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Abstract 

An essential overview of the biological role of coronavirus viroporin (envelope protein) is given, 
together with the effect of its known inhibitors on the life cycle of coronavirus. A docking study is 
conducted using a set of known drugs approved worldwide (ca. 6000 compounds) on a structure of the 
SARS-CoV-2 viroporin modelled from the published NMR-resolved structures. The screening has 
identified 36 promising drugs currently on the market, which could be proposed for pre-clinical trials. 

Introduction 

Viral ion channels (viroporins) are known since at least 1992, when the M2 channel of influenza A 
virus has been discovered. These ion channels exist in a form of homotetra- (e.g. the M2 channel) or 
homopentamers (e.g. coronavirus E channel); each subunit is 50–120 aminoacids long and has at least 
one transmembrane domain (TMD). The pore formed by the transmembrane domains of the oligomer 
acts as an ion channel. It is speculated that viroporins initiate a leakage in host cell membranes, which 
alters the tans-membrane potential and serves as a marker of viral infection [1]. SARS coronaviruses 
were found to have at least three types of ion channels: E and 8a (both with single TMD, forming 
pentameric assemblies), and 3a with three TMD [2, 3]. Both proteins E and 3a possess PDZ domain-
binding motif (PBM). In the protein E it is the last four aminoacids in the C-terminus (DLLV, Table 1).  
The PBM of E protein was found to be directly involved in SARS-CoV pathogenesis by binding the 
host’s syntenin protein resulting in overexpression of inflammatory cytokines contributing to the so-
called “cytokine storm”[4]. Further to that, SARS-CoV E channel can be embedded into the 
ERGIC/Golgi membranes and facilitate Ca2+ transport resulting in the activation of the NLRP3 
inflammasome followed by an overproduction of interleukin 1β [5]. In the lifecycle of coronaviruses, E 
protein was found to be involved in morphogenesis and viral assembly, and was essential for the virus 
fitness [6, 7]. This is evidenced by the experiment in which mutant SARS-CoV viruses with inactive E 
protein (caused by N15A or V25F mutation) were prone to revert the protein to its active state, both in 
cell culture and in infected mice.  Lack of E viroporin activity led to a significant reduction in 
pulmonary edema in mice, resulting in much lower mortality rates [8]. An exhaustive review of modern 
knowledge of molecular biology of coronavirus E proteins is given by Schoelman & Fielding [9]. 

The E protein of both SARS-CoV and -CoV-2 is formed by 75–76 aminoacid residues, with three 
mutations and one insertion/deletion in the C-terminus (Table 1). The mutations are located far away 
from the targeted inhibitor binding site (N-terminus channel entrance and lumen), therefore they shall 
have no effect on the screening results. 

The only available deposition for the E protein in the Protein Data Bank (PDB) is the NMR set of 16 
structures of a truncated SARS-CoV channel in lyso-myristoyl phosphatidylglycerol micelles (PDB 
5X29 [10], see also Table 1 and Fig. 1). While these NMR models are lacking precision of X-ray 
structures, they offer several snapshots of the channel dynamics, which could be advantageous in the 
docking studies. It appears that the channel, and, specifically, its pore fluctuates wildly. Depicted on 
Fig. 2 are the lumen radii calculated with HOLE program [11]. The narrowest part of the channel could 
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be 2.6–4.8Å wide, with an average of 4.4Å. Fluctuations of similar magnitude are visible along the 
whole length of the channel. 

 

Table 1. The sequences of E proteins from human SARS coronaviruses (as listed on uniprot.org [12]); 
the substructure of E protein, studied by NMR and deposited in Protein Data Bank (PDB); the modelled 
structure of E protein used for docking screening in this study. Blue — residues specific to SARS-CoV; 
red — residues specific to SARS-CoV-2; green — PBM [4, 13]. 

