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GRAPHICAL ABSTRACT 

 

ABSTRACT 

Poly(ADP-ribose) polymerase1 (PARP1) plays a vital role in DNA repair and its inhibition in 

cancer cells may cause cell apoptosis. In this study, we investigated the effects of a PARP1 

variant, V762A, which is strongly associated with several cancers in humans, on the inhibition 

of PARP1 by three FDA approved inhibitors: niraparib, rucaparib and talazoparib. Our work 

suggests that these inhibitors bind to the V762A mutant more effectively than to the wild-type 

(WT), with similar binding free energies between them. Talazoparib inhibition uniquely lowers 

the average residue fluctuations in the mutant than the WT including lower fluctuations of 

 

Figure.  Impact of V762A mutation on inhibition of PARP1. 
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mutant’s N- and C-terminal residues, conserved H-Y-E traid residues and donor loop (D-loop) 

residues which important for catalysis more effectively than other inhibitions. However, 

talazoparib also enhances destabilizing interactions between the mutation site in the HD 

domain in the mutant than WT. Further, talazoparib inhibition significantly disrupts the 

functional fluctuations of terminal regions in the mutant, which are otherwise present in the 

WT. Lastly, the mutation and inhibition do not significantly affect PARP1’s essential dynamics. 

 

INTRODUCTION 

DNA damage occurs at a rate of approximately 1 million changes per cell each day in 

humans,(1) caused by factors like such as UV radiation, ionizing radiation, chemical agents, 

errors during replication, and cellular metabolic processes.(2–4) DNA damage can contribute 

to diseases, with the accumulation of cancer-causing mutations in DNA playing a key role in 

tumor development and cancer progression.(5, 6) Humans have developed several DNA 

damage response (DDR) pathways including base excision repair (BER), non-homologous 

end joining (NHEJ), homologous recombination (HR), and Okazaki-fragment processing 

pathways to minimize this genomic instability.(7) 

Poly(ADP-ribose) polymerase1 (PARP1) is a DNA binding protein, member of the PARP 

family, which consists of at least 18 distinct proteins in humans.(8) PARP-1 is responsible for 

85%-90% of poly(ADP-ribosylation) (PAR) activity.(9–15) PARP1 plays a part in all above-

mentioned DNA repair pathways, and is a key enzyme in the BER pathway. For BER, PARP1 

recruits repair proteins to single-stranded breaks (SSBs), facilitating DNA repair. While PARP1 

does not directly stimulate HR, cells deficient in HR are highly sensitive to PARP1 inhibition. 

During DNA replication, PARP1 detects SSBs that naturally occur when Okazaki fragments 

on the lagging strand are processed, recruiting repair proteins such as XRCC1. Additionally, 

PARP1 influences NHEJ, a repair mechanism for double-strand breaks (DSBs). (7, 16–23) 

Upon sensing DNA damage, PARP-1 undergoes conformational changes and initiates 

PARylation to add Poly(ADP-ribose) (PAR) chains covalently to itself or any other target 

proteins like histones, DNA polymerases, DNA ligases, etc as shown in Figure 1(B) to 1(E). 
This modification recruits DNA repair proteins, such as XRCC1 and Lig-IIIα, to the damaged 

sites to facilitate DNA repair.(24–29) PARP1 is a multi-domain enzyme as shown in Figure 
1(A) it is structured into six regions, each with distinct functions. The N-terminal region of 

PARP1, functioning as the DNA-binding domain (DBD), consists of three zinc finger motifs: 

ZN-1 (residues 1-100), ZN-2 (residues 101-215), and ZN-3 (residues 216-370). These motifs 

collaborate to detect DNA strand breaks, with ZN-2 playing a critical role in this interaction.(30, 

31) The central region which is the auto modification domain (AD) includes a BRCT domain 
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(371 - 500). The BRCT domain acts as the acceptor site for auto-poly(ADP-ribosyl)ation (auto-

PARylation). The C-terminal region houses the catalytic domains namely, tryptophan-glycine-

arginine (WGR, residues 501-650) domain whose function is not fully understood but is 

implicated in DNA interactions, helical subdomain (HD, residues 651-785) and the ART 

(residues 786-1014) subdomain.(32–34). The ART subdomain contains several highly 

conserved residues — H862, Y896 and E988 and the donor loop (D-loop, residues P881 to 

Y889) of the active site of PARP1. H862 and Y896 are crucial for NAD+ binding to PARP1 and 

its for polymerase’s activity. The D-loop helps shape the binding site and interacts with NAD+. 

