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ABSTRACT 

Human coronaviruses (HCoVs) cause respiratory tract infections and are of great 

importance due to the recent severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) pandemic. Human betacoronavirus OC43 (HCoV-OC43) is an adequate 

surrogate for SARS-CoV-2 because it infects the human respiratory system, presents a 

comparable biology, and is transmitted in a similar way. Its use is advantageous since it 

only requires biosafety level (BSL)-2 infrastructure which minimizes costs and biosafety 

associated limitations. In this report, we describe a high-throughput screening (HTS) 

platform to identify compounds that inhibit the propagation of HCoV-OC43. 

Optimization of assays based on inhibition of the cytopathic effect and virus 

immunodetection with a specific antibody, has provided a robust methodology for the 

screening of a selection of microbial natural product extracts from the Fundación 

MEDINA collection. Using this approach, a subset of 1280 extracts has been explored. 

Of these, upon hit confirmation and early LC-MS dereplication, 10 extracts were 

identified that contain potential new compounds. In addition, we report on the novel 

antiviral activity of some previously described natural products whose presence in 

bioactive extracts was confirmed by LC/MS analysis. 

IMPORTANCE 

The COVID-19 pandemic has revealed the lack of effective treatments against 

betacoronaviruses and the urgent need for new broad-spectrum antivirals. Natural 

products are a valuable source of bioactive compounds with pharmaceutical potential that 

may lead to the discovery of new antiviral agents.  Specifically, compared to conventional 

synthetic molecules, microbial natural extracts possess a unique and vast chemical 

diversity and are amenable to large-scale production. The implementation of a high-

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

3 
 

throughput screening platform using the betacoronavirus OC43 in a human cell line 

infection model has provided proof of concept of the approach and has allowed for the 

rapid and efficient evaluation of 1280 microbial extracts. The identification of several 

active compounds validates the potential of the platform for the search for new 

compounds with antiviral capacity. 
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INTRODUCTION 

Coronaviruses (CoVs) have the ability to propagate and generate new species that cause 

epidemic diseases. The emergence of CoV infections has persistently caused serious 

public health alarms over the years. Severe acute CoV infections, including the 

respiratory syndrome-related coronavirus (SARS-CoV), the Middle East respiratory 

syndrome-related coronavirus (MERS-CoV), and the pandemic virus SARS-CoV-2, have 

become a rising and long-lasting global risk. The impact of the SARS-CoV-2 pandemic 

has revealed the urgent need for broad-spectrum antivirals to prevent future viral 

pandemics of unknown origin.  

To date, efficient vaccines are lacking for many viruses and novel antiviral drugs with 

clinical efficacy are called for. The situation is further aggravated by the potential 

development of mutants that are drug resistant, thus limiting drug efficacy (1-4)  

Natural products represent a rich source of diverse, new, and inexpensive chemical 

starting points for drug discovery in the area of antivirals and serve as an outstanding 

source of biodiversity for the discovery of novel compounds. Indeed, approximately 65% 

of successfully approved drugs are either natural products or derivatives (5). Many natural 

products derived from microbes have been reported to have robust antiviral activity, with 

anti-hepatitis, anti-herpes simplex, anti-HIV, anti-influenza, anti-respiratory syncytial 

virus, and anti-SARS-CoV-2 properties (6-12). However, when performing the search of 

active compounds from whole crude microbial extracts, the process is both time 

consuming and capital intensive. For that reason, it is very critical to develop quick, 

efficient, and high-quality high-throughput primary screening assays integrated with 

chemistry platforms for early dereplication of known compounds to guarantee that only 
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extracts with relevant pharmacological properties are selected for further development 

downstream. 

Antiviral drug discovery using SARS-CoV-2 for quantitative screening requires a 

biosafety level (BSL)-3 facility, which is costly and labour-intensive. Hence, the 

availability of model systems of HCoV for high-throughput screening (HTS) assays that 

involve BSL-2 is highly advantageous. Human coronavirus OC43 (HCoV-OC43) 

(order: Nidovirales, family: Coronaviridae, genus: Betacoronavirus, subgenus: 

Embecovirus, species: Betacoronavirus1) exhibits several common features with 

SARS-CoV-2 regarding structure and biology, which makes it a well-matched surrogate 

for SARS-CoV-2 (13). As members of the same genus, HCoV-OC43 and SARS-CoV-2 

are closely related genetically (14) and they are transmitted by aerosols and droplets and 

replicate in human respiratory epithelium (15). 

A wide variety of methods to evaluate HCoV-OC43 infection using different cell lines 

have been described (13). With regards to host cells, HRT-18 (human colon cancer cells) 

(16, 17), MRC-5 (human lung fibroblasts (18), Vero E6 expressing TMPRSS2 (19) 

among others have been utilized. In addition, different detection methods (plaque assay, 

indirect immunostaining, resazurin reduction) (13, 20) and infection conditions have been 

explored. Here we report the standardisation of methodology for the quantification of 

infection by HCoV-OC43 and describe the development of a robust experimental 

approach using a HTS platform to identify compounds that exhibit anti-OC43 activity. 

The experimental design has been successfully applied to analyse 1280 microbial extracts 

from actinomycetes and fungi of the Fundación MEDINA's library (Supplemental Figure 

1). We have combined the use of determination of the cytopathic effect (CPE) with 

antibody-based detection bioimaging assays in the analysis which revealed the presence 
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of novel antiviral compounds. To our knowledge this is the first report of HTS using 

microbial natural product extracts against HCoV-OC43. 
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MATERIALS AND METHODS 

Reagents and antibodies 

Dimethyl sulfoxide (DMSO), chloroquine diphosphate salt, mycophenolate mofetil, 

linoleic acid, destruxin A, bovine serum albumin (BSA) and resazurin were purchased 

from Sigma Aldrich. Tamoxifen, ribavirin, destruxin B and gymnoascolide A were 

purchased from Tocris, Santa Cruz Biotechnology, Adooq and Cayman, respectively. All 

compounds were dissolved in 100% DMSO. The mouse monoclonal anti-HCoV-OC43 

antibody (MAB2012) was purchased from Millipore, the secondary antibody 

AlexaFluor® 488-conjugated anti-mouse and Hoechst 33342 were purchased from 

Thermo-Scientific.  

