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Table S1: Genetic reporters of the mammalian UPR

Construct UPR Reporter Comments Reference
Name arm/target
F-XBP1ADBD- IRE1/ The GFP variant Exploits XBP1 splicing-induced Iwawaki et
venus XBP1 Venus expresses in | frameshift. Construct lacks the al., 2004
the cytosol upon DNA binding domain (DBD) of
unconventional XBP1 (prevents overexpression
splicing of XBP1 in | interfering in a dominant negative
response to IRE1 manner with endogenous UPR).
activation Widely utilized in literature
IRE1-reporter IRE1/ YFP expression Utilises full length XBP1. In this Walter et al.,
XBP1 upon XBP1 case, overexpression reportedly 2015
splicing, mainly does not disrupt endogenous
localized in the IRE1-XBP1 signaling.
nucleus
RXG IRE1/ Dual fluorescent Constitutive CMV promoter drives | Roy et al.,
XBP1 reporter construct RFP expression, enabling 2017
encoding RFP and | detection of both stressed and
GFP separated by unstressed cells. Cells subject to
a XBP1 splice site. | ER stress result in XBP1 splicing
causing a frameshift that places
GFP in frame with RFP. UPR-
active cells are both red and
green.
XBP1- IRE1/ Nuclear localized Utilises XBP1 minus DBD. Nuclear | Nougarede
mNeonGreen- XBP1 mNeonGreen Localisation Signal (NLS) enables | etal 2018
NLS expression upon concentration of the fluorescent
XBP1 splicing signal in the cell nucleus for
Addgene automated live cell imaging.
115968, 115971 Available in lenti- and retroviral
vector backbones
CHOP::GFP PERK/ Transcriptional Contains 9.3Kb genomic region of | Novoa et al.,
CHOP reporter the mouse CHOP gene upstream | 2001
Addgene 21898 incorporating of exon 3 fused to GFP coding
CHOP promoter region.
driving GFP
5’ ATF4-GFP PERK/ Translational Includes the ATF4 upstream open | Lu et al.,
ATF4 reporter that results | reading frames (UORFs) 1 and 2 2004
Addgene 21852 in GFP expression | which regulate ATF4 translation in
on induction of ER response to ER stress.
stress.
PERK-reporter PERK/ Translational Includes ATF4 5’'UTR region Walter et al
ATF4 reporter that results | containing three uORFs cloned in | 2015
in YFP expression frame with YFP. Low basal
on PERK activation | expression of YFP in unstressed
cells.
ATF4-mScarlet- | PERK/ Translational Exploits ATF4 ORF switch on Nougarede
NLS ATF4 reporter that results | PERK activation. NLS on mScarlet | et al 2018

Addgene
115969, 115970

in nuclear localized
mScarlet
expression on
PERK activation

enables automated live cell
imaging. Available in lenti- and
retroviral vector backbones




SPOTlight PERK/ Translational dual Reporter differentially translates Helseth et
ATF4 color fluorescent green (eGFP) or red (TdTomato) al., 2021
Addgene reporter of ER fluorescent proteins from a single
164819 stress activation ATF4 transcript based on ER
state. stress activation state. Relies of
differential usage of uUORFs in the
5'untranslated region of ATF4.
Generated in AAV backbone.
TdTomato signal (reporting PERK
activation) requires amplification
with anti-RFP antibody.
p5xATF6-GL3 ATF6 Luciferase reporter | Reporter contains 5x ATF6 binding | Wang et al.,
under the sites in front of the c-fos minimal 2000
transcriptional promoter.
control of a
multimerized ATF6-
binding site
Grp78 -169LUC/ | IRE1 and Transcriptional -196LUC construct contains rat Luo and
-457LUC ATF®6 (- reporters resulting BiP promoter sequence -169 to - Lee, 2002;
169LUC,- in luciferase 29bp upstream of transcriptional Luo et al.,
457LUC), expression on start site. Includes 3x ERSE 2003, Mao
and PERK | activation of elements that bind ATF6 and et al., 2006
(-457LUC) | fragments of the XBP1. -457LUC contains a
BiP promoter. promoter fragment from -457 to -
29 and includes 3xERSE and
CRE binding sites.
Grp78 3KbLacZ | IRE1 and Transcriptional Reporter contains 3kb promoter Luo et al.,
ATF6 and reporter resulting in | region of the rat BiP gene driving 2003; Mao
PERK LacZ expression on | LacZ. Useful BiP promoter et al 2006
activation of the BiP | deletion mutants also generated
promoter and used to generate transgenic
mice.
ERSE-tdTomato | IRE1 and Transcriptional Reporter contains -169bp to -29bp | Lajoie and
ATF6 reporter resulting in | promoter fragment of rat BiP gene | Snapp 2011
TdTomato driving TdTomato. TdTomato is
expression on fused to ornithine decarboxylase
activation of the sequence to target protein
ERSE element of degradation.
the BiP promoter
BiP-mGFP Misfolded BiP protein mobility | Encodes hamster BiP protein Lai et al.,
protein reporter using fused to monomeric EGFP. Useful | 2010
Addgene 62231 | burden fluorescence for studying BiP mobility and
recovery after trafficking in live cells. BIP-mGFP | | ajoie and
photobleaching protein decreases in mobility as it | Snapp 2011

(FRAP)

binds increasing amounts of
misfolded proteins under ER
stress. This can be detected nd
quantified using confocal imaging
and FRAP.
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Figure S1: sUPRa is able to capture the difference in UPR activation between
the highest tested doses of TUN, which is not captured by 170BiP

