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	 The Andes virus is a rodent-born RNA microorganism that can cause a serious 
hantavirus pulmonary syndrome (HPS) with a mortality rate approaching 50%. The recent 
outbreaks of the Andes virus, specifically in south America, represent an emerging public 
health challenge due to the risk of human-to-human transmission and the lack of approved 
therapeutics or vaccines. Therefore, the objective of this in silico screening is to recognize FDA 
drugs candidates that can target the RNA binding site of the Andes virus nucleocapsid protein 
(NP). Such drug candidates may possess the potential to adversely interfere with the assembly 
and replication of the viral particles. For this purpose, molecular docking was first applied to 
screen 1,615 drug molecules against NP crystal. Then, the best five hits were identified and 
subjected to a molecular dynamics (MD) simulation for a duration of 50 nanoseconds (ns). These 
results of the MD simulation were analyzed by considering the ligand movement root mean 
square deviation (RMSD), the radius of gyration (Rg) for solute, the kind of per residue contact 
with the ligand, and the molecular mechanics Poisson Boltzmann Surface Area (MMPBSA) 
binding energy. As a result, the computational docking has initially identified five potential 
hit drugs and these are: Dihydroergotamine, Conivaptan, Dutasteride, Telmisartan, Lifitegrast. 
Then, the molecular dynamics simulation (MD) has excluded the drug Dutasteride as it seemed 
to have unfavorable binding energy. On the contrary, the other four drugs are anticipated to 
have a ligand proximity to NP binding site that didn’t exceed 4.0 Å during 50 ns duration. In 
fact, the best ligand proximity and binding energy was computed to the drug Lifitegrast during 
the simulation study. In fact, both Telmisartan and Lifitegrast are believed to be involved in a 
salt bridge interaction with the Arg 367 and Arg 146 residues respectively in the Andes virus 
NP binding region. In conclusion, both Lifitegrast and Telmisartan seem to be prioritized 
computational candidates against RNA binding area of the Andes virus NP target. But, these in 
silico findings are considered preliminary requiring further experimental validation.
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	 Hantaviruses are zoonotic pathogens that 
belong to the Hantaviridae family of viruses within 
the Bunyavirales order. Usually, each hantavirus 
has a natural rodent reservoir where it can cause 
asymptomatic and long-term infection.1 The 
possibility of viral spillover to human is considered 
rare. However, both climate changes and increased 
human rural activities have boosted the chances 

of viral transmission to other species like human.2 
Based on the virus type and the geographical place, 
the hantaviruses can either cause a pulmonary 
syndrome or a hemorrhagic renal syndrome. The 
hantavirus pulmonary syndrome (HPS) is mainly 
occurred in the Americas and called the new world 
disease.3 One the other hand, the hemorrhagic 
fever renal syndrome (HFRS) form is usually 
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caused by the hantaviruses in the old-world 
parts like Europe and Asia.4 As compared to the 
renal form of hantavirus disease, the pulmonary 
syndrome has a higher fatality rate that can 
reaches up to 50%.5 In both renal and pulmonary 
disease forms, the virus mainly infect the vascular 
endothelial cells resulting in increase in capillary 
permeability.6 Clinically, the incubation period 
for hantavirus diseases can vary between 2 and 3 
weeks but in some instances the disease symptoms 
can be manifested after 40 days of infection. 
The transmission of infection usually happens 
through inhalation of contaminated aerosols or 
contacts with infected rodents’ excreta.7 Initially, 
the hantavirus diseases symptoms encompass 
fever, malaise, myalgia, diarrhea and nausea. 
Later, the disease can progress into hypotension 
with cardiogenic shock. Moreover, the HFRS 
patients can develop renal impairment while the 
HPS is characterized by lungs edema and failure.8 
Diagnosis of the hantavirus diseases usually rely on 
clinical examination, patient’s history, serological 
tests and molecular techniques like real time 
polymerase chain reaction (RT-PCR).9 No specific 
treatment or vaccine is available for hantavirus 
diseases, and management only include supportive 
care and use of viral replication inhibitors like 
Ribavirin or Favipiravir.10 

