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STAGE II / 2021  
Study of the phenomenon of self-assembly in solution of peptides as low molar weight 
crosslinkers (LMMGs) - continuation of studies started in 2020 
Formulation of the concept on the preparation of hybrid materials based on LMMG / PG 
(gelling polymers)  
Formulation of the concept of preparation of multicomponent gels 

 

A1: Study of the ability of peptides co-assembly - continuation of studies started in 2020.  
A2: Study of the effect of specific factors on the ability of peptides to form supramolecular structures - 
continuation of studies started in 2020 
A3: Selection of supramolecular assemblies based on LMMGs synthesized in Stage I by correlating the 
results obtained from the physico-chemical properties  
A4: Preparation of hybrid materials  
A5: Synthesis of double networks (DN) using a preformed gel 
A6: Synthesis of DN by forming "in situ" of the second network  
A7: Characterization of the obtained gels  
A8: Dissemination 
Results delivered on stage:  
(1) self-assembled peptide-based structures such as LMMGs ;  
(2) hybrid gels based on natural polymers and LMMG  
(3) DN structures based on a preformed gel; DN structures, in which a network is obtained in situ; 
multicomponent gels 
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 Stage Summary 
 
Supramolecular chemistry includes and investigates highly ordered systems formed by intra- and 
intermolecular combinations of weak and reversible non-covalent interactions. 
Low molecular weight crosslinkers (LMMG) are a class of compounds (size <3kDa) that have the ability to 
self-associate through physical interactions (hydrogen bonds, ionic, hydrophobic, van der Waals, π-π 
conjugation) in a three-dimensional network and have the ability to incorporate solvent molecules into their 
structure. 
Amino acids and peptides, as short chain amino acids coupled by peptide bonds, are organic structures that 
can be included in the category of low molecular weight crosslinkers. Peptide-based supramolecular gels are 
of particular importance in biomedical applications due to their remarkable intrinsic properties. 
This class of soft materials is used, in particular, in the administration of drugs, wound dressing due to its 
antibacterial action and repairing effect, or as a 3D support for the development of cell cultures. Peptides are 
considered attractive for biomedical fields and due to the mimetic biochemical processes of natural 
extracellular matrices (ECM), nanofiber aspects and high hydration capacity. The main advantages of these 
small molecules are biocompatibility, bioactivity, adhesion and cell proliferation. These characteristics are 
essential for the development of three-dimensional structures with a role in cell growth. 
The main objective of the project is to synthesize new hybrid polymer / peptide hydrogels as innovative 
platforms designed for applications in cell cultures. In this context, the aim was to diversify the already existing 
range by introducing new structures that would bring benefits such as better resistance, more structured 
networks. Starting from these aspects and in accordance with the work plan, in this stage were studied: 
 
- Ability to co-assemble peptides (continuation of studies started in 2020): The study of the co-assembly 
capacity highlighted the following aspects regarding the chosen systems: (i) some systems gelled 
under any of the chosen conditions (Fmoc-Lys-Fmoc + Fmoc-Phe-Phe system), (ii) some systems did not gel 
regardless of the chosen working conditions (Fmoc-Gly-Gly-Gly + Fmoc-Ga, Fmoc-Gly-Gly-Gly + Fmoc-Phe-
Gly) and (iii) there are systems that gelled only under certain conditions (Fmoc-Lys-Fmoc + Fmoc-Serine, 
Fmoc-Lys-Fmoc + Fmoc-Ga, Fmoc-Lys-Fmoc + Fmoc-Gly-Gly-Gly, Fmoc-Phe-Phe + Fmoc-Gly-Gly-Gly) but 
which formed stable and transparent gels. 
 
- Study of the effect of specific factors on the ability of peptides to form supramolecular structures 
(continuation of studies started in 2020): The influence of pH, solvent and concentration on the self-assembly 
process in peptide systems was studied. The gelling process was found to be influenced by both changes in 
pH and the use of a polar solvent (DMSO). 
 
- Selection of supramolecular assemblies based on LMMGs by correlating the results obtained from 
the physico-chemical properties: Following the results obtained from the processes of preparation of 
supramolecular gels using specific peptide structures The following systems were chosen for evaluation and 
characterization: FMOC-Lys-FMOC + FMOC -Gly-Gly-Gly; FMOC-Lys-FMOC + FMOC-Serine; FMOC-Lys-
FMOC + FMOC-glutamic acid. The samples were characterized using spectroscopic techniques (FTIR, DC, 
fluorescence, UV-VIS), rheological studies, SEM morphology. It turned out that the system based on FMOC-
Lys-FMOC + FMOC-Gly-Gly-Gly best meets the characteristics of a supramolecular gel. 
 
- Preparation of hybrid materials: By combining LMMG with a polymer with gelling capacity (agarose, 
phytagel) hybrid gels with a stable structure were obtained as shown by the characteristics (FTIR spectra, 
overthrow of the vial, thermal analysis, SEM morphology ) undertaken. The gels prepared after the co-
assembly process have a transparent appearance. The samples in the ratio of 3/1 FMOC-Lys-FMOC / natural 
polymer showed a better viscoelastic behavior and a translucent appearance, while the samples with low 
content of FMOC-Lys-FMOC are less stable and more opaque. 



- Synthesis of double networks (DN) using a preformed gel: Poly (itaconic anhydride-co-3,9-divinyl-2,4, 8, 
10-tetraoxaspiro (5,5) undecane) (PITAU), a synthetic copolymer with functional groups, synthesized within 
the team and having a patented structure, was used. PITAU has specific properties, such as the ability to 
create networks, biodegradability and biocompatibility, binding properties, amphiphilicity, thermal stability, and 
sensitivity to pH and temperature. The possibility of forming 3D networks based on PITAU and alginate was 
investigated, in order to obtain biocompatible gels with improved properties. The obtained structures were 
characterized (FTIR, thermal analysis, SEM) and the formation of the network was confirmed. 
 
- Synthesis of DN by the formation "in situ" of a synthetic polymeric network (poly (dimethylaminoethyl 
methacrylate) (PDMAEMA)) in the interpenetrating meshes of the supramolecular network formed by amino 
acid / peptide. The obtained structures were characterized (FTIR, thermal analysis, SEM) and the formation of 
the network was confirmed. 
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