African Journal of Microbiology Research Vol. 6(8), pp. 1713-1717, 29 February, 2012

Available online at http://www.academicjournals.org/AJMR
DOI: 10.5897/AJMR11.930
ISSN 1996-0808 ©2012 Academic Journals

Full Length Research Paper

Molecular dynamic and monte carlo study on
nanoenergetic binding sites of neuraminidase in
different media

M. Monajjemi'*, M. Mousavi?, S. Rezaei’and F. Mollaamin?

'Department of Chemistry, Science and Research Branch, Islamic Azad University, Tehran, Iran.
’Science and Research Branch, Islamic Azad University, Tehran, Iran.
3Department of Chemistry, Qom Branch, Islamic Azad University, Qom, Iran.

Accepted 27 October, 2011

Influenza panedemic affect 25 to 30% of the world's population. Neuraminidase (NA) is the most
important surfase glycoprotein of the virus causing cleavage of the sialic acid moieties and releasing of
newly formed viral particles. The active site of NA is highly conserved all subtype of influaenza virus,
then Neuraminidase is the target of drug designs. Using molecular dynamic (MD) and Monte Carlo
simulatory methods, the NA structure and its stability different dielcteric (vacuum, water and methanol)
and different tempeartures (298, 310, 315, 329 and 333K) was assessed. Measurements of potential
energy (Kcal/mol) of binding sites NA in different dielectrics and in different temperatures revealed that
at time step size 0 ps, drug binding sites have maximum energy level, and at time step size 100 ps, have

minimum energy level and maximum stability.
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INTRODUCTION

Influenza, known as flu is a contagious respiratory viral
illness of global importance. Individuals at risk of
influenza and related complications include older people,
young children and individuals with chronic renal, cardiac
and respiratory diseases. Influenza viruses are respon-
sible for major devastating worldwide epidemics in the
human population. These viruses belong to the
Orthomyxoviridae family and can be classified into three
types, A, B and C (Arias et al., 2009; Varghese, 1999).
Type A is clinically the most important, accounts for all of
the human pandemics in the last century: the 1918 H1IN1
“Spanish,” the 1957 H2N2 “Asian and the 1968 H3N2
“Hong Kong” and the 1918 influenza pandemic (Nguyen
et al., 2011; Wang et al., 2009). Influenza virus can be
classified by the antigenic properties of two surface
glycoprotein's, hem agglutinin (HA) and neuraminidase
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(NA) (Shi et al., 2010; Wang et al., 2009) so far 16
subtypes have been identified for HA (H1 to H16) and 9
for the NA (N1 to N9) (Bauer et al., 2009; Margaret et al.,
2010; Wang et al., 2009).

The processes of infected virus

1) Vision enters to host cell by receptor- mediated
endocytosis taken into endosome.

2) Low pH allows fusion M2 ion channel makes inside of
virus more acidic M1 dissociates and viral.rib
nucleoproteins enter nucleus.

3) It pats replication, transcription and translation in host
cell till print.

4) mRNAs are synthesis and go to cytoplasm so that it
synthesizes protein, then to be in Golgi complex post
translation.

5) Nucleoproteins that syntheses (NA, HA and M2) go to
surface of host cell (budding) and finally sprout and put
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up cell and infect the neighborhood cells (Arias et al.,
2009).

Hem agglutinin binds to the sialic acid receptor on the
cell surface and facilitates the entry of the virus (lves et
al.,, 2002; Masukawa et al., 2003). Neuraminidase
cleaves the terminal linkage of the sialic acid receptor
(Wang et al., 2009). Neuraminidase (NA), also called
sialidase is the major surface glycoprotein that possesses
enzymatic activity essential for viral replication and
infection. NA structure is composed of 4-stranded anti-
parallel B-sheets (Margaret et al., 2010; Gong et al.,
2007). The active site enzyme is located in a pocket on
the surface of glycoprotein. The lipid bilayer containing
HA, NA and M2 surround an inner protein layer formed
by the matrix protein M1 that encloses the viral genome
associated with the nucleoprotein NP and small amounts
of PB1, PB2 and PA that form the RNA polymerase
complex. Inside the viral particle, it is also the nuclear
export protein NEP, also known as nonstructural protein
NS2 (Arias et al., 2009). Currently available anti-influenza
virus drugs target either the viral M2 ion channel
(Amantadine and Rimantadine) or the viral
neuraminidase (oseltamivir and zanamivir) (Chien-Yu et
al., 2010). In Germany, amantadine, oseltamivir and
zanamivir are approved for treating influenza (Bauer et
al., 2009); two classes of antiviral agents are currently
licensed for the control of influenza infections: M2 ion
channel blockers and neuraminidase inhibitors (NAIS).
The M2 blockers (Amantadine and Rimantadine)
(Margaret et al., 2010; Shi et al., 2010; Bill et al., 2009),
Oseltamivir (Tami flu) and zanamivir (Relenza) are
currently the only drugs approved for use against types A
and B influenza infections (Margaret et al., 2010).
Unfortunately, HIN1 virus was reported that it has gained
drug resistant for oseltamivir; hence, a new drug is
required against this epidemic. For the 1918 influenza
NA, there are three crystal structures: 3CYE, 3BEQ and
3B7E (Wang et al., 2009).

