
ABSTR AC T
Cancer cells require high NAD+ levels to sustain their rapid growth, relying primarily on the salvage pathway for NAD+ replenishment. 
The overexpression of nicotinamide phosphoribosyltransferase (NAMPT), a key enzyme in this pathway, correlates with the increased 
NAD+ demand in cancer cells, making it a critical target for anticancer drug development. Moreover, a few small-molecule inhibitors 
targeting NAMPT have shown promise in restricting tumor growth, further establishing NAMPT as a potential therapeutic target in 
cancer treatment. This computational study aims to identify potential NAMPT inhibitors that can effectively suppress the over-activated 
NAD+ salvage pathway in cancer cells, thereby inhibiting tumor growth. Instead of developing novel inhibitors from scratches, this study 
specifically aims to screen approved drugs using computational methods to find a repurposable drug that binds strongly to NAMPT, 
offering a faster and cost-effective approach to cancer treatment. Initially, molecular docking was employed to screen 1,615 approved 
drugs, followed by a detailed examination of drug-protein interactions using advanced computational techniques, including molecular 
dynamics simulation, principal component analysis, and MM-PBSA. Among the screened compounds, posaconazole, an antifungal drug, 
emerged as a top candidate with a high affinity for the NAMPT active site, surpassing a known synthetic NAMPT inhibitor. Molecular 
dynamics simulations and MMPBSA confirmed the stability of the NAMPT-posaconazole complex, further supporting its potential as a 
NAMPT inhibitor. However, further in vitro, in vivo, and clinical validation is essential to confirm its anticancer efficacy. 
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INTRODUC TION
Anticancer drug development strategies are primarily 
based on finding ways to specifically kill cancer cells while 
avoiding damage to the normal cells.1,2 For example, cancer 
cells require specific nutrients, such as glucose, amino acids, 
fatty acids, nucleotides, vitamins, minerals, and cofactors, 
in higher amounts than normal cells to support their 
rapid growth and proliferation. Therefore, cancer cells use 
metabolic reprogramming strategies to fulfill their increased 
energy demands and biosynthetic needs.3,4 These altered 
metabolisms are viewed as signatures of cancer cells and have 
been explored to inhibit cancer growth and proliferation in 
various studies selectively.5

Nicotinamide adenine dinucleotide (NAD+) is a coenzyme 
consisting of nicotinamide mononucleotide (NMN) linked 
to adenosine monophosphate (AMP). It plays a crucial role 
in various cellular processes like energy metabolism, redox 
reactions, DNA repair, genomic stability, regulation of 
sirtuins, and cell signaling.6,7 Because of its important roles 
in cellular metabolism, cancer cells require more NAD+ than 
normal cells, and in concert, they synthesize more NAD+ by 
upregulating the NAD+ synthetic pathways.8

NAD+ is synthesized mainly by the de novo and salvage 
pathways in mammals. The de novo pathway utilizes 
simple nutrients, such as L-tryptophan or nicotinic acid 
(NA), as precursors and converts them into NAD+ through 
a series of enzymatic reactions. In the salvage pathway, 
the by-product of NAD+ metabolism, such as nicotinamide 

(NAM), is recycled to form NAD+, and thus, the balance 
between NAD+ consumption and breakdown is maintained.9 
Moreover, it is assumed that the salvage pathway is the 
major source of NAD+ within the cells.10 The rate-limiting 
step in the NAD+ salvage pathway is the conversion of 
nicotinamide (NAM) to nicotinamide mononucleotide 
(NMN), which is subsequently converted to NAD+. This step 
regulates the availability of NMN, thereby serving as a key 
bottleneck in the salvage pathway. The enzyme that catalyzes 
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this rate-limiting in the salvage pathway is nicotinamide 
phosphoribosyltransferase (NAMPT). It converts nicotinamide 
(NAM) to nicotinamide mononucleotide (NMN) using 
5-phosphoribosyl-1-pyrophosphate as a substrate (Figure 
1A). This is probably why various cancer cells with increased 
NAD+ metabolism show elevated expression of NAMPT.11 
Furthermore, the dependency of the cancer cells on NAMPT 
for NAD+ synthesis has made NAMPT an attractive target for 
anticancer drug design.12