(35) 

PARP1 inhibitors compete with NAD+ for binding in the active site (Figure 1(F) to 1(H)).(36) 

In the absence of an inhibitor, PARP is recruited to a SSB site for DNA. With an inhibitor in 

the NAD+ binding site, PARP1 may lose the ability to activate PARP-dependent repair 

pathways and cannot dissociate from DNA due to inhibited catalytic activity and/or direct 

trapping, resulting in replication fork (RF) stalling during DNA replication and, ultimately, 

stalled RFs collapsing to form double-strand breaks (DSBs).(37, 38)  
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In a BReast CAncer gene 1/2 (BRCA1/2) proficient cells, DSBs can be repaired via HRR. By 

contrast, PARP inhibition for BRCA-deficient cancer cells can lead to cell cycle arrest and 

apoptosis. This approach, which is also known as synthetic lethality, is exploited 

therapeutically by using PARP inhibitors for eliminating BRCA-mutant cancer cells. (32, 35, 

39–52) 

After the N-terminal region of PARP1’s ZN-1 domain binds to damaged DNA sites, there is an 

initiation of allosteric signaling event that activates the catalytic function at catalytic domain in 

 

Figure 1.  (A) Structural and multi-domain organization of near full-length PARP-1 in complex with a DNA 
double-strand break (PDB ID: 4DQY(104)). (B-D) Mechanism of poly-ADP-ribosylation by PARP-1(99–101) (E) 
poly ADP-ribose consisting of ADP-ribose units. (F-H) show the active sites of mutated PARP1 PDBs (4R6E, 
6VKK, and 4UND respectively) with niraparib, rucaparib and talazoparib inhibitors. The active site consists of H-
Y-E traid and D-loop residues. 2-D structures on the side panels depict the structures of the respective inhibitors. 
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C-terminal. This process is crucial for PARP's role in DNA repair.(53) Some inhibitors, in 

addition to blocking catalysis, also trap PARP1 and PARP2 on damaged DNA, forming 

cytotoxic complexes that are more effective at killing cancer cells. This "PARP trapping," or 

"PARP poisoning," varies among inhibitors and is independent of their catalytic inhibition 

potency, highlighting the dual mechanism of action of these drugs.(54–59) 

Murai and colleagues demonstrated that bulky PARP inhibitors, such as olaparib, can trap the 

PARP-1/DNA complex. Their findings support the hypothesis that allosteric reverse signaling 

occurs, where the CAT domain sends signals back to the N-terminal DNA binding domain, 

disrupting its normal function. This trapping mechanism has significant implications for the 

therapeutic targeting of PARP in cancer treatments.(60–63)  

In a study by Zandarashvili et al., PARP1 inhibitors were classified into three categories based 

on their allosteric effects on PARP1: type I (EB-47 and BAD), type II (talazoparib and olaparib), 

and type III (rucaparib, niraparib, and veliparib).(36) In addition to catalytic inhibition, type I 

inhibitors exert a strong allosteric effect, causing instability in the HD domain causing allosteric 

changes that enhance interactions with the DNA break and slow down its release. By contrast, 

type II inhibitors have minimal impact on PARP-1 allostery, resulting in only slight increases 

in affinity for the DNA break. Type III inhibitors stabilize the HD domain and promote release 

from the DNA break.  