 

N-terminus TMD C-terminus 

SARS-CoV 

(Uniprot Q692E1) 

MYSFVSEET GTLIVNSVLLFLAFVVFLLVTLAILTAL RLCAYCCNIVNVSLVKP T V YVYSRVKNLNSS EG VP DLLV 

SARS-CoV, 

truncated 

(PDB 5X29 [10]) 

MYSFVSEET GTLIVNSVLLFLAFVVFLLVTLAILTAL RLAAYAANIVNVSLVKP T V YVYSRVKNL 

SARS-CoV-2 

(Uniprot P0DTC4) 

MYSFVSEET GTLIVNSVLLFLAFVVFLLVTLAILTAL RLCAYCCNIVNVSLVKP S F YVYSRVKNLNSS RE VP DLLV 

SARS-CoV-2 

model used in 

this study 

MYSFVSEET GTLIVNSVLLFLAFVVFLLVTLAILTAL RLAAYAANIVNVSLVKP S F YVYSRVKNL 

 

 

 

Figure 1. E protein pentamer of SARS-CoV-2 modelled from PDB 5X29 (Table 1). Left, side view 
with hexamethylene amiloride ligand in the pore (gray). Right, axial view from the N-terminus. Green 
cage, the docking site. 
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Figure 2.  The geometry of channel’s lumen, overlay of 14 NMR models of SARS-CoV E protein 
(from PDB 5X29 [10]). Shaded area — the zone used for docking. 

Probably the most widely known drug acting as a viroporin blocker is amantadine (aminoadamantane), 
which has been in the medical practice to treat influenza since 1966, even before the viral ion channels 
were discovered. It blocks the M2 channel of influenza A virus and inhibits its replication [6]. The 
binding of amantadine to a synthetic TMD of E protein from SARS-CoV (sequence 
KKTGTLIVNSVLLFLAFVVFLLVTLAILTKK) was significant enough (Kd 7 mM) to completely 
block the ion conductance [14]. 

Amiloride derivatives (in particular hexamethylene amiloride) were found to be efficient inhibitors of 
p7 channel of hepatitis C virus, and E proteins of coronavirus, with Kd of ~10 μM [6, 15-17]. These 
substances and amantadine feature a positively charged headgroup followed by a bulky hydrophobic 
scaffold, which might be the common structural feature of E-protein inhibitors: 

  

Amantadine Hexamethylene amiloride, the active tautomer [18] 

E protein is an unscrupulous ionic channel, which can conduct both anions and cations. The 
conductivity preference is dependent on pH and the lipid constituents of the membrane. In physiological 
conditions it appears to have slight preference for cations (Na+, K+, Ca2+) [5, 17]. The simplest blocking 
mechanism would be if the cationic headgroup is dragged into the channel by the electric field, with the 
hydrophobic group following and plugging the entry for the succeeding ions. 

Aside from the ability to block the E protein ionic channel, hexamethylene amiloride has been shown to 
actually supress the replication of coronaviruses (in particular, mouse hepatitis virus and HCoV-229E), 
as demonstrated by the plaque assay [16]. 
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Since the ongoing COVID-19 pandemics requires urgent action, in this work we have conducted a 
docking screening study of drugs approved worldwide (approximately 6000 compounds, as deposited in 
the ZINC database [19]). The goal was to identify potential high affinity blockers of SARS-CoV-2 E 
channel, available on the pharmaceutical market, to recommend for further pre-clinical investigation. 

Computational details 

The 16 structures of truncated SARS-CoV-2 E protein channel were modelled from PDB 5X29 entity. 
In all chains of the deposited structure two amino acids were replaced and one added at the N-terminus 
(see Table 1) using Dunbrack rotamer library [20] as implemented in the UCSF Chimera package [21]. 
The N-terminus pore fragment up to the main constriction was chosen as the docking site (Fig. 1, 2). 

The set of structures of drugs approved in major world jurisdictions (ca. 6000 total) was obtained from 
ZINC database [19]. A few other channel blockers (proven or potential) were added to this set: folic 
acid, tetrodotoxin, picrotoxane terpenoids [22]. 

The docking was conducted using AutoDock Vina [23] on a 96-core Linux instance from Amazon Web 
Services. The binding energy was estimated (by the order of magnitude) from the ratios between Vina 
scores of the ligand and hexamethylene amiloride (ΔG = -29658 J/mole; Vina score = -7 kcal/mole): 

 

It has been found previously that AutoDock Vina docking performs well in the prediction of ligand 
binding energy for a given site provided there is a pre-calculated calibration between the Vina 
score (kcal/mole) and the experimental value for the binding energy for 6–10 ligands. This scheme 
produced results comparable to more elaborate methods, as tested in a docking challenge 
(www.drugdesigndata.org). For a beta-secretase enzyme, this algorithm gave results with root mean 
square error of 1.4 kcal/mole. 

