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Supplementary Figure 1
Time-dependent analysis of the drug-induced preservation of Gal4-based TFs containing NS3 after treatment of cells with grazoprevir.

Stable cell lines expressing either Gal4pg-NS3-Gal4ta or Galdpg-NS3-VP64 were treated with 5 uM grazoprevir for the indicated times
prior to cell lysis in SDS-PAGE loading buffer and subsequent analysis by western blot. The drug-induced preservation of intact TF
copies was determined via the detection of bands corresponding to the intact masses of each TF. Western blots showing the
preservation of full-length copies of (a) Gal4ps-NS3-Gal41a (60.6 kDa), and (b) Gal4ps-NS3-VP64 (57.8 kDa) are displayed. Times refer
to the number of minutes over which cells were exposed to drug prior to lysis. Western detection of the TFs was achieved via an HRP-
conjugated anti-HA primary antibody, followed by an HRP-conjugated secondary antibody.
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Supplementary Figure 2

Activation of a UAS H2B-Citrine reporter gene in cells expressing Gal4pg-NS3-Gal41a in response to treatment with various NS3
inhibitors.

A Cho-K1 reporter cell line constitutively expressing Gal4pg-NS3-Gal4ta was treated with NS3 inhibitors at varying concentrations and
the drug-induced expression of the H2B-Citrine reporter protein was subsequently quantified via flow cytometry. We note that the NS3
sequence used to construct the LInC module contains the T54A mutation, which confers resistance against telaprevir and boceprevir.
Geometric means are displayed as mean * s.d., as determined by three biologically independent samples.
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Supplementary Figure 3

Characterization of the rTetR-NS3-VP64-p65 ‘turn-on’ TF.

(a) Schematic depicting the “AND” gate behavior of rTetR-NS3-VP64-p65; the presence of both doxycycline (to induce rTetR binding to
tetO sequences) and an NS3 inhibitor (BILN-2061) are required in order to activate transcription from the tetO-containing TRE
promoter. (b) Comparison of BFP expression levels in Cho-K1 cells co-transfected with DNA encoding rTetR-NS3-VP64-p65 and a
TRE BFP reporter construct. Cells were treated with either doxycycline, BILN-2061, or both drugs at the indicated concentrations for 24
hours prior to BFP quantification via flow cytometry. The extent of background activation was assessed through comparison with cells
transfected with reporter DNA only. Geometric means are displayed as mean + s.d., as determined by three biologically independent
samples.
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Supplementary Figure 4
Reversibility of drug-induced ‘turn-on’ TF preservation.

(@) HEK 293FT cells transfected with DNA encoding rTetR-NS3-VP64-p65 were “pulsed” with drug (5 uM BILN-2061, 24 h) and
subsequently “chased” with drug-free media for the indicated times. Following each chase, cells were lysed in SDS PAGE loading
buffer and the lysates were subsequently analyzed via western. Intact rTetR-NS3-VP64-p65 (93.3 kDa) and the VP64-p65 cleavage
product (42.0 kDa) were detected via fused HA tag. NT refers to a non-transfected control. (b) The reversibility of transcriptional
activation by Gal4ps-NS3-VP64 was analyzed using a luciferase-based reporter assay. Applying BILN-2061 and grazoprevir as
inducers, a pulse-chase analysis was carried out in which cells were treated with drug, then withdrawn from drug for chase periods of
the indicated times. At the end of the time course, the luciferase activity of cells was quantified using a luminescence assay. The data
were obtained using Cho-K1 reporter cells (UAS-H2B-Citrine) containing a stably-integrated Gal4pg-NS3-VP64 construct. The cells
were transfected with a Gal4-dependent luciferase reporter construct (5xGAL4-TATA-luciferase) and treated with 3 yM BILN-2061 or
grazoprevir 16 h later. The first chase was initiated at the 12 h time point after drug addition. “Last 12" refers to control cells that were
transfected and maintained in drug-free media, and treated for only the last 12 hours preceding cell lysis. Signal from the “Last 12”
samples confirmed that the diminished luciferase activity measured in the chased cells was not due to their decreased drug exposure
durations. Luminescence values were nomalized to signal from a co-transfected NanoLuciferase control construct
(pPNL1.1.TK[NIuc/TK]). Values are displayed as mean * s.d., as determined by three biologically independent samples.



