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Abstract: Poly (ADP-ribose) polymerase 1 (PARP1) is a nuclear enzyme, involved in DNA repair and transcriptional regulation of 

genes that regulates cell survival and death. PARP1 inhibitors are therefore, often used with other drugs to enhance cell killing in 

cancer therapy. We present here our findings on the PARP1 inhibitory activities of some novel aryl acridines from molecular modelling 

studies. Like other established inhibitors of PARP1, these aryl acridines also bind to the nicotinamide adenine dinucleotide (NAD+) 

binding pocket of PARP1. They interact through non covalent ionic interactions and are capable of forming inter-molecular hydrogen 

bonds with several amino acids in this site; this includes all the important amino acid residues necessary for the catalytic activity of 

PARP1. The findings are important as this is the first report showing some acridine compounds as novel PARP1 inhibitors. 
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1. Introduction 
 
Poly (ADP-ribose) polymerase 1 (PARP1) is a nuclear 
enzyme, involved in DNA repair and transcriptional 
regulation of genes that regulates cell survival and death [1]. 
PARP1 response is provoked by genotoxic stress on DNA. It 
senses breaks in DNA and catalyses the addition of ADP-
ribose onto different nucleosomal proteins and also onto 
itself, as linear or branched PAR chains using NAD+ as its 
substrate [2]. The poly (ADP-ribosyl)ation of the histone 
proteins helps to draw away the nucleosomal proteins from 
DNA to facilitate DNA repair [3]. Inhibition of PARP1 
activity thus sensitizes cells to killing by different damaging 
agents [4, 5]. PARP1 inhibitors are therefore important in 
cancer chemotherapeutics [6].  

 
The primary structure of PARP1 consists of 1014 residues 
organized in 3 functionally distinct domains: i) DNA 
binding N terminal domain, ii) auto-modification domain for 
ADP ribosylation and iii) catalytic domain at the C terminal 
region [7]. The catalytic site consists of residues 654 to 1014 
and includes importantly the residues Tyr710, Gln763, 
Asp766, Asn767, Asp770, Trp861, His862, Gly863, Ser864, 
Arg878, Ile879, Ala880, Gly888, Tyr889, Met890, Gly894, 
Tyr896, Phe897, Ala898, Lys903, Ser904, Tyr907, Asn987, 
Glu988 and Tyr989 [8]. Ruf et al. predicted that the putative 
NAD+ binding site resides in the catalytic region [9]. Within 
the catalytic site, the NAD+ binding pocket is lined by the 
residues His862, Gly863, Tyr896, Phe897, Ala898, Lys903, 
Ser904, Tyr907 and Glu988 [10]. Different PARP1 
inhibitors bind at the NAD+ binding pocket to exert their 
inhibitory effect [10]. 

 
Acridine derivatives are known to interact with different key 
enzymes [11, 12] to exhibit antitumor activity [13-15]. 
Particularly important are the derivatives at C 9 position [16, 
17].The biological activities of phenyl-derivatives at C 9 
position were so far less explored. From our earlier works 
the biological importance of some aryl derivatives of 
acridine are already documented [18, 19] and the antitumor 
action have been demonstrated in different cancer cell lines 

as well as in animal model [20]. Aryl acridine derivatives 
can also potentiate cell killing by other agents (our 
unpublished results). We therefore wanted to explore 
whether any of these derivatives can have PARP1 inhibitory 
activity.  

 
We present here the molecular modeling studies on 
interaction of some 9 aryl acridine derivatives with chicken 
PARP1. Human PARP1 is a homo-dimer that shares strong 
sequence similarity with chicken PARP1 (87%). The amino 
acid residues around the active site of PARP1 from both the 
species are perfectly conserved [21]. The monomeric 
chicken PARP1 is most often used for studying the 
inhibitory potentials of different drugs [8-10]. Human and 
chicken numbering of amino acids differs by three [9]; since 
human PARP1 is the drug target, the human numbering is 
used conventionally in all reports. Our preliminary findings 
indicate that these acridines are likely to exert inhibitory 
effect on PARP1 by blocking the binding of NAD+ at the 
catalytic region of PARP1.  