PARP1 has been reported to show alterations in multiple cancers.(64) Moreover, a single 

PARP1 variant has been shown to affect response to PARP1 inhibition.(65) We have 

previously reported a common single-nucleotide polymorphism (SNP) in the PARP-1 gene, 

rs1136410,(66) that results in the V762A PARP1 variant. This mutation is strongly associated 

with lung cancer, ovarian cancer, and other neoplastic diseases in humans. Experimental 

validation confirmed that the mutation leads to overactivation of the enzyme, impairing its 

ability to repair DNA breaks.(66)  

In the present work, we performed molecular dynamics (MD) simulations to investigate the 

possible impact of V762A on the inhibition of PARP1 by three FDA-approved inhibitors: 

niraparib(67–70), rucaparib(71–73) and talazoparib(74, 75), sold under the brand names 

Zejula, Rubraca, and Talzenna, respectively. The organization of the paper is as follows: the 

next section describes the details of MD simulations of the inhibited systems, and MD 

simulation calculations for binding free energy calcualtions. Subsequently, we present the 

details for post simulation analysis: root mean square deviation (RMSD), root mean square 

fluctuation (RMSF), principle components of motion, and movement correlation matrices, and 

energy decomposition analaysis (EDA), followed by concluding remarks. 
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MATERIAL AND METHODS 

PARP1 Simulations 

The crystal structures for the catalytic domain of the WT PARP1 dimer, both without an 

inhibitor (PDB ID: 4ZZZ(76)) and bound to talazoparib (PDB ID: 4PJT(77)) were were obtained 

from the RCSB Protein Data Bank. For the mutated dimer, structures without an inhibitor (PDB 

ID: 5WS1) and bound to niraparib (PDB ID: 4R6E(77)), rucaparib (PDB ID: 6VKK(78)), and 

talazoparib (PDB ID: 4UND(79)) were also obtained. Each dimer was converted into a 

monomer by isolating chain A. UCSF Chimera(80) was then used to align the mutated PARP-

1 structures bound to niraparib and rucaparib with the WT structure without an inhibitor to 

generate PDB files for WT structure bound to niraparib and rucaparib. 

MD simulations were carried out via AMBER18’s(81) pmemd.cuda(82). Inhibitor parameters 

were generated using the Antechamber tool in AmberTools20. (82) The inhibitors were initially 

minimized independently (without PARP-1) using Sander.  Eight systems were prepared: WT 

PARP-1 without an inhibitor, with niraparib, with rucaparib, and with talazoparib, as well as 

mutated (V762A) PARP-1 without an inhibitor, with niraparib, with rucaparib, and with 

talazoparib. Each system was neutralized using chloride counterions and solvated in a 

TIP3P(83) water box extending a minimum distance of 10 Å between the edge of the protein 

to the edge of the box using the LEaP(81) module of AmberTools20 and the ff14SB(84). The 

systems were first minimized with 50 steps of steepest descent and 950 steps of conjugate 

 

Figure 2. Thermodynamic cycle for a relative binding 
free energy calculation of the respective inhibitor (i) in 
wild type (WT) and mutant (Mut) systems. The vertical 
arrows show inhibitor binding to the protein (WT and 
mutant). The horizontal arrows show the alchemical 
transformations between WT and Mut (V762 -> A762). 
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gradient, applying positional restraints of 500 kcal mol⁻¹ to hold the enzyme in place. This was 

followed by a second minimization with positional restraints reduced to 10 kcal mol⁻¹. The 

systems were then heated to 300K using Langevin dynamics(85–87) with a collision frequency 

of 2 ps–1 and then equilibrated for 15 nanoseconds under NPT conditions, during which 

positional restraints were gradually removed. Finally, production simulations were conducted 

on these unrestrained systems for 500 nanoseconds each, resulting in a total of 1.5 

microseconds of simulation time across the three replicas with an integration time-step of 2 fs, 

and trajectories were saved every 2 ps. Long-range Coulombic interactions were handled 

under periodic boundary conditions with the smooth particle mesh Ewald (sPME)(88) 

method using a 10 Å cutoff for nonbonded interactions. 

