.edu.pl

