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Abstract 

Self-healing biomaterials are relevant for regenerative medicine due to their ability to restore mechanical 

integrity after damage. Spider dragline silk fibroin is a suitable platform because of its high strength, 

elasticity, and biocompatibility. In this study, recombinant fibroin was modified to enhance potential self-

healing properties through incorporation of hydrophobic and tyrosine-containing motifs associated with 

reversible supramolecular interactions. Hybrid constructs were designed in silico and structurally evaluated 

prior to experimental implementation. A 1× fibroin gene was constructed, codon-optimized for E. coli, and 

cloned into a T7-based vector, followed by in-plasmid duplication to generate a 4× repeat variant. To 

overcome translational limitations typical for repetitive silk genes, a SUMO fusion strategy with an RFP 

reporter was applied. The SUMO-1×-RFP (~43 kDa) and SUMO-4×-RFP (~54 kDa) proteins were 

successfully expressed in E. coli after IPTG induction, as confirmed by SDS-PAGE and fluorescence 

analysis. The obtained results establish a platform for further production of higher-order constructs and 

subsequent mechanical and self-healing characterization. 
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Аннотация 

Самовосстанавливающиеся биоматериалы актуальны для регенеративной медицины благодаря 

своей способности восстанавливать механическую целостность после повреждений. Фиброин 

паучьего шелка является подходящей платформой для таких исследований благодаря своей 

высокой прочности, эластичности и биосовместимости. В рамках этого исследования 

рекомбинантный фиброин был модифицирован для повышения его потенциальных 

самовосстанавливающихся свойств за счет включения гидрофобных и тирозинсодержащих 

мотивов, связанных с обратимыми межмолекулярными взаимодействиями. Гибридные 

конструкции были разработаны in silico и прошли структурную оценку перед экспериментальным 

применением. Был сконструирован ген фиброина 1×, кодон-оптимизирован для E. coli и клонирован 

в Т7-вектор с последующей внутриплазмидной дупликацией для получения варианта 4×. Чтобы 

преодолеть ограничения, связанные с трансляцией, характерные для повторяющихся генов шелка, 

была применена стратегия SUMO-fusion с репортером RFP. Белки SUMO-1×-RFP (~43 кДа) и 

SUMO-4×-RFP (~54 кДа) успешно экспрессировались в E. coli после индукции IPTG, что 

подтверждено SDS-PAGE и флуоресцентным анализом. Полученные результаты создают основу 

для дальнейшего создания конструкций более высокого порядка и последующего определения 

механических характеристик и возможностей самовосстановления. 
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Self-healing biomaterials represent a promising direction in regenerative medicine, 

where mechanical durability and long-term stability are critical. Materials capable of restoring 

their structural integrity after damage can significantly improve the lifespan of implants and 

tissue scaffolds. Spider dragline silk fibroin is an attractive candidate due to its exceptional 

tensile strength, elasticity, and biocompatibility [1]. 

Recent studies suggest that self-healing in silk-based materials is mediated by reversible 

supramolecular interactions, including β-sheet reorganization, hydrogen bonding, and 

aromatic stacking. We hypothesized that targeted modification of fibroin sequences by 

introducing hydrophobic and tyrosine-containing motifs into β-sheet and amorphous domains 

would enhance self-healing performance while preserving mechanical robustness [2,3]. 

Hybrid fibroin constructs were first designed in silico using sequence-based predictive 

models to estimate mechanical parameters including strain at break and Young’s modulus [3]. 

Structural organization was evaluated with AlphaFold modeling to ensure preservation of β-

sheet domains and elastic regions. Based on computational assessment, modified sequences 

containing GPGGX motifs with aromatic residues were selected. 

The experimental work began with construction of a 1× recombinant fibroin gene, 

codon-optimized for E. coli and cloned into a T7 promoter-based expression vector. After 

validation, the 1× unit was duplicated within the vector to generate a 4× repeat construct. 

Previous attempts to express repetitive constructs demonstrated transcription without 

detectable protein production, suggesting translational limitations typical for highly repetitive 

silk genes. To address this issue, a SUMO fusion strategy was implemented. A SUMO domain 

was fused to the 5′ end of the fibroin gene followed by an RFP reporter to directly monitor 

translation efficiency. 

The resulting SUMO-1×-RFP fusion protein (~43 kDa) and its duplicated version 

SUMO-4×-RFP (~54 kDa) were successfully expressed in E. coli BL21 and Rosetta strains 

after IPTG induction. SDS-PAGE analysis revealed a clear band corresponding to the 

expected molecular weight, and fluorescence of induced cultures confirmed active translation. 

These results demonstrate that SUMO fusion significantly improves expression stability and 

provides a reliable platform for further production of repetitive fibroin constructs. 

In this work, a recombinant fibroin construct was developed. A 1× gene was first 

obtained and then duplicated in the plasmid to generate a validated 4× repeat variant. SUMO 

fusion enabled successful expression of the SUMO-4×-RFP protein (~54 kDa), confirming 

improved translation efficiency of repetitive silk sequences. Further work is focused on 

obtaining an 8× repeat construct and subsequent production of the corresponding protein for 

mechanical and self-healing characterization. 

 

Literature 

 
1. Wu, S.-D.; Chuang, W.-T.; Ho, J.-C.; Wu, H.-C.; Hsu, S.-h. Self-Healing of Recombinant 

Spider Silk Gel and Coating // Polymers. 2023. Vol. 15, no. 8. P. 1855. 

https://doi.org/10.3390/polym15081855 

2. W.-C. Chen, R.-C. Wang, S.-K. Yu, J.-L. Chen, Y.-H. Kao, T.-Y. Wang, P.-Y. Chang, H.-S. 

Sheu, S.-C. Chen, W.-R. Liu, T. Yang, H.-C. Wu, Self-Healable Spider Dragline Silk 

Materials // Adv. Funct. Mater. 2023. Vol. 33, P. 2303571. 

https://doi.org/10.1002/adfm.202303571 



3. Pena-Francesch, A., Jung, H., Demirel, M. C., & Sitti, M. Biosynthetic self-healing 

materials for soft machines // Nature materials. 2020. Vol. 19, no. 11. P. 1230–1235. 

https://doi.org/10.1038/s41563-020-0736-2 

 