The crystal structure of mammalian NAMPT (Figure 1B) 
revealed that it is a dimeric enzyme containing two tunnel-
like active sites at the dimer interface. After binding of 
nicotinamide (NAM) and phosphoribosyl pyrophosphate 
(PRPP) substrates at the active site, NAMPT hydrolyzes 
one ATP molecule and becomes autophosphorylated 
at His247. The additional negative charge arising from 
histidine phosphorylation is possibly used to cleave PRPP 
into positively charged oxacarbenium intermediate and 
pyrophosphate. The oxacarbenium intermediate then reacts 
with nicotinamide to form NMN.13 The crystal structures 
also revealed that the nicotinamide is sandwiched between 
the stacked aromatic rings of Phe 193 and Tyr 18 from two 
different monomers and occupies the same site even after 
formation of NMN through conjugation with phosphoribosyl 
group.14 Hence, this Pi-Pi stacking is considered the most 
important part of substrate binding. A hydrogen bond 
between Asp219 and the amide group of nicotinamide 
is important for substrate specificity, i.e., distinguishing 
between nicotinamide and nicotinic acid; nevertheless, a 
mutational study revealed that this interaction has negligible 
impact on reaction catalysis.15

Several NAMPT inhibitors have been developed as potential 
anticancer agents.16 In 2002, the pyridine derivative FK866 
was the first reported NAMPT inhibitor, exhibiting strong 

preclinical efficacy but encountering toxicity issues.17 The 
cyanoguanidine derivative CHS828 advanced to clinical 
trials18 and was later modified into GMX1777, which improved 
solubility.19 Another inhibitor, GEN617, containing an amide 
group, demonstrated potent activity but was associated with 
retinal toxicity,20 leading to the development of LSN3154567, 
which exhibited reduced toxicity.21 Additionally, A1293201, 
featuring an isoindoline head group, showed strong 
preclinical efficacy.22 Most recently, OT-82, developed by 
OncoTaris, entered Phase I clinical trials in 2019, underscoring 
ongoing efforts to refine NAMPT-targeted therapies.23

Moreover,  targeting NAMPT in combination with 
chemotherapeutic agents can enhance the effectiveness of 
these treatments.24 However, despite considerable efforts, 
none of the inhibitors developed so far have gained clinical 
approval for their application in cancer therapy targeting 
NAMPT. Hence, it is imperative to explore the avenue of drug 
repurposing in this context.25,26 This study aims to identify 
approved drugs that may potentially inhibit NAMPT. The 
investigation utilizes computational techniques, including 
molecular docking, molecular dynamics simulation, and 
MM-PBSA binding energy calculation, to screen approved 
drugs and analyze drug-protein interactions.

MATERIALS AND METHODS

Molecular Docking
A crystallographic structure of human NAMPT (PDB ID: 4KFN) 
complexed with a synthetic inhibitor (1QR) was downloaded 
from the Protein Data Bank (https://www.rcsb.org/).27 The PDB 
ID was selected based on the resolution of the structure (1.60 
Å) and the IC50 value of the bound inhibitor (IC50-9 nM). The 
3D structures of 1615 FDA-approved drugs were downloaded 
from the ZINC database (https://zinc.docking.org/)28 in SDF 
format and converted into MOL2 format through open 
babel.29 Molegro Virtual Docker (Version 7.0.0) was harnessed 
based on the differential evolution algorithm and a cavity 
prediction algorithm30 to screen the FDA-approved drugs.31 
In the beginning, 1QR was redocked to the active site of 
NAMPT to verify the suitability of the docking software and 
to standardize the docking protocol. The PDB structure of 
NAMPT was first imported into the MVD workspace and then 
processed for docking by repairing the altered residues and 
removing all hetatm, including water molecules. The cavity 
prediction algorithm was used to locate the active site, and 
a search space of 20 Å radius (center X: 11.29 center Y: 7.86 
center Z: 3.62) was defined, enclosing one of the two active 
site cavities (volume: 476.16 Å). Subsequently, the drugs were 
imported into the workspace and prepared or minimized by 
default settings. The docking parameters used were - run 
number: 10, maximum iterations: 1500, maximum poses 
returned: 5, and RMSD threshold for clustered poses: 1 Å. 
The docking scores in a text file and each drug’s top five 
docked poses are automatically saved in an output file. In 
molecular docking studies, employing multiple scoring 
functions to evaluate docked poses—known as consensus 

Figure 1: (A) Schematic representation of NAMPT-mediated catalytic 
conversion of NAM to NMN and mechanism of anticancer activity of 
NAMPT inhibitor. (B) 3D structure of human NAMPT homodimer and 

its tunnel-like active site
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scoring—can enhance the accuracy of predicting the most 
favorable binding conformations. This approach mitigates 
the limitations of relying on a single scoring function and 
improves the reliability of docking results.32 MVD uses three 
different scoring functions (Moldock score, Rerank score, and 
Plant score) to rank the docked poses, and in this study, the 
pose that scored highest, at least in two scoring functions, 
was considered the top pose. 