Relative binding free energies between the WT and mutant structures under inhibition were 

calculated with independent trajectories using thermodynamic integration (TI).(89) Figure 2 
shows the thermodynamic cycle that was considered when calculating relative binding free 

energies. The free energy was calculated using the equations below: 

H(λ) = (1 − 	λ)	H(") + 	λ	H($)                                                                                                                (1) 

∆G$→" =	G(") − G($) =	∫ 〈&'(()
&(

〉( dλ	
(!)*
(")+

                                                                                             (2) 

Here, ∆G is the free energy difference for a segment, H(λ) is the Hamiltonian of the system, 

dependent upon λ which is a parameter that varies from the initial state A where λ = 0 to the 

final state B where λ = 1 as shown in equation (1), and where denotes  ⟨. . . ⟩!	an ensemble 

average at a particular λ value, which is obtained in practice from MD simulations. Equation 2 

was integrated numerically using the trapezoidal rule with simulations of 30 ns run at discrete 

values of λ using default soft-core non-bonded potentials(90) in Amber19. In this study for 

calculating the relative binding free energy (∆∆G#$%&$%',)*→,-.) of the inhibitors between WT 

and mutant, we used WT and mutant as the initial and final states respectively as indicated in 

Figure 2 and equation (3). 

∆∆G#$%&$%',)*→,-. 	= 	∆G#$%&$%',,-. −	∆G#$%&$%',)* =	∆G#/-%& −	∆G0122                             (3) 

The TI calculations for λ values were carried under the same procedure as for the MD 

described above. 

Post-simulation analysis 

The backbone root mean squared deviation (RMSD), residue-wise root mean squared 

fluctuation (RMSF), principal component, and dynamic cross-correlation analyses (PCA and 

DCC respectively) were calculated using AMBER's CPPTRAJ(91) program. The .nmd files 
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that visualize the principal components are included in the Zenodo repository. Hydrogen bonds 

(H with N, O, and F) involving the inhibitor that lasted for a substantial portion of production (> 

10%) were analyzed using CPPTRAJ by calculating the distance and energy between atoms 

over time . Normal modes were visualized using the Normal Mode Wizard in VMD.(92–99) 

The first  8 PCA modes were calculated from each trajectory using the final 10,000 snapshots 

from the production. (93) 

Energy decomposition analaysis (EDA) was performed for the entire production ensemble to 

investigate the non-bonded (NB) inter-molecular interactions between two fragments using 

Amber_EDA available on GitHub.(100–102) This method calculates the average inter-

molecular interaction energy, E$34  between every pair of fragments. The differences in these 

interactions between various systems are then determined using equation (4).  

∆E,-$" =		 〈E,-"〉 	−	 〈E,-$〉                                                                                                                            (4) 

Here, system A represents the reference system, and system B is the target system. The term 

E$34 denotes the average non-bonded interaction energy between fragment i in system A with 

all other fragments j in system A, with a similar interpretation for system B. The difference in 

non-bonded intermolecular interactions between systems A and B, ∆E$345 (henceforth ∆E%#45) is 

calculated by averaging over three replicates of each system. In this context, the WT system 

was used as the reference for all the calculations. 
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RESULTS 

 

We calculated the time dependent RMSD for all α carbon (Cα) atoms in the catalytic domain 

of PARP1 to investigate the difference in deviations of PARP1 backbone and residues in WT 

and mutant systems (Figure SI1). The RMSD remained below 3 Å for most of the simulation 

time for both WT and mutant systems, indicating equilibrated protein structures during the 

production segment of the simulations. Further, the average deviation of the HD domain in the 

WT structures was higher under talazoparib inhibition compared to niraparib and rucaparib 

inhibitions (Figure 3(A)). As shown in Figure 3(B), the average change in deviation between 

WT and mutant PARP1 was higher in the mutated structures for the apo system. By contrast, 

under niraparib and rucaparib inhibition, the average deviation of the Cα in the PARP1 

backbone was minimally affected. For the talazoparib-inhibited system, these deviations 

decreased with the V762A mutation. 