a. £ s 5‘: b. c
83 o 3 33 3500
oo @ 5
T 2a B T %9 = TMD-NS3-Gal4,,,
w = c=
> £ 297 ¢ 8§58 ¢ 3000
E % 2 2565% 58 5% 2 == Myr-palm-NS3-Gal4,p,;,
z O EZ+FO 59350 % 2500
., TMD- ~
80 kDa - NS3-Gal4,,, £ 2000 .
§ &
65 kDa 65 kDa Myr-palm- 1500
NS3-Gal4, 2
g 1000
50 kDa 50 kDa 04 500 ﬂ ﬂ ﬂ [
40 kDa —— Gal4,, 40 kDa - Gald iy 0 ﬂ
O D
30 kDa &°§§§§$§o‘\
I BT et AT Y Y oY o
25 kDa Gal4-vP64 <X O Qo(\
Gal4 DB Domain Gal4 DB Domain QU
47 kDa - 47 kDa
H2B Citrine H2B Citrine
LR R——— 15 KDa w——
H2B (endogenous) H2B (endogenous)
Supplementary Figure 5

Drug-induced gene downregulation via the ‘turn-off’ TFs TMD-NS3-Gal4min and myr-palm-NS3-Gal4 mn.

Western blotting using an antibody against the Gal4 DB domain was used to confirm the drug-induced preservation of intact versions of
(a) TMD-NS3-Gal4 i, (96.3 kDa) and (b) myr-palm-NS3-Gal4n, (62.9 kDa) in cells treated with BILN-2061 (3 uM). In the absence of
drug, bands corresponding to cleaved Gal4min (29.2 kDa) domains were observed. DNAs encoding the “turn-off’ TFs were transfected
into HEK 293FT cells containing a stably integrated Gal4-dependent reporter gene (UAS H2B-Citrine). H2B-Citrine (45.5 kDa) was
detected via an anti-histone H2B antibody, and expression of the reporter was observed only in the lysates of drug-untreated cells.
Lysates from cells containing either the constitutively active Gal4-VP64 TF (23.3 kDa), or a proteolytically inactivated version of TMD-
NS3(S139A)-Gal4nin were used as controls. (¢) The drug-induced downregulation of the UAS H2B-Citrine construct via TMD-NS3-
Gal4nin or myr-palm-NS3-Gal4mn was monitored in transfected HEK 293FT reporter cells treated with grazoprevir at the indicated
concentrations via flow cytometry. Geometric means are displayed as mean * s.d., as determined by three biologically independent
samples.
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Supplementary Figure 6
Time-dependent western blotting analysis tracking the degradation of cleaved Gal4 i, domains.

HEK 293FT cells transfected with DNAs encoding either TMD-NS3-Gal4, or TMD-NS3-Gal4,,-PEST were grown without inhibitor
until treatment with 3 uM grazoprevir at the indicated times prior to lysis in SDS PAGE loading buffer and subsequent analysis by
western blot. Detection of the intact and cleaved states of each protein was achieved via labeling with an anti-Gal4 DB antibody on
western blots loaded with lysates from cells expressing (a) TMD-NS3-Gal4min, or (b) TMD-NS3-Gal4mn-PEST. Bands corresponding to
the full-length version of each construct (“Full Construct”) were detected only in lanes loaded with lysates from drug-treated cells. The
intensity of the “Full Construct” bands grew over time, indicating accumulation of the intact proteins following NS3 inhibition. Bands
corresponding to cleaved Gal4in and Gal4in-PEST were also observed (“Cleaved TF”), the intensities of which diminished over time.
The half-life of the Gal4in-PEST was attenuated relative to that of Gal4min. The PEST domain used was derived from the C-terminal
region of mouse ornithine decarboxylase (Loetscher, P. et al. (1991) J. Biol. Chem. 266, 15: 11213-11220), which has previously been
used to generate a “destabilized” version of GFP with a reduced half-life of 2 h (Li, X. et al. (1998) J. Biol. Chem. 273, 52:34970—
34975).
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Supplementary Figure 7
Drug-dependent nuclear localization of the dCas9-based ‘turn-on’ TF in cells expressing dCas9-NS3-NLS/VPR.

