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Supplementary Fig. 1. Opposing effects of HCoV-229E or MERS-CoV on ER stress genes at the
MRNA and protein level.

Projection of ratio values obtained from normalized transcriptomic (by RNA-seq) and proteomic (by
LC-MS/MS) data derived in parallel from HuH7 cells infected for 24 h with HCoV-229E or MERS-
CoV with a MOI=1 on the components of the KEGG pathway hsa04141 “protein processing in
endoplasmic reticulum”. The left side of the boxes show mRNA values, right sides show protein values.



kDa
180 P-PERK 108
130|-----"--""-“|:PERK "
~ 1074 T
T e e weowlrs) JED T E
AN
elF2a I~ 6
T ~ 1054 .-
I-—_.._ —— --—-——I<|3-actin
43 — — 104 T T T T T T
HCoV-229E ]+ ] HCoV-229E| + | + | + | + | + | +
GSK265([31|\5/E 111110l 111 110 GSK2656157 [UM] 1 10
H Thapsigargin +
Thapsigargin + |+ DMSO +
DMSO + +
DMSO GSK2656157 HCoOV-229E + GSK 2656157
o\o 1 4 o s se o écz ] . .:.:. ; . ;\8 1 4 o 4 .
<. 1009 3 FHE S 100 g = & # |z 00 v il o
E - * * E - o ° ‘oo E - > 4 '.' O. :'
e e "7 R T T T
< 504 || s 504 © 504 o B B
> ] . z | . = ] B B
T 11 = T 1 B T 41 b
© 0 T T T T T © 0 T T T T T S 0 T T T —T
d & O SR g d Ky YN S K o> MO
&(5@4 ,’19’600\/ 0.0'» oY &Q}QJAQ’% \QI&QJA&(@ Q
& & & & GSK2656157 [uM] & & GSK2656157 [M]
108
kDa € " ****
180 — ) o101 P T
o e Te T w™ - Freric N E
551—I‘ % 2 106_ 1 ns ns
- - N protein (j:) K 1054 ..I' I I. }
R e e e e w w v |4 B-actin
43 104 T T T T T T T
HCoV-229E (h) 24124124 (2424(24)124 HCoV-229E (h)| 24 | 24| 24| 24| 24| 24| 24
GSK26561(F;]7) oal |oal bal |oa 24l24 GSK26561(?17) ” 04 o4
Thapagargilhr; 24|24 2al24l16 16 16 Thapsigarg(Lr; oa 24| 16| 16
DMSO (h)| |24 24 DMSO (h) 24
107
> —_ 106' .T. (]
Q= ° *k
SE 10f 22 oy Bfe
&) ; 4] .. *%
E 103_ (N ]
[ )
102 T T T r T
0 0.1 1 10 50

GSK2656157 [UM]




Supplementary Fig. 2. PERK inhibition by GSK2656157 suppresses CoV replication.

(a) HuH7 cells were pretreated with increasing concentrations of the PERK inhibitor GSK2656157 for
30 min or with solvent (DMSQO), or were left untreated. Then, cells were infected with HCoV-229E
(MOI = 1) as indicated. Cell extracts were analyzed by immunoblotting for the phosphorylation or
expression of the indicated proteins (one representative out of two independent experiments).

(b) Viral titers in supernatants obtained from cells treated or infected as in (a) (two biologically
independent experiments).

(c) Cell viabilities (by MTS assays) of cells treated as in (a). Data points show replicate determinations
of five independent experiments.

(d, €) HuH7 cells were infected and treated with the indicated combinations of GSK2656157 (10 uM)
and thapsigargin (1 uM). Activation or suppression of PERK and N protein levels were determined by
immunoblotting of cell extracts. (d) shows one out of two representative immunoblot experiment, (e)
shows viral titers of supernatants (three biologically independent experiments).

(f) Viral titers of supernatants from HuH7 cells infected with MERS-CoV in the presence or absence of
increasing concentrations of GSK2656157 (four or more biologically independent experiments).

All bar graphs show means + s.d.; asterisks indicate p values (* p < 0.05, ** p <0.01, *** p < 0.001,
**** p <0.0001) obtained by two-tailed unpaired t-tests () or Mann Withney tests (f).
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Supplementary Fig. 3. Thapsigargin suppresses MERS-CoV and SARS-CoV-2 N protein and
upregulates BiP in infected cells.

(a, b) show the quantification of replicate immunoblot experiments performed as shown in Fig. 4g and
4h. All bar graphs show means + s.d. (three biologically independent experiments).
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Supplementary Fig. 4. Thapsigargin suppresses Influenza A virus but not poliovirus replication.
(@) Shown are viral titers and the ECso (for 1AV) of A549 cells infected with IAV virus (strain
A/Thailand/1(KAN-1)/2004, H5N1) at an MOI of 0.01 for 24 h (three or more biologically independent
experiments).

(b) Viral titers of Vero E6 cells infected with poliovirus at an MOI of 0.1 for 24 h and treated with
thapsigargin as indicated (four biologically independent experiments).

All bar graphs show means + s.d.; asterisks indicate p values (* p < 0.05, ** p < 0.01, *** p <0.001,
**** p <0.0001) obtained by two-tailed unpaired t-tests.
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Supplementary Fig. 5. Comparison of the antiviral effects of thapsigargin and remdesivir.

(a, b) HuH7 cells infected with HCoV-229E (MOI of 1) or MERS-CoV (MOI of 0.5) or Vero EG6 cells
infected with SARS-CoV-2 (MOI of 0.5) for 24 h with an were treated with increasing concentrations
of remdesivir and viral titers in the supernatants obtained from these cells (a) were used to calculate the
ECso values shown in (b). Data represent three (HCoV-229E) or four (MERS-CoV, SARS-CoV-2)
biologically independent experiments.

