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Abstract

In the present work, we studied a method for the synthesis of uniform gold-peptide hierarchical superstructures using tyrosine
rich peptide, Tyr-Tyr-Leu-Tyr-Tyr (YYLYY). Peptide nanoparticles self-assembled by dityrosine bonds were synthesized
through the photo-crosslinking reaction of the peptide, and gold-peptide hybrid nanoparticles were synthesized using bio-
mineralization properties of tyrosine in a green synthetic manner. The synthesized gold-peptide hybrid nanoparticles were then
characterized by transmission electron microscopy, scanning electron microscopy, dynamic light scattering, UV-vis spectro-
scopy, scanning transmission electron microscopy-energy dispersive X-ray spectroscopy, and X-ray diffraction. Furthermore,
the catalytic activity of gold-peptide hybrid nanoparticles was confirmed by the reduction reaction of methylene blue where
the catalytic reaction rate constant was 13.4 x 10° s’
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Figure 1. Chemical structure of YYLYY peptide monomer and scheme for hierarchical synthesis of gold-peptide hybrid nanostructure.
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Figure 2. (a) TEM image and (b) SEM image of peptide nanoparticles.

(c) Size distribution of peptide nanoparticles. (d) UV-Vis spectra of

peptide solution before (black) and after photo-crosslink reaction (red).
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Figure 3. (a) Low and (b) high-resolution TEM images of gold-peptide
hybrid nanoparticles with crystalline lattice of 0.23 nm. (c,d) Elemental
mapping image (carbon C, gold Au) of gold-peptide hybrid nanopar-
ticles. (e,f) TEM images of recovered gold-peptide hybrid nanoparticles
after ultrasonic treatment for 30 min.
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Figure 4. (a) UV-Vis spectra of peptide nanoparticles (red) and gold-pep-
tide hybrid nanoparticle (black). (b) SAED pattern and (c) XRD pattern
of gold-peptide hybrid nanoparticle.
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Table 1. Comparison of Catalytic Activities (Rate Constant) of Various Reported Catalysts for the Reduction of Methylene Blue

Entry no. Catalyst MB (mM) Cat. (equiv.) NaBH4 (equiv.) Rate constant (s
1 Au@Peptide YYLYY 0.05 1 180 134 x 107
2 Ag@PDA[16] 0.0003 0.8 166666.7 6.0 x 107
3 Cu-PDA@Sand[17] 0.003 7.6 200 12.5 x 107
4 Au@polypyrrole/Fe;04[18] 1.9 61.2 33.6 45% 107
5 SMt@GO@Au[19] 0.08 0.3 639.4 8.8 x 107°
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Figure 5. (a) Reaction scheme for catalytic reduction of methylene blue using gold-peptide hybrid nanoparticle as a catalyst. (b,c) Time-dependent
UV-Vis spectra of reactant (b) in the absence and (c) in the presence of gold-peptide hybrid nanoparticle. (inset) Photograph of methylene blue
solution before (blue color) and after (transparent) the catalytic reaction. (d) Plot of -In[Agss nm(t)/Aes nm(0)] versus time for the catalytic reduction

of methylene blue.
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