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Letter to the Editor 

Highly accurate protein structure prediction and drug screen of 

monkeypox virus proteome 
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o the Editor, 

We recently came accross an interesting article published in 

his journal by Usman Ayub Awan et al., 1 which highlighted 

hat the monkeypox virus had become another global emergency 

hreatening human health under the COVID-19 pandemic. An out- 

reak of the Monkeypox virus, which was first reported in the 

nited Kingdom in May of 2022 and has since spread to more 

han 72 territories causing up to 14,533 cases according to the 

orld Health Organization (WHO), as of the 20th of July 2022 

 www.who.int/ ). In response to rising concerns over monkeypox, 

esearchers are focused on acquiring structures of essential mon- 

eypox proteins and have succeeded in producing crystal struc- 

ures of the A42R Profilin-like protein (PDB: 4QWO), as well as 

imulating the structure of envelope protein F13, also known as 

19L. 2 The structures of most of the monkeypox virus proteins re- 

ain unknown, knowledge of which would significantly enhance 

ur understanding of the molecular mechanisms underlying criti- 

al viral processes such as viral entry and replication. AlphaFold2 is 

 powerful open-source computational approach developed to help 

redict protein structures, 3 which has been used successfully in ac- 

uiring accurate protein structures of the human and SARS- CoV-2 

roteomes. 4-6 

Here, we used AlphaFold2 to predict the protein structures of 

he reference monkeypox virus proteome (Uniprot ID: UP101269 7 ), 

ielding a total of 186 highly accurate protein structures (Sup- 

lemental Table S1). The mean predicted Local Distance Differ- 

nce Test (pLDDT) values of 156 of the 186 proteins are above the 

hreshold of 70, which suggests that the predicted structures for 

hese proteins are highly accurate ( Fig. 1 A). Furthermore, among 

hese proteins, 77 protein structures had mean pLDDT values of 

etween 80 and 90, while 57 protein structures showed mean 

LDDT values above 90. To further evaluate the predicted protein 

tructures, we compared the AlphaFold-predicted structure with 

he experimental crystal structure (PDB: 4QWO) of A42R Profilin- 

ike protein. The resulting Template Modelling (TM), Global Dis- 

ance Test (GDT)-TS, and the maximal subset (MaxSub) scores be- 

ween two protein structures are above 0.95 ( Fig. 1 B). The aligned 

tructure between two proteins has a root means square devia- 

ion (RMSD) value of 0.39 ( Figs. 1 B and 1 C), suggesting that the

wo protein structures are highly similar ( Figs. 1 B and 1 C). Taken

ogether the above suggests that the predicted structures can be 

onsidered to be highly accurate. 

Previously approved drugs for smallpox, tecovirimat and brin- 

idofovir have been shown to be effective against the monkey- 

ox virus, both in vitro and in animals 8 ; however, given the global 

o

ttps://doi.org/10.1016/j.jinf.2022.08.006 
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mergency, it is necessary to identify alternative drugs that could 

e used to fight the outbreak. Thus, we endeavored to uncover po- 

ential drugs to treat monkeypox based on accurate prediction of 

he monkeypox protein structures and 5903 approved drugs from 

he Zinc database 9 (Supplemental Table S2). We first selected ten 

arget proteins based on their high pLDDT values, essential func- 

ions, and potential pharmacophores. The selected proteins were 

4R, A42R, PRO132, VITF3L, E8L, I1L, D10L, P28, and G9R. We 

ubsequently calculated the binding energies of all ten proteins 

ith the 5903 drugs (Supplemental Table S3). The top best dock- 

ng drugs targeting the ten proteins showed low binding energies 

 Table 1 , S3, and FigureS1-S10), suggesting they might have strong 

nteractions. 

Trypan Blue and Cepharanthine display significant binding 

ffinities to all ten target proteins (Supplemental Table S3). Trypan 

lue interacts with the proteins by forming hydrogen bonds, salt 

ridges and hydrophobic and pi-cation interactions (supplemen- 

al materials). Cepharanthine shows high binding affinities to I1L 

 Fig. 1 D1), VITF3L ( Fig. 1 D2), A42R ( Fig. 1 D3), and E8L ( Fig. 1 D4)

hrough hydrophobic interactions and hydrogen bond formation. 

e have generated an extensive drug dataset consisting of 43,800 

rotein-drug paired data for the monkeypox virus, which could 

ontribute to discovering the potential drugs for fighting mon- 

eypox. Combatting the outbreak would require rapid research in 

he following: 1. Development of suitable pseudovirus and animal 

odels of the current subtype of monkeypox virus; 2. Clarification 

f the mechanism of infection, reproduction, and transmission of 

onkeypox virus; 3. Identify and validate potential drugs that can 

e used to treat the viral infection. 