 
2. Materials and methods 
 
2.1   Generation of three dimensional structures of 

ligands 

 

The three dimensional coordinates of 9 aryl derivatives of 
acridine were generated and optimized in three dimensional 
space using the program ACD/ChemSketch 
(http://www.acdlabs.com/download/chemsk.html) and 
PyMOL 7.2 [22]. The programs generate the backbone 
coordinates of the molecules first and then add the side chain 
atoms. In order to relieve the steric strain in the molecule, 
the entire molecule was energy minimized. The energy 
minimization was done using the Conjugate Gradient (CG) 
algorithm with CHARMm force-fields until the structures 
reached the final energy derivative of 0.001 kcal / mole. A 
total of 500 steps of energy minimizations were performed 
for the 9 aryl derivatives of acridine. The final energy 
minimized structures of the 9 aryl derivatives of acridine 
were used for further docking analysis. The coordinates of 
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chicken PARP1 protein were extracted from Protein Data 
Bank (PDB ID: 3PAX) [10]. The structures of the ligands 
and the protein were saved separately. The structure of 
PARP1 protein from chicken was energy minimized using 
CG in 200 cycles until the structure reached the final energy 
derivative of 0.001 kcal / mole. The backbone of the protein 
was kept fixed in order to keep the overall secondary 
structure of the protein intact. All the energy minimizations 
were done using the program ACCELERYS DISCOVERY 
STUDIO 2.5 with CHARMm force field [23]. These energy 
minimized structures were then used for molecular docking 
analyses.  

 
2.2   Docking of the ligand with PARP1 
 

The docking of the ligands with the PARP1 protein was 
performed with Autodock 4.2 software [24]. The software 
utilizes the LGA implemented therein. The grid size was set 
to 126 (maximum grid size) along the X, Y and Z axis with 
0.375 Ǻ grid spacing. In order to get a comprehensive result, 
the ligands and the receptor PARP1 were subjected to 
another two rounds of docking using Patchdock server [25] 
and the program GOLD [26] using the default parameters. 
Patchdock uses surface complimentarity method to find the 
docking poses. The program searches for the presence of 
binding clefts on the surfaces of the ligands and receptors. 
On the other hand, GOLD uses Genetic Algorithm to find 
the docking poses. GOLD uses various combinations of 
bindings between the receptor and the ligands and calculates 

the binding interactions. We used these different protocols to 
find the docking poses such that we get a realistic picture of 
the docking interactions between the ligands and the 
PARP1. 
 
From the Autodock results, the lowest binding energy 
conformation was selected out of the 10 different 
conformational outputs and analyzed. From the program 
GOLD, the docked complexes that yielded the best 
Goldscore and Chemscore were selected. The best docked 
conformations so formed from the above mentioned 
software tools were again energy minimized by CG 
algorithm using the program ACCELERYS DISCOVERY 
STUDIO 2.5 with CHARMm force field until the structures 
reached the final energy derivative of 0.001kcal/mole in 
order to relieve bad contacts [23]. 
 
3. Results 

 
The 9 aryl acridine derivatives used in our study have the 
capacity of binding to the NAD+ binding pocket of PARP1. 
Figure 1 represents the binding of ACPH 1, ACPH 3 and 
ACPH 4 at the NAD+ binding pocket of chicken PARP1. 
The association of these aryl derivatives of acridine at the 
NAD+ binding pocket is shown from three different 
orientations. 
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Figure 1: The binding of 9 aryl acridine derivatives (a) ACPH 1, (b) ACPH 3 and (c) ACPH 4 with chicken PARP1 is 
shown from three different orientations. The protein is shown in solid ribbon form (secondary type) and the aryl acridine 
derivatives are shown in stick form 

 

Table 1: The ionic interactions and hydrogen bonding 
involved when different derivatives of acridine interact with 

chicken PARP1 
9-aryl 

acridine 

derivatives 

Name of the amino acids 

involved in ionic interaction 

Amino acids 

involved in 

hydrogen bond 

interaction 

ACPH  1 Trp861, His862, Gly863, 
Ser864, Gly894, Ile895, 
Tyr896, Phe897, Ala898, 
Lys903, Ser904, Tyr907, 
Glu988. 

        Tyr907 

ACPH  2 Gln763, Asn767, Trp861, 
His862, Gly863, Ser864, 
Arg865, Tyr889, Met890, 
Phe891, Tyr896, Phe897, 
Ala898, Lys903, Ser904, 
Tyr907, His909, Leu 984, 
Asn987, Glu988, Tyr989. 

Lys903, 
Glu988 

ACPH  3 Gln 763, Asp766, Trp861, 
His862, Gly863, Leu877, 
Arg878, Ile879, Ala880, 
Gly888, Tyr889, Met890, 
Gly894, Ile895, Tyr896, 
Phe897, Ala898, Lys903, 
Ser904, Tyr907, Glu988 

Tyr907, Glu988 

ACPH  4 Gln763, Asp766, Trp861, 
His862, Gly863, Gly888, 
Tyr889, Met890, Tyr896, 
Phe897, Ala898, Lys903, 
Ser904, Tyr907,Glu988 

Ser904, Tyr907 

 

The amino acid residues within 5Ǻ distance from each of the 
acridine derivatives are likely to undergo ionic interaction; 
these are shown in table 1. Some of the residues at this site 
are important for the catalytic function and established 
inhibitors specifically interact with them to exert their 
inhibitory role. All the acridine derivatives are found to 
interact with these residues; these are indicated in bold in 
table 1. The presence of nitro and methoxy groups in the 
derivatives makes them capable of forming non covalent 
interactions with PARP1. The amino acid residues with 
which these derivatives formed H bonds at the NAD+ 
binding pocket are also shown in the same table (table 1). A 
close up view of ACPH 2 bound to the NAD+ binding 
pocket is shown in figure 2.  The amino acids with which 
ACPH 2 undergo interactions are shown in this figure. 
ACPH 2 also forms two hydrogen bonds, one with NZ2 
atom of Lys903 and the other with OE2 atom of Glu988 
with bond distances of 2.30Å and 2.70 Å respectively; these 
are also indicated in this figure.  
 
