Shape fluctuation modes and synchronization
patterns in self-assembly aggregate
bionanoclusters
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ABSTRACT

I evaluate shape fluctuations in self-assembly aggregate bionanoclusters by introducing concepts of
aperture-4, symmetry-S, isotropy-/, and compactness-C. Each concept has physical meaning and concern
with such kind degree of tail fluctuation, shape fluctuation, parallelism, and cluster stability, respectively.
Although the dynamics of those parameters exhibit random processes, they show correlation with each
other. I mainly discuss the correlation or coupling of /-C and /-S. The coupling of I-C can explain possible
stable shape of bioaggregates, while, the coupling of /-S can classify them into four cluster modes. In
addition, the coupling of /-S shows fuzzy cluster regions as smooth transitions of the modes. At different
condition such as salty water and different temperature, the parameters consistently show the shape
fluctuation modes. Interestingly, the regions of shape fluctuations in the salty water show slightly
different and apparently follow a fluctuation line. Furthermore, the wider fluctuation line and jump
motions participate in occurring non-Gaussian phenomena for the pure water. Finally, we discuss mutual
cluster dynamics. Unlike individual clusters that mainly show random fluctuation, mutual clusters show
certain patterns in delayed time analysis such as mutual fluctuations periodically occur for same number
of lipids. It indicates that an existence of synchronization patterns occurs.

SUMMARY

In this thesis, I mainly discuss five issues on self-assembly aggregate bionanoclusters. The five issue are
as follows: developing method to measure degree of fluctuations, classifying the fluctuation patterns,
identifying smooth transitions of the shapes, identifying solvent effects, and investigating simultaneously
fluctuation on mutual bionanoclusters. We perform several molecular dynamics simulations for POPC
and POPE lipids at various conditions. In first issue, we propose a technique to analyze the dynamics
based on the concepts of aperture-4, symmetry-S, isotropy-/, and compactness-C. Each parameter has
physical meaning. We found some interesting phenomena in the dynamics, density, and correlation among
those parameters. Although the dynamics of those parameters exhibit random processes, they have
correlation with each other. This analysis can also explain the possible shapes in biological systems such
as micelle, vesicle or membrane. In second issue, we classify the irregular shapes by using the coupling of
S-1 (symmetry and isotropy). We find four shape fluctuation modes: sphere-like, rod-like, cone-like, and
monolayer-like. In third issue, we investigate smooth transitions of the shapes leading to fuzzy cluster
modes. To reveal the transitions, we perform fuzzy c-means clustering. We find not only better
classification of micellar cluster modes and their transition regions but also can determine more proper



position to define each mode on fuzzy region. In forth issue, we investigate solvent effects on each
parameter. From the results, adding salt and increasing temperature generally change each parameter
and contribute on shape fluctuations. Interestingly, the regions of shape fluctuations in the salty water
show slightly different than in the pure water. It apparently shows that they follow a fluctuation line. The
fluctuation line likely contributes in occurring non-Gaussian distributions for the pure water. In fifth issue,
the jump motions likely contribute on the existence of transitions in the non-Gaussian distributions.
Additionally, even numbers of lipids show more symmetric than the odd numbers of lipids and the
symmetry distributions are shift at higher temperature. From power spectra density analysis, each
individual cluster shows nearly random fluctuation. Beside of individual clusters, we also investigate
mutual clusters. Surprisingly, although individual clusters fluctuate randomly, mutual clusters show
certain direction correlations. Moreover, they show certain patterns in delayed time analysis such as
mutual fluctuations periodically occur for same number of lipids. It indicates that an existence of
synchronization patterns occurs in shape fluctuations of the bionanoclusters.
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