The average change in fluctuations for individual residues in the HD domain for the WT 

structures was slightly higher under talazoparib inhibition compared with niraparib and 

rucaparib inhibition (Figure 3(A)). Higher RMSD and RMSF of Cα atoms and residues 

respectively in the HD domain of WT PARP1 during talazoparib inhibition, compared to 

niraparib and rucaparib inhibitions, suggest that niraparib and rucaparib provide greater 

stabilization of the HD domain in WT structures than talazoparib. This observation is consistent 

 

Figure 3. (A) Plots of average fluctuations in Å of a residue in HD domain of WT PARP1 (in orange) and plots of 
average deviation in Å of an Cα in PARP1 backbone in HD domain (in blue) (B) Plots of difference in average change 
in fluctuations in Å of a residue between WT and mutant systems (in orange) and plot of difference in the average 
deviation in Å of an Cα in PARP1 backbone between WT and mutant systems (in skyblue). In both cases, WT PARP1 
serves as the reference. 
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with the experimental results reported by Zandarashvili.(36) Further, the average residual 

fluctuations were minimally affected under no inhibition, niraparib inhibition and rucaparib 

inhibition. However, for the talazoparib-inhibited system, these deviations decreased with the 

mutation (Figure 3(B)). 

Figure 4(A) to (D) shows a heat map of the difference in average residual fluctuations. In the 

case of apo the residual fluctuations for the majority of residues increased for the mutant. By 

contrast, the majority of residues showed decreased fluctuations in inhibited mutated systems 

than the respective inhibited WTs. In all inhibitor-bound systems, the C-terminal residues of 

the mutant remained more stable compared to the WT, with this stability being particularly 

pronounced in the talazoparib-inhibited system (Figure 4(A) to (D)). The N-terminal residues 

in the mutant  also showed significantyly higher stability under talazoparib inhibition compared 

to other inhibitions. Further, when inhibited by rucaparib, the N-terminal residues exhibited 

greater fluctuations in the mutant than the WT. As shown in Figure 4(E), the mutation caused 

negligible changes in the average fluctuation of H862. However, the average fluctuations of 

Y896 and E988 increased with the mutation in the apo system, remain almost unaffected in 

the presence of niraparib or rucaparib, and decreased with the mutation in the presence of 

talazoparib. Unlike what is observed for the H-Y-E triad, the average fluctuations of the D-

loop-residues changed significantly with the mutation under inhibition. The fluctuations 

decreased upon inhibition, with the greatest reduction observed for talazoparib, followed by 

niraparib, and the least reduction for rucaparib (Figure 4(F)). 

Dynamic cross-correlation (DCC) analysis was performed to investigate the effect of the 

mutation on the relative motion of the subdomains of PARP1 (Figure 4(G) to (N)). In the case 

of apo (Figure 4(G)) higher correlated motion is observed among the N-terminal residues in 

the WT compared to the mutant. Figure 4(K) suggests that the motion of N- and C-terminal 

residues are slightly more anticorrelated in the WT- than the mutant- apo system. Similarly, in 

inhibited systems, the N- and C-terminal residues exhibit higher anti-correlated motion in the 

WT system compared to the mutant. However, under inhibition, the anticorrelation is much 

higher than the apo systems with talazoparib-inhibition showing the highest level of anti-

correlated movement between the terminals, as shown in Figures 4(L),(M) and (N). Further, 

under talazoparib inhibition, the movement of residues in the N- and C-terminal regions is 

more strongly correlated within their respective regions (N-terminal with N-terminal, C-terminal 

with C-terminal) in the WT compared to the mutant as shown in Figure 4(J).  

The essential dynamics of the domains are illustrated by the normal mode analysis (NMA). 

The top 8 modes among 100 modes calculated were considered (Figure SI6). The 
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predominant motion in every case is a combination of breating and rocking motion in all the 

WT and mutant systems of apo and inhibition (movie in Zenodo repository). 

