American Journal of Applied Sciences 7 (6): 823;8Z8L0
ISSN 1546-9239
© 2010Science Publications

Molecular Dynamics Studies of Human B-Glucuronidase
Ibrahim Ali Noorbatcha, Ayesha Masrur Khan and Hamkiohd Salleh

Biomolecular Engineering Research Unit, Departnaéiotechnology Engineering,
Faculty of Engineering, lUM, Kuala Lumpur, Malagsi

Abstract: Problem statement: The enzymes-glucuronidase is being used as a reporter moldgoule
the area of genetic engineering, as a componepraifrug therapy in cancer treatment and in the
scouring process of cotton fabrics. However, aibetainderstanding of the factors responsible fier t
stability and the activity of this enzyme is stilbt available. Molecular Dynamics (MD) simulations
provide an estimate of equilibrium and dynamic emips of enzyme systems that cannot be
calculated analytically. With this perspective, pmllar dynamics simulations of humdg
glucuronidase (GUS) have been carried out to détertihe behavior of this enzyme in vacuum and
solvent environments at a defined temperatéggporoach: CHARMM force field along with distance
dependent dielectric model was used to represergdivent environment in the MD simulations. The
parameters employed in various stages of MD sinmuriathad been selected based on repeated trials
under various conditions as a method of choosiegfitimum parameters for each stagresults: It
was found that simulations in vacuum caused th&bmate of GUS to have smaller fluctuations from
their mean values compared with the fluctuationniplicit solvent simulations, due to the fact that
vacuum environment did not provide for the eledatis interactions affecting the backbone of GUS
that may otherwise exist in a solvent environménclusion: Inclusion of solvent effects in MD
simulations is crucial in understanding structdtexibility and stability of-glucuronidase. Implicit
solvent method can provide a realistic inclusiorbatkbone flexibility and structural compactness of
GUS, which will have profound influence on the digband activity of the enzymes, with a marginal
increase in computational time.
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INTRODUCTION galactosidase and corresponds to the amino acid
residues Glu451, Glu540 and Tyr504. The naturdef t
Human B-glucuronidase belongs to family 2 active site residues have been discussed previously
glycosyl hydrolases that cleav@D-glucuronic acid (Islamet al., 1999).
residues from the non reducing termini of Although significant experimental work has been
glycosaminoglycans. In humans, the lysosonfal reported on human GUS enzymes, computational
glucuronidase degrades sulfated glycosaminoglycanstudies of human GUS have not emerged as yet. To
The X-ray structure of a humabglucuronidase has carry outin silico studies on an enzyme, the tool of
been determined, which shows it to be a tetrameMolecular Dynamics has been widely used in the past
(Jainet al., 1996), with each monomer 653 amino acidto efficiently explore the stability and relatedloigical
residues long and a size of 80 kDa. It was revetdatl  activity of biomolecules. In the current work, Molgar
each monomer of the human GUS structure has thre@ynamics simulation has been applied to explore the
structural domains, namely the jelly roll barrel, structural changes in humghglucuronidase in two
immunoglobulin constant domain and a different environments, i.e., vacuum and implicit
Triosephosphateisomerase (TIM) barrel, in additon solvent. Prior to commencing the first stage of MD
it having an overall fold similarity to the N-tern@l  simulation, short term simulation trials were cagriout
region of E. coli B-galactosidase. The active site of using a “standard dynamics cascade” method, whereby
human B-glucuronidase has been based on thegarameters for each stage were defined in the biegin
experimentally determined active site B coli B- and each simulation stage ran successively afer th
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other as one complete process. This method alldared This approach though is a rough estimation but give
the selection of optimum parameters for long termrelatively good results even for complex systems

simulation. (Becker and Karplus, 2006). We also applied vacuum
environment for the system, in order to have tws sé
MATERIALSAND METHODS simulation results which can give insights into the

differing behavior of the enzyme in two different
All simulations reported here were carried outenvironments.

using Discovery Studio© v2.1.0.8130, built on the
SciTegic Enterprise Server platform (Accelrys Inc,Minimization: The starting structure had a very high
2008). Snapshots were taken by using VMD softwareRMS gradient (>4000 kcal molA. Thus, 2000 steps
version 1.8.6 (Humphrest al., 1996). of steepest descent algorithm were used to rapidly