Cell culture 

The human lung fibroblasts cell line MRC-5 (CCL-171, ATCC) and the cell line BHK-21 

(CCL-10, ATCC) were cultured in Minimum Essential Medium (MEM) (Life 

Technologies) supplemented with 10% fetal bovine serum (FBS) (Life Technologies) and 

100 units/mL penicillin and 100 μg/mL streptomycin (Life Technologies). Cells were 

incubated at 37 ºC in a humidified atmosphere of 5% CO2 and were periodically analysed 

and confirmed to be mycoplasma negative.  

Virus production 

The human betacoronavirus HCoV-OC43 (VR-1588, ATCC) was propagated in MRC-5 

cells. MRC-5 cells at a 90% confluence were inoculated with HCoV-OC43 in infection 

media (MEM, 2% inactivated FBS, Pen/Strep) and incubated 2 h at 33 ºC, rocking the 

flask every 15 min for virus adsorption. After virus adsorption, infection media was 
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added, and infected cells were incubated at 33 ºC for 5 to 7 days until more than 50% of 

the cells presented a cytopathic effect (CPE) resulting in cell death. For virus recovery, 

an infected culture was subjected to 3 freeze-thaw cycles, centrifuged at 500 g , 10 min 

at 4 ºC to spin down cells and cell debris. Viral particles were recovered from supernatant 

and aliquoted in cryotubes. Viral stock aliquots were then rapidly frozen in a 

dry-ice/ethanol bath and stored at -80 ºC. 

Batch infection with HCoV-OC43  

MRC-5 and BHK-21 cells were seeded 24 h prior to infection for a 90% confluence at 

the time of infection. Different multiplicities of infection (MOI) were tested for 

HCoV-OC43 infection of MRC-5 and BHK-21 cells. The virus adsorption was performed 

for 2 h at 33 ºC, rocking the cells every 15 min, and then infected cells were incubated 24 

h at 33 ºC before seeding into 96 or 384 well plates. 

Resazurin-based assay 

Assay plates were previously prepared with microbial extracts to be screened at a final 

concentration of 1/100 dilution of whole broth equivalent (WBE) and at a final 0.2% 

DMSO concentration in 96 well plates. Infected cells were washed, trypsinized and 

seeded in assay plates at a cellular concentration of 2×104 cells/well in infection media. 

The plates were incubated at 37 ºC for 96 h in the presence of the extracts. 5 days after 

infection media was withdrawn and 120 μL of infection media containing 20% resazurin 

(Sigma-Aldrich) was added per well. Plates were incubated for 2 h at 37 ºC and 

fluorescence was determined at 550-590 nm in a TECAN infinite F200 plate reader. 

Non-infected cells and infected cells with 0.2% DMSO were used as positive and negative 

control, respectively. Extracts showing a CPE inhibition superior to 40% were selected 

as hits. 
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The resazurin assay was also used to determine the cytotoxicity of extracts or compounds 

in MRC-5 cells. Briefly, 2×104 cells /well were seeded in 96 well plates containing the 

microbial extracts or pure compounds. After 96 h cells culture media was withdrawn and 

120 μL of infection media containing 20% resazurin (Sigma-Aldrich) was added per well. 

Plates were incubated for 2 h at 37 ºC and fluorescence was determined at 550-590 nm in 

a TECAN infinite F200 plate reader. MRC-5 cells treated with 50 μM of tamoxifen were 

used as negative control, while positive controls corresponded to MRC-5 cells incubated 

in presence of 0.2% DMSO for 96 h. 

High content screening assay 

Assay plates were previously prepared with microbial extracts to be screened at a final 

concentration of 1/100 dilution of whole broth equivalent (WBE) and at a final DMSO 

concentration of 0.2% in 384 well black bottom-transparent plates (Greiner bio-one). 

MRC-5 infected cells were washed, trypsinized and seeded in assay plates at a cellular 

concentration of 3000 cells/well in infection media. The plates were incubated at 37 ºC 

for 72 h in the presence of the extracts. 4 days post-infection cells were subjected to 

indirect immunostaining by using an anti-OC43 monoclonal antibody (MAB2012). 

Briefly, cells were washed with 1× PBS, fixed with 4% p-formaldehyde and 

permeabilized with 0.4% Triton X-100. Next, cells were incubated in 5% BSA blocking 

solution for 2 h and then incubated with the anti-HCoV-OC43 monoclonal antibody at a 

1:2000 dilution O/N at 4 ºC. Cells were washed, incubated with antibody 

AlexaFluor® 488-conjugated anti-mouse, washed again and nuclei were stained with 

4 μM Hoechst 33342. Digital images were captured using Operetta CLS High Content 

Analysis System (PerkinElmer) with a 5× air objective. Images were analysed using the 

Harmony software (PerkinElmer) and the following parameters were determined: number 

of nuclei per well, number of infected cells per well and total 488-fluorescence signal per 
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well. Based on the 488 signal and cell nuclei, cells are segmented for the calculation of 

the total 488-fluorescence signal. 

