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Abstract: The understanding of the mechanical properties of amyloid fibers, which induce various neurodegenerative
diseases, is directly related to the amyloid growth mechanism. Diverse studies have been performed on amyloid fibers
from the viewpoint of disease epidemiology. Recently, attempts have been made to use amyloid fibers as new materials
because of their notable mechanical properties and self-aggregation abilities. In this study, the mechanical properties of
transthyretin (TTR105-115), which induces cardiovascular disease, were evaluated using a molecular dynamics (MD)
simulation. In particular, the effect of the end-terminal capping on the structural stability of TTR105-115 was evaluated.
The mechanical behavior and properties of TTR105-115 were measured by steered molecular dynamics (SMD). We
clarified the factors affecting the mechanical properties of these materials and suggested the possibility of utilizing them
as nature inspired materials.
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Fig. 1 The images of TTR amyloid protofibrils depends
on end-terminal capping. (a) the capped fibril.
The capped region is represented with red and
blue spheres. (b) the uncapped fibril for the

simulation
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Fig.2 (a) Average RMSD results for capped- and
uncapped-TTR amyloid for 50 ns. (b) Average
Dihedral angle of capped- and uncapped-
protoTTR amyloid fibrils. (¢) SASA per residue
of uncapped- and capped-TTR protofibrils. (d)
RMSF per residue of the capped- and uncapped-
TTR amyloid protofibrils. The figures were
reproduced with permission of Wiley, Ref. (43)
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Fig.3 Time versus the number of hydrogen bond
graphs. (a) shows the comparison graph for the
simulation performed using a velocity of 0.001
A/ps, and (b) is the graph using a velocity of
0.025 A/ps. To reduce the noise of hydrogen
bonds per time graphs, we smoothed the data
using a weighted moving average with over 100
ps. and (c) shows the average value of
electrostatic energies. (d) shows tensile Young’s
modulus of uncapped and capped TTR 105-115
protofibrils from stress-strain curves
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Table 1 The tensile Young’s modulus of several amyloid
fibrils for the comparison

Structurcs Tensile Young’s
modulus (GPa)
hIAPP (Leeet. al./ 24-12
SMD) 151D
hIAPP (ENM) (1D 12-14
AP (AFM experiment,| 124-17.2
MD) 3840
Insulin (AFM 33404
experiment) 41
TTR capped(SMD) 7-10
TTR uncapped 6-7
(SMD)
(a) 0.001 [A/ps] (b) 0.025 [A/ps]
800 capped 800 capped
uncapped| uncapped|

—_ 600 — 600
S . f.
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Fig. 4 (a) and (b) present strain-stress curves depend on
the pulling rate. (c) shows the results of SMD
simulation with a pulling rate of 0.001 A/ps for
the capped model and the uncapped model,
respectively. Panels (d) shows the results for the
capped model and the uncapped model,
respectively, at a pulling rate of 0.025 A/ps.
Fracture processes over time are indicated by T1
(Initial time), T2 (Elastic region), T3 (Peak point),
and T4 (Fractured time)
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