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ABSTRACT: Glutamate receptors dysfunction plays an important role in the pathogenesis and disturbance which is
probably a secondary phenomenon to other neurochemical, genetic or metabolic changes, and essential to the
development of Alzheimer Disease. Glutamate receptors are synaptic receptors, which are located on the membranes
of neuronal cells. Glutamate is used to assemble proteins and also it is abundant in many areas of the body, but it also
functions as a neurotransmitter and is particularly abundant in the nervous system. In this work we have modeled a three
dimensional structure for Glutamate [NMDA] receptor subunit using MODELLER7V7 software with 2RC7 (Crystal
Structure of the NR3A Ligand Binding Core Complex with Glycine) as template. With the aid of Molecular dynamics
and Molecular simulations studies it was identified that the generated structure was reliable. This structure was used to
identify better inhibitor using docking studies. The drug derivatives were docked to the Glutamate receptor structure into
the active site containing residues such as ASP21, LEU30, TYR31, HIS59, and MET60. Among the 21 derivatives 14
were docked and 3rd drug derivative showed better docking energy than the others. Our experimental studies can be
further used to develop a better drug for Alzheimer disease.
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INTRODUCTION

Glutamate receptors consist of two major classes which are ionotropic (iGluR) and metabotropic glutamate receptor
(mGluR). The iGluRs are cation-specific ion channels and, are subdivided into three groups by their specific agonists,
namely N-methyl-D-aspartate (NMDA), amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) and kainic acid
(KA). mGluRs are a family of G-protein-coupled and can be divided to three groups, I,II and III, according to their signal
transduction pathways, pharmacology and sequence homology. While the expression level and localization of iGluR
have been extensively studied in Alzheimer’s disease (AD), the regulation of iGIuR expression is still controversial (Lee
et al. 2002a). It is estimated that over 5 million people live with Alzheimer’s disease in the USA, and it is predicted that
by the year 2025 there will be an average 50% increase in patients with AD (Hebert, L.E., 2004). AD is a leading cause
of dementia in the aging population (Ashford, J.W. 2004). Patients with AD experience symptoms including cognitive
alterations, memory loss and behavioral changes (Katzman, R. 1986 and Budson, A.E. 2005). The dementia in AD is
associated with neuro degeneration that is characterized initially by synaptic injury (Terry, R, 1994 and DeKosky, S,
1990) followed by neuronal loss (Terry, R., 1981). This is accompanied by astrogliosis (Beach, T., 1989), microglial cell
proliferation (Rogers, J.,198 and Trojanowski, J.Q 2000) and the presence of neurofibrillary tangles composed of
dystrophic neurites and hyperphosphorylated tau (Terry, R.1994, Trojanowski, J.Q. and Lee, V.M. 2000, Lee, V.M.,
2001, Igbal, K, 2002, Crews, L., 2010).
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More recent studies have uncovered evidence, suggesting that another component to the neurodegenerative process in
AD might include the possibility of interference with the process of adult neurogenesis in the hippocampus (Boekhoorn,
K.2006 and Li, B., 2008). Indeed, while some authors report that the NMDA glutamate receptor subunit NRI1 is
markedly increased in vulnerable neurons of AD (Ikonomovic et al. 1999), other reports indicate that there is a reduction
of NMDA receptors in AD (Hynd et al. 2001, Sze et al. 2001, Ulas and Cotman 1997), or no difference between AD and
age-matched controls (Bi and Sze 2002, Panegyres et al.2002, Thorns et al. 1997, Wakabayashi et al. 1999). Despite this
disparity, it is important to note that the distribution of NMDA receptors does, however, correlate with the predilection
for neurofibrillary tangles and neuritic plaques in hippocampal subfields (Geddes and Cotman 1986). Although it is not
clear whether NMDA expression is decreased in AD, it should be noted that elective decrease of NMDA receptors may
affect the memory dysfunction in AD. For example, a recent study clearly showed NMDA receptors play a pivotal role in
memory formation (Clayton et al. 2002, Nakazawa et al. 2002) and, therefore, it is plausible that alterations of NMDA
receptors may be responsible for the decreased memory function that is clinically evident in patient with AD. Indeed,
memory impairments are evident when NMDA antagonists are injected into different brain structures in animal
experiments (Castellano et al.2001) and glutamate levels in cerebrospinal fluid (CSF) and tissue are decreased in AD
(Hyman et al. 1987, Kuiper et al. 2000). Thus, it is likely that NMDA receptors may contribute significantly to the
pathophysiology in AD via degeneration of synaptic activity rather than cell death via excitotoxicity.