improve a very poor conformation. In this methtio
System Preparation: In order to prepare a sample for gradient of the potential is calculated at each.ste
MD simulation, a model system consisting of N aim of applying steepest descent is not to realcval
particles is selected and Newton's equations ofamot energy minimum, but to reach a considerably stable
are solved for this system until the propertiestted  conformation. After obtaining considerable stapilit
system reach a stable value, or more appropriatel§0,000 steps of a second minimization algorithne, th
reach equilibration. Afterwards the actual meas@®m conjugated gradients method was applied until thRiSR
can be carried out, i.e., production phase. Thetary gradient of the structure reached below 0.0001 kcal
structure of Human GUS from PDB (PDB ID: BHGA) molA™.
was prepared for simulation by selecting only ohnairc Since a direct evaluation of all the non-bonded
and removing the heteroatoms. Before applying thénteractions involving all atom pairs is highly cprex,
force field, missing atoms were added in case ok suitable cut-off scheme is employed to reducse thi
incomplete side-chain or backbone, hydrogen atomgost-intensive task, without destroying the valde o
were added and connectivity and bond orders wergimulation of biomolecules. In this respect theesjital
corrected. The Chemistry at HARvard Macromolecularcut-off scheme yields reasonable approximatiorthéo
Mechanics (CHARMM) program was used for energy and force functions up to some threshold
performing all the molecular dynamics simulatiofts.  separation-distance value, as given by the non-tisnd
performs standard molecular dynamics in manyradius. In this method, a non-bonded list is crkate
different ensembles, long-range force calculatiand  which includes all pair interactions, i.e., van éaals
employs various implicit and explicit solvation nedsl  and  electrostatic  interactions. During  energy
All structures were typed with CHARMM force field minimization or MD simulation, the non-bonded list
(Brooks et al., 1983) with the Momany-Rone partial updated according to a heuristic test, based on the
charge estimation method (Momany and Rone, 1992}efined non-bond list radius and non-bond high¢oftu
The total charge of each human GUS after applyiigg t distance parameter values, performed at each dtep o
method was -6, whereas the pH was 7. The simulatiominimization or MD simulation. When applying the
environment depends on the solvent used for th@on-bonded cut-off scheme, the efficiency of th@-no
enzyme and one can use explicit solvent, implicitbonded calculation is increased by including ortynma
solvent or no solvent, i.e. vacuum environment.pairs that are closer than the cutoff distance ima-
Choosing explicit solvent increases the degrees dhonded list. For the simulations in vacuum the tagu
freedom in the system and therefore can incur &olumbic electrostatic interaction terms were agpli
significant computational cost. An approach whieimc having a uniform dielectric constant ef= 1. As for
approximate the effects of solvation without exilic  implicit solvent the dielectric constant was al$msen
representing solvent atoms is the implicit solvewtdel (5 pe the sameThe non-bond list radius of 14 A is used
approach in which the polar and non polar effe€®® o1 counting non-bonded interaction pairs. Beyohid t
solvent are accounted for in an averaged way. Theyt off distance, non-bonded interactions betweema

implicit solvent method used in this study is thepajrs are ignored. The same distance criteria seel in
distance dependent dielectrics method, in which th%ubsequent simulations.

dielectric constante, is no longer a constant and

increases linearly with the distance between twatso Heating: The structure was heated to the desired
atoms, org = gr;. When the distance iis large, the temperature as part of the preparation procedune. T
effective dielectric constant is large and the etestatic ~ target temperature for production step is 300 K
interaction between two non-solvent atoms decreasetherefore heating phase was applied at 300 K ak wel
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During the heating stage MD simulations were cdrrie Production run: The equilibrated system was taken as
out for 6000 steps, with a step size of 0.001 pbe the starting structure for the long term molecular
initial temperature for this heating process iskb@nd  dynamics simulation, called production. In thisalin
the final target temperature is 300 K and the véksxs step CHARMM takes the equilibrated structure as its
are adjusted in every 50 steps. starting point. In this study, the total simulatitime of

2 ns was achieved in four cycles of 0.5 ns. Thigho

Equilibration:  Prior to the production stage, the €nsured that the ensemble structures were of a
system was equilibrated by allowing it to evolve reasona}ble size, thus enabl_lng efficient analyBle
spontaneously for a period of time and integrating ~ Preduction runs were carried out on a computer
equations of motion until the average temperatme a workstation with _InteI—Xeon Dual-Quad processors.
structure remained stable and the total energy The _productlon results were saved for every 500th
converged. This was facilitated by periodically St€P, which corresponds to every 0.5 ps. The tireg s
reassigning velocities appropriate to the desired!S€d for integrating the equations of motions was
temperatures, which in this study was 300 K. Asgiv 0-001 ps. Too small a time step value covers only a
in Table 1, the total number of steps to perforra th limited proportion of the phase space and too lage
dynamics simulation was 50000 with a step size ofiMe Stép may cause instabilities in the integtin
0.0005 ps. The Leapfrog Verlet integrating algarith @lgorithm due to high energy overlaps between atoms
was used to perform numerical integration of the!N€ canonical production ensemble was used for the
equations of motion, which follows the following production simulation, Whgreby the number of atoms,
relation: volume and temperature is constant, better known as

the NVT ensemble. It is better suited for this podj

as it controls the temperature during the simutathny
v(t):l{v(Hi&}v[t——l&ﬂ maintaining the temperature according to the

2 2 2 1) Berendseret al. (1984) weak coupling method.