 

 

 

 

 

 

 

Paper ID: NOV152257 1364



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2014): 5.611 

Volume 4 Issue 12, December 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 
Figure 2: A typical close up view of ACPH 2 bound to the catalytic domain of chicken PARP1. The protein is represented in 

solid ribbon form (secondary type) and the derivative ACPH 2 is represented in stick form. The hydrogen bonds are 
represented by the black dotted lines. 

 
4. Discussion 

 
The catalytic site of PARP1 contains two important 
locations - i) the place where the ADP ribose moiety joins to 
form the PAR chain, known as the acceptor site and ii) the  
location of NAD+ binding, known as the donor site. Most of 
the PARP1 inhibitors developed till date like 3MBA, 4ANI, 
PD 127863, NU1025 mimic the NAD+ moiety and binds to 
the NAD+ binding pocket to block the binding of NAD+ to 
the enzyme thereby inhibiting the PARP1 activity [27] The 
residues Gly863, Lys903, Ser904, Tyr907 and Glu988 at the 
NAD+ binding pocket are significant for the catalytic 
activity of the enzyme [10]. Almost all the established 
PARP1 inhibitors interact with these amino acids [10]; our 
acridine derivatives too, interacted with all these amino 
acids and additionally with some other amino acids at this 
site.  

 
When NAD+ binds as a precursor to PARP1, it undergoes H 
bonding with Ser904. Inhibitors like 3MBA, 4ANI, PD 
127863, NU1025 prevent the binding of NAD+ to PARP1 by 
forming H bond with Ser904 [28]. PD 127863 undergoes 
hydrogen bond with Lys 903 which increases its binding 
specificity [10]. ACPH 4 undergoes H bonding with Ser904, 
all the other derivatives (ACPH 1, 2, 3) also undergoes ionic 
interaction with Ser904. Thus, these acridines too, might 
prevent the association of NAD+ to PARP1. Another 
important amino acid is Tyr907 that is responsible for 
forming the wall of the NAD+ binding pocket [10]. Mutation 
of Tyr907 with Asparagine reduces its activity to 1.1% [29]. 
Inhibitors of PARP1 like 4ANI, NU1025, NU1085 undergo 
H bonding with Tyr907 and Gly863 [10, 28]. The 
derivatives ACPH 1, ACPH 3 and ACPH 4 also undergo H 

bonding with Tyr907 thereby strongly indicating their 
inhibitory potential. 
 
There is a great similarity between ADP ribosylating activity 
catalyzed by PARP and that of some bacterial toxins like 
pertussis toxin, diptheria toxin, cholera toxin etc, which also 
joins ADP-ribose units to form polymers [30]. It has been 
demonstrated for these toxins that the glutamic acid residue 
at their catalytic site is important for the ADP-ribosylating 
activity, responsible for the polymer formation [30]. The 
glutamic acid residue at the catalytic site is conserved for 
PARP proteins as well as for the toxins [30]. In case of 
human PARP1, Glu988 is responsible for this function. 
Mutation of this residue strongly affected the function of the 
enzyme and its activity drops down to 0.2% of that in the 
wild type after its mutation to Tyrosine or Alanine [29].Our 
findings revealed that all the derivatives of ACPH interacted 
with Glu988, while ACPH 2 and ACPH 3 also formed H 
bond with this amino acid. 

 
5. Conclusion 
 
Our preliminary findings from molecular modeling studies 
revealed that these novel acridine derivatives are likely to 
act as PARP1 inhibitors by binding at the NAD+ binding 
pocket in its catalytic domain. Different acridine derivatives 
are known for their varied biological activities, however, so 
far none are known as PARP inhibitors.  The established 
inhibitors of PARP1 generally contain a nicotinamide 
moiety that allows them to mimic NAD+ and compete for 
binding at this site. Our findings are important as this is the 
first report showing that aryl acridines too, can bind at the 
NAD+ pocket of PARP1 to exert its inhibitory action. 
Further studies are needed to establish the PARP1 inhibitory 
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activity of these acridines. Considering the importance of 
PARP1 inhibitors as chemotherapeutic agent, these acridine 
derivatives could be potential drug candidates for cancer 
therapy.  
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