The crystal structures of N1 portend a conserved, high
affinity calcium binding site located near the active site.
The specific role of this calcium in the enzyme
mechanism is unclear (Lawrenz et al., 2010). Residues
within the active site are highly conserved among all of
the NA subtypes including eight charged and polar
residues (Argll8, Aspl51, Argl52, Arg224, Glu276,
Arg292, Arg371 and Tyr406) which have direct
interaction with the substrate at the catalytic site. Clinical
practices have shown that zanamivir and oseltamivir are
effective in treating the 2009 A (H1N1) influenza virus
(Xiaojin et al., 2008).

MATERIALS AND METHODS

Homology modeling and molecular dynamic (MD) techniques have
been utilized to construct the three-dimensional structure of A
(HIN1) neuraminidase. The neuraminidase sequence was

collected from the NCBI protein database (2010) and structures
were identified as homologous from protein data bank (PDB),
enzyme Neuraminidase famous to PDB ID: 3B7E (Xiagjin et al.,
2008; Baranovich et al., 2010). The software Argus lab 4.0 drug
binding sites were assimilated. Were then simulated with the Monte
Carlo (MC); package using the MM+. Their electrostatic potentials
were obtained using single-point by the Gaussian 98W program
(Frisch et al., 1998). Binding site modes with water box and the four
compounds, the overall structure of both complexes appeared to be
equilibrated after 100 ps (AG binding) binding free energies (AG
binding) of the four compounds with the neuraminidase of the
A(H1IN1) virus. The time evolution of the potential energies and the
interaction energies are of the four completed systems. There are
three steps in carrying out any quantum mechanical calculation in
HyperChem 7.0 program package. Firstly, preparing a molecule
with an appropriate starting geometry; secondly, choosing a
calculation method and its associated (setup menu) options and
thirdly, choosing the type of calculation single point, geometry
optimization, molecular dynamics, Monte Carlo (MC) vibration
options.

The Ramachandran plot of our model shows that 92.0% of
residues were found in most favored and additional allowed regions
and 8.0% were in the generously allowed region (Wang et al.,
2010). The End-Point methods do not include the translational,
rotational and conformational entropic contributions but are suitable
for drug lead optimization.

RESULTS AND DISCUSSION

This paper studied binding site Neuraminidase in different
temperatures and different dielectrics and its most stable
models was used in drug design, knowledge of receptor
structure in direct theoretical and optimize binding site.
Since protein flexibility is important in ligand design,
potential energy level lower, stability biding site that is
much (Monajjemi et al., 2003, 2006). Amino acids binding
with drug include: Aspl151, Glu276, Argl52 and Arg371
catalytic site and inhibitor binding the active site are
highly conserved among all of the NA subtypes, including
eight charged and polar residues (Argll8, Aspl51,
Argl52, Arg224, Glu276, Arg292, Arg371 and Tyr406)
that have direct interaction with the substrate at the
catalytic site (Xiaojin et al., 2008). Binding site besides
different temperature with step size 100 ps, the first
temperature is 298 K since this virus can live in lower
temperature so it can be alive in cold seasons and can
survive on objects about 2 to 8 h. The second
temperature is 310 K (37DC, body temperature), that
studied the sites of involved enzyme with drug. The third
temperature is 315 (42DC, fever temperature) that
studied site involved with drug. The 4 and 5th
temperatures are 329 and 333 K selected and studied.
As we know dielectric constant are one of the important
factors for determining molecule structure and functional
biological processes (Monajjemi et al., 2006, 2007). The
study of potential energy binding site in different
temperatures (298, 310, 315 and 333 K), in ‘vacuum part’
measuring of active enzyme energy NA display that
changes in gas part is not meaningful and graphs confirm
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Figure 1. Comparison of potential energy binding site in different temperature in gas part.
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Figure 2. Comparison of potential energy binding site in different temperature in water box.

this results (Figure 1). The study of potential energy in
water part that part in binding energy is same way and
has the same potential energy of 329 and 333 K have
almost had quantity energy and was not observed
differently (Figure 2).

