Synthesis and Structural Analysis of Collagen Modified with a 2-Azabicycloalkane Fragment Using the SPPS Method
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Collagen is a key component of the extracellular matrix, responsible for providing mechanical strength and maintaining the structural integrity of tissues. The stability of its triple helix is primarily attributed to the presence of proline and hydroxyproline. The natural forms of collagen often exhibit limited thermal stability, which restricts their applications in tissue engineering and regenerative medicine.

In the presented project, we propose substituting proline in the collagen peptide chain with a more rigid 2-azabicycloalkane analogue, which may contribute to enhanced stability of the helical structure (Fig. 1).
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Figure 1. Schematic representation of a collagen chain containing a 2-azabicycloalkane unit 

The structural rigidity of 2-azabicycloalkane units may promote more favorable spatial organization of peptide chains and enhance the resistance of the helix to thermal denaturation. The incorporation of such a fragment limits rotational freedom around peptide bonds, which can stabilize the desired torsion angles and contribute to the persistence of the triple-helical conformation [1]. 
The synthesis of the modified sequences was carried out using the SPPS (solid-phase peptide synthesis) method, which allows for precise introduction of modifications at selected positions in the chain (Fig. 2).
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Figure 2. Synthesis of a monomeric peptide chain for the study of triple helix self-association
Additionally, the obtained collagen was stabilized with a three-armed scaffold based on TREN (tris(2-aminoethyl)amine), which—due to its flexibility—enables better  alignment control of the three peptide chains and tighter packing of the triple helix, thereby increasing its stability [2]. The chain termini were labeled with Rhodamine B to allow further evaluation of the compatibility of the synthetic and natural collagen in tissue environments [3].
Structural analysis of the obtained analogues will assess the extent to which the proposed modification supports the preservation of the native collagen structure and its potential for biomedical applications. The results may contribute to the development of collagens with enhanced thermal and mechanical stability, suitable for tissue engineering and regenerative medicine.
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