Unfortunately, in the case of E channel, there are only two ligands with experimentally measured Kd, so 
that the linear calibration clearly leads to an overestimated dissociation constants (e.g. for Vina score  
-10 it produces Kd in a picomolar range, which is too good to be true). On contrary, the equation above 
produces more realistic Kd, in the range of 1–10 nM for the top performing ligands. 

For the screening purposes each drug structure was docked to 4 channel models (out of 16 available). 
Then the best Vina score was selected from all generated poses, and the drugs with the score of -10 and 
below were docked again on all 16 receptor structures. Despite the variability of the channel geometry 
(Fig. 2), the docking scores were surprisingly consistent, with the range not exceeding 3 kcal/mole on 
Vina score across the channel models. 

Finally, the hits from the previous step were run through a pan-assay interference compounds (PAINS) 
filter to detect any substances with a potential to bind non-selectively to different proteins 
(https://www.cbligand.org/PAINS [24]). Only one compound, eltrombopag (Table 2), has been flagged 
on this step. However, its docking pose was appearing snugly inside the channel, as for other potential 
blockers. 

Results 

The final list (36 entries) of potential blockers is given in Table 2. Below we describe in more detail a 
few substances, which (subjectively) deserve special consideration. 
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i. Nocardamine and deferoxamine 
 

The best screening hit in this study was nocardamine (Vina score -12.2 kcal/mole), a siderophore first 
isolated as its ferric complex (known as ferrioxamine Ε [25]). It is a macrocycle fitting exactly the 
channel opening at the N terminus (Fig. 3). However, being a siderophore means binding Fe3+ ions with 
extremely high affinity (Kd in the order of 10-30M [26]). For practical purposes, this implies that in the 
cells these molecules will exist exclusively as their complexes, sequestering iron and other metals from 
the bodily liquids. 

Further, there exist a non-cyclic relative of nocardamine, the approved drug deferoxamine (DrugBank 
ID DB00746): 
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Nocardamine      Deferoxamine 

 

 

 

Figure 3. The docking poses of nocardamine (left), and its Fe3+ complex (right). 



6 
 

It is prescribed specifically for this purpose – to remove excess of iron or aluminium from the body (e.g. 
to treat metal poisoning). In the screening it did demonstrate an unremarkable score of -5.3 kcal/mole. 
It was apparent that both compounds in physiological conditions will exist as metal complexes. Since 
the complexes shall have different geometry and chain flexibility, we have conducted a docking study 
on ferric complexes of both siderophores.  

For the docking, deferoxamine-Fe3+ complex (known as desferrioxamine B) was extracted from the X-
ray structure of its assembly with an acyl transferase (PDB 6ENK [27]). It has also served as a template 
to model the complex of nocardamine-Fe3+ (desferrioxamine E). 

The docking has revealed that both metal complexes shall bind with high affinity at the channel mouth 
effectively blocking it (Fig. 3, right). The lowest Vina score for desferrioxamine B was -9.6 kcal/mole 
(much lower than for the bare ligand); for desferrioxamine E it was remarkable -11.3 kcal/mole, just a 
notch higher than for nocardamine alone. 

 

ii. Glycyrrhizic acid 

The major sweet constituent of liquorice (the root of Glycyrrhiza glabra), this is probably the cheapest, 
safest, and overall best-known compound from all screened hits. It has been used in vernacular practices 
throughout Asia for more than 4000 years. Today it is a food sweetener and a constituent of various 
food products. 

 

Glycyrrhizic acid (red is the aglycone, glycyrrhetic acid or enoxolone, DrugBank ID DB13089) 

A broad spectrum of antiviral activity of this compound was discovered as early as the seventies. It 
interfered with life cycle of both DNA and RNA viruses, and irreversibly inactivated herpes virus [28, 
29]. During the first SARS epidemy, it was demonstrated that glycyrrhizic acid did eliminate SARS-
CoV virus from infected monkey cells, although high doses (0.3–2.4 g/L, final concentration) were 
required [30, 31].  

