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Objective Loxosceles spider bite accidents are rising in wide areas of the world which neces-
sitates the exploration of natural inhibitors to inhibit the most significant enzymes, namely
sphingomyelinase D (Smase D) and hyaluronidase.

Methods Virtual screening using traditional Chinese medicine (TCM) against Smase D (PDB
ID: 2F9R) and hyaluronidase was performed by the DrugRep server. Absorption, distribution,
metabolism, and excretion (ADME) parameters were predicted via the same server. In addi-
tion, molecular dynamics (MD) simulation was conducted using CABS-flex 2.0 tool to priorit-
ize the best potential natural inhibitors.

Results Tiliroside and Digitoxin were the best natural inhibitors from TCM to Smase D and
hyaluronidase in terms of molecular docking and ADME parameters, while Digitoxin and f-
carotene were the most potent inhibitors against hyaluronidase. MD simulations demon-
strated the stability of the docked complexes.

Conclusion In-silico inhibition of Loxosceles spidervenom enzymes through TCM was
demonstrated, which deserves wet-lab experimentation.

1 Introduction

South, Central, and North Americas, Central Africa,
Middle-East, and South-East Asia. Fatal accidents were

Several animals have independently evolved an apparat-
us capable of secreting toxic products. The products are
either proteins, peptides, enzymes (majority), or small
molecules. These toxins are secreted to deter potential
predators, but they can also be employed to fight off in-
vaders . A venom is composed of dozens of toxic
products, the majority of which act as neurotoxins via tar-
geting specific receptors or ion channels in the central
nervous system (CNS). Moreover, some enzymes break-
down the main components of CNS such as myelin
sheath Y. Among the secreting animals, spiders repres-
ent a substantial threat to tropical regions involving
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recorded in those areas owing to the prevalence of
spiders from the Loxosceles genus (Family Sicariidae) © *,
Although the protein content in the venom barely ex-
ceeds 300 pg/bite, serious skin lesions, kidney necrosis,
and systematic complications were recorded . Sphin-
gomyelinase D (Smase D) is an essential component of
the Loxosceles spider and it may attack the myelin sheath,
leading to serious neurological symptoms, so blocking of
Smase D would relieve the toxic effects of the venom ),
Indeed, the severity of venom consequencesis correlated
with the activity of Smase D [7; therefore, its inhibition
would detoxify Loxosceles spider venom as demonstrated
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by the action of benzene sulphonate compounds .

Loxosceles spider venom also contains another critic-
al enzyme for toxicity, namely hyaluronidase. This en-
zyme acts as a spreading factor that degrades hyaluronic
acid and chondroitin sulfate, and thus facilitates extracel-
lular matrix damage. This enhances the dermatonecrotic
action of the venom P!, Antiserum as well as inhibitors of
spider hyaluronidase are potential agents to attenuate
both local and systemic effects of Loxoscelism, as was
already demonstrated. Hyaluronidase blockage at least
would prolong the time between bite accident and the
medical intervention in addition to acting synergistically
with antivenom serum """/,

Traditional Chinese medicine (TCM) is a healthcare
and therapeutics collection based on experimental and
scientific assay and regulation. Its popularity can be
traced back more than 4 000 years. TCM involves small
molecules ( < 1 kDa), polysaccharides, proteins, polysac-
charide-protein complexes, and miRNA '], TCM demon-
strated many therapeutic effects against various illnes-
ses 'Y, TCM components are also considered as anti-
dotes against venoms of insects and different snake spe-
cies ' 1 Thus, this study aimed to virtually screen the
TCM library for Smase D inhibitors of Loxosceles spider as
a potential option to manage spider bites. The findings of
the present study will suggest whether or not the theoret-
ical usefulness of TCM is deemed effective in managing
spider venoms.

