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Figure S1. Western blot analysis of HEK293T cells transfected with specified viral
proteins or Tdtomato as basal control. Tm treatment was used as a positive control. Green
boxed lanes were shown for Fig. 1¢c. Green and red boxed lanes were quantified for Fig. 1d.
Red asterisks indicate viral proteins. Tdt, tdTomato; Tm, Tunicamycin (1 yg/mL); FT, FLAG-Tag;
ST, StrepTag. Corresponding full blots are shown below.



Supplementary Fig.S1 - Replicate 1, Full blots
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Supplementary Fig.S1 - Replicate 2, Full blots
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Supplementary Fig.S1 - Replicate 3, Full blots
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Figure S2. Blots quantified for Fig. 1f. Replicate 2 blot was shown in Fig. 1e. WT-HEK293T
cells were transfected with empty vector or SARS-CoV-2 FT-nsp2 or nsp4-FT, with control
vector samples treated for 4 or 20 h Tunicamycin (5 ug/mL). Western blotting for M2-FLAG, BiP,
and CHOP shows marked upregulation of BiP and CHOP in nsp4-FT expressing cells.

Corresponding full blots are shown below.



Supplemental Fig. S2, Replicate 1 Full blots
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Supplemental Fig. S2, Replicate 2 Full blots
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Supplemental Fig. S2, Replicate 3 Full blots
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Figure S3. Effect of PERK inhibition on ATF4 upregulation mediated by nsp4.
HEK293T cells were transfected with GFP or SARS-CoV-2 nsp4-FT, with GFP samples treated
with either Tunicamycin (Tm, 1 pg/mL) or Tunicamycin and PERK inhibitor Il GSK2656157
(PERKI, 1 uM) for 16h and nsp4-FT samples treated with PERK inhibitor || GSK2656157
(PERKI, 1 uM) for 36h.
a) Western blots were probed for FLAG, ATF4, and GAPDH. Corresponding full blots are
shown below.
b) Quantification of Western blots in (a), normalized to GAPDH band intensities and relative
to basal control (GFP+DMSO). n = 3, mean +SEM. Paired T-test was used to test
significance, p<0.05 considered statistically significant.



Supplemental Fig. S3 - Replicate 1, Full Blots
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Supplemental Fig. S3 - Replicate 2, Full Blots
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Supplemental Fig. S3 - Replicate 3, Full Blots
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Figure S4. HEK293T (a,b) or A549 (c) cells were transfected with GFP (basal control) or
corresponding proteins, lysates harvested and lysed at 40 h post-transfection, labeled with
TMTpro isobaric labels, and analyzed by tandem mass spectrometry (LC/MS-MS). Identified

proteins were normalized by total peptide amoun

t.

a) Unnormalized and normalized log10 TMT abundances for MS experiment analyzing
HEK293T UPR, corresponding to Fig. 2,3. See Supplemental Tables S2, S3.

b) Unnormalized and normalized log10 TMT abundances for HEK293T cells expressing
transmembrane protein panel, corresponding to Supplemental Fig. S8. See Supplemental

Tables S4, S5.

¢) Unnormalized and normalized log10 TMT abundances for MS experiment analyzing A549
UPR, corresponding to Fig. 2. See Supplemental Tables S6, S7.
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Figure S5. Waterfall plot of proteome in HEK293T cells expressing SARS-CoV-2 nsp4-ST
vs GFP control (corresponding to Fig. 2).