MATERIALS AND METHODS
3D model building:

The MODELLER software was used to build the initial model of Glutamate receptor. The first step is searching a number of
related sequences to find a related protein as a template by the BLAST program. The high sequence identity between
Glutamate receptor (Q8TCUS) and the reference protein 2RC7 is 60%, which allowed for rather straight forward sequence
alignment. In the second step, the backbone coordinates of the residues in Glutamate receptor were generated with the
MODELLER software. The structurally conserved regions (SCRs) were determined by multiple sequence alignment, which
is based on the Needleman and Wunsch Algorithm, and the coordinates of SCRs in Glutamate receptor were generated by
copying from 2RC7. The structure having the least modeller objective function, obtained from the modeller was improved
by molecular dynamics and equilibration methods using NAMD 2.5 software (Kale, et al, 1999) using CHARMM?27 force
field for lipids and proteins along with the TIP3P model for water. The energy of the structure was minimized with 10,000
steps. A cutoff of 12 A (switching function starting at 10 A) for van der Waals interactions was assumed. Finally, the
structure having the least energy with low RMSD (Root Mean Square Deviation) was used for further studies. In this step,
the quality of the initial model was improved.

The final structure obtained was checked by Ramachandran’s map using PROCHECK (Programs to check the Stereo
chemical Quality of Protein Structures) and environment profile using ERRAT graph (Structure Evaluation server). This
model was used for the identification of active site and for docking of the substrate with the protein.

Binding-site analysis:

The Bindig-site of Glutamate receptor was identified using CASTP server. A new program, CAST, for automatically
locating and measuring protein binding pockets and cavities, is based on precise computational geometry methods,
including alpha shape and discrete flow theory.

Docking of derivatives to Glutamate protein

Docking was carried out using GOLD (Genetic Optimization of Ligand Docking) software which is based on genetic
algorithm (GA). This method allows as partial flexibility of protein and full flexibility of ligand. The compounds are
docked to the active site of the P-gp. The interaction of these compounds with the active site residues are thoroughly
studied using molecular mechanics calculations. During docking, the default algorithm speed was selected and the ligand
binding site was defined within a 10 A° radius. After docking, the individual binding poses of each ligand were observed
and their interactions with the protein were studied.
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Gold Score fitness function

Gold Score performs a force field based scoring function and is made up of four components: 1. Protein-ligand hydrogen
bond energy (external H-bond); 2. Protein-ligand vander Waals energy (external vdw); 3. Ligand internal vander Waals
energy (internal vdw); 4. Ligand intramolecular hydrogen bond energy (internal- H- bond). The external vdw score is
multiplied by a factor of 1.375 when the total fitness score is computed. This is an empirical correction to encourage
protein-ligand hydrophobic contact. The fitness function has been optimized for the prediction of ligand binding
positions.

GoldScore =S (hb_ext) + S (vdw_ext) + S (hb_int) + S (vdw _int)

Where S (hb_ext) is the protein-ligand hydrogen bond score, S (vdw_ext) is the protein-ligand van der Waals score, S
(hb_int) is the score from intramolecular hydrogen bond in the ligand and S (vdw_int) is the score from intramolecular
strain in the ligand.

RESULTS AND DISCUSSION
Homology modeling of Glutamate receptor:

A high level of sequence identity should guarantee more accurate alignment between the target sequence and template
structure. In the results of BLAST search against PDB, only the 2RC7 which has a high level of sequence identity with
the Glutamate receptor domain. Structurally conserved regions (SCRs) for the model and the template were determined
by sequence alignment and the SCRs were determined as shown by Fig.1.