2 Methods

2.1 Molecular docking prediction, and absorption, distri-
bution, metabolism, and excretion (ADME) prediction

The crystal structure of Smase D was downloaded from
the protein data bank (PDB ID: 2F9R). Hetero-molecules
as well as water molecules were eliminated and polar hy-
drogens were added. The prepared receptor was up-
loaded to the DrugRep webserver ! to conduct receptor-
based virtual screening. Pocket 1 was selected to be
docked to (center coordinates: 14.9, 42.8, - 8.2, while size
values: 21, 18, 16). The ligand library selected for virtual
screening was TCM. TCM library contains 2 390
monomer compounds from nearly 800 TCMs, including
various structural types such as flavonoids, alkaloids,
terpenoids, and glycosides. Selection of TCM as a poten-
tial therapeutic option was based on the explored anti-
dote against several types of snakes ['¥. The ADME para-
meters of the best ligands were also calculated via the
DrugRep webserver. Smase D-best ligands interaction
was analyzed through the LigPlot + program v.2.2 [l In
addition to Smase D, the hyaluronidase three dimension-
al (3D) structure was retrieved from the Alphafold data-
base (https://alphafold.ebi.ac.uk/) (ID: R4J7Z9), and the
same protocol was followed. The active site was pre-
dicted through the FTSite tool 2012 ['7,
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2.2 Molecular dynamics (MD) simulations

MD simulations of the best two complexes and the native
enzymes (Smase D and hyaluronidase) were conducted
via CABS-Flex 2.0 server which depends on coarse-
grained motions of the protein I®.. Over 50 cycles and 50
trajectory frames within 10 ns each with some additional
distance restraints including a global weight of 1.0 were
applied. Root-mean square fluctuations (RMSF) were
used to express the complexes’ motion.

3 Results
3.1 Molecular docking output

Molecular docking scores of the tested natural ligands
from TCM demonstrated strong binding affinity of many
natural ligands toward Smase D of Loxosceles spider
(Table 1). Tiliroside was the best potential natural ligand
capable of inhibiting the enzyme at its active site (dock-
ing score - 9.6 kcal/mol). This is followed by Picroside I
whose binding score was - 9.5 kcal/mol. Concerning
ADME parameters, Picroside I is better than Tiliroside as
the latter has 1 violation of Lipinski's rule of five (molecu-
lar weight > 500 Da). ADME parameters of the rest of the
ligands showed good pharmacokinetic profiles, indicat-
ing the richness of TCM in terms of its wide therapeutic
efficacy.

Table1 Molecular docking score and ADME parameters
of best potential ligands to Smase D

Ligand Score MW HBD HBA RB Ring LogP

Tiliroside -9.6 59452 7 9 15 5 1.8
Picroside I -95 49247 5 6 13 5 -1.1
Chicoricacid -9.2 47437 6 10 17 2 2.0
Hecogenin -9.1 43062 1 2 1 6 4.8
Picroside III -9.0 53850 6 7 15 5 -14
Mudanpioside C ~ 9.0 600.57 5 7 15 7 0.3
Narirutin -89 58053 8 9 14 5 -1.0
Beta-Carotene —8-8 536.87 0 0 10 2 13.6
N-(p-Coumaroyl) - 8.8 322.40 3 3 8 3 3.0
serotonin

Yamogenin -8.8 41462 1 1 1 6 5.6

MW: molecular weight. HBD: hydrogen bond donor. HBA:
hydrogen bond acceptor. RB: rotatable bonds.

For hyaluronidase, FTSite prediction unveiled the in-
volvement of Phe 252, Gly 303, Tyr 199, Leu 192, Glu 120,
Asp 118, Thr 61, Tyr 64, Trp 307, Asn 178, Tyr 273, Leu 16,
and Ile 234 in the binding site (Figure 1). Given that no
predicted pocket was found to involve those amino acids,
custom grid box was selected. Center values of X, Y, and Z
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were 0.889789, 6.46522, and 1.82565, respectively;
whereas the size dimensions were 33, 24, and 29, respect-
ively.

Figure 1 Predicted active site of hyaluronidase

The catalytic residues of the active site are colored in magenta,
pink, and green along with the corresponding space filled with-
in the active site.

The binding affinity of the top 10 ligands through mo-
lecular docking of the TCM library against hyaluronidase
ranked ranged from - 9.8 to - 7.9 kcal/mol (Table 2). It is
worth noting that the majority of them belong to the
terpenes family of compounds with few exceptions like
digitoxin, which is a well-known cardiac glycoside. Digit-
oxin was the best potential natural inhibitor to hyaluroni-
dase with a binding affinity of — 9.8 kcal/mol. Besides,
some violations (at least in the molecular weight) of the
ligand candidates to Lipinski’s rule of five were observed.
However, this should not undervalue their pharmacokin-
etics or druglikeness since these ligands are already
present in the market as drugs of dietary supplements.

