Supplementary material
Identification of inhibitors of SARS-CoV-2 in-vitro cellular toxicity in human Caco-2 cells using a large scale
drug repurposing collection

Methods
Compound collection
The collection of 5641 compounds was assembled by an external partner (SPECS) in a manner aligned to
the recommendations from the Broad Institute (Cambridge Mass., USA)1. In assembling this “mirror”
collection, compounds were purchased from the same set of >70 high quality suppliers identified by the
Broad, (personal communication Dr Joshua Bitker), and quality controlled by LC/MS for purity and identity
(minimum purity > 90%). Compounds at 10mM were stored in 100% DMSO at -20oC. A curated database
is available containing the compound, indication, primary target (where known) and mechanism of action,
as well as analysis tools which can assist in mechanism of action determination and target elucidation1.
These data have also been made available through ChEMBL resource.
Cell culture
Human epithelial cell line, derived from colon carcinoma, Caco-2 cells, were obtained from the Deutsche
Sammlung von Mikroorganismen und Zellkulturen (DSMZ). Cells were grown in Minimal Essential
Medium (MEM) supplemented with 10% fetal bovine serum (FBS) and containing 100 IU/ml penicillin and
100 µg/ml streptomycin at 37 °C. All culture reagents were purchased from Sigma.
Virus culture
SARS-CoV-2 was isolated from samples of travelers returning from Wuhan (China) to Frankfurt (Germany)
using Caco-2 cells as described previously2. SARS-CoV-2 stocks used in the experiments had undergone
one passage on Caco-2 cells and were stored at -80° C. Virus titers were determined as TCID50/ml in
confluent cells in 96-well microtiter plates.
Cell viability assays for primary screening and dose response studies
To determine compound antiviral activity, we adapted a previously published protocol2. The screening
assay workflow is shown in Figure S1. Compounds were added to confluent layers of Caco–2 cells in MEM
supplemented with 1% FBS in 96-well plates. For the primary screen final compound concentration was
10 µM (0.1 % DMSO final) in singlicate. Dose response profiling of selected priority compounds was
performed with a range of eight different concentrations in three independent replicates (maximum 20
µM, minimum 20 nM, half log dilution factor, 0.1 % DMSO final). Following the addition of compounds,
cells were immediately infected with SARS-CoV-2 at MOI 0.01. Control wells (+ virus and - virus) also
contained DMSO at 0.1 % DMSO final. After 48 hours, cells were fixed using 3 % PFA in PBS, and the
plates sealed and disinfected to inactivate SARS-CoV-23. Quantification of viral inhibition (based upon
Caco-2 cell viability relative to controls) was performed using high content imaging (PerkinElmer,
Operetta CLS). Firstly, in label free mode using digital phase contrast, with maximum contrast as a read
out4. Secondly, cell nuclei were stained using Hoechst 33258 (Sigma). For both readouts, images were
acquired using 10x objective with nine imaged fields per well and analysed using the manufacturer's
software (PerkinElmer, Columbus v.2.9.0.1546). For digital phase, the analysis sequence started with cell