(A) Reporter construct driving expression of mMNG-PEST using the 170bp (170BiP)
region of the BiP promoter. (B) Reporter construct driving expression of mMNG-PEST
using the 195bp (195BiP) region of the BiP promoter, as used in sUPRa. NIH3T3
mouse fibroblasts were transfected with 170BiP or 195BiP and treated with either
1:1000 DMSO VEH or varying doses of TUN - an inducer of ER stress and the UPR -
for 20 hours. (C) Cumulative distributions of mMNG fluorescence in cells transfected with
170BiP-mNG-PEST and treated with 0.05, 0.5 or 2 ug/ml TUN, relative to VEH (n=1250
cells from 24 FOVs from three experiments). 170BiP-mNG-PEST showed a significant
increase in response between 0.05 ug/ml and 0.5 pg/ml TUN treatment (n=24 FOVs
from three experiments; p<0.001, Kruskal Wallis test; p<0.001, Dunn’s multiple
comparisons test). However, there was no significant increase in response between
0.5 pg/ml and 2 pg/ml TUN (p=0.09 Dunn's multiple comparisons test). (D) Cumulative
distributions of mNG fluorescence in cells transfected with 195BiP-mNG-PEST and
treated with 0.05, 0.5 or 2 ug/ml TUN, relative to VEH (n=1250 cells from 24 FOVs
from three experiments). 195BiP-mNG-PEST showed a significant increase in
response between 0.05 pug/ml and 0.5 pg/ml TUN treatment (p<0.001, Kruskal Wallis
test; p<0.001, Dunn’s multiple comparisons test) and between 0.5 ug/ml and 2 pg/mi
TUN (p=0.02, Dunn's multiple comparisons test).
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Figure S2: Optimizing the orientation of promoter sequences in sUPRa

sUPRa incorporates two expression cassettes: a fragment of the BiP promoter
(195BiP) that drives the expression of mNeonGreen (mNG), and a constitutively active
short EF1a promoter (nEF) that drives the expression of a second fluorophore,
mScarlet (mSc), and enables the mNG signal to be normalized for cell-to-cell variability
in reporter copy number. To optimize sUPRa, we tested different arrangements of the
expression cassettes. (A) Schematic diagram of a construct using a back-to-back
configuration. (B) A construct using a back-to-back configuration separated by an
insulator (INS) sequence. (C) A construct with cassettes arranged sequentially, which
was the final configuration selected for sUPRa. (D) A construct with cassettes facing
one another. (E) NIH3T3 cells were transfected with one of the construct variants
shown in ‘A’ to ‘D’ and treated with either VEH (left) or 0.5 pg/ml TUN (right) for 20
hours, then fixed and imaged. mSc fluorescence did not differ significantly between
VEH and TUN treatments for all construct variants (n=8 FOVs from one experiment;
p>0.05, t tests). (F) mNG fluorescence was significantly increased with TUN for all
construct variants (n=8 FOVs from one experiment; p<0.001, t tests), and the mNG
fluorescence intensity was greatest for variant ‘C’ (sUPRa). (G) mNG:mSc
fluorescence ratio was significantly increased with TUN for all construct variants (n=8
FOVs from one experiment; p<0.001, t tests), and was greatest for variant ‘C’ (sUPRa).
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Figure S3: Dose-related responses to Tunicamycin at the individual cell level

(A) Cells from Figure 3C, expressing sUPRa and treated with a series of different TUN
doses (0, 0.05, 0.1, 0.5, 1.0, 1.5 and 2 pg/ml) showed a dose-dependent response
(n=1200 cells per dose; p<0.001, Kruskal-Wallis test). (B) Cells from Figure 3C,
expressing XBP1-Venus, showed a dose-dependent response to a series of TUN
doses (n=1000 cells per dose; p<0.001, Kruskal-Wallis test). (C) Cells from Figure 3C,
expressing SPOTIlight, showed a dose-dependent response to a series of TUN doses
(n=900 cells per dose; p<0.001, Kruskal-Wallis test).
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Figure S4: Response dynamics of sUPRa and XBP1-Venus at the individual cell
level
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(A) Cells from Figure 4C expressing sUPRa and treated with a 2-hour pulse of 2 ug/ml
TUN, followed by treatment washout. The cells showed a gradual increase in the
mNG:mSc ratio response, peaking at 12 hours and then recovering (n=800 cells per
dose; p<0.001, Kruskal-Wallis test). (B) Cells from Figure 4C expressing XBP1-Venus
and treated with a 2-hour pulse of 2 uyg/ml TUN followed by treatment washout. The
cells showed a modest increase in Venus fluorescence response post-washout, which
did not clearly recover by 72 hours (n=1000 cells per dose; p<0.001, Kruskal-Wallis
test).
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Figure S5: Endogenous XBP1 splicing in response to TUN treatment

(A) Uncropped image of agarose gels from Figure 4D, showing endogenous XBP1
transcript splicing in response to a 2-hour TUN treatment, before treatment washout
and recovery after washout for 96-hours. The final lane shows the negative control with
no template first strand. (B) Uncropped image of agarose gel from Figure 4D, showing
GAPDH transcripts as a control RT-PCR for first strand amount and integrity, though
bands were not used for normalisation. The 1kb DNA Plus ladder (Invitrogen) is shown
with markers 100 bp - 1.5 kb.



