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Recent progress on structural analysis and computational methods has allowed the accurate
design of protein assemblies. However, the dynamic behavior of molecules in their assembly
process remains unclear. In this study, we investigated the assembly mechanism of artificial [3-
helical protein needles (PN) derived from bacteriophage T4. We regulated the two-dimensional
assembly behaviors of PN by engineering the tip domain and observed the dynamic behaviors
directly by high-speed atomic force microscopy (HS-AFM).
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