Table 2 Molecular docking scores of TCM library against
spider hyaluronidase

Name Score MW HBD HBA RB Ring LogP
Digitoxin -98 76494 5 6 12 8 2.8
Beta-Carotene —9.6 536.87 0 0 10 2 13.6
Periplocin -88 696.83 6 7 13 7 0.7
Zeaxanthin - 8.7 568.88 2 2 12 2 10.9
Khasianine -87 72193 7 6 11 8 2.1
Itraconazole -8.6 705.63 0 4 11 7 7.2
Lutein -8.6 568.88 2 2 12 2 11.0
1,5-Dicaffeoy- -8.2 51645 7 10 16 3 1.5

lquinic acid
Lycopene -79 536.89 0 0 16 0 15.5

MW: molecular weight. HBD: hydrogen bond donor. HBA:
hydrogen bond acceptor. RB: rotatable bonds.

The LigPlot+ program was adopted to figure out the
detailed interactions between the best two ligands with
Smase D. On one hand, the Tiliroside-Smase D complex
unveiled the formation of six H-bonds through His 12,
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Asp 52, Lys 93, Ser 132, Ser 166, and Pro 174. On the other
hand, Asp 34, His 47, Asp 91, Lys 93, Ser 166, and Tyr 169
contributed to the strong binding through the formation
of H-bonds to Picroside I. Additionally, several residues
constituted hydrophobic interactions between the two
complexes (Figure 2).
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Figure 2 Protein-ligand interaction of the best two com-
plexes as predicted by LigPlot +

A, Tiliroside-Smase D complex. B, Picroside I-Smase D com-
plex.

Unsurprisingly, digitoxin is a stronger inhibitor than
p-carotene as reflected by the H-bonds as well as hydro-
phobic interactions between digitoxin and hyaluronidase
whist S-carotene which forms only hydrophobic attrac-
tions as illustrated in Figure 3. This can be traced to the
absence of polar groups capable of donating/accepting
H-bonds with the active site residues of the enzyme. Di-
gitoxin formed seven H-bonds with spider hyaluronidase
which enables it to act as a superior inhibitor to that en-

zyme.

3.2 MD simulations

Limited molecular motion of Smase D in response to
binding Tiliroside and Picroside I was observed. This im-
plies that the docked complexes showed high stability
and low fluctuations as revealed by the RMSF output in
comparison with the native enzyme. Figure 4 depicts the
RMSEF of the best two complexes as well as the native en-
zyme. This emphasizes the potential druggability of
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Tiliroside and Picroside I in the active site of Smase D of
the Loxosceles spider.

MD simulations of hyaluronidase alone and together
with the best two ligands (Digitoxin and -Carotene) were
also performed. It turned out that the Digitoxin-enzyme
complex exhibited a relatively high RMSF pattern com-
pared to the native enzyme, particularly residues 71-81
(Figure 5). This might be interpreted by the high stability
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Figure 3 Hyaluronidase-Digitoxin (A) and f-Carotene
(B) interactions as predicted by LigPlot +
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Figure 5 RMSF of the best two ligands as well as native
hyaluronidase enzyme
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of the complex as there were no marked fluctuations ob-
served in protein motion between the docked and native
protein. On the flip side, -Carotene had even less mo-
tion compared with native hyaluronidase, emphasizing
the greater stability of the docked complexes. The greater
stability exhibited by the two ligands confirms their suit-
ability as natural inhibitors to the enzyme. The high fluc-
tuations observed in the first residues are traced to the
long loop presented in the N-terminal region of the en-
zyme.