Molecular Dynamics Simulation
The best-docked poses obtained from molecular docking 
studies in a complex with NAMPT were used as input for 
molecular dynamics simulation. GROMACS 2023 simulation 
package33 was used for MD simulations over 250 ns using 
CHARMM36 force field.34 The topology of ligands was 
generated employing the SwissParam web server (http://
swissparam.ch/).35 Then, the protein complex was enclosed 
in a cubic simulation box with a minimum distance of 1 nm 
to the box edge, and then the system was solvated with 
TIP3P water molecules.36 Overall, the system was neutralized 
by adding sodium/chlorine ions and minimized using the 
Steepest Descent algorithm for 5000 steps. The convergence 
was achieved within the maximum force, Fmax < 1000 (KJ 
mol-1 nm-1). To ensure full convergence of the system for the 
production run, the system was equilibrated for 2ns under 
the NVT ensemble (time steps=0.2 fs) and followed by the 
NPT ensemble (time step = 0.1 fs) at 300 K temperature. The 
system’s temperature and pressure were maintained using 
the V-rescale thermostat37 and applying the Parrinello–
Rahman barostat at 1.0 bar. Periodic boundary conditions 
were applied in all x, y, and z directions. The equilibrated 
systems were subjected to an unrestrained production run, 
maintaining constant temperature and pressure for 250 ns. 
The LINCS algorithm kept all bond lengths rigid at ideal bond 
lengths. Non-bonded interactions were calculated using the 
verlet scheme. Interactions within a short-range cutoff of 
1.2nm were calculated in each time step. The electrostatic 
interactions and forces to account for a homogeneous 
medium outside the long-range cutoff used Particle Mesh 
Ewald (PME).38

The MD simulation’s results were analyzed by calculating 
the root mean square deviation (RMSD), root mean square 
fluctuation (RMSF), radius of gyration (ROG), and solvent 
accessible surface area (SASA). Principal component analysis 
(PCA) and free energy landscape (FEL) analyses were 
performed on the last 100 ns simulation trajectory.

Principal Component Analysis and Free Energy 
Landscape
Principal component analysis (PCA) is a statistical technique 
employed to evaluate the collective motion within biological 
macromolecules during molecular dynamic simulations. 
PCA’s essence is reducing dataset dimensions while retaining 
pivotal information encapsulated within eigenvectors.39,40 
This process was harnessed to assess the flexibility of the 

protein in the presence of 1QR and posaconazole. The covar 
module of gromacs was used to calculate the covariance 
matrix for each complex. Then, the anaeig module was 
used to generate a 2D projection of the first two principal 
components (PC1 and PC2). The 2D projection defines the 
conformational space of the complexes along the trajectory. 
Gibbs free energy landscapes were plotted using the data 
present in 2d projection.xvg files. The landscape depicts the 
free energy state of the conformations of the protein complex 
within the conformational space and thus can be used to 
access the journey of the complex toward its stability.41