In the following study, we have chosen 2RC7 as a reference structure for modeling Glutamate receptor domain.
Coordinates from the reference protein (2RC7) to the SCRs, structurally variable regions (SVRs), N-termini and C-
termini were assigned to the target sequence based on the satisfaction of spatial restraints. In the modeller we will get a
20 PDB out of which we select a least energy. The energy unit will be in kilo joule. All side chains of the model protein
were set by rotamers. The final stable structure of the Glutamate receptor protein obtained is shown in Figure 2. By the
help of SPDBYV it is evident that Glutamate receptor domain has 4 helices and 2 sheets.

The final structure was further checked by verify3D graph and the results have been shown in Figure 3: The overall
scores indicates acceptable protein environment.

Table 1: % of residue falling in the core region of the Ramachandran’s plot

% of residue in most favored regions 84.4
% of residue in the additionally allowed 13.9
zones
% of residue in the generously regions 1.1
% of residue in disallowed regions 0.6
% of non-glycine and non-proline residues 100.0
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domain e VPIK 4
template KLHLRVVTLIEHPFVFTREVDDEGLCPAGQLCLDPMTNDSSMLDRLFSSLHSSNDTVPIK
60

kskoskesk
domain
FKKCCYGYCIDLLEKIAEDMNFDFDLYIVGDGKYGAWKNGHWTGLVGDLLRGTAHMAVTS 64
template
FKKCCYGYCIDLLEQLAEDMNFDFDLYIVGDGKYGAWKNGHWTGLVGDLLSGTANMAVTS 120

domain FSINTARSQVIDFTSPFF STSLGILVRTRDTAAPIGAFMWPLHWTMWLGIFVALHITAVF
124
template FSINTARSQVIDFTSPFFSTSLGILVRTRGT----------nmmmmmmmmmmoeeeeae 151

domain LTLYEWKSPFGLTPKGRNRSKVFSFSSALNICYALLFGRTVAIKPPKCWTGRFLMNLWAI
184
template —-mmmm e

domain FCMFCLSTYTANLAAVMVGEKIYEELSGIHDPKLHHPSQGFRFGTVRESSAEDY VRQSFP
244

template =~ ----------m-mm - ELSGIHDPKLHHPSQGFRFGTVRESSAEDYVRQSFP 187

domain
EMHEYMRRYNVPATPDGVEYLKNDPEKLDAFIMDKALLDYEVSIDADCKLLTVGKPFAIE 304
template

EMHEYMRRYNVPATPDGVQYLKNDPEKLDAFIMDKALLDYEVSIDADCKLLTVGKPFAIE 247
domain GYGIGLPPNSPLTANISELISQYKSHGFMDMLHDKWYRYV 343
template GYGIGLPPNSPLTSNISELISQYKSHGFMDVLHDKWY—— 284

****************

Fig 1: Alignment of Glutamate receptor with 2RC7

Figure 2: Modeller result- 3D structure of Glutamate
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Figure 3:The 3D profiles verified results of Glutamate receptor model; overall quality score indicates residues are
reasonably folded.

Validation of Glutamate receptor Domain

After the refinement process, validation of the model was carried out using Ramachandran plot calculations computed
with the PROCHECK program (Figure 4). The distributions of the Ramachandran plots of non-glycine, non-proline
residues are summarized in Table 1. The RMSD (Root Mean Square deviation) deviation for covalent bonds and
covalent angles relative to the standard dictionary of GLUTAMATE [NMDA] RECEPTOR SUBUNIT 3A was -5.27
and -0.55 A. Altogether 99.4 % of the residues of GLUTAMATE [NMDA] RECEPTOR SUBUNIT 3A (Q8TCUS)
was in favored and allowed regions. The overall PROCHECK G-factor of GLUTAMATE [NMDA] RECEPTOR
SUBUNIT 3A was — 2.32 and verify3D environment profile was good.

Superimposition of 2RC7 with Glutamate receptor domain

The structural superimposition of 2RC7 template and Glutamate receptor is shown in Figure 5. The weighted root mean
square deviation of trace between the template and final refined models 0.72A°. This final refined model was used for the
identification of active site and for docking of the substrate with the domain Glutamate receptor.