(c) Direct comparison of the effects of remdesivir or thapsigargin on the synthesis of viral RNAs in cells
infected with HCoV-229E as described in (a) (three biologically independent experiments).

(d) Cytotoxicity of remdesivir in untreated HUH7 or Vero E6 cells. Data show CCs estimations obtained
from two or more biologically independent experiments.

(e ) Cytotoxicity of remdesivir in HuH7 cells infected with HCoV-229E (24 h, MOI of 1) as determined
by MTS assays. Data points show replicate determinations representing six biologically independent
experiments.

(f) Viability of differentiated NHBE cells treated for 72 h with two doses of thapsigargin was compared
to untreated cells by TEER assay (three biologically independent experiments).

All bar graphs show means + s.d.; asterisks indicate p values (* p < 0.05, ** p <0.01, *** p < 0.001,
**** < 0.0001) obtained by two-tailed unpaired t-tests.
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Supplementary Fig. 6. Identification of deregulated cellular pathways in MERS-CoV-infected
HuH7 cells.

Top 100 overrepresented pathways containing up- or downregulated DEPs (ratio > 0, p value of -logio
(p) > 1.3) for the 12 h p.i. and 24 h p.i. time points of MERS-CoV-infected cells based on gene 1Ds
derived from protein IDs. Blue and red colors indicate differentially expressed proteins as shown in Fig.
6a, b, e. See the legends of Fig. 6 and Methods for details.
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Supplementary Fig. 7. Identification of deregulated cellular pathways in SARS-CoV-2-infected
Vero E6 cells.

Top 100 overrepresented pathways containing up- or downregulated DEPs (ratio > 0, p value of -logio
(p) > 1.3) for the 12 h p.i. and 24 h p.i. time points of SARS-CoV-2-CoV-infected cells based on gene
IDs derived from protein I1Ds. Blue and red colors indicate differentially expressed proteins as shown in
Fig. 6¢c, d, e. See the legends of Fig. 6 and Methods for details.
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Supplementary Fig. 8. Top pathways regulated by MERS-CoV, SARS-CoV-2 or thapsigargin.
(a) Top ten enriched pathways containing up- or downregulated DEPs extracted from the 100 enriched
deregulated pathways shown in Fig. S6 / Fig. S7. Colors indicate highly common categories.

(b) Top 20 pathways enriched with thapsigargin alone or jointly by MERS-CoV, SARS-CoV-2 and
thapsigargin according to the Venn diagram shown in Fig. 6f. See the legends of Fig. 6 and Methods for
details.
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Supplementary Fig. 9. Projection of thapsigargin effects on protein levels of pathway KEGG

hsa04141.

Mean ratio values of all pathway components measured by LC-MS/MS in untreated cells and 24 h p.i.
were projected on the KEGG hsa04141 pathway map (left graphs). The right graphs show the
corresponding changes imposed by thapsigargin treatment of infected cells.
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Supplementary Fig. 10. Effects of bafilomycin A; on the viability of HCoV-229E-infected and
thapsigargin-treated HuUH7 cells.

Experiments were performed as described in the legend of Fig. 8. Cell viability was determined by MTS
assay. Data points show replicate determinations representing three (28 h bafilomycin A; treatment
conditions) or four (16 h bafilomycin A: treatment conditions) biologically independent experiments.
The bar graph shows means + s.d.; asterisks indicate p values (*p < 0.05, ** p < 0.01, *** p < 0.001,
**** p < 0.0001) obtained by two-tailed unpaired t-tests.
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Supplementary Fig. 11. Analysis of inflammatory host cell transcripts showing thapsigargin-
independent uncoupling of MRNA and protein levels in HCoV-229E-infected cells.

HuH7 (a) or MRC-5 (b) cells were infected as described in Fig. 2b. Total RNA was used to analyze
expression of inflammatory transcripts by RT-gqPCR (left graphs) and the secretion of the corresponding
proteins by ELISA (right graphs). Additionally, expression of the EIF2AK3 mRNA encoding the PERK
protein kinase was determined. PERK protein levels of HuH7 cells are shown in Fig. 2e-f. All bar graphs
show means + s.d.. Data points show individual values from two or more biologically independent
experiments with the exception of IL-1 treatments which were used as positive controls for one or two
experiments as indicated.



Table 1: Commercial Tagman assays used for RT-gPCR

transcript 2 2 2Ll assay ID source
P product (bp) y

GUSB Hs99999908 m1 Applied Biosystems / Thermo Fisher Scientific
IL6 95 Hs00174131_m1 Applied Biosystems / Thermo Fisher Scientific

IL8 . . . L
(CXCL8) 101 Hs00174103_m1 Applied Biosystems / Thermo Fisher Scientific
CXCL2 68 Hs00236966_m1 Applied Biosystems / Thermo Fisher Scientific
CCL20 81 Hs00171125 m1 Applied Biosystems / Thermo Fisher Scientific

Table 2: Additional primers designed for RT-gPCR

transcript forward sequence reverse sequence

EIF2AK3 5'-AGAGATTGAGACTGCGTGGC-3' 5'-TCCCAAATACCTCTGGTTTGCT-3'

HCoV-229E S RNA 5-TTTCAGGTGATGCTCACATACC-3° 5-ACAAACTCACGAACTGTCTTAGG-3

HCoV-229E nsp8 RNA 5-GCTGTTGCAAATGGTTCCTCAC-3* 5-GATGCACATTCTTACCATCATTATCC-3'



Supplementary Table 1. List of all commercial Tagman assays and primers used in this study.