LC-MS dereplication and database matching of known secondary metabolites 

The active extracts of interest were subjected to LC-MS dereplication and database 

matching to identify possible known components using an Agilent (Santa Clara, CA) 

1260 Infinity II single Quadrupole LC-MS system and LC/MS analytical conditions and 

methodology previously described (21-23)  

RNA isolation and Real-time RT-PCR 

Viral RNA from supernatants was purified using the Macherey-Nagel Nucleospin RNA 

Kit. RT-qPCR was performed in a single-step using the One-Step TB Green PrimeScript 

RT-PCR Kit II (Takara Bio). The HCoV-OC43 nucleocapsid gene was amplified with 

the following primers: forward primer, 5’ AGCAACCAGGCTGATGTCAATACC-3’ 

and the reverse primer, 5’ AGCAGACCTTCCTGAGCCTTCAAT-3’(24). A standard 

curve was generated with purified HCoV-RNA (Vircell). 

Data analysis 

CPE inhibition: Extract activities were calculated automatically using the Genedata 

Screener software (Genedata AG, Basel, Switzerland), and the percentage of CPE 

inhibition of each extract was determined by equation 1 integrated in the Genedata 

Screener software: 

𝐶𝑃𝐸 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =
(𝐹𝑙𝑢𝑜𝑤𝑒𝑙𝑙 − 𝐹𝑙𝑢𝑜𝑛𝑒𝑔)

(𝐹𝑙𝑢𝑜𝑝𝑜𝑠 − 𝐹𝑙𝑢𝑜𝑛𝑒𝑔)
𝑥 100  (1) 

where Fluowell is the measured fluorescence for each well; Fluopos is the average 

fluorescence for the positive control (infected MRC-5 cells treated with 400 M ribavirin) 
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and Fluoneg is the average fluorescence for the negative control (infected MRC-5 cells 

0.2% DMSO). 

Cytotoxicity: Cellular cytotoxicity was determined by equation 2: 

𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%) =
(𝐹𝑙𝑢𝑜𝑤𝑒𝑙𝑙 − 𝐹𝑙𝑢𝑜𝑛𝑒𝑔)

(𝐹𝑙𝑢𝑜𝑝𝑜𝑠 − 𝐹𝑙𝑢𝑜𝑛𝑒𝑔)
𝑥 100  (1) 

where Fluowell is the measured fluorescence for each well; Fluoneg is the average 

fluorescence for the negative control (MRC-5 cells treated with 50 µM tamoxifen) and 

Fluopos is the average fluorescence for the positive control (MRC-5 cells 0.2% DMSO). 

HCoV-OC43 infection: The sum intensity (SumInt) per well corresponding to the Alexa 

488 fluorescence signal was automatically given by the Operetta Analysis System 

software. HCoV-OC43 infection percentages were determined by equation 3: 

𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 (%) =
(𝑆𝑢𝑚𝐼𝑛𝑡𝑤𝑒𝑙𝑙 − 𝑆𝑢𝑚𝐼𝑛𝑡𝑛𝑒𝑔)

(𝑆𝑢𝑚𝐼𝑛𝑡𝑝𝑜𝑠 − 𝑆𝑢𝑚𝐼𝑛𝑡𝑛𝑒𝑔)
𝑥 100  (3) 

SumIntwell corresponds to the sum of 488-fluorescence signal in wells with extract and 

SumIntneg and SumIntpos correspond to the 488-fluorescence signal of negative and 

positive controls wells, respectively. Positive control corresponds to MRC-5 infected 

cells with 0.2% DMSO and the negative control refers to MRC-5 infected cells treated 

with 400 µM ribavirin. 

The 50% cytotoxic concentrations (CC50) and the half-maximal effective concentration 

(EC50) were determined using SigmaPlot 15.0 software. 

Evaluation of quality control (QC) of the screening assay:  Z'-Factor and signal to 

background (S/B) are quality control parameters that reflect the robustness and 

reproducibility of the assay. Z'-Factor is a statistic parameter used to evaluate the quality 
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of an assay and it is calculated by relating the sum of the standard deviations for the 

reference wells to the signal range given by the difference in their mean values: 

𝑍′ = 1 −
3 × 𝑆𝐷(𝑁) + 3 × 𝑆𝐷(𝑆𝑅)

(𝑚𝑒𝑎𝑛 (𝑁) − 𝑚𝑒𝑎𝑛(𝑆𝑅))
 

Being SD: standard deviation, N: neutral controls and SR: scale reference. A value of 

0.4 - 1 characterizes a robust assay. S/B is the ratio of the mean value of the raw data for 

positive and negative controls.   
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RESULTS 

Set up of a resazurin-based assay for the detection of antivirals that inhibit CPE. 

In order to optimize the protocol of batch infection with HCoV-OC43, different MOIs 

were tested in two different cell lines that had been previously described as host models 

for HCoV-OC43: MRC-5 and BHK-21 (17, 25). Both cell lines were infected with 

increasing HCoV-OC43 MOIs (0.01, 0.1 and 0.5) and 24h post-infection cells were 

seeded in 96 well plates. CPE-induced cell death was assessed 5 days post-infection using 

a resazurin-based approach. In this assay the fluorescence signal is directly proportional 

to cell survival and accordingly decreases when the viral CPE causes cell death. For both 

cells lines we obtained a reproducible and homogenous infection in the 96 well plate 

format at MOIs higher than 0.1. A decrease in viability of BHK-21 and MRC-5 cells was 

not observed at the lower MOI of 0.01 (Figure 1A). 

 

Figure 1: CPE evaluation. A. Cell viability of MRC-5 and BHK-21 cell lines 5 days 

post-infection with HCoV-OC43 at different MOIs, 0.01, 0.1 and 0.5. B. Average 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

14 
 

Z’factor and signal to background (S/B) values for BHK-21 and MRC-5 cells infected 

with HCoV-OC43. 

