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ABSTRACT

The interactioa between the solute and the sobvent mulecules play a crucial role in uaderstanding the varigus
malecular processes involved in chemustry and binchemustry, so in this work the potenmial energy of active site
of ezurin have been ealewlated in solvent by the Monte Carlo simulacion. [n this paper we prosent quantitative
results of Monte Carla caleubations af patential energies af agtive sitc of azurin 11 water, cthansl, inethanol and
as phase at three tempertures 300, 305, 310 K.

Acearding 11 the obtaiaed results, the potential energy of active site canformatian is decreased quickly in water
and the greater stability in this stady is related 10 watcr 2nd they methanol, It has been found thar in di fierent
sobvent media the highest patennal enerpy value and then the temst stability etrmespind to ethanol and alsa
through increasing the dieléctric etinstant af sofvent the strugtural energy values deereased. Thus, the pratein
envirtnment, which is often agueous. atfects the structure. fidiyg dynamic and stability, and, thereftre, the
funetionality af ginbular proteins, (1 fact, stllvent-protein inreractions, tngether with the interactions between
residues in the proteia matrix, facilitate the falding proccss and establishment af iutermulecular interaetions
with ather complex systems Furthermore, t0 be properly falded and fully fuoctifinal, a protela requires a

rmulimum level of hydratian.
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INTRODUCTION

Rue copper proteins. like azunn, beiong to a ciass of
monenuclear copper priteins that contain a so-called
type-1 blue copper site. The mctal is strongly bound by
the thivlate subfur of a cysteine and the miwropen of tvo
histidines, in an approximutely trigonal arrangement,
while the fourth ({axial) coordingtion posiion is
oceupicd cither by the thinether subfur of a methionine
of the axygen atom of a ghutamine [1].

These proteins are relanvely small (8-14 kDa) and
futiction in electron transport.

The structurai and electronic properties of the
metal sites, which are respoasible for the peculiar
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spectroscopie and redox properties of these
species, have been thoroughly investigated and
arc still subject of cxlensive expcrimenial and
thearetical work [2.3,4].

Unfernmately, a bicmoleculc-water potential
encrgy surface cannot be constructed  from
accurate ah initio caiculations, even with recent
growth in computer powcr. because too many
points are requircd [4].

The Monte Carto method is a powertui wol in
many fields of mathematics, plivaics. engineering
and chemistry . There are two main direetions in
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the development and study of Monte Carlo
algorithms. The frst is Monie Carlo simulation,
where algorithms are used for simulation of real-
lifc processes and phenamena. In this case, the
algorithms just follow the corresponding physical,
chemical  or  bivlogical processes  undcr
consideratinn. In such simulations Monte Carlo is
used as a tool for choosing one of many different
possible outcomes of a particular process. The
second direction is Monte Carlo numerical
algorithms  [5-6]. Mome Carlo numcrical
algorithms can be escd for solving detenmunistic
problems by modeling vanables or random fields.
Some Montc Carlo simulations have been
succeeded to investipaic profeins studies. The
Mctropolis Monte Carlo was onginally developed
for caleulating equilibrium propertics of physical
systems [7]. The dynamic interpretation of the
MC algorithm for the protein pracess has been
widely used in many studics [8-11]. The
Metropolis algorthm performs a sampic of the
configuration space of a system starting from a
random conformationn and repeating a  large
number of steps.

The wmim of the present work 15 to deserthe and
characterize the molecular strcture, vibrational
propertics active site of azurin. In ihis work, the
structure of a model coordination compound for
the active site of azunn was diseussed
computationally. Thus, it 15 worthwhile to collect
mformation on their structures by the means of
comnputational chemistry as well. The interaction
between the solute and the solvent molecules play
a crucial rofe in undemsstanding the various
milecular processes involved o chemnistry and
biochemnistry [12]. Numerous hiological processes
involve an oo bieding to a nucicic acid or proten
and thereby displacing the watcr hydration. Water
pliy a crucial role for the swbility, dynamics. and
function of proteins [13]. For this reason
Molecular Dynamics (MD}, Monte Carle (M)
and Langevin Dynamic (LD) simulations must
account for the effcets thal thus solvent has, both
on proteio structure and on protein dynamics [ 14].
In this paper we prescnt quantitative results of
Monte Carlo calculations af potential energics of
active site of azurin in water, ethanoal. methanol
and gas phase

|
THEORETICAL BACKGROUND AND
COMPUTATIONAL METHOD |
In molceular simulations, ‘Monte Carlo’ is an
importance sampling technique, Tr Makes random
move and producc a new conformation and
calcolate the energy change AE for the pew
copformation and accept or reject the move based
on the Mctropalis cnterion:( Boltzmann facter)