	 At the beginning, the hantavirus diseases 
were thought to be transmitted by only zoonotic 
means. But the epidemiological evidences gained 
by studying both the 1996 and the 2018 outbreaks 
in Argentina have uncovered the possibility of 
human-to-human transmission of the virus. It is a 
known fact that the Andes virus can be transmitted 
by the close and prolonged contacts between 
individuals.11 Recently, the threat posed by Andes 
virus has regained attention of the publics after 
the reported outbreak among passengers of the 
MV Hondius cruise ship between April and May 
2026. This latest outbreak highlights the gaps 
and challenges related to clinical, diagnostic and 
epidemiological preparedness.12 
	 The hantaviruses have RNA genome that 
consists of three main parts: the small (S), medium 
(M) and large (L) segments. These three genomic 
segments encode for the viral nucleocapsid protein 
(NP), glycoprotein precursors and RNA-dependent 
RNA polymerase (RdRp) respectively.13 Among 
these viral proteins, the hantavirus NP represents 

an interesting molecular target to design novel 
antiviral agents. This is because the NP is believed 
to adjust both viral assembly and proliferation 
processes through interaction with other viral 
proteins like Gn glycoprotein and RdRp 14,15. Also, 
the hantavirus NP is postulated to intervene with 
host immune system by inhibition of interferon 
signaling and downregulation of apoptosis.16,17 
Consequently, the successful block of the Andes 
virus NP can inhibit the viral replication and 
assembly. 
	 However, the development of clinically 
active inhibitor of hantavirus NP is restricted by 
several hurdles. First, the dynamics of trimeric NP 
that binds and interacts with viral RNA panhandle is 
currently not fully understood.18 Also, it is expected 
that the block of hantavirus NP may only inhibit 
viral replication without affecting other pathogenic 
roles of NP like evasion of host immunity. 
Finally, the lack of suitable animal models and 
genetic difference among viral variants may pose 
further challenges for therapeutics development.19 
Several former attempts were made to repurpose 
antiviral drugs or harness phytocompounds against 
hantavirus molecular targets. Yet, no candidate 
has ever approved by FDA as an effective anti-
hantavirus.20,21 Therefore, it is of interest to virtually 
screen a library of FDA approved drugs against 
RNA binding site in the Andes virus NP crystal. 
The aim of this computational study is to harness 
both molecular docking and dynamics simulation 
to repurpose FDA approved drugs as potential 
inhibitor of the Andes virus NP.

Materials and methods

Structure-based computational screening
	 The molecular docking is a computational 
technique that applies a conformations sampling 
algorithm and a scoring function to predict the 
affinity and the binding pose of the ligand to 
target crystal. In principle, the molecular docking 
anticipates the ligand pose with the least energy of 
binding by generating a static vision of hit-target 
complex.22 For this objective, the Mcule.com 
drug discovery website was employed to virtually 
screen a database of 1,615 FDA approved drugs 
against Andes virus nucleocapsid crystal (PDB: 
5E04).13 The used FDA approved drugs library 
was obtained as SDF file from the ZINC20 online 
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repository.23 After uploading both target crystal 
and drugs library to Mcule.com, the website then 
used the AutoDockTools version 1.5.6 to prepare 
protein and ligands for the docking step.24 It is 
useful to indicate that the Mcule.com platform 
utilizes the AutoDock Vina version 1.2.0 to execute 
the docking operation.25 For the current virtual 
screening, the employed docking coordinates 
were X: -35, Y: -21, Z: 26 while the applied grid 
box dimensions were the default size values of 
22*22*22 Angstrom (Å). These applied docking 
coordinates and dimensions were determined with 
the help of previous crystallographic data and 
also by using the binding pockets detection tool 
available in the DrugRep server.13,26 The available 
crystallographic data revealed that the Andes virus 
NP is composed of two parts: the N and C lobes that 
folds together. As observed in Figure 1, the RNA 
binding site is situated at the interface between 
these two lobes in a positively charged region.13 