Upon ingestion, glycyrrhizic acid is almost 100% hydrolysed down to its aglycone, glycyrrhetic acid 
(see above). The latter therefore is a bioavailable form for the body cells. In this regard we have 
separately docked the aglycone into the E channel. It did form a very similar docking pose as the 
original glycoside; the Vina score (-10.2 kcal/mole) was also very close to -10.6 kcal/mole for the 
parent drug (Fig. 4). 
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Figure 4. The overlay of docked poses for glycyrrhizic acid and its aglycone inside the E channel pore. 

 

iii. Cepharanthine 

Cepharanthine (Fig. 5) is a biscoclaurine alkaloid from Taiwanese plant Stephania cepharantha. It is 
approved in Japan since the fifties for the treatment of a truly wide range of medical conditions with no 
or little side effects (for a review see [32, 33]).  

Of importance for this study is its antiviral activity. A significant part of it is due to the suppression of 
production of inflammatory cytokines and chemokines (quenching of the infamous “cytokine storm”). 
Cepharanthine has been shown to suppress HIV-1 virus replication due to inhibition of NFκB transcrip-
tion factor, and reducing the cell membrane fluidity. Other viruses susceptible to cepharanthine 
treatment are hepatitis B, herpes, human T-lymphotropic virus, coxsackievirus, possibly ebola  
virus [32, 34]. 

Most importantly, it did show activity in vitro against the coronaviruses. Earlier it was found that in 
Vero E6 cells cepharanthine at 10 μg/ml completely inhibited SARS-CoV cytopathic effects [34]. In a 
recent similar experiment with SARS-CoV-2-related pangolin coronavirus, the replication was 
completely inhibited at ~2μg/ml of cepharanthine [35]. Another recent screening study [36] reports that 
cepharanthine severely reduces N protein expression of SARS-CoV-2, and completely inhibits the virus 
at ~0.2 μg/ml. This is in line with the report on the effect of cepharanthine on a common cold 
coronavirus (HCoV-OC43 [37]), where it suppressed both N and the spike protein expression. Also, the 
drug was effective on earlier stages of infection, indicating inhibition of the virus entry [35, 37]. The 
latter fact coincides with the results of our study, since viroporins were found to play a role in the virus 
entry too [2, 8]. However, docking results of the other study [36] showed that cepharanthine might also 
bind to the spike protein thereby interfering with its binding to the ACE2 receptor. In addition, 
cepharantine was also found to dock well with the non-structural proteins of SARS-CoV-2, NSP12-
NSP7-NSP8 complex [38]. 
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Figure 5. Cepharanthine structure and its docking pose. 

 
iv. Trypan blue 

Trypan blue (Fig. 6) is a diazo-dye, which has played a historical role in the discovery of the blood-
brain barrier. In 1913 Edwin Goldmann, a trainee of Paul Ehrlich, injected trypan blue into 
cerebrospinal fluid of laboratory animals, and found that the dye stained the brain only, but not the other 
organs. Alternatively, intravenous injections of the dye led to staining of the body tissues, but not the 
brain. In 1950 it has been clarified that the staining was due to the dye-protein complexes, which could 
not cross the barrier [39]. 

Today the dye is used for specific staining of dead cells in microscopy. In medicine it is used in 
ophthalmic cataract surgery to stain the anterior capsule. However, another historical role of Trypan 
blue (also under Ehrlich’s supervision) is that it has been a prototype of effective drugs to treat human 
trypanosomiasis [40]. 

In our study Trypan blue did show a great affinity towards the E protein, and its pose was adequate for 
the channel blocking (Fig. 6). However, taking into account its unscrupulous binding to diverse 
proteins, it indicates that the active doses of the dye might be unacceptably high. 
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Figure 6. Trypan blue structure and its docking pose. 

 

Conclusions 

In this manuscript we have demonstrated the potential of the SARS-CoV-2 E protein as a 
pharmaceutical target. Our study complements earlier docking screening by Gupta et al. [41], where 
more than 4000 of phytochemicals were tried on the same protein and three of those were found 
promising (belachinal, macaflavanone E, vibsanol B). 