A ranked list enrichment analysis was applied to identified proteins based on Log2 Fold Change
(nsp4-ST vs GFP) (using the STRING database’). Only one Gene Ontology (GO) Biological
Processes term was significantly enriched (Cytoplasmic Translation, GO:0002181), with 81/104
genes having a positive Log2 Fold Change and 23/104 genes having a negative Log2 Fold
Change. Proteins within the Cytoplasmic Translation GO Term are highlighted in red.
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Figure S6. Normalized TMT abundance levels of individual Unfolded Protein Response
(UPR) pathway protein markers in HEK293T cells expressing various viral proteins
(corresponding to Fig. 2, 3). Adjusted p-value calculated using a T-test, controlling for FDR by
the Benjamini-Hochberg method. *p<0.05, **p<0.001
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Figure S7. ATF6 marker log2 fold change enrichment over basal conditions in HEK293T cells
with treatment of Tm (1 yg/mL, 16 h), 147 (10 uM, 16 h), or nsp4-ST expression. Samples were
quantified by TMTpro-based LC/MS-MS. Basal conditions are Tdtomato transfection with DMSO
for drug treatment or GFP transfection for nsp4-ST treatment. Previously published data from
Almasy, Davies, Plate MCP 2021 is annotated?.
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Figure S8. Effect of various multi-pass transmembrane proteins on the UPR as compared
to nsp4. Nsp4-ST, WT Cystic Fibrosis Transmembrane Conductance Regulator (CFTR), HA-
tagged human Ether-a-go-go Related Gene (hRERG-HA), or myc-tagged peripheral myelin
protein 22 (PMP22-Myc) were expressed in HEK293T cells and harvested 40 h post-
transfection.

a) Western blot confirmation of protein expression in HEK293T lysates.

b) UPR branch reporter protein levels were measured by global proteomics using tandem
mass spectrometry (LC/MS-MS) and compared to GFP negative control. One-way ANOVA
with Geisser—Greenhouse correction and post-hoc Tukey’s multiple comparison test was
used to determine significance, p<0.05 considered significant, significant p values shown; 1
MS run, n = 3-4 biological replicates. See Supplemental Tables S4, S5 for mass
spectrometry data set.



Supplemental Fig. S8 — Full Western blots
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Figure S9. Global proteome analysis of A549 cells expressing SARS-CoV-2 nsp4-FT vs
GFP control (corresponding to Fig. 2).

a) Volcano plot of global proteome, with cut-offs indicating Log2 FC (vs GFP) <-1or> 1,
adjusted p-value < 0.05. Common contaminant proteins were filtered out. Proteins
passing cut-offs are annotated. Adjusted p-value calculated using a T-test, controlling for
FDR by the Benjamini-Hochberg method. N = 4, 1 MS run.

b) A ranked list enrichment analysis was applied to identified proteins based on Log2 Fold
Change (nsp4-FT vs GFP) (using the STRING database").