MMPBSA Binding Energy Calculation
This study employed gmx_MMPBSA - a tool introduced by 
Valdés-Tresanco et al.42 for conducting end-state binding free 
energy calculations based on GROMACS molecular dynamics 
trajectories using a single trajectory protocol. Notably, 
gmx_MMPBSA seamlessly integrates the MMPBSA.py 
python script43 from the amber package along with relevant 
programs from GROMACS. This amalgamation allows for the 
comprehensive calculation of binding free energies for non-
covalently bound complexes. To extract meaningful insights, 
we selectively utilized 100 frames from the last 10 ns of the 
MD trajectory for each complex, employing a 100-picosecond 
interval between the frames. This meticulous frame selection 
strategy ensures a representative sampling of the complex’s 
dynamic behavior during the critical phase of interaction. The 
binding free energy for a complex is estimated as follows:
∆Gbind = Gcom − (Grec +Glig), where G is the free energy
In gmx_MMPBSA, the enthalpic contribution (ΔH) of the free 
energy is usually calculated. Enthalpy can be decomposed 
into different energy terms;
ΔH = ∆EMM+ ∆GSOL
Where,          ∆ EMM = ∆Ebonded +∆Enonbonded
                                = (∆Ebond + ∆Eangle+ ∆Edihedral) + (∆Eele + ∆EvdW)
ΔEbonded, also known as internal energy, and ΔEnonbonded 
include the van der Waals and electrostatic contributions.
And               ∆GSOL = ∆Gpolar + ∆Gnon-polar
                                 = ∆GPB/GB + ∆Gnon-polar
The polar contribution is estimated through the PB/GB model, 
and the non-polar contribution is most frequently referred 
to as the SASA (solvent-accessible surface area) contribution.

RESULT AND DISCUSSION
We conducted a computational study to find out a few 
approved drugs with anticancer properties. For that, we 
screened 1615 approved drugs by testing their interaction 
with human NAMPT. The drugs that performed better than 
a known inhibitor (IC50- 9 nM) in the molecular docking 
experiment were considered potential inhibitors. These drugs 
were further analyzed for their binding stability through 
molecular dynamics simulations and MMBSA binding energy 
calculation. A schematic representation of the study design 
is shown in Figure 2.
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Molecular Docking
A total of 1615 approved drugs archived in the ZINC database 
were virtually screened for their NAMPT binding potential 
through molecular docking. Molecular docking predicts 
the possible molecular interaction of ligands with the active 
site residues of protein and ranks the ligands based on their 
binding potential. In this study, we primarily docked the 
known synthetic inhibitor (1QR), which was co-complexed 
with the NAMPT in PDB ID: 4JNK, to test the suitability of 
docking software and docking protocol. The calculated RMSD 
between the best pose obtained from the docking study and 
the crystallographic pose is 1.8 Å, which indicates that the 
poses are very similar. The docking method has perfectly 
predicted the crystallographic pose. 
Then, using the same docking protocol, approved drugs were 
docked in the active site of NAMPT. The obtained score of 
the best pose of 1QR has been set as a threshold value for 
comparison and screening. Since MVD ranks the same 
docked, pose thrice using three different scoring functions 
((Moldock score, Rerank score, and Plant score), the approved 
drugs that crossed all three threshold scores were only 
considered potential binders of NAMPT. However, the 
selection of such stringent screening conditions resulted 
in identifying only four approved drugs that could bind 
NAMPT more strongly than the 1QR. The scores of the 1QR 
and four shortlisted approved drugs (Lapatinib, Nilotinib, 
Posaconazole, and Abemaciclib) are listed in Table 1 for 
comparison. Moreover, the two-dimensional structures of 
1QR and four approved drugs are presented in Figure 3. A 
visual inspection of the 2D structures of the four approved 
drugs revealed that they are elongated molecules, similar 

to 1QR, an important feature that makes them primarily 
accessible to the tunnel-like active site of NAMPT. Out of the 
four high-scoring approved drugs, three drugs (lapatinib, 
nilotinib, and abemaciclib) belong to anticancer drug groups, 
and one drug (posaconazole) belongs to the antifungal drug 
group. Since the main objective of this study is to identify 
a repurposable approved drug for safe cancer therapy, we 
further explored the interaction of posaconazole with NAMPT 
and evaluated its inhibitory potential on NAMPT using other 
in-silico methods. 
Achieving high scores in docking studies depends on the 
binding mode of the ligand and the nature of interaction with 
the active site residues.44 Moreover, a few key interactions 
are necessary for ligand-induced inhibition of the target 
protein.45 Therefore, it’s important to explore the protein-
ligand interaction to assess the possible consequence of 
ligand binding in the protein active site and this interaction 
itself as a criterion for screening the potential inhibitor.
In Figure 4, the 2D and 3D interaction of two known inhibitors 
(1QR & FK866) and posaconazole with NAMPT are presented 
for comparative inspection of interactive residues, type of 
interaction, and binding pattern of the drugs. The protein-
ligand interaction diagrams show that the bicyclic azaindole 
portion of 1QR and pyridine portion of FK866 occupied the 
NAM binding site of NAMPT and were stacked between the 
Tyr18′ and Phe193 side chains of the protein. The Benzyl 
group in 1QR interacted with His191, Ser241, Val 242, and Ile 
351 of a hydrophobic groove within the tunnel-like active site 
pocket.46 A few other residues of this hydrophobic groove 
play an important role in binding other scaffold-based 
inhibitors. For example, FK866 was reported to interact with 
Ala 244, Ile 309, and Ala 379 within this hydrophobic region, in 
addition to stacking its pyridine moiety between Tyr18′ and 
Phe193. Moreover, these interactions are considered key to 
FK866’s specificity toward NAMPT.47 As per the docking study, 
the phenyl group of posaconazole may occupy the NAM 
binding site stacked between the Tyr18′ and Phe193 and thus 
might competitively inhibit the binding of NAM in the active 
site. The methoxy phenyl moiety of posaconazole interacts 