(1)

If AE<0, P>1, accepl ncw conformation;
Otherwise. P>rand (0,1}, accept, elsc reject[13].
Monte Carlo sirnulation is widely applied in the
fields of chemistry, biology, physics, and
eagineering 1 order vo determine the structural and
thermodymamic properties of complex systems al
the atomic level Thermodynarmic averages of
motecular propertics can be determincd from
Monte Carlo methods, as can minimum energy
structures [ 16]. Let (f) represents the average vahue
of some coordinate-dependent property fx), with x
representing the 3N Cartestan coordinates needs to
locate all of the W atoms, In the canonical ensemble
(fxed N, V and T, wath the volume and T the
absolute temperaturc), averages | of - molecular
ptopertics are given by an avcrage of f{x} over the
Boltzrmann distribution: ) j

()= ki §x) exp [-BUG] fix cxp [-BUGRY]  (2)

where U{x) 15 the potential energy of the 1systcrn,
B =1/kg T, aad kg is the Boltzmann constant. If
one ¢an compuic the thermodynamic average of
fix) it is then possible to calcvlate various
thermodynamic  properties. In the canonical
ensermblée 11 i most common to caleulse E, the
imemal energy, and Gy, the constant-volume
heat capacity {(although other properties can be
calculated as well). For example, if we average
U(x) over all possihic configurations according
10 Eq. (2) then E and Cy arc given by
E=3NkgT/2+({U} {3)
Cy=3Nka/2+(U")-(U")/ (ke T) @)
The first term in each equation represents the
contnbution  of kinctic  cncrgy, which s
analytically integrable. In the harmonic (low
temperaure) limit, E given by Eq. (3) will he a
Tincar function of tempcrature an Cy from Eq (4)
wiil be constant, in accordamcc  with  the
cquipartition theorem. '
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Water plays a crucial role for the stability,
dynamics, and function of proteins. For this
rcason Monte Carle (MC) simulations must
account for the effects that this solvent has. both
on pratem structure and on pralein dynamics
[14-17].

In this study, active sile of azurin was
strmulared using Mnnte Carlo method with 10( ps
steps at three tcmperatures 300, 305, 310K.
Then the system was placed in a box (12 <12 x
12 nm) containing 24 mnlecules nf water (Fig.1).
Al next stage, water molecules arnund the active
site of azurin converted to cthano! and methano!
by using chem3D program and simulated using
Monte Carln method. 1t is cssental to say that,
HyperChem uses the Metropolis  method.
Kineti¢, potential and total encrgy calculated by
Monte Carin simulation,

Fig. L. Schemartic representation of struciunsl model of
getive site of azunn m water.

RESULTS AND DISCUSSION

In this paper, we have used Mnnte Carlo methods
to study achve site of asurin in cpnfined
environments and different temperatures. The Run
step and deltla max for Mome Carle simulation
were (L001 and 20000. respectively.

Monte Carlg silrulations are cominonly used
to compute the average thermedynamic properties
of a molecule or a system of molecules, and have
been employed cxtensively 1 the study of the
structure and equilibnium properties of molecules
[18]. Monte Carlo simulanons employ a statistical
sampling techmigue to gencrate configurations,
which represent a frajectory in phase space [19).
Muonte Carln calculation evaluates the averages of
the ensernble directly by sampling configurations
trom the statistical ensemblc,

Monte Carlo is generally better in sampling the
allowed statcs of u system. and; thus, can often
calculate the average properties mare quickly and
arcurately The total energy of the system, in ths
method, is called Hamilmnian, which is the sum
of kinctic and potential energy: [20]

E=E; +E, (%)

Mnnte Carln simulatinn was carried nut on the
twi systems, gas and snlvent active site nf azurin.
In Table 1, the potcnnal energy is calculated hy
Monte Carln simulatinn in gas, water, ethanol and
methangl,

All simulations were perfarmed at  three
tcmperatures 300, 305, 310 K. Euach snlvent
system was immersed in a perindic watcr box, and
the siuctures nf water mnlecules  were
maintatned. A 100 ps time siep was used in all the
simulatinns. The diagram of potential cnergy has
been drawn as functions nf temperature and
enviromment (Fig.2).