By the end of the docking stage, the output hits 
were arranged depending on its predicted energy 
of binding. Only the best five hit compounds with 
the smallest energy of binding were then picked 
for the visualization of their docking pose with 
the least energy of binding. For each of these 
five hits, PyMOL version 2.4.1 and the BIOVIA 
Discovery Studio Visualizer 2024 were used to 
view and examine the best docking pose with the 
smallest energy of binding. Both Medscape and 
PubChem websites were also explored for the 
clinical indications and chemical formula of each 
selected hit compound.
Molecular dynamics (MD) simulation study
	 In this next level of the virtual screening, 
the best five docking hits were selected and 
subjected to the MD simulation study for 50 
nanoseconds (ns) duration. Unlike the docking step, 
the MD study simulates the binding of a ligand to 
the target protein under physiological conditions 
by using dynamic forcefields. The MD simulation 
assesses the flexible motion and interactions of 
both drug and target protein by mathematically 
calculating forces like angle bending and bond 
stretching.27 To carry out the required simulation 
step, the program YASARA Dynamics version 
20.12.24 was employed.28 For each of the selected 
top hits, the binding pose with the smallest energy 
was submitted to the MD simulation using options 
and parameters akin to what was employed in 

previously published virtual studies.29,30 Concisely, 
the current MD simulation methodology did 
encompass the addition of 0.9% of sodium chloride 
to the system. And to secure the neutralization of 
the complex, a surplus of either sodium or chloride 
ions were included. Also, the reductions of steepest 
descent and simulated annealing were applied 
to eliminate potential clashes inside simulation 
system. An optimization for the H-bonding was 
included to increase the stability of the solute, 
while a pKa anticipation was performed to adjust 
the protonation of all amino acids at pH limit of 
7.4.31 Moreover, the simulation was performed with 
the help of the following forcefields: AMBER14 
for solute, TIP3P for water, AM1BCC and GAFF2 
for submitted ligands.32–34 The current MD study 
was performed under conditions similar to that of 
the biological environment with a temperature of 
310 kelvin and a pressure of 1.0 atmosphere. The 
motion equations were employed in this simulation 
as 1.25 and 2.5 femtoseconds timesteps for bonded 
and non-bonded interactions respectively. After 
validation of the solute RMSD as a function of 
simulation duration, the 50 ns were regarded as 
an equilibration time and precluded from more 
analysis.35 By the end of the simulation duration, 
the results were analyzed by considering the ligand 
RMSD, Rg for the solute, kind of the per residue 
contact with the ligand, and the MMPBSA binding 
energy. It is worth mentioning that the following 
equation was employed by YASARA Dynamics to 
compute the MMPBSA binding energy:

Binding Energy = Epot Recept + Esolv Recept 
+ Epot Ligand + Esolv Ligand - Epot Complex - 
Esolv Complex
 

Results

	 After finishing the virtual screening 
process, the hit drugs were arranged based on their 
docking energy calculated against hantavirus NP 
crystal. As can be seen in Table 1, only the best five 
hit drugs were presented with the least calculated 
energy of binding. This predicted docking energy 
in Table 1 seems to be ranging between -8.6 
and -8.9 Kcal/ mol for these hits. According to 
Medscape database, the hit drugs in Table 1 appears 
to be prescription only medications with different 
clinical indications. In addition, the structural 
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Table 1. A tabular list of the molecular formula and medical indications for the best five hits generated 
by virtually screening FDA approved drugs against Andes virus nucleocapsid protein (NP). These listed 

hits were ranked based on their least docking energy.

No.	 Drug name	 Chemical 	 Docking energy 	 Indications
		  formula	 (Kcal/ mol)

1	 Dihydroergotamine	 C33H37N5O5	 -8.9	 Migraine headache
2	 Conivaptan	 C32H26N4O2	 -8.8	 Hyponatremia
3	 Dutasteride	 C27H30F6N2O2	 -8.8	 Benign prostate hyperplasia
4	 Telmisartan	 C33H30N4O2	 -8.8	 Hypertension
5	 Lifitegrast	 C29H24Cl2N2O7S	 -8.6	 Dry eye syndrome

Fig. 1. The electrostatic potential surface of the Andes virus nucleocapsid protein (NP) where the red and blue 
colors refer to the negatively and positively charged residues respectively. The RNA binding site was encircled 

and zoomed to label the important binding site residues.