detection (method: c, common threshold: 0.05, area >100 µm2, splitting coefficient: 6.5, individual
threshold: 0.05, contrast >0.05) and was followed by calculating morphology, intensity and position
properties as well as cell confluence. Our analysis showed good concordance between digital phase and
nuclei staining based endpoints. Well level data were analysed using ActivityBase (IDBS) and R (v.3.6.1).
Test well results were normalized relative to the corresponding intra-plate control (no virus assigned as
100% inhibition of cellular toxicity, with virus assigned as 0% inhibition of cellular toxicity). Outliers were
eliminated according to 3-sigma method. Plate level statistical performance was assessed using the
standard Z’ calculation5. Dose response curves fitted in GraphPad Prism v.8.0.0 (GraphPad Software) using
a 4-parameter logarithmic (least squares fit).
Compound toxicity against Caco-2 cells at 48 hours
Cellular toxicity was detected using intracellular ATP concentrations. Day -1: Caco-2 cells were harvested
using Acutase followed by re-suspension to the required number of 2000 cells/well in cell culture media
(EMEM +10% FCS, 1% non-essential amino acids 2 mM L-glutamine, 100 U/ml penicillin and 0.1 mg/ml
streptomycin, 1 mM sodium pyruvate). 20 µL/well were transferred in white solid 384 well CellStar plates
(GreinerBio) and incubated for 20 h at 37 °C, 5 % CO2. Day 0: Compounds were added to cells using Echo
550 R Liquid Handler. Assay plates were incubated for additional 48 h at 37 °C, 5 % CO 2. One assay plate
(day 0 plate) was measured using CellTiter-Glo Luminescent Cell Viability Assay (Promega Inc.), this plate
is used for baseline measurement of cell viability. Day 2: CellTiter-Glo Luminescent Cell Viability Assay
reagents were prepared according to manufacturer protocol. Assay plates were equilibrated for 10 min
at room temperature. The reaction is initiated by addition of 10 µL/well of the CellTiter-Glo Reagent to
cells. Assay plates were centrifuged for 1 min at 700 x g and incubated for 10 min in the dark at RT prior
to measurement. Luminescence was detected on the EnVision plate Reader (0.05 s measurement time)
(Perkin Elmer). Data analysis was performed using ActivityBase (IDBS), outliers were eliminated according
to 3-sigma method. Compound data is normalised to the high (included 0.5 % v/v DMSO - 100 % viability)
and low control (25 µM Sodium Selenite - 0 % viability)6.
Protocols for KNIME v3.7.1 in the data analysis workflows2 cells at 48 hours
KNIME v.3.6.1 (KNIME)7 has been used to compare external compound sets and screened compounds.
Structural identity/similarity were used to select compounds. MACCS fingerprints generated within
KNIME with RDKit were used for comparison and the Tanimoto index to measure similarity.
Availability of data sets
Workflow and R Scripts will be made available in https://github.com/agiani99/KNIME_Screen
Primary and dose response data will be made available via ChEMBL (https://www.ebi.ac.uk/chembl/)
Images will be made available via the image data archive (IDR) (https://idr.openmicroscopy.org/)

Supplementary Figures:

Figure S1: Assay workflow. Caco-2 Cells were grown to confluence and incubated with compounds and
virus for 48h prior to fixation. Plates were imaged using digital phase contrast and DNA staining. Images
were analysed and inhibition values calculated. Scale bar in the lower left image represents 500 µm.

Figure S2. Cellular location of primary target of primary screening hits with >75% inhibition (lhs) and
screened compounds (rhs).
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Figure S3: Assay validation. Comparison of inhibition values on four selected compounds tested against
SARS-Cov-2, SARS-Cov and MERS in different assay set ups.
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0.64 ± 0.14
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Figure S4: Comparison of screen hits with previously identified compounds. Confirmed hits from
primary screen using Caco-2 cells and corresponding data from previous phenotypic studies of SARS-CoV2, SARS-CoV or MERS inhibitors in phenotypic assays using Vero-6, Calu-3 or BHK-21 cells.

Supplementary Table 1 Primary screen (% inhibition of viral induced cytoxicity) for groups of compounds
proposed anti SARS-COV-2 MoA’s. Compounds highlighted in green were analysed in dose response.
Group 1 (1-18) ACE inhibitors. Group 2 (19-31), Angiotensin receptor antagonists. Group 3 (32-40), 4aminoquinoline class including Chloroquine and Hydroxychloroquine. Group 4 (41-65), HCV inhibitors.
Group 6 (66-87) HIV and influenza virus inhibitors, integrase and proteases. Group 7 (88-103), Inhibitors
of DNA or RNA replication mechanisms. * Target and Clinical Phase annotation from
https://clue.io/repurposing1. ‡ Reported in clinicaltrial.gov or here22 .

Supplementary Table 2 Summary results for overlapping compounds between screened library and those
reported7. The overlap extends to 52, with 40 exact matches (Tanimoto index = 1.0), and 12 close
analogues (Tanimoto index > 0.9), e.g. idarubicin substitutes for daunorubicin. Compounds highlighted in
green were analysed in dose response.

Supplementary Figure 3. Dose response curves for active compounds (Table 1). In triplicate at 8
concentrations. Black markers - viral inhibition, red markers - cell cytotoxicity, blue marker - not fitted
viral inhibition. Additional 4-aminoquinoline compounds which did show dose dependent effects,
(tafenoquine and amodiaquine).
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