The study of potential energy binding site in different
temperatures (298, 310, 315, 329 and 333K) in methanol
part. Measuring the level of energy from active enzyme
NA binding site display that changes energy in watering
part. Indifferent temperature, that level of energy in 5

temperatures is quantity and there was no difference in
graphs that confirm this note and with spending time it
reached the lowest level (Figure 3).

Conclusion
Drug design is mainly based on QSAR (quantitative

structure-activity relationship) (Mercader and Pomilio,
2010) knowledge of drug receptor legend and binding is
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Figure 3. Comparison of potential energy binding site in different temperature in methanol box.

necessary for drug design. Bioinformatics method for
drug design is more efficient than previous methods that
were based on random screening. In bioinformatics
method calculations are rapid and it has low cost rate.
Since bioinformatics method is only a part of drug design
process, it is necessary that other biological tests should
be done on drugs. The active site amino acid is the most
interaction with inhibitor is best for drug design. The
results reveal that dielectric constants have more
influence on binding sites than temperature difference; so
the best suitable dielectric is that of water (78.39).

REFERENCES

Margaret OA, Ha TN, Katrina S, Tiffany GS, Varough MD, Rebecca JG,
Xiyan X, Michael WS, Alexander IK, Larisa V G (2010). Host cell
selection of influenza neuraminidase variants : Implications for drug
resistance monitoring in A(HIN1) viruses. J. Antiviral Res., 85: 381-
388.

Arias CF, Zamudio ME, Escalera-Zamudio M, Mari'a de los Dolores
Soto-Del Ri'o, Ana Georgina C-G, Pavel I, Susana L (2009).
Molecular Anatomy of 2009 Influenza Virus A (H1IN1). J. Archives
Med. Res., 40: 643- 654.

Bauer K, Richter M, Wutzler P, Schmidtke M (2009). Different
neuraminidase inhibitor susceptibilities of human HIN1,HIN2 and
H3N2 influenza A viruses isolated in germany from 2001 to
2005/2006. J. Antiviral Res., 82: 34-41.

Baranovich T, Saito R, Sonia N, Ada C, Paul S, Joseph JEJr, Susan AF
(2010). Emergence of H274Y Oseltamivir — resistant A(H1N1)
influenza viruses in Japan during the 2008- 2009 season.J. Clin.
Virol., 47: 23-28.

Chien-Yu C, Hung-Jin H, Fuu-Jen T, Calvin Yu-Chian C (2010). Drug
design for Influenza A virus subtype HIN1.J. Taiwan institute of
chemical engineers. 41: 8-15.

Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA,
Cheeseman JR, Zakrzewski VG, Montgomery JA Jr, Stratmann RE,
Burant JC, Dapprich S, Millam JM, Daniels AD, Kudin KN, Strain MC,
Farkas O, Tomasi J, Barone V, Cossi M, Cammi R, Mennucci B,
Pomelli C, Adamo C, Clifford S, Ochterski J, Petersson GA, Ayala
PY, Cui Q, Morokuma K, Malick DK, Rabuck AD, Raghavachari K,
Raghavachari JB, Cioslowski J, Ortiz JV, Baboul AG, Stefanov BB,

Liu G, Liashenko A, Piskorz P, Komaromi I, Gomperts R, Martin RL,
Fox DJ, Keith T, Al-Laham MA, Peng CY, Nanayakkara A, Gonzalez
C, Challacombe M, Gill PMW, Johnson B, Chen W, Wong MW,
Andres JL , Gonzalez C, Head-Gordon M, Replogle ES, Pople JA
(1998). Gaussian 98 Revision A.7. Gaussian, Inc., Pittsburgh.