formula for these drugs reveals that the chemical 
nature of these hits is dissimilar.
	 Later on, for each of these five hits, 
the docking complex was subjected to the MD 
simulation study for an interval of 50 ns. A concise 
summary for the results of this MD study is 
presented in Table 2 where the ligand movement 
RMSD, radius of gyration and binding energy were 
reported as an average parameter. It is evident from 
this table that the least ligand movement RMSD 
and MM-PBSA binding energy were computed to 
the drug Lifitegrast while the highest ones were 

reported to the hit Dutasteride. Generally, all the 
listed drugs in Table 2 were able to accomplish a 
ligand proximity to NP binding site that didn’t pass 
the level of 4 Å with the exception of Dutasteride. 
In the same direction, the most unfavorable 
MD binding energy was calculated for the drug 
Dutasteride with a value of -18.78 Kcal/ mol. 
Moreover, all the drugs presented in Table 2 are 
expected to form a stable complex with hantavirus 
NP crystal with an average radius of gyration (Rg) 
ranging between 18.12 and 18.33 Å. Of interest, 
the average Rg value was also calculated to the 
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Table 2. Analysis of the molecular dynamics (MD) simulation outputs for the best hit drugs as a 
function of simulation time period

No.	 Drug name		  Average MD simulation outputs
		  Ligand movement 	 Radius of 	 MM-PBSA 
		  RMSD (Å)	 gyration Rg (Å)	 binding energy 
				    (Kcal/ mol)

1	 Dihydroergotamine	 3.97	 18.33	 -35.07
2	 Conivaptan	 3.86	 18.28	 -37.07
3	 Dutasteride	 7.51	 18.20	 -18.78
4	 Telmisartan	 3.51	 18.12	 -34.71
5	 Lifitegrast	 3.03	 18.20	 -86.75

MD: Molecular dynamics; RMSD: Root mean square deviation; Å: Angstrom; Rg: Radius of gyration; MM-PBSA: 
Molecular mechanics Poisson Boltzmann Surface Area.

Fig. 2. A plot for each drug movement RMSD (Å) against the MD simulation time (ns)

unbound (free) NP crystal and it was 18.50 Å which 
is slightly higher than that for the bound NP protein.
	 Furthermore, the inspection of the plot in 
Figure 2 provides a detailed anticipation for each 
drug movement RMSD away from target binding 
site throughout simulation. Based on this plot, it 
is easy to notice that the drug Dutasteride would 
deviate and move far from NP binding site as the 
simulation interval advances. And by the end of 
the simulation time interval, the Dutasteride would 
record a binding proximity of nearly 20 Å. 
	 In addition, a thorough plot for the radius 
of gyration (Rg) parameter of each drug as a 
function of MD simulation time is given in Figure 
3. For each drug, the Rg plot was compared to that 

of the free (unbound) NP target. Overall, as noted 
from Figure 3, the Rg plot for each of these five 
drugs was slightly lower than that for the unbound 
NP. But, the most remarkable difference in Rg 
plots was recognized between Telmisartan-NP 
complex and the free NP crystal as seen in Figure 
3. Interestingly, the least Rg average value was 
also computed for the Telmisartan-NP complex as 
noted in MD summary results in Table 2. 
	 Then, a plot was generated for each drug 
to illustrate the interactions of the ligand with 
each residue in the NP binding site as seen in 
Figure 4. According to this figure, the interactions 
throughout simulation duration with each target 
residue are shown as red, green or blue colors for 
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Fig. 3. Detailed plots for the best screening drugs’ radius of gyration (Rg) versus simulation time.

the hydrogen, hydrophobic and ionic interactions 
respectively. And when a residue is involved in 
more than one kind of interaction with the ligand, 
then a combination of these three colors can be 
employed as indicated in the Figure 4. Based on 
the per residue contacts analysis in this figure, 
it is evident that the drug Dutasteride will loss 
many of its contacts with target binding site as the 
simulation advances in duration. Moreover, both 
Telmisartan and Lifitegrast were able to maintain 
ionic and hydrogen bond interactions with NP 
binding site throughout 50 ns duration.
	 Lastly, a percentile presentation was 
created for the interaction of each drug with the 
Andes virus NP binding site residues as seen in 
Figure 5. In this figure, for each plot, the percentile 
and the type of contact are illustrated per each 
active site residue. As seen in this figure, the least 
contacts percentile was observed in plot (C) for the 
drug Dutasteride followed by Conivaptan in plot 