MRC-5 cells infection at a 0.1 MOI was selected as the most suitable model, since the 

decrease in cell viability 5 days post-infection was higher than 90%, while in the case of 

BHK-21 cells with the same MOI, the loss of cell viability was less pronounced (80% 

decrease). Z’ factors were 0.88 for MRC-5 cells and 0.84 for BHK-21 emphasizing the 

robustness of the assay in both cases (Figure 1B). 

For the selected model, the progression of the CPE up to 5 days post-infection gives rise 

to a cell death of MRC-5 infected cells higher than 90%. This CPE will be inhibited in 

the presence of active antiviral components and thus the resazurin-based fluorescence 

signal obtained will increase and be compared to the signal corresponding to non-infected 

cells (100% viability control). Pharmacological validation of the assay was carried out 

using three compounds that had been previously described as antivirals against 

SARS-CoV-2 and HCoV-OC43: ribavirin, chloroquine and mycophenolate mofetil (25-

28).  

The EC50 values were determined for the three compounds together with the 

corresponding CC50 values in non-infected MRC-5 control cells (Figure 2). Chloroquine 

showed a low EC50 of 6.22 M, although it was also the most cytotoxic with a CC50 of 

14.8 M. Ribavirin and mycophenolate mofetil showed no cytotoxicity at concentrations 

below 800 M and 200 M, respectively. As for the antiviral activity, mycophenolate 

mofetil exhibited a lower EC50 (20.66 M) compared to ribavirin (118.38 M).  

Ribavirin was selected as the antiviral control compound to be routinely included in the 

assay. A concentration of 400 M of ribavirin was used, since it showed a good selectivity 
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index (SI), close to 8, and it has been widely described and used as broad-spectrum 

antiviral (29). 

 

Figure 2: Evaluation of reference antivirals ribavirin, mycophenolate mofetil and 

chloroquine. Determination of EC50 and CC50 values after 96 h incubation with the drugs 

of infected cells (after 5 days of infection) and non-infected cells respectively. EC50 and 

CC50 values were calculated using SigmaPlot software.  

Antiviral primary screening and hit identification 

For the primary screening of 1280 (320 fungal, 960 actinomycete) microbial extracts from 

the MEDINA microbial library, the resazurin-based assay for CPE inhibition 

determination was used (general workflow is shown in Figure 3). The average Z’ factor 

for the assay was 0.971 ± 0.04, and the fluorescence signal of infected cells was 5 times 

lower than the positive control (Figure 4A and B). We selected as hits those extracts that 

inhibited more than 40% the CPE (Figure 4C). Out of the 1280 microbial extracts, 40 

were selected as hits (a hit rate of 3.12%) (Table 1); 13 corresponded to actinomycete 

extracts and 27 corresponded to fungal extracts.  
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Figure 3: Schematic representation of the platform for the discovery of antiviral drugs 

from microbial extracts. 

 

Figure 4. Method validation and primary screening of a subset of 1280 microbial extracts. 

A. Distribution of the Z’ factor along the different plates. B. Fluorescence distribution of 

the positive control (MRC-5 infected with 0.1 MOI HCoV-OC43 and treated with 400 

M ribavirin) and the negative control (MRC-5 infected with 0.1 MOI HCoV-OC43). C. 

Representation of 1280 extracts from primary screening. The green line represents the 

cut-off for hit selection (40% inhibition of CPE) and the circles in green correspond to 

the 40 selected hits presenting a CPE inhibition higher than 40%. 
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Implementation of a high-content screening in 384-well format  

In the CPE inhibition screening, cytotoxicity can interfere with the assay since the readout 

is the same for CPE-induced death and toxicity caused by the extracts. High content 

screening (HCS) is an approach that combines automated imaging and quantitative data 

analysis in a high-throughput format and allows to simultaneously evaluate different 

parameters. We successfully optimized HCS methodology in a 384-well format for the 

parallel determination of antiviral activity and toxicity of microbial extracts by a dual 

labelling of HCoV-OC43 and cell nuclei (Figure 5A). The infection conditions were 

maintained between the two methodologies, with the exception of the experiment 

endpoint, that was reduced to 4 days post-infection for HCS since we are no longer 

quantifying CPE/death inhibition but viral presence in viable cells. To optimize the 

methodology, three different densities of MRC-5 batch-infected cells (MOI 0.1) were 

assayed in the 384-well format. A density of 4000 infected cells per well was selected. Z’ 

factor for this assay was 0.88 and a signal to background (S/B) window of 21.79 compared 

to the S/B of 5.11 from the CPE inhibition assay.  

We validated the HCS model with the three reference compounds previously assayed: 

ribavirin, chloroquine and mycophenolate mofetil. EC50 values were mostly consistent 

between both methodologies, except for mycophenolate mofetil that showed a much 

lower EC50, 1.21 M, compared to 20.66 M determined in the CPE inhibition assay 

(Figure 5B) exhibited again the lowest. The EC50 obtained this way for chloroquine was 

1.23 M and for ribavirin 92.08 M.  
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Figure 5. Set up of the high content screening assay with reference antivirals. A. 

Immunofluorescence of infected cells treated with increasing concentration of the 

reference compound ribavirin. B. Determination of EC50 values for ribavirin, 

mycophenolate mofetil and chloroquine after 72 h incubation with the drugs and 4 days 

of infection. EC50 values were calculated using SigmaPlot software. 