4 Discussion

Owing to the serious complications of Loxosceles spider
venom, medical management as well as interventions
have been proposed and adopted. This includes the use
of colchicine to inhibit Smase D in addition to the coup-
ling of hemodialysis to filter the venom out of the blood.
However, these interventions remain unclear about their
efficacy ['’l. Therefore, the exploitation of TCM as a natur-
al source to manage Loxosceles spider venom serves as an
important alternative. The results of the present study un-
veiled the potential inhibitory action of Tiliroside and
Picroside I toward Smase D. The protein-ligand interac-
tion confirmed that the binding of those natural ligands is
typically in the active pocket of the enzyme. Moreover,
ADME parameters were found to fall within Lipinski's
rule of five, thus indicating good pharmacokinetic and
druglikeness profiles. Also, the MD simulations emphas-
ized the stability of the docked complexes compared to
unbound Smase D as evidenced by the restricted RMSF
findings ®. A high amount of tiliroside can be found in
the herb of Potentilla grandiflora (197.7 mg/g) and
flowers of Potentilla nepalensis (187.4 mg/g) *. Mean-
while, Picrorhiza kurroa represents a significant medicin-
al plant due to its rich source of active constituents,
Picroside I and Picroside II . In conclusion, the applica-
tion of Tiliroside and Picroside I as inhibitors to Smase D
proved superior potential enzyme inhibitions. As a natur-
al cardiac glycoside, Digitoxin can be used as a drug for
cardiac disorders, including congestive heart failure, atri-
al fibrillation or flutter, and certain cardiac arrhythmias.
With a very narrow therapeutic window, Digoxin is a two-
edged sword since it is powerful in blocking Ca channels
in the myocardium and, at the same time, has a cardi-
otoxic influence . Then again, carotene is the principal
carotenoid found in the highest amounts in carrots, re-
sponsible for carrot orange-yellow pigment. It is a very
powerful antioxidant that demonstrated anti-cancer and
other bioactivities. Given its liposolubility, it needs to be
formulated in a special form to improve its absorption ",
Hylaronidase in the venom of spiders was investigated to
pave the way for Smase D action through degrading con-
nective tissue matrix at the site of the bite .. Therefore,
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blocking the two enzymes would be theoretically an anti-
dote to spider venom. Nevertheless, it is advisable to val-
idate the results of the current virtual screening using in
vitro assays either in the form of pure drugs or herbal
sources.

5 Conclusion

According to the results of the present study, TCM is a
rich source having multiple activities against a wide vari-
ety of infestations, including Loxosceles spider Smase D.
Inhibition of this enzyme would cancel much of the tox-
icity of spider venom. Tiliroside and Picroside I were the
best natural inhibitors to Smase D whereas Digitoxin and
fS-Carotene are superior inhibitors to hyaluronidase in
terms of molecular docking, ADME and MD simulations;
hence, further laboratory validation is warranted. The
present study coined the potential application of TCM in
treating spider venom accidents, which would benefit the
affected regions with those risky spiders.

Competing interests
The authors declare no conflict of interest.

References

[1] CALVETE JJ. Venomics: integrative venom proteomics and
beyond. Biochemical Journal, 2017, 474(5): 611-634.

[2] PEIGNEUR S, TYTGAT J. Toxins in drug discovery and
pharmacology. Toxins (Basel), 2018, 10(3): 126.

[3] MORALES-MORENO HJ, CARRANZA-RODRIGUEZ C,
BORREGO L. Cutaneous loxoscelism due to Loxosceles
rufescens. Journal of the European Academy of Dermatology
and Venerology, 2016, 30(8): 1431-1432.

[4] NAG A, DATTA ], DAS A, et al. Acute kidney injury and
dermonecrosis after Loxosceles reclusa envenomation. Indian
Journal of Nephrology, 2014, 24(4): 246-248.

[5] CHAVES-MOREIRA D, GREMSKI LH, DE MORAES FR, et al.
Brown spider venom phospholipase-D activity upon different
lipid substrates. Toxins, 2023, 15(2): 109.

[6] VALLADAO R, NETO OBS, DE OLIVEIRA GONZAGA M, et al.
Digestive enzymes and sphingomyelinase D in spiders without
venom (Uloboridae). Scientific Reports, 2023, 13: 1-13.

[7] LUDDECKE T, HERZIG V, VON REUMONT BM, et al. The
biology and evolution of spider venoms. Biological Reviews of
the Cambridge Philosophical Society, 2022, 97(1): 163-178.

[8] LOPES PH, MURAKAMI MT, PORTARO FCV, et al. Targeting
Loxosceles spider sphingomyelinase D with small-molecule
inhibitors as a potential therapeutic approach for loxoscelism.
Journal of Enzyme Inhibition and Medicinal Chemistry, 2019,
34(1): 310-321.

Prediction of Loxosceles spider venom natural antidotes 71

[9] FERRER VP, DE MARI TL, GREMSKI LH, et al. A novel
hyaluronidase from brown spider (Loxosceles intermedia)
venom (Dietrich’s Hyaluronidase): from cloning to functional
characterization. PLoS Neglected Tropical Diseases, 2013, 7(5):
€2206.