Gong J, Wenfang XU, Zhang J (2007). Structure and Functions of
Influenza Virus Neuraminidase. J. Curr. Med. Chem., 14: 113-122.
Lawrenz M, Wereszczynski J, Amaro R, Walker R, Roitberg A,
McCammon JA (2010). Impact of calcium on N1linfluenza
neuraminidase dynamics and binding free energy .J .Proteins, 78:

2523-2532.

lves JAL, Carr JA, Mendel DB, Tai CY, Lambkin R, Kelly L, Oxford JS,
Hayden FG, Roberts NA(2002). The H274Y mutation in the influenza
A/HIN1 neuraminidase active site following oseltamivir phosphate
treatment leave virus severely compromised both in vitro and vivo. J.
Antiviral Res., 55: 307-317.

Masukawa KM, Kollman PA, Kuntz LD (2003). Investigation of
Neuraminidase-Substrate Recognition Using Molecular Dynamics
and Free Energy Calculations'. Med. Chem., 46: 5628-5637.

Mercader GA, Pomilio AB (2010). QSAR study of flavonoids and
bioflavonoid as influenza HIN1 virus neuraminidase inhibitors.
European J. Med. Chem., .45: 1724-1730.

Monajjemi M, Rajaeian E, Mollaamin F, Naderi F, Saki S (2006).
Investigation of NMR shielding tensors in 1,3 dipolar cycloadditions:
solvents dielectric effect Physical and Chemistry of Liquids, pp. 1-8.

Monajjemi M, Azad MT, Haeri HH, Zare K, Hamedani SH (2003). Ab
initio conformational analysis of glutamic acid, chemical shift
anisotropy and population studies J. Chem. Res., S 8: 454-456.

Monajjemi M, Honarparvar B, Haeri HH, Heshmat M (2006). An Ab Iﬂitio

Quantum Chemical Investigation of Solvent-Induced Effect on N-—
NQR Parameters of Alanine, Glycine, Valine, and Serine Using a
Polarizable Continuum Model. Russian J. Phy. Chem., 1: 40-44.

Monajjemi M, Heshmat M , Haeri HH (2006). QM/MM Model Study on
Properties and Structure of Some Antibiotics in Gas
Phase:Comparison of Energy and NMR Chemical Shift Biochemistry
(Moscow), 71: S113_S122.

Monajjem M, Ketabi S, Amiri A (2006). Monte Carlo Simulation Study of
Melittin: Protein Folding and Temperature Dependence Russian J.
Phy. Chem., 1: 55-62.

Monajjemi M, Heshmat M, Aghaei H, Ahmadi R, Zare K (2007). Solvent
effect on N NMR shielding of glycine, serine, lucine and theonine:
comparison between chemical shifts and energy versus dielectric
constant Bulletin of the Chemical Society of Ethiopia, 21: 111-116.

Monajjemi M, Honarparvar B, Haeri HH, Heshmat M (2006). An Ab Initio



Quantum Chemical Investigation of Solvent-Induced Effect on *N-NQR
Parameters of Alanine, Glycine, Valine, and Serine Using a
Polarizable Continuum Model Russian J. Phy. Chem., 1: 40-44.

Nguyen TNA, Tuano Dao T, Bui TT, Hwanwon C, Eunhee K, Junsoo P,
Seong-IL L, Won KO (2011). Influenza (H1N1) neuraminidase
inhibitors from vitis amurensis. J. Food Chem., 124: 437-443.

Qi Shi D, Shu-Qing W, Ri-Bo H, Kuo-Chen C (2010). Computational 3D
structures of drug-targeting proteins in the 2009-H1N1 influenza A
virus. J. Chem. Phy. Lett., 485: 191-195.

Bill RJr, Ryan C F, Matthew DM, Dan L, Randall SA (2009). Elderberry
flavonoids bind to and prevent H1N1infection in vitro. J. Phytochistry,
70: 1255-1261.

Monajjemi et al. 1717

Varghese JN (1999). Development of Neuraminidase Inhibitors as Anti-
Influenza Virus Drugs. Drug Dev. Res., 46:176-196.

Wang SQ, Shidu Q, Huang RB (2009). Insights from investigating the
interaction of oseltamivir (Tamiflu) with neuraminidase of the 2009
H1N1 swine flu virus. J. Biochem. Biophy. Res. Commun., 386: 432—
436.

Xiaojin XU, Xueyong ZHU, Raymond AD, Stevens J, Wilson |IA (2008).
Structural characterization of the 1918 Influenza virus HIN1
Neuraminidase. J. Am. Society Microbiol., 82: 10493-10501.



