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Introduction
Rab proteins are small GTPases involved in the regulation 

of vesicular tra�c [1]. To be functional, they have to undergo a 
post-translational modi�cation in which one or two isoprenoid 
geranylgeranyl groups are attached to their C termini [2]. Rab 
geranylgeranyltransferase (RabGGTase or GGTase type II) catalyzes 
this reaction. RabGGTase belongs to a family of prenyltransferases that 
includes farnesyltransferase (FTase) and geranylgeranyltransferase 
type I. �ese enzymes are highly conserved in sequence and structure 
and possess a single active site [3].

Pyrimidines are an important class of heterocyclic compounds, 
which possess a wide range of biological activities such as anticancer 
[4,5], antibacterial [6], anti-in�ammatory [7], antiviral [8], 
antitubercular [9], antihypertensive [10] and anticonvulsant [11] 
activities. �e presence of 4-OCH3 and 2-NO2 and 3-NO2 substitutions 
on pyrimidines shows signi�cant increase in antitubercular activity 
[12]. �e bromo substituted, 2-hydroxy phenyl substituted pyrimidines 
also shows good antihistaminic activity [13]. 

To know the possibility of binding of RabGGTase protein 
to pyrimidine analogues is fascinating and molecular docking is 
frequently used to predict the binding orientation. Docking is used to 
bring out new ligands for biological targets with a known 3D structure 
[14]. Docking studies of the compounds were performed using GLIDE 
(Schrödinger, LLC, Portland) [15,16]. 

Materials and Methods
Ligand structure preparation

�e structures of six pyrimidine analogues, a) 4-(2-�uoro-4-
methoxyphenyl)-6-(2,3, trimethoxyphenyl) pyrimidin-2-amine, b) 
4-(2-�uoro-4-methoxyphenyl)-6-(2,4,6-trimethoxyphenyl) pyrimidin-
2-amine, c) 4-(2-�uoro-4-methoxyphenyl)-6-(2, 4-dimethoxyphenyl) 
pyrimidin-2-amine, d) 4-(2-�uoro-4-methoxyphenyl)-6-
(2,4,5-trimethoxyphenyl) pyrimidin-2-amine, e) 4-(2-�uoro-4-
methoxyphenyl)-6-(3,4,5-trimethoxyphenyl) pyrimidin-2-amine, f) 
4-(2-�uoro-4-methoxyphenyl)-6-(3,5-dimethoxyphenyl) pyrimidin-
2-amine (Figure 1) were constructed using the fragment dictionary 
of Maestro 7.5 (Schrodinger, LLC) using the Optimized Potentials 
for Liquid Simulations-All Atom (OPLS-AA) force �eld [17] with the 
steepest descent followed by truncated Newton conjugate gradient 
protocol. Partial atomic charges were computed using the OPLS-AA 
force �eld. �e ligand molecules and their methoxy substitution are 
shown in table 1.
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Results and Discussion
Results from QikProp

�e ADME properties of the designed ligands were predicted 
using QikProp. �e compounds prepared were subjected to drug-
likeness �lter. �e criteria of the �lter includes molecular weight 160-
480, number of heavy atoms 20-70, lipophilicity 40-130, Number of 
hydrogen bond donors 4-7, Number of hydrogen bond acceptors 8-12. 
All the designed ligands conformed to the above mentioned criteria 
and they were evaluated for docking using GLIDE so�ware.

Results from SiteMap
�e active site on the protein was predicted by SiteMap (Figure 

3). �e protein consisted of �ve active sites. �e yellow, blue and red 
meshes represent the hydrophobic map, hydrogen bond donor, and 
hydrogen bond acceptor respectively.

Receptor grid generation
GLIDE receptor grid was generated to determine the size of the 

QikProp analysis
QikProp e�ciently evaluates pharmaceutically relevant properties 

for over half a million compounds per hour, making it an indispensable 
lead generation and lead optimization tool. Accurate prediction 
of Absorption, Distribution, Metabolism, Elimination (ADME) 
properties prior to expensive experimental procedures, such as High 
�roughput Screening (HTS), can eliminate unnecessary testing on 
compounds that will ultimately fail; ADME prediction can also be used 
to focus lead optimization e�orts to enhance the desired properties of 
a given compound [15,16].

SiteMap analysis
SiteMap proven algorithm for binding site identi�cation and 

evaluation can help researchers to locate binding sites with a high degree 
of con�dence and predict the druggability of those sites. Beyond lead 
discovery, SiteMap assists in lead optimization by providing insight 
into ligand-receptor interactions so as to suggest e�ective strategies to 
modify lead compounds to enhance receptor complementarity [17].
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Figure 1: Structures of different ligands. (a) Ligand 1: �����������À�X�R�U�R�������P�H�W�K�R�[�\�S�K�H�Q�\�O�����������������������W�U�L�P�H�W�K�R�[�\�S�K�H�Q�\�O���� �S�\�U�L�P�L�G�L�Q�������D�P�L�Q�H����(b) Ligand 2: 
�����������À�X�R�U�R�������P�H�W�K�R�[�\�S�K�H�Q�\�O�����������������������W�U�L�P�H�W�K�R�[�\�S�K�H�Q�\�O���� �S�\�U�L�P�L�G�L�Q�������D�P�L�Q�H����(c) Ligand 3:�� �����������À�X�R�U�R�������P�H�W�K�R�[�\�S�K�H�Q�\�O�������������������W�U�L�P�H�W�K�R�[�\�S�K�H�Q�\�O����
pyrimidin-2-amine, (d) Ligand 4:�� �����������À�X�R�U�R�������P�H�W�K�R�[�\�S�K�H�Q�\�O�������������������� �����W�U�L�P�H�W�K�R�[�\�S�K�H�Q�\�O���� �S�\�U�L�P�L�G�L�Q�������D�P�L�Q�H����(e) Ligand 5:�� �����������À�X�R�U�R������
methoxyphenyl)-6-(2,4-dimethoxyphenyl) pyrimidin-2-amine, (f) Ligand 6: �������������À�X�R�U�R�������P�H�W�K�R�[�\�S�K�H�Q�\�O�������������������G�L�P�H�W�K�R�[�\�S�K�H�Q�\�O�����S�\�U�L�P�L�G�L�Q�������D�P�L�Q�H��

Table 1: Methoxy substitution on pyrimidines.

S.No

Ligand

R1

R2

R3

R4

R5

1
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from the binding site and redocking the six pyrimidines analogues 
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4, 6-trimethoxyphenyl) pyrimidin-2-amine>4-(2-�uoro-4-
methoxyphenyl)-6-(2,3, trimethoxyphenyl) pyrimidin-2-amine>4-
(2-�uoro-4-methoxyphenyl)-6-(2,4,5-trimethoxyphenyl) pyrimidin-
2-amine> 4-(2-�uoro-4-methoxyphenyl)-6-(2, 4-dimethoxyphenyl) 
pyrimidin-2-amine. Conformational analysis of di�erent docked 
complexes also shows that residues Tyr 178, Ser 227 and Phe 230 play 
important role in this receptor’s activity. Docking studies performed by 
GLIDE has con�rmed that above inhibitors �t into the binding pocket 
of the RabGGTase receptor. From the results, we may observe that for 
successful docking, intermolecular hydrogen bonding and liphophilic 
interactions between the ligand and the receptor are very important. 
We can also explain why the GLIDE score results for 4-(2-�uoro-4-
methoxyphenyl)-6-(3,4,5-trimethoxyphenyl) pyrimidin-2-amine are 
higher than others. �e main reason for the increase in GLIDE score is 
due to the penalties for close intra-ligand contacts.
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