(a) Transfected Hela cells were treated with BILN-2061 at the indicated concentrations for 24 h prior to fixation/permeabilization and
subsequent staining using anti-Cas9 antibody and DAPI. Scale bar, 25 ym. (b) The extent of nuclear anti-dCas9 signal in cells was
determined via a “line” analysis of the pixel intensities along the indicated axes (red) using the ImageJ-based image analysis software
FIJI. Anti-dCas9 signals are plotted alongside DAPI intensities.
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Supplementary Figure 8
Drug-induced activation of a fluorescent reporter gene using dCas9-NS3-NLS/VPR.

The expression of an H2B-Citrine reporter protein in transfected HEK 293FT containing a plasmidic reporter construct (UAS H2B-
Citrine), and DNAs encoding dCas9-NS3-NLS/VPR and a corresponding UAS-binding sgRNA. The drug-induced expression of H2B-
Citrine was observed via (a) flow cytometry, and (b) fluorescence microscopy. Cells treated with grazoprevir at the indicated
concentrations were analyzed 24 hours after drug treatment. For the flow cytometry data, the displayed values are normalized to control
cells transfected with the UAS H2B-Citrine reporter and DNA encoding dCas9-NS3-NLS/VPR, but lacking sgRNA. Geometric means
are displayed as mean * s.d., as determined by three biologically independent samples. For the fluorescence microscopy images,
green corresponded to emission from the H2B-Citrine reporter protein, and red corresponds to a constitutively expressed mCherry
encoded by the sgRNA plasmid. Scale bar, 25 pm.
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Supplementary Figure 9
Comparison of drug-induced CXCR4 expression in HEK293FT cells via distinct sgRNA sequences.

sgRNAs targeting the endogenous human promoter of CXCR4 (sgC2 and sgC3, adapted from Zalatan et al. (2015) Cell, 160, 1-2:339—
350) were co-transfected into HEK 293FT alongside DNAs encoding either dCas9-VPR, or dCas9-NS3-NLS/VPR. The extent of
CXCR4 upregulation was subsequently quantified by flow cytometry using a fluorescently-labeled anti-CXCR4 antibody. Cells
containing dCas9-NS3-NLS/VPR were analyzed under drug-treated and untreated conditions (BILN-2061, 3 yM), and compared to
catalytically inactive dCas9-NS3-NLS/VPR (NS3 “S139A” mutant), dCas9-VPR containing, and non-transfected HEK 293FT cells
(control). Antibody staining of live cells was carried out 24 h following transfection/drug-treatment. Geometric means are displayed as
mean * s.d., as determmined by three biologically independent samples.
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Supplementary Figure 10

Inducible gene activation using MCP-NS3-VP64.

(a) Schematic of inducible dCas9-mediated transcription via conditional preservation of an sgRNA-binding protein (MCP-NS3-VP64).

MCP (MS2 coat protein) binds MS2 hairpin-modified sgRNA and localizes the VP64 TA domain to the DB scaffold in order to mediate
gene activation drug-treated cells. (b) Drug-induced activation of a TRE H2B-Citrine reporter protein (yellow) via the co-expression of

dCas9, MCP-NS3-VP64, and sgRNA targeting the TRE3G promoter. Positively transfected cells were identified via the detection of a
co-transfected fluorescent marker (mTurquoise2, rendered in red). Drug-treated cells were exposed to BILN-2061 (3 pM) for 24 h

before imaging. Scale bar, 25 ym.
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Supplementary Figure 11

(a) Images of DII1-NS3 mediated cell-cell signaling captured via epifluorescence microscopy under 10x magnification. Cho K1-derived
“sender” cells expressing DII1-NS3 (DII1-NS3-mCherry; magenta) were co-cultured in the presence of “receiver’ cells expressing
human Notch-1 as well as constitutive H2B-Cerulean (cyan) as a fluorescent marker. Notch activation was determined via the
expression of an NICD-dependent H2B-Citrine reporter construct in receiver cells (12xCSL H2B-Citrine; vellow). Cells were cultured
together in the absence or presence of 1.5 uM BILN-2061 for 72 h prior to imaging. Scale bar, 100 um. (b) Additional representative
images of DII1-NS3-mCherry mediated cell-cell signaling at 40x magnification. Scale bar, 25 pm.(c¢) Fluorescence intensities from
nuclear H2B-Citrine in individual receiver cells was quantified via analysis of images from untreated and drug-treated co-cultures.
Expression of the NICD-dependent reporter was compared between receiver cells that were in direct contact with sender cells, as well
as those that were distant from sender cells. Values are displayed as a Tukey-style box plot with mean values (crosses) and n = 110,
103, 206, and 159 individual cells analyzed per group (from left to right). Whiskers extend to the most extreme data point no more than
1.5x the interquartile range (Q3 — Q1) from the box edge, and data points beyond this range are plotted individually.
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Supplementary Figure 12
Data regarding the general gating procedures using in flow cytometry analyses.

