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While the field of genealogy is growing rapidly, our abllity to decode the genome Computer Systems/Programs- Ubuntu, GROMACS MD package,
has had little progression. Thus, a push to develop a more time and cost efficient Figure 3: Simulation of VMD

method of genome identification has began. The research presented In this poster LR e e DNA mononucleotide Simulation:

uses Molecular Dynamics (MD) Simulations to investigate a probable technique o N ,»w,«g‘ ,x;!w'i;‘:* s traveling through Simulated DNA strand
for genome identification which determines the identities of mononucleotides ¥ ‘ S S
based upon their flight times over a specified length of a nanochannel. These
flight times differ due to the chemical properties of mononucleotide bases being
sent through the channel. Through manipulation of the properties and variables, PMMA

a realistic simulation is developed depicting results which can be later transferred Simulated electrodes in polymer- used to identify passing of
physically and investigated in physical laboratory experiments. While the é 5.0 nm mononucleotide

simulation provided viable results, the wall properties are simulated for
simplification instead of reflection of properties of poly (methyl methacrylate),

! L. 'ﬂ. / .
‘*’?»30/ nanochannel Enzyme (possibly A-exonuclease)- used to cut the strands of
TN DNA into mononucleotides
Simulated wall polymer material- poly(methyl methacrylate),

or PMMA (the material which will likely be used if an actual laboratory - :
experiment occurs). Therefore, the chemical variables of the simulation must be Resu ItS/Th il g s Learn ed ' - —
tailored to det_ermlne reallstlc_: and effective nan_ochan_nel wall properties. . The goal of using a model of a mononucleotides being sent through _ n — dowP
Thus, producing more effective and accurate simulation results and data. a nanoslit is viable to decipher a selected segment of the genome. _i o N — dTMP
* The mononucleotides flight times are directly related to their s [l poooooee.
hydrophobic properties; > 004
_ * The more hydrophobic, the less adsorption and interaction with &
Goals: the wall will occur, resulting in a shorter flight time. E 00
1. Correctly decipher a genome by sending mononucleotides using their flight times » The order of flight times of the mononucleotides from shortest to |
through a section of a nanoslit of determined length. longest was found to be: C,G, A, T .00 i T E— e
2. Understand the continuum hydrodynamics behind the interactions and determine » The simplified wall parameters simulated in the original research Time of flight over 5.9 um (us)
nanoslit wall properties that satisfy goal one best (produce desired occasionally result in misordering of the genome sequence and Figure 4: Plot displaying the flight times of each
wall/mononucleotide interactions). are not able to be replicated in a lab setting (due to high velocity/ simplified walls) mononucleotide over 5.9 micrometers

S Conclusion:

* The simulations can, on average, correctly identify small

segments of a simulated genome in simplified form

 Numerous simulation trials must still be performed to construct a
simulated wall materials which not only provide the desired adsorption
and desorption, but also can be replicated in a real life lab situation.

* The process of developing an effective and manufacturable wall

will likely result in further extensive testing and manipulation of the

Background.:

* Proven theorems define the physical and chemical interactions that exist and define a liquid’s
motion (specifically Stoke’s law and the Fluctuation-Dissipation theorem)

« At a molecular level the interactions that exist between nanoparticles and walls do not
correlate with the general continuum hydrodynamic theorems

* While moving in the proximity of a wall, nanoparticles suspended in liquid experience a drag
force (shown in Fig. 1)
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* |n proximity of less than one molecular radius, the drag force values calculated through 0 A SN wall properties.
molecular simulations diverge from predicted hydrodynamic equation results ot e
« Simulations performed by researchers including Andreas Fuchs and Sivakumar Figure 1: drag forces displayed during motion with
Challa have demonstrated that : respect to a wall (perpendicular and perpendicular) 2 References:
* Divergence In force values are due to the rapid dissipation of fluid molecules in the L _ _ ' _
space between the wall and nanoparticle 1. D|st|_ngwsh|_ng Single DNA Nucleotides Base_d on Fllgh_t through
* Relations exist between specific simulation properties (wall type and particle velocity) H H L H 0 o~ Nonoslites, Brian R. Novqk, Dorel I\/!oldczvan, Dimitris Nikitopoulos, Steve
and the resulting fluid drag properties 7 oo D iobo 0fo. o L.oX-0H A. Soper, Journal of Physical Chemistry . . .
. Simulation properties must be repeatedly tested to produce accurate and realistic testing o1 %n oS 7 I O 2.Molecular Dynamics Simulations of Nanoparticle Interations with a
data N oaer NONON, o " ° Planar wall, A_ndrea_s Fuchs, Da_wd _Kauzlarlc, And_reas Greiner:
* Mononucleotides being sent through the nanochannel in simulation experience NS N L N s LA .:.NH 3.Molecular Simulations of Lubr‘!catlop and Sc?lvatlon F?rces, Sivakumar
physical interactions due to both general hydrodynamics and their chemical composition L o et e R. Challa, Frank Van Swol, “Physical Review E. 73
* Specifically their hydrophobic properties attributed to the chemical properties |
of the nitrogenous base: Adenine, Guanine, Thymine, and Cytosine (shown in fig 2) Figure 2: Chemical composition of nucleotides sent Acknowled gements:
* Nucleotides travel through the channel at different rates due to their varying levels of through channel 1
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