Hit confirmation 

We assessed the activities of the extracts selected in the CPE inhibition assay and 

confirmed their antiviral activity by cherry-picking. The average Z’ factor was 

0.780 ± 0.09 and the fluorescent signal in infected cells when compared with infected 

cells treated with 400 M ribavirin was 30 times higher, improving the difference 

observed in the CPE assay (Figure 6A and B). We established a cut-off value of lower 
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than 70% infection for hit confirmation (Figure 6C). Out of the 40 hits, 32 

(9 actinomycetes and 23 fungi) confirmed their antiviral activity (Table 1) using the 

immunodetection bioimaging assay with a specific anti-HCoV-OC43 antibody. The high 

rate of hit confirmation using two independent assays further reinforces the robustness of 

the approach. Dose-response experiments were subsequently performed to evaluate 

extract potency. Dose-response curves consisted in 5 points of serial 2-fold dilutions were 

assayed in duplicate (Figure 7). Twenty extracts presented an EC50 value lower than 0.7 

whole broth equivalents (WBEs) and were selected and progressed for liquid 

chromatography mass spectrometry (LC-MS) dereplication. 

 

Figure 6. High content screening assay validation. A. Distribution of the Z’ factor along 

the different plates. B. Distribution of the fluorescence signal of the negative control 

(infected cells treated with 400 M of ribavirin) and the positive control (infected cells 

with 0.2% DMSO). C. Representation of the 40 hits from the primary screening. The 

green line represents the cut-off for hit selection (70% of infection) and the circles in 

green correspond to the 32 extracts that presented a percentage of infection, compared to 

controls, lower than 70%. 
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Screening stages 
Number of active 

extracts (%) 

Primary screening 40 (3.12) 

Cherry-picking for confirmation HCS 32 (2.50) 

Dose-response curves for EC50 calculation 20 (1.56) 

Prioritized for regrowth in 100 mL volume 15 (1.17) 

Activity reconfirmation after 100 mL regrowth 12 (0.93) 

Dose-response curves for EC50 calculation after 100 mL regrowth 10 (0.78) 

Table 1. Number of extracts identified as hits at different stages of the screening process.  
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Figure 7. Dose-response curves for potency determination. A. Visualization of an HCS-

384-well plate. Column 1 (from A2 to P2) corresponds to the 100% infection control: 
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MRC-5 cells infected with HCoV-OC43 0.2% DMSO. Column 22 (from A23 to P23) 

corresponds to the 0% infection control: MRC-5 cells infected with HCoV-OC43 treated 

with 400 M ribavirin. Columns 2 to 21 contain five points of 2-fold dose-response 

curves of extracts. Example of one of the dose-response curves in duplicate is squared in 

orange. B. Heatmap of the infection percentage in dose-response curves of the 32 hits. 

EC50 values are expressed as WBEs. C. Examples of dose-response curves of extracts. 

ID-1 and ID-15 correspond to active potent extracts (EC50 < 0.7 WBE) while ID-32 

corresponds to a non-potent extract (EC50 > 0.7 WBE). EC50 values were calculated using 

SigmaPlot software. 

 

Early LC-MS dereplication and bioassay-guided fractionation 

LC-MS analysis allowed for the detection and identification of the main components of 

active extracts. A MEDINA’s in-house application to search for matches of the 

UV-LC-MS data of the metabolites found in the active extracts to known metabolites 

already registered in our database (22) was used. It was identified 19 known compounds 

(Figure 8A) present in the bioactive extracts and purchased those commercially available: 

destruxin A, destruxin B, linoleic acid and gymnoascolide A. The four compounds were 

tested in both assays (Figure 8B and C) for antiviral activity and their cytotoxicity was 

also evaluated. While destruxin A and B resulted as non-active against HCoV-OC43 

infection in MRC-5 cells and showed cytotoxicity in the range of 10 µM, linoleic acid 

and gymnoascolide A exhibited EC50 values of 18.31 and 20.62 M, respectively, with 

no evident toxicity against MRC-5 host cells (Figure 8B and C). Additionally, we 

evaluated by RT-PCR the presence of HCoV-OC43 in culture supernatants after 72h of 

incubation with gymnoascolide A and linoleic acid (Figure 8D). Gymnoascolide A at 80 
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µM reduced the viral load in the supernatant below 5% and at 40 M HCoV-OC43 RNA 

levels remained under 20%. For linoleic acid, the HCoV-OC43 RNA load was below 

50% at a 15 M concentration. 

 

Figure 8. Antiviral activity and cytotoxicity evaluation of the known metabolites 

identified by LC-MS. A. List of the 19 identified known compounds in LC-MS analysis. 

B. Dose-response curve for CPE inhibition at 5 days post-infection and 96 h in the 

presence of each drug. EC50 values for the CPE inhibition assay and CC50 values for 

MRC-5 cells. C. Dose response curves obtained with the HCS assay at 4 days post-

infection and 72 h in the presence of the drug. EC50 value for the HCS assay. D. 

Extracellular HCoV-OC43 RNA levels after 72h exposure to gymnoascolide A and 

linoleic acid. EC50 and CC50 values were calculated using SigmaPlot software. 
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After LC-MS dereplication, 15 extracts containing potentially novel components and 

showing well-resolved metabolic profiles were prioritized for small scale regrowth. The 

antiviral activity was confirmed for 10 of them.  
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DISCUSSION 

The outbreaks of coronavirus infections that cause high case-fatality rates in the last 

decade since the SARS-CoV-1 outbreak in 2003 followed by MERS in 2012 and SARS-

CoV-2 in 2020 have highlighted the inadequacy of existing antiviral treatments. Together 

with vaccines, drugs are essential to battle future epidemics making necessary the 

discovery of new antivirals. Microbial natural products are an interesting alternative for 

drug discovery due to their chemical diversity. The main purpose of this work was to 

establish a robust HTS platform for the discovery of new antivirals from microbial 

extracts that may serve as broad-spectrum antivirals for future outbreaks. Fundación 

MEDINA has available for screening the world´s largest collection of microbial natural 

product extracts harboring over 200,000 microbial natural products extracts generated 

from over 190,000 strains of filamentous fungi, actinomycetes and unicellular bacteria 

cultured in diverse formats to ensure a rich metabolite-producing spectrum. This 

collection has been thoroughly annotated with both chemical and biological data for 

tailor-made drug discovery purposes. In the current proof-of-concept (pilot) campaign, 

we screened 1280 extracts, 390 of them from fungi and 960 of from actinomycetes. The 

use of natural products collections requires the expertise to isolate and identify the pure 

compound responsible for the antiviral activity. The workflow (Figure 3) used in this 

platform guarantees that only those extracts tested and rigorously proven to contain 

activity and potentially new metabolites are progressed.  