The inhibitor can influence the interactions between the protein residues and the mutation site, 

potentially stabilizing or destabilizing the mutated region. To investigate this possibility we 

conducted an energy decomposition analysis (EDA). We observe that all the systems apart 

from rucaparib-inhibition show reduced inter-molecular interactions with the mutation site, with 

 

Figure 4. (A-D) Average difference in RMSF in Å between WT and mutant systems, a red(blue) shift indicates 
increased(decreased) fluctuations. (E,F) Average difference in RMSF in Å of for the H-Y-E traid and D-loop residues 
respectively. (G-J) Dynamic cross-correlation (DCC) difference plots of correlated motion between WT and mutant 
in apo systems, niraparib-inhibited, rucaparib-inhibited and talazoparib-inhibited systems respectively. (K-N) DCC 
difference plots of anticorrelated motions of residues between WT and mutant in apo systems, niraparib-inhibited, 
rucaparib-inhibited and talazoparib-inhibited systems respectively.  
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the talazoparib inhibited system showing the highest destabilizing interactions with the 

mutation site. As shown in Figure 5, residues in the binding pocket show significant changes 

in interactions with the mutation site. In the case of apo, Q759 and Y710, located in the binding 

pocket significantly destabilize and stabilize the mutation site respectively. In the case of 

niraparib-inhibition, Y710 again shows significant stabilizing interactions with the mutation site. 

Residues D766 and the D-loop residue P885 significantly destabilize the mutation site. In the 

case of inhibition with rucaparib, the change in residual interactions with the V762A mutation 

is minimal. However, in the case of talazoparib-inhibition, we observe that the mutation site is 

significantly destabilized by the surrounding residues in the binding site. A D-loop residue 

Y889 majorly destabilize the mutation site. 
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As shown in Figure 6, the overall change in interaction energies between the HD domain 

residues and the mutation site was lower under niraparib and rucaparib inhibition than under 

talazoparib. Additionally, as noted earlier, the HD domain in the WT structures showed a 

greater average deviation under talazoparib inhibition compared to niraparib and rucaparib 

 

Figure 5: Heat maps showing the differences in non-bonded interaction energies between PARP1 residues and 
the respective inhibitor with the mutation site (V762 in WT and A762 in the mutant) for the WT and mutant under 
different conditions: (A) without inhibition, (B) with niraparib inhibition, (C) with rucaparib inhibition, and (D) with 
talazoparib inhibition. In all cases, the WT serves as the reference. For simplicity, only important residues in the 
binding pocket are shown. Color scale ranges from green to red, representing higher stabilizing to destabilizing 
interaction energies with A762 than V762. 

 

Figure 6: Change in average interaction energy 
(green) between the HD domain and the mutation site 
(A762 in the WT and V762 in the mutant) under 
niraparib, rucaparib, and talazoparib inhibition, using 
WT as the reference. Relative average binding free 
energies (orange) of niraparib, rucaparib, and 
talazoparib to PARP1, comparing the WT to the 
mutant, with the WT as reference.  
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(Figure 3(A)). As reported by Zandarashvili et al.(36), stabilization of the HD domain in PARP1 

corresponds to faster release from a DNA break. This suggests that, under niraparib and 

rucaparib inhibition there could be a faster release of PARP1 from DNA than the WT, 

compared to that under talazoparib inhibition. 

Next, to understand how the mutation affects the binding to the inhibitors to the active site we 

performed TI calculations. PARP1 backbone remained stable during the simulations (Figure 
SI4(A) to (F)) suggesting equilibrated PARP1 structure during calculations. Considerable 

overlap of phase space at neighboring λ values (Figure SI4(G) to (L)) indicate statistically 

correlated structures for neighboring λ  values. 〈67(9)
69

〉9	values for each λ  are presented in 

Figure SI5. Negative relative binding free energies (Figure 6) for the inhibitors indicate that 

all three inhibitors show slightly improved binding to the PARP1 cancer variant than the WT. 