[10] FOX JW. A brief review of the scientific history of several lesser-
known snake venom proteins: L-amino acid oxidases,
hyaluronidases and phosphodiesterases. Toxicon, 2013, 62:
75-82.

[11] YU Y, SHEN MY, SONG QQ, et al. Biological activities and
pharmaceutical applications of polysaccharide from natural
resources: a review. Carbohydrate Polymers, 2018, 183: 91-101.

[12] MATOS LC, MACHADO JP, MONTEIRO FJ, et al
Understanding traditional Chinese medicine therapeutics: an
overview of the basics and clinical applications. Healthcare
(Basel), 2021, 9(3): 257.

[13] YANG LC, WANG F, LIU M. A study of an endothelin
antagonist from a Chinese anti-snake venom medicinal herb.
Journal of Cardiovascular Pharmacology,, 1998, 31(Suppl 1):
$249-8250.

[14] HUANG TI, HSIEH CL. Effect of traditional Chinese medicine
on long-term outcomes of snakebite in Taiwan. Toxins (Basel),
2020, 12(2): 132.

[15] GAN JH, LIU JX, LIU Y, et al. DrugRep: an automatic virtual
screening server for drug repurposing. Acta Pharmacologica
Sinica, 2023, 44(4): 888-896.

[16] LASKOWSKI RA, SWINDELLS MB. LigPlot +: multiple ligand-
protein interaction diagrams for drug discovery. Journal of
Chemical Information & Modeling, 2011, 51(10): 2778-2786.

[17] NGAN CH, HALL DR, ZERBE B, et al. FTSite: high accuracy
detection of ligand binding sites on unbound protein
structures. Bioinformatics, 2012, 28(2): 286-287.

[18] KURIATA A, GIERUT AM, OLENIECKI T, et al. CABS-flex 2.0: a
web server for fast simulations of flexibility of protein
structures. Nucleic Acids Research, 2018, 46(W1): W338-W343.

[19] PAULI I, PUKA J, GUBERT IC, et al. The efficacy of antivenom
in loxoscelism treatment. Toxicon, 2006, 48(2): 123-137.

[20] ARORA S, LOHIYA G, MOHARIR K, et al. Identification of
potential flavonoid inhibitors of the SARS-CoV-2 main
protease 6YNQ: a molecular docking study. Digital Chinese
Medicine, 2020, 3(4): 239-248.

[21] GROCHOWSKI DM, LOCATELLI M, GRANICA S, et al. Review
on the dietary flavonoid tiliroside. Comprehensive Reviews in
Food Science and Food Safety, 2018, 17(5): 1395-1421.

[22] GANESHKUMAR Y, RAMARAO A, VEERESHAM C. Picroside I
and Picroside II from tissue cultures of Picrorhiza kurroa.
Pharmacognosy Research, 2017, 9(Suppl 1): S53-S56.

[23] PATOCKA ], NEPOVIMOVA E, WU W, et al. Digoxin:
pharmacology and toxicology - a review. Environmental
Toxicology and Pharmacology, 2020, 79: 103400.

[24] GUL K, TAK A, SINGH AK, et al. Chemistry, encapsulation, and
health benefits of f-carotene - a review. Cogent Food &
Agriculture, 2015, 1: 1018696.