Active site Identification of Glutamate receptor domain

After the final model was built, the possible binding sites of Glutamate receptor was searched based on the structural
comparison of template and the model build and also with CASTP server and was shown in Figure 6. Since,
Glutamate receptor from Human and the 2RC7 are well conserved in both sequence and structure; their
biological function should be identical. Infact from the structure-structure comparison of template, final refined
model of Glutamate receptor domain using SPDBV program and was shown in Figure3. It was found that
secondary structures are highly conserved and the residues, PHES, LYS7, CYS9, TYR10, GLY11,TYR12,
CYS13,ILE14, PHE28, LEU30, TYR31, ALA61, VAL62, THR63, PHE82, VAL230, LEU28]1.

Ramachandran Plot
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Figure 4: Ramachandran Plot
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Figure 5: superimposition of C alpha trace of Glutamate receptor (represented in red color) and 2RC7
(represented in blue color).

Figure 6: Active site of Glutamate receptor
Docking of inhibitors with the active site of Glutamate receptor :

Docking of the inhibitors with Glutamate receptors was performed using GOLD 3.0.1, which is based on genetic
algorithimn (Figure 7). This program generates an ensemble of different rigid body orientations (poses) for each
compound conformer within the binding pocket and then passes each molecule against a negative image of the binding
site. Poses clashing with this ‘bump map’ are eliminated. Poses surviving the bump test are then scored and ranked with
a Gaussian shape function. We defined the binding pocket using the ligand-free protein structure and a box enclosing the
binding site. This box was defined by extending the size of a cocrystalized ligand by 4A.

This dimension was considered here appropriate to allow, for instance, compounds larger than the cocrystallized ones to
fit into the binding site. One unique pose for each of the best-scored compounds was saved for the subsequent steps.
The compounds used for docking was converted in 3D with SILVER. To this set, the substrate corresponding to the
modeled protein were added. Docking of inhibitors with the active site of protein.
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Figure 7: Docking of Molecule3 with Glutamate receptor

CONCLUSION

In this work, we have amplified and constructed a 3D model of Glutamate receptor domain, from Human using the
MODELLER software and obtained a refined model after energy minimization. The final refined model was further
assessed by ERRAT & PROCHECK program, and the results show that this model is reliable. The stable structure is
further used for docking of substrate with the derivatives of Memantine. Docking results indicate that conserved amino-
acid residues in Glutamate receptor main play an important role in maintaining a functional conformation and are
directly involved in donor substrate binding. The interaction between the domain and the inhibitors proposed in this
study are useful for understanding the potential mechanism of domain and the inhibitor binding. As is well known,
hydrogen bonds play important role for the structure and function of biological molecules. In this study it was found that
PHES, LYS7, CYS9, TYR10, GLY11, TYRI12, CYS13, ILE14, PHE28, LEU30, TYR31, ALA61, VAL62, THR63,
PHES2, VAL230, LEU281 of Glutamate receptor are important for strong hydrogen bonding interaction with the
inhibitors. To the best of our knowledge ASP21, LEU30, TYR31, HIS59, and MET60 are conserved in this domain and
may be important for structural integrity or maintaining the hydrophobicity of the inhibitor-binding pocket. The
molecule3 showed best docking results with target protein.

REFERENCES

Ashford, J.W. (2004) APOE genotype effects on Alzheimer’s disease onset and epidemiology. J. Mol. Neurosci., 23,
157-165.

Beach, T., Walker, R. and McGeer, E. (1989) Patterns of gliosis in Alzheimer’s disease and aging cerebrum. Glia, 2,
420-436.

Bi H, Sze CI (2002) N-methyl-D-aspartate receptor subunit NR2A and NR2B messenger RNA levels are altered in the
hippocampus and entorhinal cortex in Alzheimer’s disease.J Neurol Sci 200: 11-18.

Boekhoorn, K., Joels, M. and Lucassen, P.J. (2006) Increased proliferation reflects glial and vascular-associated changes,
but not neurogenesis in the presenile Alzheimer hippocampus. Neurobiol. Dis.,24, 1-14.

Budson, A.E. and Price, B.H. (2005) Memory dysfunction.N. Engl. J. Med., 352, 692—699.

Castellano C, Cestari V, Ciamei A (2001) NMDA receptors and learning and memory processes. Curr Drug Targets
2:273-283.

