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Synthesis of Self-Assembled Peptide Nanoparticles Based on Dityrosine Covalent Bonds
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Abstract — In this study, a method of self-assembly of peptides based on irreversible covalent bonds was studied by
mimicking a biological covalent bond, dityrosine bond. A tyrosine-rich short peptide monomer having the sequence of
Tyr-Tyr-Leu-Tyr-Tyr (YYLYY) was selected to achieve a high-density of dityrosine bond. The peptide nanoparticles
covalently self-assembled with dityrosine bonds were synthesized by one-step photo-crosslinking of a peptide using a
ruthenium catalyst under visible light. The effect of the concentration of each component for the size of the peptide
nanoparticle was studied using dynamic light scattering, UV-Vis spectroscopy, and transmission electron microscopy. As
a result, the synthesis conditions for size of the peptide nanoparticles ranging from 130 nm to 350 nm were optimized.
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Table 1. Results of peptide nanoparticles synthesized from various compositions

Entry No. Peptide Ru(BPY),Cl, Ammonium persulfate Size
1 0.5 mg/mL 0.025 mM 6 mM aggregates
2 0.5 mg/mL 0.05 mM 6 mM 141.8+£37.1 nm
3 0.5 mg/mL 0.1 mM 6 mM 183.2+£55.1 nm
4 0.5 mg/mL 0.2mM 6 mM 229.1 £52.7 nm
5 0.5 mg/mL 0.4 mM 6 mM 277.9+36.1 nm
6 0.5 mg/mL 1 mM 6 mM aggregates
7 0.125 mg/mL 0.1 mM 6 mM aggregates
8 0.25 mg/mL 0.1 mM 6 mM 1353 +£55.5nm
9 1 mg/mL 0.1 mM 6 mM 254.6£32.9 nm
10 2 mg/mL 0.1 mM 6 mM 3449+ 85.2 nm
11 0.5 mg/mL 0 mM 0 mM N/A
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Fig. 1. Chemical structure of tyrosine-rich short peptide (YYLYY) and scheme for the synthesis of peptide nanoparticle through the formation of
dityrosine bonds between peptides using Ru(BPY);Cl, photo-catalyst under visible light.
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Fig. 2. Morphology and characteristics of peptide nanoparticles synthesized from 0.5 mg/mL of peptide YYLYY monomer, 0.1 mM of Ru(BPY);Cl,,
and 6 mM of APS under visible light for 500 sec. a, b) TEM images, c) size distribution, and d) SEM image of the peptide nanoparticles. e)
UV-Vis spectra of peptide monomer (gray) and covalently cross-linked peptide nanoparticle (Black). f) Time-dependent UV absorption pro-

file at 330 nm.
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Fig. 3. TEM images and DLS results of peptide nanoparticles as a function of various concentrations of Ru(BPY);Cl, a) 0.025, b) 0.05, ¢) 0.1,
d) 0.2, e) 0.4, f) 1 mM, while the concentration of peptide and APS were fixed at 0.5 mg/mL and 6 mM, respectively.
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