P obentizl erarcy

|
] 20 40 20 o0 1co
timelps;
Fig. . The potential energy (keal‘mnl} via fine £ps) during
Mante Carle (MC) simutation o 300K}, 310K k),
STSK() wy gas. water metbanu] and ethanaol envitenments,
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[t can be secn from Fig. 2 that, the polential
energy of getive site conformatiin s decreased
quickly at 20 ps time step MC in water,

Figures have shown the functnn nof the
reduced temperature and environment. Low
temperatures  promute  complex  structure
stability, whereas high temperatures oppose it
The reducting in energy transkates intd structure
predictions af increased accuracy [21].

Solute-solvent pair interactinn of potental
energies was shown that the preater stability of
silvemt nhserved over all states investigated in
this study is reluted t0 water and then methancl.
The reduction in energy results in improved
accuracy nf the camesponding prtein structure
predictinns [22-23].

Results are presented in Table 1(ab) thal was
indicated potential ¢nergics of active site of
azurin in three temperatures and  vanous
dielecinic constants. By changing the dielectnie
constant from water toward cthannl (Fig.3-a). the
highest peak on the graphs of potential enerpy
versus dieleciric constant which iz correspondad
to ethanol at three temperatures and after
passing that region the decreasing trend has been
nbvious and in water solvent the peak reaches to
the lowest valug,

Frim Fig. 3-b we can sec that by changing the
dielectric constant from water woward methanal in
three temperatures, the highest values of potential
energy have been yielded i the range of 58 up o
63 nf dielecine constant and the highest peak on
the graphs of potential energy versus diclectric
comstant 15 correspanded to =632,

Tabiel. Potennal cnerpy caleulation (kealimal} in three
temnperatures via dielectric constant for Azunn (3, b

£ T=3 K T=3l8Kk T=3I5K

78.39 149 14 150.9% 163.65
73.9 160.87 138.5% 155,75
65.4 157.6 163.27 155 42
64,9 165.63 170.5 L7R.06
60.4 199,50 175 87 183,29
55.06 200,59 197.3 199.34
51.5 240,13 204 89 206.9
47 240,55 22142 2557
42.5 254 39 21844 25632
38 250.71 236 51 241.66
33.5 31788 27032 268.72
20 2R5.87 26449 27742
24.55 383 0R 355.53 342.81
] 125.92 119.47 124.17
{a)

228

£ T=30K T=3I0K T=315K
7830 14914 150.95 "165.65
T4.87 155.97 131.028 145 4
70.77 221333 170.73 163.67
56.95 723490 171126 17836
63.14 7451 8 7414.2 7307.9
50,33 3058.5 3040.1 30552
55.52 180.155 192.19 176 99
51.69 181.434 187.97 179,96
47.88 173.88 177.54 180.1
44,87 108,121 189.99 183.41
48.26 210.716 200.93 183.88
36,44 205.94 113.16 202.63
32.63 221,35 223 43 192 62
1 125.92 119.47 124 17
(b) ;
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Fig. 3. The puential coergy {kealfmol) via diglectric
comstant during Monte Carlo {MC) simolation at 300E.
JI0E. 315K {a) 10 gas. water and ethanal. (h) i gas, water
and methanol covironments.
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CONCLUSION

The stability of acuve site of azurin in aqucous
solutibon was investigated by means of Mrunte
Carlo simulation, with the aim of determining the
thermodynamic stability of the protein and of
characterizing the thermally induccd
conformational changes of its active site.

The solvent— induced effect on conformational
cnergies and structural stability of active site of
azurin is a critically important feature that should
be sefipusly identified in nprder to find out the
unique  physico—chemical properties of this
pritein Structural mvestigations of active site of
azurin in gencral show a rclation betwsen the
solvent and the structural stability of similar
binlogical compounds {24]. These results are in
agreemnent with the common chemical concepts.

It has been found that in different solvent
media the highest potential cnergy value and then
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