
  

MD simulations of ss-
DNA conformation 
about CNTs: Activities 
Report

Myrna I. Merced Serrano
Department of Mathematics
University of Puerto Rico at 

Humacao

NSA Site Visit 2007



  

Outline

 Background
 Results presented at:

 3rd Annual PREM Meeting, UPRH
 XXII SIDIM Congress, Ponce, PR
 27th PRISM, Carolina, PR
 UPRH Research Day
 7th SSCC, Mississippi
 NCUR-2007, California

 Current work



  

Background

 Molecular dynamics
 the study of the atoms by computer 

simulations
 Carbon nanotubes

 cylindrical sheets of carbon
 ss-DNA

 DNA molecule consisting of only one 
chain of alternating sugars and 
phosphates 

 Poly-C



  

3rd Annual PREM Meeting

  Results:
 Development of metrics to study how the 

Poly-C ss-DNA wraps into the CNT.
 Metrics:

 Axial Probability Distribution Function (APDF)
 Radial Probability Function (RPF)
 Minkowski Distance Graph (MDG)

 Conclusion:
 The APDF and MDG gave more 

information for this particular simulation 
than the RPF.



  

3rd Annual PREM Meeting

November 2006



  

XXII SIDIM Congress

 Results:
 First prototype of MoSDAS GUI.

 Conclusions:
 This GUI is going to be helpfully to run 

MoSDAS.
 Also, it helps to avoid the errors in the 

process of generate the simulations.



  

XXII SIDIM Congress

February 2007



  

27th Puerto Rico Interdisciplinary 
Scientific Meeting

 Results:
 Analysis script MoSDAS

 Conclusions:
 MoSDAS resulted in a great improvement 

in productivity by reducing the 
preparation time of the simulation from 
hours to seconds.

 The development of MoSDAS simplifies 
and avoids the most of the errors in the 
simulation process. 



  

27th Puerto Rico Interdisciplinary 
Scientific Meeting

A Model building, Simulation and Data Analysis Script for the Study of DNA-CNT 
Hybrids

Myrna I. Merced Serrano
Department of Mathematics

University of Puerto Rico at Humacao
Mentor: José O. Sotero Esteva

Carbon nanotubes (CNT) and single stranded DNA (ss-DNA) are both interesting and important 
systems in nanoscience that are completely compatible with one another. They are cylindrical 
sheets of carbon. CNT have diameters of approximately 1nm and lengths up to a few 
centimeters. Single stranded DNA (ss-DNA) is a DNA molecule consisting of only one chain of 
alternating sugars and phosphates. Molecular dynamics simulations are well-suited to provide 
insights into the fundamental properties of DNA-CNT hybrids because they enable calculation 
of structural properties with atomic resolution. The determination of the appropriate physical 
parameters for the simulations as well as the design of the process of building the simulated 
DNA-CNT system had been previously done. But the process was a long and labor intensive 
process that had to be repeated for each simulation. The Model building, Simulation and Data 
Analysis Script (MoSDAS) presented here was developed to automate the whole simulation 
process by generating the necessary parameters, calling and running all the necessary 
programs. All the commands of MoSDAS are in bash programming language. Some axillary 
programs were written in TCL and Python programming languages. The molecular dynamics 
simulation was done with the GROMACS MD package. MoSDAS resulted in a great 
improvement in productivity by reducing the preparation time of the simulation from hours to 
seconds. We ran eight simulations for testing purposes. The only variation in the simulations 
was the quantity of the ss-DNA bases. We easily produced simulations of the Poly-C ss-DNA of 
5, 10, 15, 19, 20, 25, 30 and 35 bases. It was found that the development of MoSDAS 
simplifies and avoids the most of the errors in the simulation process. 

March 2007



  

Research Day at UPR-
Humacao
 This is an integration of Raul's work with 

mine.
 Is a study of Molecular dynamics 

simulations between CNT and different 
polymers. 



  

Research Day at UPR-
Humacao
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7th Southern School on 
Computational Chemistry and 
Material Science
 Results

 Molecule separation distances show how close 
and tight the Poly-C wraps completely around 
the CNT. 

 In Axial distribution agglomerations at 
different levels are observed.

 Conclusions
 Molecule separation graphs provide good 

time-dependent information about how well 
the ss-DNA is conforming about the CNT.

 The Axial distribution function was best suited 
as an indicator of how the DNA atoms 
conforms around the CNT.



  

7th Southern School on 
Computational Chemistry and 
Material Science

April 2007



  

2007 National Congress in 
Undergraduate Research

April 2007



  

Current work

 Principal Principal 
Components Analysis Components Analysis 
in CNT-DNA in CNT-DNA 
conformationsconformations
 Frames produced by 

MD simulation coded as 
N-dimensional vector

 PCA  produces 
sequence of 

   3D (or 2D) points



  

 Graphical User Interface for CNT-Graphical User Interface for CNT-
Polymer hybrids MD SimulationsPolymer hybrids MD Simulations
 Preparation, execution and  analysis of 

MoSDAS
 Phython-Tkinter, independent application, 

VMD plug in.

Current work
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