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represent tertiary interactions. d Hoogsteen pair between PRF3p and FSE. e-g Major-groove base
triples between PRF3p and FSE base pairs in Stem 3. h Deletion of G19 in PRF3p (PRF3pAG)
results in a 1D-ASO that also disrupts stem 2.

Fig. 4 Design of SBD1 targeting the SARS-CoV-2 TRS.

a A previously reported ASO called TRS2 was proposed to bind to a hairpin loop .

b SBD1 with PMO backbone, with a variant T15A shown below. c-h Designed tertiary
interactions between SBD1 and viral RNA. i, Recent studies strongly suggest an alternative
conformation for the 5'-UTR. The hairpin residues in panel b (colored in green) are involved in
three stem-loop structures. j SBD1 has to disrupt SL3 but can engage in tertiary interactions with
SL2, similar to those shown in panels c, d, and f. k,I A 2D design (Sitelp5) is fully
complementary to the target sequence. Panels k and | illustrate how Sitelp5 is expected to
interact with the TRS region in the single-hairpin and alternative conformations, respectively.
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Fig. 5 Identification of lead 3D-ASO inhibitors.

a—e HEK293-hACE?2 cells was infected by the SARS-CoV-2 virus. ICC and total RNA extraction
were performed at 24 hpi. a ICC images of cells transfected with ASOs at 10 and 20 uM prior to
infection, stained for the spike antigen. The scale bars represent 200 um. b Quantification of spike-
positive cells. The data shown are average = SD. ¢ qRT-PCR quantification of viral RNA (a N-
coding sequence). The data were normalized to host GAPDH mRNA. Shown are average £ SD
from three (panel c) or four (panels d, e, f) independent repeats. d,e Dose-dependent inhibition by
PRF3p and SBD1, respectively, along with their variants. f Scatter plots of MTT cell viability
assays. Horizontal bars indicate means and error bars represent SD.
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Fig. 6 Hoogsteen-pairing residue of PRF3p is important for activity.

a,b Cellular SARS-CoV-2 viral inhibition assays comparing PRF3p and PRF3pAG (a), and
PRF3pA2 and PRF3pA2AG (b). c—i Test PRF3p and its variants using the dual luciferase PRF
reporter assay and HEK293 cells. c Illustration of the CoV2-FSE reporter construct. PRF3p is
designed to bind and disrupt the pseudoknot structure of FSE, interrupt recoding at the slippery
site, and cause translation to stop. 2A, also called StopGo, sequences reprogram translation to
produce isolated Firefly and Renilla luciferases rather than fusion proteins. d—i PRF reporter
activities of indicated ASOs. The data plotted are average = SD from 4 repeats.
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Table 1. PMO ASO sequences used

Description Sequence

Sitelp5* 5'-ATTTTAAAGTTCGTTTAGAGAACA-3’
TRS2* 5'-TAAAGTTCGTTTAGAGAACAG-3'
SBD1* 5'-CGTTTAGAGAACAGTTTCT-3’
SBD1-T15A* 5'-CGTTTAGAGAACAGATTCT-3'

PRF3p 5'-GATGTCAAAAGCCCTGTAGTAC-3’
PRF3pA2 5'-TGTCAAAAGCCCTGTAGTAC-3'
PRF3pAG 5'-GATGTCAAAAGCCCTGTATAC-3’
PRF3pA2AG 5'-TGTCAAAAGCCCTGTATAC-3’
PRF3pG19C 5'-GATGTCAAAAGCCCTGTACTAC-3'
Standard Control 5'-CCTCTTACCTCAGTTACAATTTATA-3’

Standard Control with  5'-CCTCTTACCTCAGTTACAATTTATA-3'-Fluorescein
3’ Fluorescein

*The sequence shared among the four sequences are underlined.
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