We have found 36 approved drugs (Table 2), which potentially could block the channel and inhibit the 
virus life cycle. Some of those compounds could be ruled out from the consideration straight away due 
to safety concerns (e.g. the curare alkaloids, opiates, penfluridol). Some others (the three approved 
antivirals, glecaprevir, saquinavir, simeprevir) were mentioned more than once in the current theoretical 
and laboratory research related to Covid-19.  

Remarkably, two of the hits (glycyrrhizic acid and cepharanthine) already have experimental data 
supporting their substantial activity against the SARS viruses. 

The remaining drugs from the list could be recommended for further wet lab investigations. 

Get well. 
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Table 2. The screened list of potential blockers of SARS-CoV-2 E channel. Bold – entries detailed in 
the results section; red — entries failing the PAINS screen; WHO list — World Health Organisation list 
of essential medicines, https://list.essentialmeds.org; Drugbank — https://www.drugbank.ca; KEGG-D 
— KEGG Drug Database, https://www.kegg.jp/kegg/drug.  

  ZINC ID 

Vina 

score, 

kcal/mole 

Name 
Drugbank 

reference 
IP notes Notes 

  

ZINC000017545546 -12.2 Nocardamine 
 

  

The active species are Fe
3+

 complexes of 

nocardamine and ZINC000003830635 

(deferoxamine, DrugBank DB00746). 

  

ZINC000001612996 -11.7 Irinotecan DB00762 WHO list 

Antineoplastic topoisomerase I inhibitor 

primarily used in the treatment of 

colorectal and pancreatic cancer.  

Derivative of camptothecin. 

E
r
g
o
t
 a
lk
a
lo
id
s
 

ZINC000052955754 -11.7 Ergotamine DB00696   

A vasoconstrictor alkaloid from ergot, 

used to treat migraine. Controlled LSD 

precursor. Was found to dock to 2’-O-

ribosemethyltransferase and the N 

protein of SARS-CoV-2 [42]. 

ZINC000003995616 -11.6 
Dihydroergocristine,  

Ergoloid mesylate 
DB13345   Semisynthetic ergot alkaloid. 

ZINC000003978005 -11.5 Dihydroergotamine DB00320   

Derivative of ergotamine, used as a 

vasoconstrictor. Was found to dock to 

the N protein of SARS-CoV-2 [42]. 

ZINC000014880002 -11 Dihydroergotoxine     
Optical isomer of dihydroergotamine 

(ZINC000003978005) 

  

ZINC000030726863 -11.5 Cepharanthine 
KEGG-D 

D01035 

Approved  

in Japan 

Alkaloid from Stephania cepharantha, 

used in Japan for more than 40 years for 

a wide variety of acute and chronic 

diseases. Inhibits cytokine production, 

scavenges free radicals and to have a 

protective effect against responses 

mediated by pro-inflammatory cytokines. 

No safety issues and rarely any side 

effects have been observed with 

cepharanthine [33]. 

  
ZINC000011677911 -11.4 Bisoctrizole DB11262 

Approved in  

the EU 
Sunscreen agent in cosmetics 

  
ZINC000012503187 -11.3 Conivaptan DB00872 

Cumberland  

Pharmaceuticals 

Vasopressin inhibitor, used to control 

blood sodium levels. 

  

ZINC000027990463 -11.2 
Lomitapide 

(Juxtapid) 
DB08827 

Aegerion  

Pharmaceuticals 

Inhibitor of microsomal triglyceride 

transfer protein; used to treat 

homozygous familial hypercholes-

terolemia. 

  

ZINC000100378061 -11.2 
Naldemedine 

(Symproic) 
DB11691 Shionogi Inc. 

Modified naltrexone, an opioid receptor 

antagonist. Used to treat opioid-induced 

constipation. 

  
ZINC000169289767 -11.2 Trypan blue DB09158   

A diazo dye used in ophthalmic cataract 

surgery. 

  
ZINC000169621200 -11.2 Rifaximin (Xifaxan) DB01220 

Salix  

Pharmaceuticals 

A rifamycin antibiotic, used in treatment 

of traveller's diarrhea. 

Curare  

alkaloids 

ZINC000004097448 -11.1 Metocurine DB01336   
Curare alkaloid derivative, non-

depolarizing muscle relaxant.  

ZINC000003978083 -10.8 Tubocurarine DB01199   Main alkaloid of curare arrow poison. 