Clayton DA, Mesches MH, Alvarez E, Bickford PC,Browning MD (2002) A hippocampal NR2B deficit can mimic age-
related changes in long-term potentiation and spatial learning in the Fischer 344 rat. JNeurosci 22:3628-3637.

Crews, L., Rockenstein, E. and Masliah, E. (2010) APP transgenic modeling of Alzheimer’s disease: mechanisms of
neurodegeneration and aberrant neurogenesis. Brain Struct. Funct., 214, 111-126.

DeKosky, S. and Scheff, S. (1990) Synapse loss in frontal cortex biopsies in Alzheimer’s disease: correlation with
cognitive severity. Ann. Neurol.,27, 457-464.

International Journal of Applied Biology and Pharmaceutical Technology Page: 335
Available online at www.ijabpt.com



http://www.ijabpt.com/

Jayasimha Rayalu et al Coden : IJABPT Copyrights@2012 ISSN : 0976-4550
Geddes JW, Cotman CW (1986) Plasticity in hippocampal excitatory amino acid receptors in Alzheimer’s disease.
Neurosci Res 3: 672-678

Hebert, L.E., Scherr, P.A., Bienias, J.L., Bennett, D.A. and Evans, D.A.(2004) State-specific projections through 2025 of
Alzheimer disease prevalence. Neurology, 62, 1645.

Hyman BT, Van Hoesen GW, Damasio AR (1987) Alzheimer’s disease: glutamate depletion in the hippocampal
perforant pathway zone. Ann Neurol 22: 37-40.

Hynd MR, Scott HL, Dodd PR (2001) Glutamate(NMDA) receptor NR1 subunit mRNAexpression in Alzheimer’s
disease.J Neurochem 78: 175-182.

Ikonomovic MD, Mizukami K, Warde D, Sheffield R, Hamilton R, Wenthold RJ, Armstrong DM (1999) Distribution of
glutamate receptor subunit NMDARI in the hippocampus of normal elderly and patients with Alzheimer’s disease. Exp
Neurol 160: 194-204.

Igbal, K. and Grundke-Igbal, 1. (2002) Neurofibrillary pathology leads to synaptic loss and not the other way around in
Alzheimer disease.J. Alzheimers Dis., 4, 235-238.

Katzman, R. (1986) Alzheimer’s disease. N. Engl. J. Med., 314, 964-973.

Kuiper MA, Teerlink T, Visser JJ, Bergmans PL, Scheltens P,Wolters EC (2000) L-glutamate, L-arginine and L-
citrulline levels in cerebrospinal fluid of Parkinson’s disease, multiple system atrophy, and Alzheimer’s disease patients.
J Neural Transm 107: 183-189.

Lee, V.M., Goedert, M. and Trojanowski, J.Q. (2001) Neurodegenerative tauopathies. Ann. Rev. Neurosci., 24, 1121-
1159.

Lee HG, Zhu X, Ghanbari HA, Ogawa O, Raina AK, O’Neill MJ, Perry G, SmithMA (2002a) Differential regulation of
glutamate receptors in Alzheimer’s disease. Neurosignals 11: 282-292,

Li, B., Yamamori, H., Tatebayashi, Y., Shafit-Zagardo, B., Tanimukai, H., Chen, S., Igbal, K. and Grundke-Igbal, I.
(2008) Failure of neuronal maturation in Alzheimer disease dentate gyrus. J. Neuropathol. Exp. Neurol., 67, 78—84.
Masliah, E., Mallory, M., Alford, M., DeTeresa, R., Iwai, A. and Saitoh,T. (1997) Molecular mechanisms of synaptic
disconnection in Alzheimer’s disease. In Hyman, B., Duyckaerts, C. and Christen, Y.(eds), Connections, Cognition and
Alzheimer’s Disease, Springer, Berlin,pp. 121-140.

Masliah, E., Mallory, M., Hansen, L., Alford, M., Albright, T., Terry, R., Shapiro, P., Sundsmo, M. and Saitoh, T. (1991)
Immunoreactivity of CD45, a protein phosphotyrosine phosphatase, in Alzheimer disease.Acta Neuropathol., 83, 12-20.
Mandelkow, E. and Mandelkow, E. (1998) Tau in Alzheimer’s disease.Trends Cell. Biol., 8, 125-127.