Figure 2: Schematic representation of the study workflow, illustrating 
top inhibitor selection via molecular docking and validation through 

molecular dynamics and MM-GBSA analysis

Table 1: The scores of the known inhibitor (1QR) and the top four 
approved drugs were obtained from molecular docking using 

molegrovirtual docker (MVD)

S No. Ligand Group Plant 
score

Moldock 
score

Rerank 
score

1 1QR Synthetic 
inhibitor -100.85 -149.30 -121.15

2 Lapatinib Anticancer 
drug -107.83 -160.36 -133.15

3 Nilotinib Anticancer 
drug -107.61 -160.48 -128.56

4 Posaconazole Antifungal 
drug -122.56 -160.36 -133.02

5 Abemaciclib Anticancer 
drug -101.21 -153.11 -123.66
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Figure 3: 2D structures of the known synthetic inhibitor (1QR) of NAMPT 
and four top-scored approved drugs as per molecular docking-based 

screening

Figure 4: 2D and 3D representations of interactions between NAMPT active site residues with two known inhibitors (1QR-A & D, FK866- B & E) 
and posaconazole (C & F), respectively

with Ile 309, Ile 351, and Ala 379 of the hydrophobic groove, as 
seen in case FK866. A few additional residues like Arg 196, Gln 
305, and Pro 307 also interact with posaconazole. However, 
it is evident from the comparison that the binding pose and 
interaction pattern of posaconazole within the active site 
of NAMPT are very similar to the two known inhibitors. This 
suggests that posaconazole may be a potential inhibitor 
of NAMPT. However, a docking experiment cannot predict 
whether the docked pose will maintain these interactions 
or form a stable complex with NAMPT. Therefore, NAMPT, in 
combination with the known inhibitor and posaconazole, 
was subjected to molecular dynamics simulation for a 
comparative study. 

Molecular Dynamics Simulation
To evaluate and compare the dynamic behavior and stability 
of the NAMPT-posaconazole complex with that of the NAMPT-