(B). Interestingly, both Telmisartan and Lifitegrast 
were able to participate in ionic and hydrogen 
bonds throughout most of the simulation time 
with Arg 367 and Arg 146 binding site residues 
respectively.  
	 Further, the per residue type of interaction 
was more assessed by examining the docking 
images for the Telmisartan and Lifitegrast poses 
with the least energy of binding to NP crystal. 
Based on the two-dimensional representation in 
Figure 6, both Telmisartan and Lifitegrast were 
engaged in a salt bridge interaction with Arg 367 
and Arg 146 respectively in the binding site of NP 
crystal.

Discussion

	 During the past years, the public interests 
in hantavirus disease was restricted and confined 
to particular endemic regions. However, the 
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Fig. 4. A plot for the type of interaction between each residue in the nucleocapsid binding site and the drug 
molecule under investigation: (A) Dihydroergotamine, (B) Conivaptan, (C) Dutasteride (D) Telmisartan and (E) 

Lifitegrast.

recent outbreak of Andes virus strain in the MV 
Hondius cruise ship has attracted global attention 
to this pathogen as a potential public health 
threat. This health challenge is emerging from 
the fact that no vaccine or therapy are clinically 
available to combat hantavirus. Besides, the Andes 
hantavirus reported onboard the cruise ship is the 
only strain with a human-to-human transmission 
risk. This hantavirus strain is clinically known to 
cause a pulmonary disease with a high fatality 

rate of 50%.36 Consequently, it is of interest to 
virtually explore and repurpose the approved 
drugs molecules as potential anti-hantavirus 
therapeutics. For this purpose, both docking 
tools and molecular dynamics (MD) simulation 
software were utilized in this study to screen the 
drugs library against Andes virus nucleocapsid 
protein (NP). The NP protein is a well-recognized 
molecular target in RNA viruses that plays a role in 
viral genomic encapsidation.13 As such, the aim of 
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Fig. 5. A percentile plot for the per residue contact made with drugs under assessment: (A) Dihydroergotamine, 
(B) Conivaptan, (C) Dutasteride (D) Telmisartan and (E) Lifitegrast.  

this computational study is to identify a small drug 
molecule that can interact with the RNA binding 
site of NP in a way that impedes the replication of 
viral particles.
	 At first, docking study indicated that the 
best five drugs with the least energy of binding 
are having dissimilar chemical nature and clinical 
indications. As provided in Table 1, these top 
drugs do have a docking energy of more than -8.5 

Kcal/ mol when screened against Andes virus NP. 
Later on, these five hit drugs were subjected to 50 
ns duration of MD simulation, the results of this 
simulation were reported as average values in Table 
2. It is well-accepted that a low ligand movement 
RMSD gives an indication for a closer proximity 
of the drug to target binding site. In other words, 
a stronger interaction can be deduced when the 
ligand movement RMSD parameter is small.37 As 
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such, all the drugs in Table 2 but Dutasteride were 
able to record average ligand movement RMSD 
of no more than 4.0 Å. These results for ligand 
proximity were further presented as a stepwise plot 
for the ligand movement RMSD as a function of 
MD simulation in Figure 2. Based on this plot, it is 
easy to notify that the drug Dutasteride would move 
away from the NP binding site as the simulation 
time progress. By the end of this simulation, 
Dutasteride would deviate to a distance of nearly 
20 Å. This gradual deviation in Figure 2 would 
mean that the interaction between Dutasteride and 
NP crystal may be weaker than other four drugs. In 
the same trend, the most unfavorable MM-PBSA 
binding energy of -18.78 Kcal/ mol was computed 
for the drug Dutasteride as evident in Table 2. 
This high binding energy further emphasizes 
the possibility of weaker interaction between 
Dutasteride and Andes virus NP. In addition, the 
degree of NP compactness was reported as radius 
of gyration (Rg) for the five drugs in both Table 
2 and Figure 3. It is accepted that a low Rg value 
would refer to a more compact and stable target 
protein.38 When considering data given in both 
Table 2 and Figure 3, it easy to conclude that all 
five drugs have Rg value that is slightly lower than 
the unbound or free NP crystal. As a result, it can 
be inferred that the binding of these top drugs can 
result in a stable ligand-protein complex.