http://dx.doi.org/10.1042/BCJ20160577
http://dx.doi.org/10.1042/BCJ20160577
http://dx.doi.org/10.3390/toxins10030126
http://dx.doi.org/10.3390/toxins10030126
http://dx.doi.org/10.1111/jdv.13274
http://dx.doi.org/10.1111/jdv.13274
http://dx.doi.org/10.1111/jdv.13274
http://dx.doi.org/10.4103/0971-4065.133017
http://dx.doi.org/10.4103/0971-4065.133017
http://dx.doi.org/10.4103/0971-4065.133017
http://dx.doi.org/10.3390/toxins15020109
http://dx.doi.org/10.3390/toxins15020109
http://dx.doi.org/10.1038/s41598-022-26890-9
http://dx.doi.org/10.1038/s41598-022-26890-9
http://dx.doi.org/10.1111/brv.12793
http://dx.doi.org/10.1111/brv.12793
http://dx.doi.org/10.1111/brv.12793
http://dx.doi.org/10.1080/14756366.2018.1546698
http://dx.doi.org/10.1080/14756366.2018.1546698
http://dx.doi.org/10.1371/journal.pntd.0002206
http://dx.doi.org/10.1371/journal.pntd.0002206
http://dx.doi.org/10.1016/j.toxicon.2012.09.009
http://dx.doi.org/10.1016/j.toxicon.2012.09.009
http://dx.doi.org/10.1016/j.carbpol.2017.12.009
http://dx.doi.org/10.1016/j.carbpol.2017.12.009
http://dx.doi.org/10.1016/j.carbpol.2017.12.009
http://dx.doi.org/10.1016/j.carbpol.2017.12.009
http://dx.doi.org/10.1016/j.carbpol.2017.12.009
http://dx.doi.org/10.1016/j.carbpol.2017.12.009
http://dx.doi.org/10.1016/j.carbpol.2017.12.009
http://dx.doi.org/10.3390/toxins12020132
https://www.nature.com/articles/s41401-022-00996-2
https://www.nature.com/articles/s41401-022-00996-2
http://dx.doi.org/10.3390/toxins12020132
http://dx.doi.org/10.3390/toxins12020132
http://dx.doi.org/10.3390/toxins12020132
http://dx.doi.org/10.1093/bioinformatics/btr651
http://dx.doi.org/10.1093/bioinformatics/btr651
http://dx.doi.org/10.1093/bioinformatics/btr651
http://dx.doi.org/10.1093/bioinformatics/btr651
http://dx.doi.org/10.1016/j.toxicon.2006.05.005
http://dx.doi.org/10.1016/j.toxicon.2006.05.005
http://dx.doi.org/10.1016/j.dcmed.2020.12.003
http://dx.doi.org/10.1016/j.dcmed.2020.12.003
http://dx.doi.org/10.1016/j.dcmed.2020.12.003
http://dx.doi.org/10.1111/1541-4337.12389
http://dx.doi.org/10.1111/1541-4337.12389
http://dx.doi.org/10.1111/1541-4337.12389
http://dx.doi.org/10.1111/1541-4337.12389
http://dx.doi.org/10.1111/1541-4337.12389
http://dx.doi.org/10.1016/j.etap.2020.103400
http://dx.doi.org/10.1016/j.etap.2020.103400
http://dx.doi.org/10.1016/j.etap.2020.103400
http://dx.doi.org/10.1016/j.etap.2020.103400
http://dx.doi.org/10.1016/j.etap.2020.103400
http://dx.doi.org/10.1016/j.etap.2020.103400

72

Haitham Ahmed Al-Madhagi / Digital Chinese Medicine 6 (2023) 67-72

IR T L5 A B L5 1 TR FHER S ek A iR KR 274 A

Haitham Ahmed Al-Madhagi*

Biochemical Technology Program, Dhamar University, Dhamar, Yemen

[#HZ ] Bey B0 E A AR B Seske 47 FRORBTIE %, 2 FIR 7 R AR IpH) 7 k4 & 2 % o) 35 55 B
D #=i& W i8R B . 75 % i@ id DrugRep R4 234 A P 26 30 #5 B5 ig B D (PDB ID: 2F9R) A= i% P Jit BR B 3 47 1 )
i ik, 18 3L B — R 5 2B TR BOK A AR Ae i (ADME) 244, s, 12 1 CABS-flex 2.0 T E#t4745F3h A
FREBL, B AR ERERRIHANGRE RS ER KRS T 5452 ADME 240k A&, W 25 375 3035 B s B
D Foif 9 S B B0 K SR 494 7 |, Tiliroside #= Digitoxin & IL&AE . M # & 54 -0 N E AT E B
B R SO IR A - F B0 ) FAERGE T b A A et T, 46 B id P G AT AHER B ekk AR B 09 T
AUBE D7 ) 45 BV E R, AE4F TF IR 5 B AT o

[ X427 ] Bk Bsosk; BAENGEE D; F B 25; 5T a4 9T 20 A F AL, B0 4 ARt 5 4 (ADME)




	1 Introduction
	2 Methods
	2.1 Molecular docking prediction, and absorption, distribution, metabolism, and excretion (ADME) prediction
	2.2 Molecular dynamics (MD) simulations

	3 Results
	3.1 Molecular docking output
	3.2 MD simulations

	4 Discussion
	5 Conclusion
	参考文献

