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Study of nanomechanical behavior of double-stranded DNA molecule
under tensile forces
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ARTICLE INFORMATION ABSTRACT

This research aims to provide new information about the mechanical behavior of double-stranded
DNA (dsDNA). For this purpose, a series of extended atomic resolution molecular dynamics (MD)
simulations of DNA dodecamer is performed. The MD calculations are carried out using
Generalized Born solvent-accessible surface area method and Langevin dynamics. The stress-
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strain curves of DNA obtained under various pulling rates and pulling angles are analyzed, and the
role of pulling angle and velocity in determining biomechanical properties of short dsDNA is
discussed. The results illustrate that how much the behavior of DNA under action of tensile forces
could be complicated. By means of at base pair level analyses of the molecule conformation during
the stretching processes, the structural stability of the DNA molecule subjected to the angled
pulling with different pulling rates and different pathways to the dsDNA rupture are studied. The
structural stability of dsDNA can be dependent on the pulling velocity and pulling angle. Whereas
the DNA stability can decrease significantly with the reduction of pulling velocity, stretching the
DNA under different angles has different unpredictable effects on its structural stability.

Keywords:

Molecular Dynamics
Double-stranded DNA
Mechanical behavior
Stretching
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1- Double-stranded DNA (dsDNA) molecule
2- Purine

3- Pyrimidine

4- Deoxyribose
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15- Topoisomer

16- Base-stacking (BS)

17- Watson-Crick hydrogen bonds (WCHB)
18- Amber

19- SHAKE algorithm

20- Steered molecular dynamics

21- Reaction coordinate
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1- Transcription

2- Replication

3- Recombination

4- Repair

5- Molecular dynamics (MD) simulations
6- Overstretched

7- Base pairs

8- Structural transition
9- Canonical

10- Strain-softening

11- Nick

12- Termini

13- Stretch modulus

14- Paranemic crossover
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6- Generalized Born solvent-accessible surface area (GB/SA)
7- Electrostatic screening effects

8- Debye-Huickel

9- Stochastic collisions

10- Langevin dynamics

11- Damping constant

12- Boltzmann constant
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1- Nucleotide

2- Dummy atom

3- Explicit solvent environment

4- Generalized Born (GB) implicit solvent model
5- Self-diffusion phenomenon
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4- Strain hardening
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1- Dirac
2- Gaussian
3- LOWESS (Locally weighted scatterplot smoothing)
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