(a) All live cells were gated using FSC and SSC as represented by the area enclosed within the black line. (b) A positive transfection
gate was made by gating for the top 1% fluorescing WT cells. (c) The positive transfection gate was then applied to all transfected cell
populations. Geometric mean of reporter fluorescence was then measured from positively transfected cells.



Supplementary Table 1. Reported cytotoxicities and selectivities of the inducers used in

this study

derived from the
HuH-7 cell line

Inhibitor | SCCso (MM) | Cells Tested CCso Method Selectivity
Asunaprevir | 11 — 38 MT-2, HEK-293, MTS assay for MT-2 | “IC50 > 50 mM for PPE, human chymotrypsin,
(BMS- (Ref. 21) HuH-7, HepG2, and | cell line; human cathepsin B; IC50 > 5 mM human
650032) MRCS5 cell lines mitochondrial cathepsin A; IC50 > 30 mM trypsin, thrombin,
activity assay factor Vlla, factor Xa, factor Xia, kallikrein.”
(resazurin) for all (Ref. 21)
other lines
BILN-2061 33 HuH-7 cell line MTT assay See note for danoprevir selectivity for
(Ciluprevir) | (Ref. 22) discussion regarding a direct comparison
between BILN-2061 (a.k.a., ciluprevir),
danoprevir, and telaprevir.
Danoprevir 75 - 340 Huh-7 cell line, and ATP detection “In contrast to the highly potent inhibition of
(ITMN-191) | (Ref. 23) primary cultures of NS3/4A by ITMN-191, none of a panel of 53
normal human proteases was inhibited more than 50% by a 10
hepatocytes, UM screening concentration, indicating an IC50
microvascular higher than 10 uM against every protease in
endothelial cells, the panel (Table 2). Ciluprevir inhibited eight
human skeletal proteases and telaprevir inhibited nine
muscle myoblasts, proteases in the same panel at levels between
human cardiac 50% and 100%, which indicated that their
myocytes, human IC50s against these proteases were 10 uM or
cardiac fibroblasts, less ... Neither ITMN-191 nor telaprevir showed
human articular appreciable activity against a broad panel of
chondrocytes, ion channels, receptors, and transporters, while
human lung ciluprevir inhibited human [potassium channel]
fibroblasts, and ERG ... From these data, the specificity index
renal proximal of ITMN-191, defined as the ratio of IC50s
tubule epithelial cells against nontarget enzymes (>10 yM) to its
IC50 against full-length genotype 1b NS3/4A
reference protein (K2040) (0.29 nM) ... was
more than 35,000-fold. Calculated in a similar
fashion, the biochemical specificity indexes of
ciluprevir and telaprevir were less than 14,000~
fold and less than 77-fold, respectively.” (Ref.
23)
Grazoprevir | >50 HB1 and JFH MTS assay “Grazoprevir (GZR, MK-5172) exhibited
(MK-5172) (Ref. 24) replicon lines >25,000-fold selectivity with respect to HCV

protease (GT1, 4 and 6) versus human serine
protease inhibition, as evaluated with elastase
and trypsin (IC50>100 mM) and chymotrypsin
(IC50~1.5 yM). In addition, GZR exhibited
similarly high selectivity with respect to enzyme
and receptor binding of unintended targets with
binding activity (IC50 <10 pM) only observed to
matrix metalloproteinase-1 & 12 (IC50 ~1.5 &
6.9 uM), lipoxygenase 5-LO (IC50 ~2.8 uM),
prostanoid FP (IC50 ~6.5 uM) and hERG (IC50
~3.3 pM). Clinical significance of this
unintended binding/activity of EBR and/or GZR
appears unlikely.” (Ref. 25)

$ CC50 corresponds to the reported drug concentrations at which 50% cytotoxicity was observed.