We have successfully implemented two different methodologies to assess antiviral 

activity of microbial crude extracts against HCoV-OC43. The host selected for 

HCoV-OC43 propagation is a human lung fibroblast cell line, MRC-5. HCoV-OC43 

infection in MRC-5 cells produced a more pronounced cytopathic effect after 5 days of 

infection when compared with hamster cells BHK-21. In a recent work Schirtzinger et al, 
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also found MRC-5 to be the most suitable host for HCoV-OC43 infection when compared 

to other cells lines commonly used as viral hosts (13). The plaque assay, widely used in 

viral studies, was not suitable for HCoV-OC43 infection of MRC-5; despite HCoV-OC43 

being a lytic virus, the cell morphology made the plaques grow into each other (13). In 

addition to the plaque and antibody-based assays for TCID50 determination, resazurin 

reduction is a fluorimetric assay that has also been used in antiviral and neutralization 

assays when evaluating lytic virus infection (30, 31).  

Fluorimetric-based assays have some limitations. In the case of resazurin, since its 

conversion depends upon an enzymatic reaction, certain compounds may interfere by 

directly inhibiting this process. Likewise, coloured compounds may interfere with the 

assay (30). To overcome the possible limitations, we set up an HCS assay that allows us 

to simultaneously evaluate both antiviral activity and possible toxicity of different sets of 

compounds by quantifying indirect immunostaining of the HCoV-OC43 nucleocapsid 

and MRC-5 cells nuclei staining.  

We therefore have established a new and standardised methodology for the evaluation 

and quantification of HCoV-OC43 infection upon treatment with either pure compounds 

or microbial natural extracts that may have potential antiviral activity. The methodology 

was first validated with three compounds that had already been described as antivirals: 

chloroquine, mycophenolate mofetil and ribavirin (25-28). All three compounds showed 

activity against HCoV-OC43 in both assays. Although mycophenolate mofetil showed 

promising results, in a previous study severe side effects in an in vivo model in marmosets 

infected with MERS (32) and no antiviral activity against HCoV-OC43 in a mouse model 

were described (26). 

Our efficient LC-MS dereplication methodology allows us to single out active extracts 

containing known metabolites. The identification of novel compounds is key to develop 
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new antiviral treatments; however, we should not overlook known compounds that could 

provide a starting point in the development of new therapies. Destruxins A and B, were 

previously described antivirals against hepatitis B virus (HBV), although they did not 

have an effect on HCoV-OC43 infection (7, 33). On the other hand, linoleic acid and 

gymnoascolide A showed activity against HCoV-OC43. While this is the first time 

gymnoascolide A is described to have anticoronavirus activity, different in silico studies 

have related linoleic acid to interact and interfere with SARS-CoV-2. Toeltzer et al. were 

the first to describe the interaction of linoleic acid with the RBD of the spike protein of 

SARS-CoV-2 (34). In a recent study, linoleic acid was reported to interact and inhibit 

RNA dependent RNA polymerase (RdRp) in silico. They also performed in vitro and in 

vivo studies, where they exposed the cells to linoleic acid at different time points of the 

infection. In both models they observed an antiviral effect of linoleic acid with the 

reduction of viral RNA load in the media and viral RNA present in tissues respectively 

(35). 

The confirmation of the antiviral activity of linoleic acid and gymnoascolide A validates 

the strategy used in this screening approach. From the LC-MS dereplication data we can 

conclude that our screening platform is able to identify known compounds from crude 

extracts with antiviral activity, proving that we can dereplicate extracts containing 

cytotoxic metabolites or known compounds that have not been previously described as 

antivirals. The drawback of this methodology is that we may miss active metabolites that 

are less abundant than the cytotoxic ones. 

This is the first report of an established HCS methodology for the discovery of new 

anti-HCoV-OC43 antivirals present in complex microbial extracts. From a collection of 

1280 extracts we have identified and confirmed 10 different fungal extracts with new 

potent anti-HCoV-OC43 activity. These hits are currently undergoing further studies to 
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identify the metabolites responsible for the antiviral activity. We have shown that this 

platform can be used to validate already pure compounds with previously described 

antiviral activity such as ribavirin or linoleic acid, but also for the discovery of novel 

antiviral activity of known natural products, as in the case of gymnoascolide A.  

SUPPLEMENTAL FIGURES 

 

Supplemental Figure 1. Selected 1280 microbial extracts from MEDINA’s Natural 

Product library. A. Genera of fungal extracts. B. Ecological origins of the 189 fungal 

strains. C. Genera of actinomycetes extracts. D. Ecological origin of the 93 actinomycetes 

strains. 

 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

29 
 

ACKNOWLEDGEMENTS 

This work was funded by the the European Commission—Next Generation EU 

(regulation EU 2020/2094), through CSIC's Global Health Platform (PTI Salud Global), 

the Instituto de Salud Carlos III Subdirección General de Redes y Centros de 

Investigación Cooperativa-Red de Investigación Cooperativa en Enfermedades 

Tropicales (RICET: RD16/0027/0014), the MCIN/AEI/10.13039/501100011033 

(PID2019-109623RB-I00), the MCIN/AEI/10.13039/501100011033 and FEDER Una 

manera de hacer Europa (2016-79957-R) and by the Junta de Andalucía (BIO-199). 