1QR complex under normal physiological conditions, we 
conducted molecular dynamics (MD) simulations on these 
two complexes. The simulations were carried out for 250 
nanoseconds. Upon completing the MD simulation, we 
extracted key parameters from the trajectory file, including 
RMSD, RMSF, SASA, and ROG. 
The interaction between a ligand and a protein’s active 
site induces gradual conformational changes in both the 
ligand and the protein.48 To assess these changes, we 
utilized RMSD, which estimates conformational variations 
by comparing subsequent conformations to the initial 
reference conformation. Specifically, we calculated the RMSD 
separately for the backbone of NAMPT and its associated 
ligand for each complex. The GROMACS program was 
employed for this purpose, providing insights into the 
patterns of conformational changes in both the protein and 
the ligand during the binding process (Figure 5). The RMSD 
plots generated for the NAMPT backbone indicate that the 
protein reached a stable state at ~25 ns in both NAMPT-1QR 
and NAMPT-posaconazole complexes. RMSD fluctuations 
were confined within a very narrow range in the rest of the 
simulation period. The average RMSD fluctuation values 
for the NAMPT backbone in the complex with 1QR and 
posaconazole are calculated as 0.25 and 0.24, respectively. 
The RMSD trajectory of 1QR and posaconazole demonstrate 
their confinement within the active site pocket of NAMPT 
throughout the 250 nanoseconds simulation. Both of 
them achieved dynamic equilibrium at the beginning of 
the simulation, indicating that the obtained docked poses 
correctly predicted the optimum conformation of 1QR 
and posaconazole within the binding pocket of NAMPT. 
Moreover, such stable ligand RMSD trajectories underscore 
the persistent interaction of the compounds within the critical 
binding site of NAMPT, affirming their sustained presence and 
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adherence to the desired conformational parameters. The 
nuanced dynamics, particularly the stabilization patterns 
observed in these ligands, contribute valuable insights into 
their binding kinetics and reinforce their potential as effective 
inhibitors within the studied timeframe.
The analysis of RMSF for alpha-carbon atoms of the dimeric 
NAMPT, as depicted in Figure 6A, revealed a consistent 
fluctuation pattern in both NAMPT-1QR and NAMPT-
posaconazole complexes. In each complex, elevated 
fluctuations were particularly evident in two terminal loop 
regions (1-21 and 481–489) and two intermediate loop 
regions (40–60 and 414–430) of subunit A. The first terminal 
loop (1–21) from a part of the 2nd active site where the 
ligand was not docked. The remaining regions are outside 
the active site and do not directly participate in ligand 
binding. Additionally, mild fluctuations were noted in two 
loop regions (233–246 and 275–282), forming a part of the 
side wall of the 1st active site with the docked ligand. A 
loop region (490–511 or 1’ - 21’) from the B subunit, which 
participates in forming the 1st active sites, also shows mild 
fluctuations to accommodate the ligands. However, it’s 
noteworthy that other regions surrounding the active site 
exhibited limited fluctuation. This observation implies that 
the active site residues within the binding pocket maintain 
stable interactions with the 1QR and posaconazole. The 
analysis indicated that the fluctuations observed in these 
critical regions did not compromise the stability of the 
protein-ligand complexes. Importantly, the RMSF profiles 
hinted at similar conformational fluctuations when compared 
between the backbone of the NAMPT-posaconazole and the 
NAMPT-1QR complexes. This similarity in conformational 
dynamics underscores the consistency in the behavior of 
posaconazole compared to the established inhibitor.
The 250 ns simulation trajectories of NAMPT-1QR and NAMPT-
posaconazole complexes underwent further analysis using 
radius gyrations (ROG) to track changes in their compactness 
(Figure 6B). The calculated average Rog values for NAMPT-1QR 
and NAMPT-posaconazole complexes are 2.959Å and 2.961Å, 
respectively. Remarkably, in each case, Rog exhibited minimal 
fluctuations within 1Å, signifying the sustained compactness 
of both complexes throughout the simulation. 
The post-simulation analysis also included SASA calculations, 
offering insights into protein thermodynamic stability. SASA 
analysis, conducted meticulously over the 250ns trajectory 
(Figure 6D), aimed to anticipate conformational changes 
influenced by water interactions. Average SASA values for 
NAMPT-1QR and NAMPT-posaconazole were 367.419 and 
384.141 nm², respectively. Notably, the NAMPT-posaconazole 
complex demonstrated SASA values close to the NAMPT-
1QR complex, indicating comparable solvent exposure. This 
suggests that, despite potential dynamic changes, both 
complexes maintained a consistent level of thermodynamic 
stability throughout the simulation.
Hydrogen bond analysis was performed to evaluate the 
interactions between the active site residues of the NAMPT 

and two drugs- the control (1QR) and the test (posaconazole), 
over a 250 ns simulation. Both drugs exhibited a maximum of 
five hydrogen bonds; however, the high frequency of H-bond 
formation suggests that hydrogen bonding is a key stabilizing 
factor in their binding along with other interactions, such as 
hydrophobic or van der Waals forces.