Nakazawa K, Quirk MC, Chitwood RA, Watanabe M, Yeckel MF, Sun LD, Kato A, Carr CA, Johnston D, Wilson MA,
Tonegawa S (2002) Requirement for hippocampal CA3 NMDA receptors in associative memory recall. Science 297:
211-218.

Panegyres PK, Zafiris-Toufexis K, Kakulas BA (2002) The mRNA of the NR1 subtype of glutamate receptor in
Alzheimer’s disease. J Neural Transm 109:77-89.

Rogers, J., Luber-Narod, J., Styren, S. and Civin, W. (1988) Expression of immune system-associated antigens by cells
of the human central nervous system: relationship to the pathology of Alzheimer’s disease.Neurobiol. Aging, 9, 339—-349.
Sze C, Bi H, Kleinschmidt-DeMasters BK, FilleyCM, Martin LJ (2001) N-Methyl-D-aspartate receptor subunit proteins
and their phosphorylation status are altered selectively in Alzheimer’s disease. J Neurol Sci 182: 151-159.

Terry, R., Hansen, L. and Masliah, E. (1994) Structural basis of the cognitive alterations in Alzheimer disease. In Terry,
R. and Katzman, R.(eds), Alzheimer Disease, Raven Press, New York, pp. 179-196.

Terry, R., Peck, A., DeTeresa, R., Schechter, R. and Horoupian, D.(1981) Some morphometric aspects of the brain in
senile dementia of the Alzheimer type. Ann. Neurol., 10, 184—192.

Thorns V, Mallory M, Hansen L, Masliah E (1997) Alterations in glutamate receptor 2/3 subunits and amyloid precursor
protein expression during the course of Alzheimer’s disease and Lewy body variant. Acta Neuropathol (Berl) 94: 539-
548.

Trojanowski, J.Q. and Lee, V.M. (2000) ‘Fatal attractions’ of proteins. A comprehensive hypothetical mechanism
underlying Alzheimer’s disease and other neurodegenerative disorders. Ann. N. Y. Acad. Sci., 924, 62—67.

Ulas J, Cotman CW (1997) Decreased expression of N-methyl-D-aspartate receptor 1 messengerRNAin select regions of
Alzheimer brain. Neuroscience 79: 973-982.

Wakabayashi K, Narisawa-Saito M, Iwakura Y, Arai T, lkeda K, Takahashi H, Nawa H(1999) Phenotypic down-
regulation of glutamate receptor subunit GluR1 in Alzheimer’s disease. Neurobiol Aging 20: 287-295

International Journal of Applied Biology and Pharmaceutical Technology Page: 336
Available online at www.ijabpt.com



http://www.ijabpt.com/

	Table 1: % of residue falling in the core region of the Ramachandran’s plot
	Validation of Glutamate receptor Domain
	After the refinement process, validation of the model was carried out using Ramachandran plot calculations computed with the PROCHECK program (Figure 4). The distributions of the Ramachandran plots of non-glycine, non-proline residues are summarized in Table 1. The RMSD (Root Mean Square deviation) deviation for covalent bonds and covalent angles relative to the standard dictionary of GLUTAMATE [NMDA] RECEPTOR SUBUNIT 3A was -5.27 and -0.55 Å. Altogether 99.4 % of the residues of GLUTAMATE [NMDA] RECEPTOR SUBUNIT 3A (Q8TCU5) was in favored and allowed regions. The overall PROCHECK G-factor of GLUTAMATE [NMDA] RECEPTOR SUBUNIT 3A was – 2.32 and verify3D environment profile was good.  
	Superimposition of 2RC7 with Glutamate receptor domain
	Active site Identification of Glutamate receptor domain

	This dimension was considered here appropriate to allow, for instance, compounds larger than the cocrystallized ones to fit into the binding site. One unique pose for each of the best-scored compounds was saved for the subsequent steps. The compounds used for docking was converted in 3D with SILVER. To this set, the substrate corresponding to the modeled protein were added. Docking of inhibitors with the active site of protein. 
	CONCLUSION