RESULTSAND DISCUSSION
The equilibration phase was validated by ensuring o
that the total energy reached a stable average Vatu Backbone flexibility of GUS: The Root Mean Square
all the structures. Analyzing the global energeticPeviation (RMSD) from the initial structure of the
properties, such as temperature, total energy afad t 1uman GUS enzyme was calculated for the entire
: ! . . . . simulation trajectory in vacuum and implicit solvext
potential energy as a function of simulation tinse i

. . ) . 300 K. In the analysis of stability of backbonerasoof
important to validate the simulation protocol. The 55 e find that the structure in vacuum exhibited
structures were also visually inspected for anysuali  fower fluctuations and the extent of fluctuatiorss i

differences in secondary structure compositionssmaller compared to implicit solvent environment
between the initial and final structures. This @ t (Fig. 1). The larger fluctuations observed in iicipl
guarantee that none of the pre-production stepg hawolvent can be attributed to the response of theejor
disturbed the original structural integrity of the backbone with the solvent environment.

proteins prior to  submitting the structures forSecondarystructures The stability of helical residues

production. of GUS was monitored in the trajectory (Fig. 2). We
_ - can find that the helical regions showed less diewia
Table 1: Parameters employed in equilibration step from the initial structure in vacuum compared to
Parameter name Parameter value implicit environment. The RMSD of helical residuafs
Steps 50000 GUS in implicit solvent showed a fluctuating trezad
Time step (ps) 0.0005 A .
Target temperature (K) 300 reached a value o_f 2.3A at the end _of prod_uctlon,
Adjust velocity frequency 50 whereas in vacuum it was only 1.4A. This trendesy
gzvetfestu'ts frequency é0|0 similar to the behavior of the backbone fluctuasion
nstant pressure alse . . .
Implicit solvent model Vacuum and distance-dependen observed ”,1 the p_rewous section. i
dielectrics The simulation snapshots of human GUS in
Bielegtrizclp?st%nt & 14 vacuum (Fig. 3) and implicit solvent (Fig. 4), rave
on bona list radius H H
Non bond higher cut off distance (&) 12 that th.e overall domeyn structure of GUS remaires th
Non bond lower cut off distance (&) 10 same in both the environments, even though inctease
Electrostatics Spherical cut off flexibility as inferred from the backbone RMSD

Dynamics integrator Leapfrog verlet and radius of gyration plots is observedetaso.
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Fig. 1: RMSD of GUS backbone in vacuum and implicit
solvent
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Fig. 3: Simulations of human GUS at 300 K in vacuum
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There were more fluctuations in the individual

0 e | e | | e helices in GUS in implicit solvent and changes were
0 20 400 GO0 800 1000 1200 1400 1600 1800 2000 also observed in the beta sheet region which became
Time (ps) shorter with time. From the simulation snapshots of

human GUS in implicit solvent (Fig. 4), it can bees
Fig. 2: RMSD of helical residues of GUS in vacuumthat the structure remained relatively stable, with
and implicit solvent changes occurring only in turn and coil regions. At
0.5ns there is an introduction of helical turn doeda-

. . sheets (shown in the box). The helical region
The increased response to the solvent environnued d di ( ) . g
isappears at 1ns and reappears in the last tweefa

not lead to any increase in the deviation from theSimiIar behavior is noticed in vacuum also (Fig. 3)
regular secondary structural features. On theraont However, the trend is not smooth and the turn ta be
solvent environment has more tendencies to ret@n t sheet and then to turn behavior is not observed in

secondary features compared to vacuum. vacuum.
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Fig. 4: Simulations of human GUS at 300 K in imjblic
solvent: (&) 0 ns (b) 0.5ns (c) 1 ns (d) 1.5 ns (e
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Structural compactness. Radius of gyration was
calculated for all the trajectories to monitor the
structural compactness of the protein structure
throughout the trajectory. The radius of gyratian i
often used to describe the compactness of a praisin
well as the folding process from the denaturedestat
the native state (Hong and Lei, 2009). It is defires
the root mean square distance of each atom to the
centroid of the molecules.

Since globular proteins are not spherical objects,
the radius of gyration, & is the atomic weight-based
root mean square distance of all atoms from the
common centre of gravity, &, Yce, Zce, Where X is:

Xee =" m X, /Zj":lmj etc, for Y, and Z (2)

=1

In Eq. 2, mis the atomic weight of atom j with
coordinates X Y;jand Z and R is given as:

Re = (RG)” ®3)
where, R is:
RZ = Jf’:lmjrj /z;’:qu 4)

In the equation abovs,is the distance of the atom
j from the centre of mass of the protein molecule.

As the duration of the simulation (2 ns) is not
sufficient to reveal any protein unfolding, no irdace
on this regard can made here. However from Figt. 5,
can be inferred that in spite of the increaseddiations
under solvent environment, the radius of gyration
values are smaller under solvent environment inmglyi
that the overall structure remains more compact in
solvent compared to the vacuum.

CONCLUSION

Enzymes, being complex biomolecules have
various contacts and their collective motion beceme
even more complex. The solvent environment greatly
influences the structure and dynamics of the enzyme
and different  environments lend different
characteristics to the system under simulation.s€he
differences are evident from the comparison of
backbone stability, helical stability and the stural
compactness with respect to simulation time in GUS
enzyme. Molecular dynamics simulations using

Fig. 5. Radius of gyration of GUS in vacuum andimplicit solvent models provide a convenient optton

implicit solvent

analyze these effects.
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