  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

30 
 

REFERENCES 

1. Sheu TG, Deyde VM, Okomo-Adhiambo M, Garten RJ, Xu X, Bright RA, 

Butler EN, Wallis TR, Klimov AI, Gubareva LV. 2008. Surveillance for 

neuraminidase inhibitor resistance among human influenza A and B viruses 

circulating worldwide from 2004 to 2008. Antimicrob Agents Chemother 

52:3284-92. 

2. Geretti AM, Armenia D, Ceccherini-Silberstein F. 2012. Emerging patterns and 

implications of HIV-1 integrase inhibitor resistance. Curr Opin Infect Dis 

25:677-86. 

3. Locarnini SA, Yuen L. 2010. Molecular genesis of drug-resistant and vaccine-

escape HBV mutants. Antivir Ther 15:451-61. 

4. Wyles DL. 2013. Antiviral resistance and the future landscape of hepatitis C 

virus infection therapy. J Infect Dis 207 Suppl 1:S33-9. 

5. Newman DJ. 2022. Natural products and drug discovery. Natl Sci Rev 

9:nwac206. 

6. Nakajima S, Watashi K, Ohashi H, Kamisuki S, Izaguirre-Carbonell J, Kwon 

AT, Suzuki H, Kataoka M, Tsukuda S, Okada M, Moi ML, Takeuchi T, Arita 

M, Suzuki R, Aizaki H, Kato T, Suzuki T, Hasegawa H, Takasaki T, Sugawara 

F, Wakita T. 2016. Fungus-Derived Neoechinulin B as a Novel Antagonist of 

Liver X Receptor, Identified by Chemical Genetics Using a Hepatitis C Virus 

Cell Culture System. J Virol 90:9058-74. 

7. Dong C, Yu J, Zhu Y, Dong C. 2013. Inhibition of hepatitis B virus gene 

expression & replication by crude destruxins from Metarhizium anisopliae var. 

dcjhyium. Indian J Med Res 138:969-76. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

31 
 

8. Rowley DC, Kelly S, Kauffman CA, Jensen PR, Fenical W. 2003. Halovirs A-E, 

new antiviral agents from a marine-derived fungus of the genus Scytalidium. 

Bioorg Med Chem 11:4263-74. 

9. Zhou X, Fang W, Tan S, Lin X, Xun T, Yang B, Liu S, Liu Y. 2016. 

Aspernigrins with anti-HIV-1 activities from the marine-derived fungus 

Aspergillus niger SCSIO Jcsw6F30. Bioorg Med Chem Lett 26:361-365. 

10. Wang J, Chen F, Liu Y, Liu Y, Li K, Yang X, Liu S, Zhou X, Yang J. 2018. 

Spirostaphylotrichin X from a Marine-Derived Fungus as an Anti-influenza 

Agent Targeting RNA Polymerase PB2. J Nat Prod 81:2722-2730. 

11. Chen M, Shao CL, Meng H, She ZG, Wang CY. 2014. Anti-respiratory 

syncytial virus prenylated dihydroquinolone derivatives from the gorgonian-

derived fungus Aspergillus sp. XS-20090B15. J Nat Prod 77:2720-4. 

12. ElNaggar MH, Abdelwahab GM, Kutkat O, GabAllah M, Ali MA, El-Metwally 

MEA, Sayed AM, Abdelmohsen UR, Khalil AT. 2022. Aurasperone A Inhibits 

SARS CoV-2 In Vitro: An Integrated In Vitro and In Silico Study. Mar Drugs 

20. 

13. Schirtzinger EE, Kim Y, Davis AS. 2022. Improving human coronavirus OC43 

(HCoV-OC43) research comparability in studies using HCoV-OC43 as a 

surrogate for SARS-CoV-2. J Virol Methods 299:114317. 

14. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, Song H, Huang B, Zhu N, 

Bi Y, Ma X, Zhan F, Wang L, Hu T, Zhou H, Hu Z, Zhou W, Zhao L, Chen J, 

Meng Y, Wang J, Lin Y, Yuan J, Xie Z, Ma J, Liu WJ, Wang D, Xu W, Holmes 

EC, Gao GF, Wu G, Chen W, Shi W, Tan W. 2020. Genomic characterisation 

and epidemiology of 2019 novel coronavirus: implications for virus origins and 

receptor binding. Lancet 395:565-574. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

32 
 

15. Kutter JS, Spronken MI, Fraaij PL, Fouchier RA, Herfst S. 2018. Transmission 

routes of respiratory viruses among humans. Curr Opin Virol 28:142-151. 

16. Lambert F, Jacomy H, Marceau G, Talbot PJ. 2008. Titration of human 

coronaviruses, HcoV-229E and HCoV-OC43, by an indirect immunoperoxidase 

assay. Methods Mol Biol 454:93-102. 

17. Kim DE, Min JS, Jang MS, Lee JY, Shin YS, Song JH, Kim HR, Kim S, Jin 

YH, Kwon S. 2019. Natural Bis-Benzylisoquinoline Alkaloids-Tetrandrine, 

Fangchinoline, and Cepharanthine, Inhibit Human Coronavirus OC43 Infection 

of MRC-5 Human Lung Cells. Biomolecules 9. 

18. Collins AR. 1993. Virus-ligand interactions of OC43 coronavirus with cell 

membranes. Adv Exp Med Biol 342:285-91. 

19. Hirose R, Watanabe N, Bandou R, Yoshida T, Daidoji T, Naito Y, Itoh Y, 

Nakaya T. 2021. A Cytopathic Effect-Based Tissue Culture Method for HCoV-

OC43 Titration Using TMPRSS2-Expressing VeroE6 Cells. mSphere 6. 

