’i) Check for updates

Trans. Korean Soc. Noise Vib. Eng., 36(1): 5~10, 2026
https://doi.org/10.5050/KSNVE.2026.36.1.005

fEa2EIE =Ry M36A M 13, pp.5~10, 2026
N 1598-2785(Print), ISSN 2287-5476(Online)

BEE olwAl 9 A3 vhe A4 B4 B4,
2AEGS A 7
Aromatic Amino Acid-based Property Analysis of Silk Nano Materials:
a Molecular Dynamics Computational Analysis Method

=

B ©
)

DY

Wooboum Park” and Sungsoo Na'

(Received November 5, 2025 ; Revised January 3, 2026 ; Accepted January 7, 2026)

==

Key Words : Silk-peptide(2 = FE}o] =), Aromatic Amino Acids("8&= o} =2h), Molecular Dynamics(F-A}
59338}, Elastic-network Model(§H4 W E9 T =4

ABSTRACT

In this study, we systematically investigated the structural and mechanical properties of silk [ -sheet

models through the targeted substitution of aromatic amino acids phenylalanine, tyrosine, and

tryptophan. We performed molecular dynamics simulations on uniformly scaled /3 -sheet models

containing 120 amino acids, allowing for consistent comparative analyses. Secondary structure and

hydrogen bonding analyses revealed that the phenylalanine-substituted model exhibited the most stable
B -sheet formation and the highest hydrogen-bond density. Although the tryptophan-substituted model

revealed increased structural irregularity, strong hydrophobic interactions enhanced interchain attraction,

resulting in improved hydrogen bonding and mechanical performance. In contrast, the tyrosine-

substituted model displayed the lowest hydrogen-bond density and mechanical properties. Correspondingly,

Young’s modulus followed the order of phenylalanine > tryptophan > tyrosine. These results demonstrate

that amino acid sequence engineering serves as an effective strategy for tuning the mechanical performance

of silk-based materials and expanding the functional design space of silk-derived nanomaterials.
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(c) Tryptophan

Fig. 1 Molecular dynamics model of amino acids-based
silk beta-sheet
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Fig. 2 Aromatic amino acids-based silk beta-sheet
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Fig. 3 Each mode of aromatic amino acids-based silk
beta-sheet
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Table 1 Comparison of Young’s modulus according
to each engineered aromatic amino acid

e | pensiy g | Ve i
Tyrosine 1041.54 4.30
Phenylalanine 1040.83 5.80
Tryptophan 1042.36 5.10
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