Principal Component Analysis and Free Energy 
Landscape
PCA proves invaluable in extracting insights into the 
conformational sampling of protein structures.49 The 
outcomes of the PC analysis yielded valuable insights into the 
dynamic flexibility of the protein during interactions with its 
corresponding ligands. Figure 6B vividly illustrates the first 
two eigenvectors projected onto NAMPT-1QR and NAMPT-
posaconazole complexes. The 2D projection unequivocally 
reveals a shared conformational space among these 
complexes, harmonizing seamlessly with the native protein’s 
inherent conformational arrangement. This observation 
underscores a commonality in the structural dynamics of 
these complexes, suggesting a conserved interaction pattern. 
When expressed in terms of free energy states, the sampled 
conformations collectively form a free energy landscape 
(FEL), unveiling the trajectory of protein complexes toward 
their global minima.50 The FEL contains one or more funnel-
shaped energy basins with a slope that guides the protein 
complex toward the global minima.51 At the bottom of the 
funnel-shaped energy basin, more than one metastable 
conformational state usually remains present.52 We examined 
the stability of NAMPT-ligand complexes during MD 
simulations by constructing a Free Energy Landscape (FEL) 
utilizing the initial two principal components (PCs). The color 
gradient employed in the depiction signifies the free energy 
states of the conformations (Figures 7A and 7B). Notably, the 
most stable conformational state is represented by blue color. 
The FEL plots of the NAMPT- 1QR and NAMPT-posaconazole 
complexes show four and three global minima, respectively. 

 
Figure 5: RMSD trajectories of the backbone of the NAMPT, known 

inhibitor (1QR), and posaconazole over a duration of 250 ns
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Figure 6: Root Mean Square Fluctuation (RMSF) of the complexes (A), 
Radius of gyration of the complexes (B), SASA plot of the complexes 
(D), H bond analysis between active site residues and ligands of the 
complexes (E) during 250 ns simulation. 2D projection of the motion 
of two NAMPT-ligand complexes constructed by plotting the first two 
principal components (PC1 and PC2) in the conformational space (C). 
NAMPT-1QR complex (Black) and NAMPT-posaconazole complex (Red)

Figure 7: The free energy landscapes (FEL) of NAMPT- 1QR (A) and 
NAMPT- posaconazole complexes (B). Visual comparison of the minina 

structures of NAMPT complexed with 1QR (C) and posaconazole (D)

Table 2: Calculated binding free energies of 1QR and posaconazole (kJ/mol).

Complex name ΔG vdW energy Electrostatic energy Polar solv Energy Non-polar solv energy

1QR -18.42 ± 6.55 -47.48 ± 3.05 -56.61 ± 4.64 90.33 ± 8.13 -4.65 ± 0.08

Posaconazole -19.18 ± 6.45 -75.67 ± 3.56 -108.62 ± 11.21 172.30 ± 10.38 -7.19 ± 0.17

Values are mean ± standard deviation. 

The presence of well-defined energy basins indicates that 
the complexes could attain stable states during the MD 
simulation. We also extracted one representative stable 
conformation of NAMPT- 1QR and NAMPT-posaconazole 
complexes from the global minima region for visualization 
(Figures 7C and 7D). The diagram shows that the ligands 
remained within the active site pocket of stable NAMPT and 
maintained interactions with active site residues. 

Binding Free Energy Using MM-PBSA Approach
The ΔG binding free energy of 1QR and posaconazole was 
calculated from the last 10 ns of the MD simulation trajectories 
using the MM-PBSA approach. Calculated average ΔG bind 
values and standard deviations are given in Table 2. The table 
shows that the ΔG bind value of the NAMPT-1QR complex 
is  -18.42 kJ/mol, and the ΔG bind value of the NAMPT- 
posaconazole complex is -19.18 kJ/mol, i.e., the binding 
affinity of posaconazole for NAMPT is slightly more than the 
binding affinity of the 1QR. Moreover, the table shows that the 
polar solvation energy of the NAMPT- posaconazole complex 
is much higher than the NAMPT- 1QR complex. However, like 
the NAMPT-1QR complex, the high negative van der Waals 
and electrostatic contribution compensated for the polar 
solvation energy.

CONCLUSION
In this computational investigation, employing molecular 
docking analysis, we have identified one approved drug, 
posaconazole, which exhibits promising potential to bind to 
the active site pocket of NAMPT with high affinity. In molecular 
dynamics simulations, posaconazole consistently maintained 
stable binding within the active site pocket of NAMPT, 
reminiscent of the known inhibitor. Moreover, the binding 
energy of posaconazole surpassed the binding energies 
of 1QR, which boasts an IC50 value of 9 nM. Therefore, the 
posaconazole warrants further exploration through in-vitro 
and in-vivo experiments to validate its potential efficacy. 
Notably, as a member of a widely prescribed antifungal drug 
class, posaconazole could be repurposed for cancer therapy 
across a broader population, minimizing the likelihood of 
additional side effects.
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