In conclusion, here we acquired 186 highly accurate protein 

tructures of the monkeypox virus reference proteome using Al- 

haFold2, which provided the most comprehensive database of 

onkeypox virus protein structures worldwide. Moreover, we have 

creened the potential drugs for binding the ten crucial proteins 

f the monkeypox virus, including B4R, A42R, PRO132, VITF3L, E8L, 

1L, D10L, P28, and G9R, and generated a drug dataset containing 

otal 43,800 protein-drug paired data, which could be helpful for 

rug discovery to the monkeypox virus. 
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Fig. 1. Protein structural analysis and drug screening of the monkeypox virus. (A) The pLDDT values of all 186 monkeypox virus proteins. (B) Comparison between exper- 

imental structure (PDB: 4QWO) and AlphaFold2-predicted structure of A42R profiling-like protein. (C) The alignment of experimental structure and AlphaFold2-predicted 

structure of A42R profiling-like protein. (D) The interactions between Cepharanthine and four monkeypox virus proteins, including I1L (D1), VITF3L (D2), A42R (D3), and 

E8L (D4). The molecular structures of cepharanthine in different protein complexes are shown in different colors. The green "cartoon" model and the electrostatic surface 

present the protein structures. Red and blue indicate negative and positive charges on the electrostatic surface. The detailed interactions between amino acids (light blue) 

and cepharanthine (yellow) are under the four protein structures. (For interpretation of the references to color in this figure legend, the reader is referred to the web version 

of this article.) 
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nd the interaction analysis results between drugs and pro- 

eins were available on Github ( https://github.com/lg10is1/ 

onkeypox- virus- protein- structures ). The RStudio code used 

n this study to perform statistical analysis and visualize data are 

vailable upon request. 
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Table 1 

Virtual screening of potential drugs targeting the ten proteins. Related to Table S3. 

Proteins Drugs Values Proteins Drugs Values 

B4R ZINC164528615 −11.3 G9R Trypan Blue −9.4 

Trypan Blue −11.2 ZINC3934128 −8.7 

ZINC208774715 −11.1 ZINC40164432 −8.7 

Ixabepilone −10.9 ZINC14879959 −8.6 

ZINC40165257 −10.8 Irinotecan −8.5 

Differin −10.7 ZINC8220175 −8.5 

ZINC43195321 −10.6 ZINC14879961 −8.4 

Vumon −10.5 Indacaterol-8-O-Glucuronide −8.4 

P28 Yaz −9.7 D10L Lumacaftor −9.3 

Ergotamine −9.2 ZINC3934128 −9.1 

Xaliproden −9 Dihydroergotamine −9 

Indocyanine Green −9 Trypan Blue −9 

Trypan Blue −9 Dihydroergotoxine −8.9 

Bisoctrizole −8.9 Gliquidone −8.8 

Orobronze −8.9 Lestaurtinib −8.8 

ZINC1530886 −8.8 ZINC253632968 −8.7 

I1L Cepharanthine −11.1 E4R Glycyrrhizinate Dipotassium −9.7 

Trypan Blue −11.1 Trypan Blue −9.7 

ZINC3934128 −10.2 Nilotinib −9.6 

ZINC14880001 −10.2 Naldemedine −9.6 

Avodart −10.1 Lifitegrast −9.5 

ZINC3917540 −9.9 ZINC936069565 −9.5 

Lumacaftor −9.9 ZINC14880001 −9.4 

Nilotinib −9.7 ZINC43195321 −9.4 

PRO132 Antrafenine −11.4 VITF3L Trypan Blue −9.6 

Dihydroergotamine −11 ZINC164528615 −9.1 

ZINC43195321 −11 Midostaurin −9 

Cabozantinib −11 Nilotinib −8.9 

Trypan Blue −11 Cepharanthine −8.9 

Lorazepam Glucuronide −10.9 ZINC253633751 −8.9 

ZINC8234383 −10.8 Avodart −8.8 

Lomitapide −10.8 ZINC14880001 −8.8 

E8L Trypan Blue −11.4 A42R Tipranavir −7.9 

Dihydroergotoxine −10.9 Trypan Blue −7.9 

Naldemedine −10.9 ZINC936069565 −7.9 

ZINC14880001 −10.6 Cepharanthine −7.8 

Irinotecan −10.3 Daclatasvir −7.8 

Cepharanthine −10.2 Dihydroergotamine −7.7 

Fluspirilene −10.1 Penfluridol −7.7 

Dihydroergotamine −10.1 Dihydroergotoxine −7.7 
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upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.jinf.2022.08.006 . 
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