	 Then, the kind of interaction between 
each drug molecule and NP binding site residues 
was studied as a function of simulation time 
in Figure 4. According to data reported in this 
figure, and in agreement with previous results, 
the least interaction was observed between 
Dutasteride and target binding site residues. As 
seen in Figure 4 (C), the drug Dutasteride would 
loss much of its contacts with NP binding site as 
the simulation advances in time. This may more 
affirm the possibility of weaker interaction between 
Dutasteride and NP binding site as compared to 
the other four drugs. On the contrast, the drugs 
Telmisartan and Lifitegrast were able to interact 
with NP binding site by ionic and hydrogen bonds 
throughout simulation time as seen in Figure 4 (D) 
and (E) respectively. Moreover, the per residue 
contacts analysis was visualized as a percentile 
plot for each drug as shown in Figure 5. Again, 
the least percentile interaction was noted for the 
drug Dutasteride as seen in Figure 5 (C). While in 
Figure 5 (D) and (E), the drugs Telmisartan and 
Lifitegrast were capable of being engaged in ionic 
and hydrogen bonds with with Arg 367 and Arg 
146 residues respectively throughout most of MD 
simulation duration.
	 Finally, the examination of docking 
images in Figure 6 affirms the previous per 
residue contacts analysis. As evident in Figure 

Fig. 6. A two-dimensional representation for the interaction between either (A) Telmisartan or (B) Lifitegrast with 
the Andes virus nucleocapsid protein binding site.
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6, both Telmisartan and Lifitegrast were able 
to interact with Arg 367 and Arg 146 residues 
respectively by a salt bridge contact. It is known 
that the salt bridge contact is a combination of 
both ionic and hydrogen interactions between 
acidic and basic groups.39 In the case of Figure 6, 
the salt bridge interaction is formed between the 
positively charged (basic) Arginine residues and 
the negatively charged carboxyl groups found in 
Telmisartan and Lifitegrast.
	 All the above computational results 
must be further tested both in-vitro and in-vivo to 
validate its applicability. The data obtained by tools 
like docking and dynamics simulation does have 
some limitations. For example, the applied docking 
approach usually miss estimates the flexibility 
of target binding site.40 Additionally, the MD 
simulation software utilizes empirical forcefields to 
emulate the interaction between target and ligand. 
As such, the use of these theoretical forcefields may 
lead to possible flaws in calculating ligand binding 
affinity.41 Additionally, the researches related to 
pathogenic viruses like hantavirus require high 
biosafety levels which are available only in limited 
centers. 

Conclusion

	 In this in silico research, both molecular 
docking and dynamics simulation were used to 
identify approved drugs that can target the RNA 
binding site of the Andes virus NP. Such NP inhibitor 
may have the capacity to limit viral replication and 
assembly. For this objective, the docking results 
have recognized five possible hits with energy of 
binding ranging between -8.6 and -8.9 Kcal/ mol 
and these hits are: Dihydroergotamine, Conivaptan, 
Dutasteride, Telmisartan, Lifitegrast. Of these five 
hits, the drug Lifitegrast was able to accomplish 
the closet proximity to target binding site and the 
best MM-PBSA binding energy. All the hits, except 
Dutasteride, were able to maintain ligand proximity 
to binding site that didn’t exceed 4.0 Å on average 
during simulation. Further, both docking and 
dynamics simulation results refer to the possibility 
that the drugs Telmisartan and Lifitegrast may have 
the ability to interact with Arg 367 and Arg 146 
residues respectively in NP binding site by a salt 
bridge. Nonetheless, these initial computational 

results must be more assessed both in-vitro and 
in-vivo before antiviral activity can be inferred.
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