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Metoda SCC-DFTB

(Self Consistent Charge Density Functional Based Tight Binding method,
SCC DFTB, Frauenheim et al. Phys Stat. Sol. 217, 41, 2000)
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HIV-1 protease.
Flap opening dynamics

Data for the analysis taken taken from microsecond time-scale dynamics:
V.Tozzini, J.Trylska, C.Chang, J. A.McCammon, J.Struct.Biol., 157,606-615, 2006




Simulation method:
DL_POLY, package, W.Smith and T.R.Forester, J. Mol. Graph.,14, 136-141, 1996







e Molecular dynamics

¢ Monte Carlo methods



GGlutamate-Alanine







Potential energy function
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Internuclear Separation (r)

Source: Wikipedia
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Interaction energy (cm_1)
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Atom Types

Glutamate-Alanine
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Angle Parameters
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Dihedral Parameters
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Partial Charges

Glutamate-Alanine




Force Fields

¢ a set of parameters and functions
e transferable
¢ (semi-)empirical

e functional form and parameters may differ among force
fields (Amber, Charmm, OFLS5)



Optimization of the geometry (methods for nearest local
minimum):

1. Steepest Descents
2. Conjugate Gradients

3. Newton-Raphson



Steepest Descents

¢ moving down the steepest gradient (motion is always down-
hill)

e steps in the direction of the negative gradient of the pot.
energy (force)

e does not remember previous steps

¢ the gradient becomes smaller as the minimum is approached
(poor convergence)

r'siy1 =I; — /\VV(I})

A - step size parameter (how far to shift coordinates at each step)
If energy drops we increase A by 20%, if energy rises A is halved.




Newton-Raphson:
Mimimum — f'(z) = 0
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Hamiltonian dynamics
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Based on the potential energy function V', we can find
components of the force acting on an atom as:

oV

B =
8['3*

Newton’s equation of motion:

Fz’ — Tn;a;
Lav
dry — dt?

Change of the potential energy is related to the changes in
position as a function of time




Euler integration (first order method)
r(t + At) =r(t) + v(t) At

v(t+ At) = v(t) + a(t) At

a(t) = —1 /mgz
vit) = &Y

To calculate a trajectory we need:
e initial positions of the atoms (e.g. X-ray or NMR structures)
e an initial distribution of velocities

¢ the acceleration, which is determined by the gradient of the
potential energy function




Euler method for one dimensional harmonic oscillator:
z(t + At) = z(t) + v(t) At

v(t + At) = v(t) + al(t) At




Time integration algorithms are based on finite difference
methods (from positions and velocities at time t we derive the
same quantities at time t+At)

Errors:

e [runcation errors - methods are based on a Taylor series
expansion truncated at some term

d*r(t)
dt?

r(t + At) = r(t) + drd) A +1/2 AL + ...

dt

where t - current time and Af - time step

e Round-off errors - related to a particular implementation of
the algorithm




Verlet algorithm:

r(t + At) = r(t) + v(t) At + 1/2a(t)At? + 1 /6b(t) At + O((A)*)
r(t — At) =r(t) — v At + 1/2a(t) At — 1/6b(t)At® + O((AD)*)
Y
r(t + At) = 2r(t) — r(t — At) + a(t) A2 + O(A?Y)
Velocities can be calculated from

_r{t+ AL —r(t — At)
= 2AL

Trajectory - coordinates as a function of time




How to choose a time step?

e for all-atom description of the system A¢=0.5-2 fs

e atomic vibrations - characteristic times 10-14-10-1g




Limitations:
e potential energy function (force field) is approximate
e force field is pair-additive
¢ long range interactions are truncated

e periodic boundary conditions




MD setup




Periodic boundary conditions
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Elastic network model

. *( " - |
‘-«n“




Flap opening dynamics

30 | ;
“Bunches" of opening events 2,k ]
separated by longer closed i g
intervals: Tossini et al., : :

J.Struct.Biol., 157, 606 (2007) T T S S e
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Principal component analysis - (Essential Dynamics)

It serves to identify significant directions of global correlated motions.

*One solves the eigenvalue problem for the symmetric 3Nx3N covariance
matrix derived from the MD trajectory.

Cij —<(Xj—<Xj>)(Xi-<Xi>)> dim (Cy)=3NX3N

*The brackets represent the time averages over all trajectories.

*The eigenvectors give directions, and eigenvalues quantify the magitude
of the fluctuations.

*The trajectory can be projected onto the eigenvectors - the first several
represent most of the functional motions of the system.

See: A. Amadei,A.B.M. Linsenn, H.J.C. Berendsen, Proteins: Struct. Funct.Genet.,
17, 412-425(1993)




The first normal
mode of HIV-1




Sygnals: MD trajectories, their combinations or projections on N-modes
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Decomposition of atomic motions
normal modes
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Whnioski koncowe

Dynamika molekularna wtgcznie z kwantowymi metodami ab initio
sgq bardzo efektywnymi metodami badawczymi, pozwalajgcym na
opis roznorodnych mechanizmow przemian strukturalnych w
uktadach (bio)molekularnych, jak rowniez np. nanostruktur.

Przy ustalonej topologii (bez zrywania wigzan chemicznych)
badanego uktadu metodami MD mozna symulowac réznorodne
przemiany konformacyjne.

Metody QD oraz QCMD pozwalajg rowniez na symulacje reakcji
chemicznych oraz biochemicznych, w tym enzymatycznych.

Wszystkie metody w konfrontacji z dostepnymi danymi
doswiadczalnymi pozwalajg na pogtebione zrozumienie badanych
mechanizmow i procesow.

Rozwija sie nowa dziedzina badajgca relacje przyczynowosci w,
symulacjach MD/QD/QCMD tzw. ,causality analysis”




Podziekowania:

W prezentacji zostaty wykorzystane niektére slajdy
dr hab. Joanny Trylskiej, m.in. te dotyczace
proteazy kodowanej przez genom wirusa HIV-1
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