ATF6

CALR DNAJB11 HERPUD1 HSD17B7 HSP20B1 HSPA5S
k. 150000
50000 e 2200 800 2 .
. @ 2000 . 3 ] 8 8 .
8 4s000-] h ] $ 8 2 £ £ 100000 L5
£ - 5 5 s 5 g
g .« S 1800 P ] € 5 H
3 40000 2 2 2 2 2
,‘f . : 1600 : £ £ g 50000 oy, etee
L J = = [~
= 35000 o 2 [==. g E
g . F 12004 o o
s’ T
30 1 0 HSP90B1 HSPAS
GALR DNAJB11 HERPUD1
HYOU1 MANF PDIA4 PDIA6 SEL1L
*x
- 900 —_— 2200
20000 1] e 40000 x 16000 ok
@ 800 e 15000 . @ 2100 8
8 15000-] - 8 o g 35000 o 8 Ea e ¢ g
£ 5 € 14000 s Lanl
2 S 700 8 i 3 - S 2000 T
b £ 2 30000 2 D) g s . s
3 10000 32 ] 3 13000 2 -3 2
< - = s < 25000 2 o o ° < 1m0y o I =
s = 5 53 £ Fes] z . g
& 50007 L, o F 20000 w8 F t1000] ¥ " 800 .
0
HYOU1 MANF PDIA4 PDIAG SELIL UGDH
IRE1/XBP1s
DERL2 DNAJC10 HSPA13 LMAN1 PDIA5S SEC23B
360 900
190 2000 700 x 5200
° 5000 ° a0 o g °
g 180 . 3 . - § 600+ . § oo 8 . . :j:' g 850 Pankl
£ < i s s S . 8 .
] N § 1900 ola g k] % S 820 ] .
AL . H _;_ £ o] . £ 4s00 - % ooy
2 160 * 2 N . < NN 2 4400 1 . a0 e = —i— .
. . . . E ry -
= . . = 1800 £ 00 — s ¢ = = 750
] H g
£ 150 . Z ¢ ; F o= e F 4200 o 780 e .
.
7
14 r 1700 T S0 HSPA13 LMAN PDIAS SEC238
DERL2 DNAJC10
SEC61A1 SRP19 SRPRB SSR1 SSR3
1800 1900 5000 2900 1800
. ° o 2800 o ] ° 8
@ 1800 3 E 8 1700
8 1600 . 8 . I € e 3 g I ] . s
3 2 1700 ° 3 2 2700 B ] F o . 2
2 o 3 e e 2 o £ oo 3 1600 3
3 1400 L 3 [) 3 3 . Ed . ¥ <
< . < 1600 —— < [) < 2600 = T e
E v o E L g %00 8 e £ = 1500 H
£ 200 F 15004 o = = . F 2500 i M
.
14 . . 2400-L .
SEC61A1 SRP19 SRPRB SSR1
PERK ABCF2 ASNS SLC1A4
uFm 3400 9500 = 100 sk
fige ° shes *p<0‘05
L]
. - @ 80 *
8 § 2300 § 9000 } 8 . p<0.001
H 2 2 8500 2 60
] T c
g § 3200 . § ¢ 3 {_ ° e GFP
E < % % < 8000+ < 40 'E‘
" E 3100 o s ° g £ N ® nspd-FT
£ R F 75004 o, & = 20
UFM1 . N ® GFP-Tm
3000 . 7000 . T
ABCF2 ASNS SLC1A4

Figure S10. Normalized TMT abundance levels of individual Unfolded Protein Response
(UPR) pathway protein markers in A549 cells expressing nsp4-FT or treated with Tm
(corresponding to Fig. 2). Adjusted p-value calculated using a T-test, controlling for FDR by
the Benjamini-Hochberg method. *p<0.05, **p<0.001
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Figure S11. Blots quantified for Fig. 3¢, replicate 2 was shown in Fig. 3b. Red asterisks
indicate viral proteins. Corresponding full blots are shown below.



Supplemental Fig. S11 — Replicate 1 Full Western Blots
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Supplemental Fig. S11 — Replicate 2 Full Western Blots
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Supplemental Fig. S11 — Replicate 3 Full Western Blots
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Figure S12. Upregulation of IRE/XBP1s proteomics protein markers.
a) Global proteomics analysis of IRE1/XBP1s protein marker levels in the presence of

SARS-CoV-2 nsp4-ST, nsp3.1-FT, orf8-ST, or specified combinations. Box-and-whisker

plot shows median, 25" and 75" quartiles, and minimum and maximum values. One-way
ANOVA with Geisser—Greenhouse correction and post-hoc Tukey’s multiple comparison

test was used to determine significance, p<0.05 considered significant; 1 MS run, n = 2-

3 biological replicates. See Supplemental Tables S2, S3 for mass spectrometry data

set.

b) Individual IRE1/XBP1s pathway protein markers in the absence or presence of nsp4-ST,

from (a).
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Figure S13. Viral protein abundance levels.
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a) Quantification of the nsp3.1-FT bands shown in Fig. 3, Supplemental Fig. S11.n = 3. T-
test for significance between samples, p-value annotated.

b) SARS-CoV-2 nsp3.1-FT, nsp4-ST, and orf8-ST protein abundances (log2 scaled TMT
abundances) in experiment corresponding to Fig. 3. n = 2-3 biological replicates, 1 MS run,

T-test for significance between indicated samples, p-value annotated.
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