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This paper deals with atomistic modeling of nanomechanical behavior of actin monomer. The major
cytoskeletal protein of most cells is actin, which is responsible for the mechanical properties of the cells.
Actin also plays critical mechanical roles in many cellular processes which give structural support to
cells and links the interior of the cell with its surroundings. Based on the accuracy of atomistic-based
methods such as molecular dynamics simulations, in this paper, we perform a series of steered
molecular dynamics simulations on both ATP and ADP single actin monomers to determine their
intrinsic molecular strength. The effect of virtual spring of steered molecular dynamics on the
mechanical behavior of actin monomer is investigated. The results reveal increasing the virtual spring
constant leads to convergence of the stiffness. The stiffness of ADP actin and ATP actin is calculated as
215.16 and 228.24 pN/A, respectively. The results also show higher stiffness and Young’s modulus for
ATP G-actin in comparison to ADP G-actin. In order to compare the behavior of ATP and ADP G-
actins, the number of hydrogen bonds and nonbonded energies between the nucleotide and the protein
are analyzed. The obtained persistent length is 15.61 um which is in good agreement with the other
reported literature values.

ol (ol g 4Bl 60, S5 4l oz le Lol aiby oo donde-1

ol ol 2 1] sl ()5 5 (JBls ol ply 8 O] (S il & o clasl swile Lol Gl ) S TSl G e

5 S USE 5 w5 ool * Mgt eisn O 0 ob TSl et S5 S9SUsS slageBisn 3l 5 wbbise of gl b el

% Cytoplasm
+Monomer

Please cite this article using:

1 Cytoskeleton
2Cell

“awlod el 113 &)l 51 o cul o gla )l (610

B. Mehrafrooz, A. Shamloo, K. Firoozbakhsh, Mechanical behavior of actin monomers under axial tensile loads: A molecular dynamics study, Modares Mechanical Engineering, Vol.

16, No. 8, pp. 375-383, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.8.19.6
https://mme.modares.ac.ir/article-15-4643-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-11]

[ DOR: 20.1001.1.10275940.1395.16.8.19.6 ]

Obe 9 59,80 )40 Sljue

19590 Saolis S () Lwdamd jl 0 Skl by (iadsS (51T )l s (piST pailig p ST olgd dnlloe

)
Pointed End
Subdomain 4

Subdomain 3 Subdomain 1
BarbedEnd
)
Fig. 1 Molecular structure of actin monomer [5]
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(a) Crystal structure of actin filament
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(b) Orientation of monomers in actin filament
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Fig. 2 Schematic representation of Actin filament and the orientation of
its monomers [10]
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Table 1 Overview of the studied models by molecular dynamics
simulation
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