STOCHASTIC BOUNDARY MOLECULAR DYNAMICS SIMULATION OF GDP + Pi + RAB-11 COMPLEX
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INTRODUCTION METHODS
Rab GTPases, small GTP-binding proteins of the Ras oncogene superfamily cycle STOCHASTIC BOUNDARY MOLECULAR DYNAMICS:
between an active state bound to GTP and an inactive state bound to GDP, which
form the basis for their ability to function as molecular switches in multiple We have solvated a part of the protein with a 20 A sphere of water
cellular regulations. The active form is turn off by hydrolysis of GTP. around the Mg ion.
Rab11 GTPase, a member of the Rab protein family, plays a role in regulating The protein is divided into 3 regions, an inner of 16 A,
various cellular functions, including plasma membrane recycling, phagocytosis, an outer of 20 A and the outest region, the reservoir.
and cytokinesis. , , In the reaction region, the molecular dynamics simulations are done in
Recently, a structure of the complex Rab11-GDP-P;i was obtain'”. It reveals a very short the conventional way, using Newton's equations of motion
O--O distance (2.44 A) between Pi and the cleaved oxygen of GDP, a LYS has hydrogen ’ i '
bonds with Pi and GDP, and the distance between the cleaved oxigen of GDP and the i

phosphate of Piis 3.3 A. In the buffer region, the molecular dynamics are treated explicitly using
the Langevin equations of motion:

ma = Fl_{xl,(t)} —yvm+ Ri(t)

Interatomic force due to the interaction between the atoms in the system. This is the same force used in Newton's
equation of motion.
Frictional force which describes the drag on the particle due to the solvent. The magnitude of the drag is related to the

friction coefficient.
Stochastic force or random due to thermal fluctuations of the solvent. The solvent is not explicitly represented but its

effects on the explicit atoms comes from the

frictional and random forces.

When the frictional and random forces are zero, the Langevin equation reduces to Newton's equation of motion.

This hybrid method couples the water molecules in the buffer region to a heat bath (reservoir) which keeps the system at thermal equilibrium. A spherical boundary
potential of 20 A is employed to maintain the correct average distribution of water molecules and to prevent water from escaping into the vacuum. The stochastic
boundary approach removes water molecules that are far from the area of interest, reducing the number of explicit water molecules in the simulation while still including,
in an approximate way, their effect on the molecules in the reaction region.

We have run dynamics of 110 ps to equilibrate the system and 600 ps to make the production,with the charmm'>>* program. The temperature of the Langevin thermal bath
is 300K. A cutoff of 12.0 A is applied to the non-bonded interactions and for the interactions outside this range the extended electrostatics method is used.

RESULTS
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CONCLUSIONS

*Our Stochastic Boundary Molecular Dynamic simulations show that the structure of GDP and
Pi in the active site is highly dependant on the protonation state of both phosphate moieties.
« For the GDPH™ and HPO,  state, there is a departure of the HPO, * phosphate from the

active site.
o For the GDPH™ and H PO, " state, both phosphates are stabilized in the active site,
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In this case, LYS 19 is neutral. Mg
although they show a conformation with differences with respect to the X-ray structure.
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Al interaction of the Mg ion with SER 20 and THR 38.

In addition, LYS 19 is very flexible during the dynamics run and loses its hydrogen bond with

I M‘l
i L, phosphate moieties.

T 0 ' ' ' ' ' ' ' eFurther calculations need to be done, including Periodic Boundary simulations to check the
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