 

DISCUSSION and CONCLUSION 

The mutant system showed a significantly lower deviation in the backbone from the crystal 

structure under talazoparib inhibition compared with the other inhibitors (Figure 3(B)). This 

suggests a more stable catalytic domain for the mutant than the WT under talazoparib 

inhibition. C-terminal residues of the mutant fluctuated less than those of the WT in both apo 

and inhibited systems (Figure 4(A) to 4(D)), with lowest fluctuations under talazoparib 

inhibition. This suggests that talazoparib most strongly affects the functional motion of the C-

terminal when the mutation is present. These results are consistent with experimental reports 

from Zandarashvili et al., (36)  which have indicated that allosteric reverse signaling may occur 

in PARP1, where the catalytic domain sends signals to the N-terminal DNA-binding domain, 

disrupting its typical function. Similar to C-terminal residues, we observed least fluctuating N-

terminal residues in the mutant than the WT under talazoparib inhibition than other inhibitors 

(Figure 4(D)). To our knowledge, the role of N-terminal residues in the catalytic domain of 

PARP1 remains unexplored. Current observations, therefore, present new opportunities for 

further investigation of these residues. 

Of the three inhibitors studied, talazoparib makes the HD domain significantly more unstable 

in the mutant than in the WT (Figure 6). According to Zandarashvili et al.(103), stabilization of 

the HD domain in PARP1 is linked to faster release from DNA breaks. Therefore, our findings 

suggest that under talazoparib inhibition, the mutant may retain damaged DNA more 

effectively than the WT, compared to other inhibitors. Among the conserved H-Y-E residues, 

H862 fluctuations were similar in both WT and mutant across all systems, while Y896 and 

E988 showed consistent fluctuations between WT and mutant in the apo, niraparib-, and 
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rucaparib-inhibited systems but decreased more significantly under talazoparib inhibition 

(Figure 4(E)). Additionally, the greater stability of D-loop residues (Figure 4(F)) in the mutants 

of the inhibited systems, especially with talazoparib, suggests that these inhibitors stabilize 

the D-loop more effectively in mutants than in WTs. 

Under inhibitor conditions, the level of anti-correlated movement between the N- and C-

terminal regions is significantly higher than in the apo state, with talazoparib showing the 

strongest anti-correlation, as seen in Figures 4(K),(L), (M), and (N). Additionally, talazoparib 

inhibition results in stronger correlations within each terminal region (N-terminal with N-

terminal, C-terminal with C-terminal) in the WT compared to the mutant, as shown in Figure 
4(J). This indicates that talazoparib inhibition substantially disrupts the functional fluctuations 

of these terminal regions in the mutant, which are preserved in the WT. The primary motion of 

PARP1 in both apo and inhibited systems is a combination of breathing and rocking motion. 

Our free energy simulation results suggest that all three inhibitors considered have stronger 

binding to mutant than WT, with similar relative free energy relative free energy affinities. 

Overall, the present study suggests that although the mutant binds inhibitors more effectively 

than the WT, with similar relative binding affinities, the post-binding structural and dynamical 

effects vary. Talazoparib inhibition has a notably stronger effect on the mutant compared to 

the WT. Specifically, under talazoparib inhibition, the mutant shows a more stable backbone 

of the catalytic domain (including the HD and ART domains), with notably stabilized N- and C-

terminal residues, the H-Y-E triad, and the D-loop compared to the WT. However, higher 

destabilizing interactions are observed between the mutation site and HD domain under 

talazoparib inhibition than other inhibitors. This suggests that talazoparib provides the highest 

structural stability to PARP1’s catalytic domain while also enhancing destabilizing interactions 

between the HD domain and the mutation site among the inhibitors studied. Additionally, 

talazoparib inhibition significantly disrupts the functional fluctuations of terminal regions in the 

mutant, which are otherwise present in the WT. The primary motion of PARP1 remains 

unaffected by both inhibition and the mutation. Lastly, the limited understanding of the N-

terminal's role in PARP’s catalytic domain highlights opportunities for future research. 

 

DATA AVAILABILITY 

The input files for MD and TI-MD, .nmd files, movie of predominant motion of PARP1, and 

the trajectory for last 100 ns of a representative replica is provided in a Zenodo repository 

(DOI 10.5281/zenodo.14037435, https://doi.org/10.5281/zenodo.14037436). 
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