  
ZINC000053073961 -10.8 Antrafenine DB01419   

Analgesic and anti-inflammatory drug, 

analogous to naproxen. 

  ZINC000000598829 -10.7 Rupatadine (Rupall) DB11614   Histamine H1 receptor and platelet 
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activating factor receptor antagonist; 

used to treat rinitis and rash. 

  

ZINC000011679756 -10.7 
Eltrombopag 

(Promacta) 
DB06210 Novartis 

Thrombopoietin receptor agonist to treat  

low platelet counts. Filtered out by the 

PAINS screen [24]. 

  
ZINC000001530886 -10.6 Telmisartan BD00966   

Angiotensin II receptor antagonist for the 

management of high blood pressure. 

  

ZINC000096015174 -10.6 
Glycyrrhizic acid  

and its aglycon 
DB13751   

A diglycoside, the main sweet-tasting 

constituent of Glycyrrhiza glabra 

(liquorice) roor. The aglycon has Vina 

score of -10.2. 

  

ZINC000299817032 -10.6 Moxidectin DB11431 

Medicines 

Development  

for Global 

Health 

Wide spectrum antiparasitic drug, binds 

to Glu-gated chloride ion channes, 

similarly to ivermectin.   

  
ZINC000019360739 -10.4 Flunarizine DB04841   

Calcium transport inhibitor to treat 

migraine. 

  

ZINC000000577115 -10.3 Xaliproden DB06393 Sanofi 

5-hydroxytryptamine 1A receptor agonist 

with neuroprotective activities. 

Discontinued after Phase III trial. 

  

ZINC000003925861 -10.3 
Vorapaxar 

(Zontivity) 
DB09030 Merck 

Inhibits platelet aggregation through the 

reversible antagonism of thrombin 

receptor. Reduces thrombosis. 

  

ZINC000006716957 -10.3 Nilotinib (Tasigna) DB04868 

Novartis; 

WHO list 

Tyrosine kinase inhibitor for the 

treatment of chronic myelogenous 

leukaemia. 

  

ZINC000034608502 -10.3 Umeclidinium DB09076 

Glaxo Smith 

Kline 

Muscarinic receptor ligand, used for the 

treatment of chronic obstructive 

pulmonary disease. 

  
ZINC000100013130 -10.3 

Midostaurin 

(Rydapt) 
DB06595 Novartis 

Multiple kinase inhibitor for the 

treatment of acute myeloid leukemia. 

Opioids 

ZINC000000601317 -10.2 Difenoxin DB01501   Opioid controlled drug to treat diarrhea. 

ZINC000003830716 -10 Diphenoxylate DB01081   
Ethyl ether of difenoxin (above). Opioid 

controlled drug to treat diarrhea. 

  
ZINC000004217252 -10 Penfluridol DB13791   

Antipsychotic with a very long lasting 

action (elimination half-life ~1 week). 

  
ZINC000100089496 -10.2 

Levocabastine 

(Livostin) 
DB01106   

H1-receptor antagonist used for allergic 

conjunctivitis. 

  
ZINC000003934128 -11 

Temoporfin 

(Foscan) 
DB11630 Biolitec Pharma Porphyrin-based photosensitizing agent. 

  

ZINC000003932831 -10.8 
Dutasteride 

(Avodart) 
DB01126   

Azasteroid 5α-reductase inhibitor; used 

in the treatment of symptomatic benign 

prostatic hyperplasia. 

A
n
t
iv
ir
a
ls
 

ZINC000936069565 -11.8 
Glecaprevir 

(Mavyret) 
DB13879 AbbVie 

Direct  inhibitor of NS3/4A protease of 

hepatitis C virus,  targeting the viral RNA 

replication 

ZINC000026985532 -10.7 Saquinavir (Invirase) DB01232 

Hoffmann La 

Roche, 

Genentech 

HIV protease inhibitor to treat AIDS. Also 

docks well to the NSP-complex of  

SARS-CoV-2 [38]. 

ZINC000253632968 -11.3 Simeprevir (Olysio) DB06290   

Inhibitor for hepatitis C virus NS3/4A 

protease. Also docks well to the NSP-

complex of SARS-CoV-2 [38]. 
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