20. Mo C, Yamagata R, Pan A, Reddy J, Hazari N, Duke G. 2008. Development of 

a high-throughput Alamar blue assay for the determination of influenza virus 

infectious dose, serum antivirus neutralization titer and virus ca/ts phenotype. J 

Virol Methods 150:63-9. 

21. Martin J, Crespo G, Gonzalez-Menendez V, Perez-Moreno G, Sanchez-Carrasco 

P, Perez-Victoria I, Ruiz-Perez LM, Gonzalez-Pacanowska D, Vicente F, 

Genilloud O, Bills GF, Reyes F. 2014. MDN-0104, an antiplasmodial betaine 

lipid from Heterospora chenopodii. J Nat Prod 77:2118-23. 

22. Annang F, Perez-Moreno G, Garcia-Hernandez R, Cordon-Obras C, Martin J, 

Tormo JR, Rodriguez L, de Pedro N, Gomez-Perez V, Valente M, Reyes F, 

Genilloud O, Vicente F, Castanys S, Ruiz-Perez LM, Navarro M, Gamarro F, 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

33 
 

Gonzalez-Pacanowska D. 2015. High-throughput screening platform for natural 

product-based drug discovery against 3 neglected tropical diseases: human 

African trypanosomiasis, leishmaniasis, and Chagas disease. J Biomol Screen 

20:82-91. 

23. Perez-Victoria I, Martin J, Reyes F. 2016. Combined LC/UV/MS and NMR 

Strategies for the Dereplication of Marine Natural Products. Planta Med 82:857-

71. 

24. Min JS, Kim DE, Jin YH, Kwon S. 2020. Kurarinone Inhibits HCoV-OC43 

Infection by Impairing the Virus-Induced Autophagic Flux in MRC-5 Human 

Lung Cells. J Clin Med 9. 

25. Shen L, Yang Y, Ye F, Liu G, Desforges M, Talbot PJ, Tan W. 2016. Safe and 

Sensitive Antiviral Screening Platform Based on Recombinant Human 

Coronavirus OC43 Expressing the Luciferase Reporter Gene. Antimicrob 

Agents Chemother 60:5492-503. 

26. Shen L, Niu J, Wang C, Huang B, Wang W, Zhu N, Deng Y, Wang H, Ye F, 

Cen S, Tan W. 2019. High-Throughput Screening and Identification of Potent 

Broad-Spectrum Inhibitors of Coronaviruses. J Virol 93. 

27. Jeon S, Ko M, Lee J, Choi I, Byun SY, Park S, Shum D, Kim S. 2020. 

Identification of Antiviral Drug Candidates against SARS-CoV-2 from FDA-

Approved Drugs. Antimicrob Agents Chemother 64. 

28. Han Y, Duan X, Yang L, Nilsson-Payant BE, Wang P, Duan F, Tang X, Yaron 

TM, Zhang T, Uhl S, Bram Y, Richardson C, Zhu J, Zhao Z, Redmond D, 

Houghton S, Nguyen DT, Xu D, Wang X, Jessurun J, Borczuk A, Huang Y, 

Johnson JL, Liu Y, Xiang J, Wang H, Cantley LC, tenOever BR, Ho DD, Pan 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

34 
 

FC, Evans T, Chen HJ, Schwartz RE, Chen S. 2021. Identification of SARS-

CoV-2 inhibitors using lung and colonic organoids. Nature 589:270-275. 

29. Mei M, Tan X. 2021. Current Strategies of Antiviral Drug Discovery for 

COVID-19. Front Mol Biosci 8:671263. 

30. Smee DF, Morrison AC, Barnard DL, Sidwell RW. 2002. Comparison of 

colorimetric, fluorometric, and visual methods for determining anti-influenza 

(H1N1 and H3N2) virus activities and toxicities of compounds. J Virol Methods 

106:71-9. 

31. Smee DF, Hurst BL, Evans WJ, Clyde N, Wright S, Peterson C, Jung KH, Day 

CW. 2017. Evaluation of cell viability dyes in antiviral assays with RNA viruses 

that exhibit different cytopathogenic properties. J Virol Methods 246:51-57. 

32. Chan JF, Yao Y, Yeung ML, Deng W, Bao L, Jia L, Li F, Xiao C, Gao H, Yu P, 

Cai JP, Chu H, Zhou J, Chen H, Qin C, Yuen KY. 2015. Treatment With 

Lopinavir/Ritonavir or Interferon-beta1b Improves Outcome of MERS-CoV 

Infection in a Nonhuman Primate Model of Common Marmoset. J Infect Dis 

212:1904-13. 

33. Chen HC, Chou CK, Sun CM, Yeh SF. 1997. Suppressive effects of destruxin B 

on hepatitis B virus surface antigen gene expression in human hepatoma cells. 

Antiviral Res 34:137-44. 

34. Toelzer C, Gupta K, Yadav SKN, Borucu U, Davidson AD, Kavanagh 

Williamson M, Shoemark DK, Garzoni F, Staufer O, Milligan R, Capin J, 

Mulholland AJ, Spatz J, Fitzgerald D, Berger I, Schaffitzel C. 2020. Free fatty 

acid binding pocket in the locked structure of SARS-CoV-2 spike protein. 

Science 370:725-730. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

35 
 

35. Goc A, Sumera W, Rath M, Niedzwiecki A. 2022. Linoleic acid binds to SARS-

CoV-2 RdRp and represses replication of seasonal human coronavirus OC43. 

Sci Rep 12:19114. 

 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 21, 2023. ; https://doi.org/10.1101/2023.04.20.537680doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.20.537680
http://creativecommons.org/licenses/by-nc-nd/4.0/

