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Abstract

lodide (I - ) uptake mediated by the Na*/I - symporter (NIS) is the first step in the biosynthesis of the
thyroid hormones, of which | ~is an essential constituent. NIS couples the inward transport of | -
against its electrochemical gradient to the inward translocation of Na * down its electrochemical
gradient. NIS also transports oxyanions (XO 4 ~s), such as perrhenate (ReO 4 ~) and the environmental
pollutant perchlorate (ClO 4 - ). Furthermore, NIS is the basis for radioiodide ("'l - ) therapy for thyroid
cancer (administered after thyroidectomy), the most effective targeted internal radiation cancer
therapy available. ™' | -~ selectively targets remnant malignant cells and metastases expressing NIS,
causing only minor side effects. There is great interest in expressing NIS exogenously, by gene
transfer, in extrathyroidal cancers to render them susceptible to destruction by '3'| - . This approach,
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Molecular Dynamics Fundamentals

Primary goal of MD simulation:
computing the trajectories of atoms/particles in a system

* Numerical method is applied to solve Newton’s equations of motion.
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An initial value problem:

Given {r;(0),v;(0)}),, find atomic trajectories at any time moment: {r;(¢t), v; (t)}}_,



Molecular Dynamics Fundamentals

At

Chasing only for the accuracy of calculation:
Essential requirement: time-reversal symmetry,| ) |t (r,',,)|
is not held in the above methods

t+At

—At
* Verlet’s method (1967): a time-reversible algorithm,
r(t + At) = 2r(t) —r(t — At) + r" (t)At? + 0(AtY)
_ r(t+At)-r(t-At) 3
v(t) = oy + 0(At>)
derived by adding and subtracting the two Taylor series expansions:
r(t + At) = r(t) + ' (DAL + 1" (DAL + " (AL + 0(At?)

s — — aal l " 2___]_-_ " 3 4
r(t—At)=7r(t)—r (t)At+2r (t)At <y (H)At? + 0(AtY)

Advantages: simplicity, good stability, time symmetry,
suitable for studying molecular dynamics



Molecular Dynamics Fundamentals

Class | Force field:
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Molecular Dynamics Fundamentals

Physics of a system are known if we know the trajectory,
more precisely, the phase-space trajectory {r;(t), p;(t)}\_,

Hamitonian H({r;, p;}) = ( NP ) + U({r, pi})

=1 2m;

= physical quantity A({r;, p;})

Topics of study: any kind of energy, pressure, temperature, force, interaction, ....

static properties: molecular shape, size, crystalline structure,
dislocation, g(r), ...
dynamic properties: diffusion, heat transfer, time correlaction,....
responses: shearing, stress, strain, electric field, temperature
gradient .....
Domains of application: physics, chemistry, engineering, materials sciences,
molecular biology,...



Molecular Dynamics Fundamentals

MD flowchart
configuration {r; (0 Compute forces
l Update velocities and coordinates
t »>t+ At
Energy minimization Control temperature

Calculate physical quantities

l

Initial velocity assignment {v;(0)}

Is stopping
l criterion
Equilibration

reached ?

at desired temperature
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Thanks for your attention!
Any Questions?



