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ABSTRACT

Understanding the dynamics of proteins is essential to gain insight into biological functions of proteins. The protein
dynamics is delineated by conformational fluctuation (i.e. thermal vibration), and thus, thermal vibration of proteins has to be
understood. In this paper, a simple mechanical model was considered for understanding protein’s dynamics. Specifically, a
mechanical vibration model was developed for understanding the large protein dynamics related to biological functions. The
mechanical model for large proteins was constructed based on simple elastic model (i.e. Tirion’s elastic model) and model
reduction methods (dynamic model condensation). The large protein structure was described by minimal degrees of freedom on
the basis of model reduction method that allows one to transform the refined structure into the coarse-grained structure. In this
model, it is shown that a simple reduced model is able to reproduce the thermal fluctuation behavior of proteins qualitatively
comparable to original molecular model. Moreover, the protein’s dynamic behavior such as collective dynamics is well depicted
by a simple reduced mechanical model. This sheds light on that the model reduction may provide the information about large
protein dynamics, and consequently, the biological functions of large proteins.
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Table. 1 3 o] wwd wdS XA
Coarse-graining 7<%
A u A el &S il ¢ alpha carbon(
aH3sle Fig. 1b 3 £ AlE#oldsE 3t
A BAgs FAAE ¢ ).

Table. 1 Model Proteins
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Protein Pdb code N Ng r«(4)
Retinol binding lagb 175 1 12
Dehydrogenase 1ldm 572 4 12
Aploactoferrin 1Ifg 858 2 12
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Fig. 1 (a) Simple protein model with all atoms. (b)
Simple protein model with C_ only.
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Fig 2. Comparison of B-factor obtained from the coarse-
grained structure retaining N/4 alpha carbons with
experimental B-factor by X-ray crystallography: (a) Retinol
Binding (pdb code: 1agb), (b) Dehydrogenase (pdb code:
1ldm), (c) Aploactoferrin (pdb code: 11fg)
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Fig 3. Lowest-frequency normal mode obtained from the

original structure and the coarse-grained structures for

model proteins: (a) Retinol Binding (pdb code: 1agb), (b)

Dehydrogenase (pdb code: 1ldm), (c) Aploactoferrin (pdb

code: 1lfg)
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