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Table S1: Selectivity values for G5-443902 against flavivirus RdRps.

Table S2: Selectivity values for GS-646939 against flavivirus RdRps.

Table S3: Inhibitory effect of the incorporated analog-monophosphate on the
incorporation of the subsequent nucleotide.

Table S4: Inhibitory effect of templated RDV-MP against JEV, WNV, YFV, and ZIKV
RdRps.

Figure S1. Selective incorporation of GS5-646939 and GS-443902.

Figure S2. WNV, YFV, and ZIKV RdRp-catalyzed RNA synthesis and inhibition
patterns following incorporation of a single GS-443902.

Figure S3. Product formation over time following ATP or GS-443902 incorporation by
DENV-2 and ZIKV RdRps.
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Figure S4. WNV, YFV, and ZIKV RdRp-catalyzed RNA synthesis and inhibition

patterns following incorporation of a single GS-646939.

Figure S5. Template-dependent inhibition of DENV-2 and WNV RdRps by a single

embedded GS-646939 residue at position 11.

Table S1: Selectivity values for GS-443902 against flavivirus RdRps.

ATP
Vimax® Vimax Selectivity®
Virus (product Kub (UM) Vmax/Km (product K (UM) Vimax/Km
fraction) fraction) (fold)
DENV-2f 11.1
0.90 0.18 5.0 0.89 2.0 0.45
+d 0.018 0.016 0.025 0.23
JEVe 6.8
0.74 5.5 0.13 0.27 14 0.019
+ 0.035 1.0 0.029 4.8
WNVR 6.8
0.83 0.18 4.6 0.75 1.1 0.68
* 0.014 0.014 0.0072 0.036
YFVi 10.4
0.84 0.16 5.3 0.76 1.5 0.51
* 0.0024 0.0021 0.0084 0.052
ZIKVi 6.5
0.73 0.086 8.5 0.69 0.55 1.3
* 0.011 0.0069 0.016 0.049
h-
mtRNAPk 508!




2 Vmax is a Michaelis—-Menten parameter reflecting the maximal velocity of nucleotide incorporation.

b Km is a Michaelis—-Menten parameter reflecting the concentration of the nucleotide substrate at which the

velocity of nucleotide incorporation is half of Vimax.
¢ All reported values have been calculated based on an 8-data point experiment repeated at least 3 times

(n=3).

d Standard error associated with the fit.

e Selectivity of a viral RNA polymerase for a nucleotide substrate analog is calculated as the ratio of

the Vmax/Kn values for NTP and NTP analog, respectively.

fDengue virus
g Japanese encephalitis virus

h West Nile virus
iYellow fever virus

iZika virus
k Human mitochondrial RNA polymerase

1 Data from Tchesnokov et al. (1)

Table S2: Selectivity values for G5-646939 against flavivirus RdRps.

ATP GS-646939
Vimax® Vimax Selectivitye
Virus (product KmP (UM) Vmax/Km (product K (UM) Vimax/Km
fraction) fraction) (fold)
DENV-2f 7.0
0.90 0.18 5.0 0.92 1.3 0.71
+d 0.018 0.016 0.022 0.097
JEVe 34
0.74 5.5 0.13 0.35 9.3 0.038
* 0.035 1.0 0.034 3.1
WNVR 5.1
0.83 0.18 4.6 0.75 0.82 0.91
* 0.014 0.014 0.0039 0.015
YFVi 5.8
0.84 0.16 5.3 0.82 0.89 0.92
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* 0.0024 0.0021 0.016 0.061

ZIKVi 4.0
0.73 0.086 8.5 0.75 0.36 2.1

* 0.011 0.0069 0.018 0.036

h-mtRNAPk 15401

2 Vmax is a Michaelis-Menten parameter reflecting the maximal velocity of nucleotide incorporation.

b Km is a Michaelis—-Menten parameter reflecting the concentration of the nucleotide substrate at which the
velocity of nucleotide incorporation is half of Vimax.

¢ All reported values have been calculated based on an 8-data point experiment repeated at least 3 times
(n=3).

4 Standard error associated with the fit.

e Selectivity of a viral RNA polymerase for a nucleotide substrate analog is calculated as the ratio of

the Vmax/Kn values for NTP and NTP analog, respectively.

f Dengue virus

8 Japanese encephalitis virus

h West Nile virus

Yellow fever virus

iZika virus

k¥ Human mitochondrial RNA polymerase

! Data from Gordon et al. (2)

Table S3: Inhibitory effect of the incorporated analog-monophosphate on the
incorporation of the subsequent nucleotide.

Virus Primer 3’-end (base)? Substrate Vmax% (product Km¢ (uM) Vmax/Km Inhibition?
fraction) (fold)

AMP 0.77¢+0.0080f | 0.029+0.0013 | 27 Ref.s

DENV-2h GS-646939 (MP) UTP 0.57 £0.016 132£12 0.0043 >1000
(GS-443902 (MP) 0.73£0.011 0.33 £0.020 22 12
AMP 0.45 +0.022 0.35+0.071 1.3 Ref.

JEVi GS-646939 (MP) UTP 0.0082 £ 0.0029 | 127 + 149 0.000065 >1000
GS-443902 (MP) 0.18 £ 0.0058 1.5+0.15 0.12 11

WNVi AMP UTP 0.63 +0.0024 0.022 £ 0.00039 | 29 Ref.
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GS5-646939 (MP) 0.57 +0.0050 116 £3.4 0.0049 >1000
(GS-443902 (MP) 0.56 +0.0066 0.38+0.018 1.5 19
AMP 0.50 +0.0058 0.016 +0.00089 | 31 Ref.
YFVk GS-646939 (MP) UTP 0.18 +0.051 406 + 268 0.00044 >1000
GS5-443902 (MP) 0.38 +0.0020 0.90+0.017 0.42 74
AMP 0.58 +0.0066 0.026 +0.0013 | 22 Ref.
ZIKV! GS5-646939 (MP) UTP 0.11 +0.0054 11+2.6 0.010 >1000
(GS-443902 (MP) 0.32+0.016 0.053 +0.010 6.0 3.7

aDenotes that the 3'-end of the primer is terminated by the monophosphate form of the respective
nucleotide.

b Vmax is a Michaelis—-Menten parameter reflecting the maximal velocity of nucleotide incorporation.

¢Km is a Michaelis—-Menten parameter reflecting the concentration of the nucleotide substrate at which the
velocity

of nucleotide incorporation is half of Vmax

dInhibition of subsequent nucleotide incorporation is calculated as the ratio of Vmax/Km values for UTP
determined

on primers terminated with AMP, GS5-646939, or G5-443902

e All reported values have been calculated based on an 8-data point experiment repeated at least 3 times
(n=3)

fStandard error associated with the fit

g Reference

fDengue virus

¢ Japanese encephalitis virus

h West Nile virus

Yellow fever virus

iZika virus
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Table S4: Inhibitory effect of templated RDV-MP against JEV, WNV, YFV, and ZIKV

RdRps.
Relative inhibition®
Enzyme Template UTP (uM)? (Ratio of concentrations, fold)
“A” 0.11 Ref.
JEVe
g 7 65.9 599
“A” 0.042 Ref.
WNVd
" 4 1 3 . 3 317
“A” 0.033 Ref.
YFVe
g 7 1 2 . 2 3 70
“A” 0.029 Ref.
ZIK V!
g 7 2 . 1 3 73.4

aConcentration of UTP at which 50% of RNA products generated are beyond position 10.
bFold excess of UTP required to overcome the inhibitory effect of G5-443902 embedded in the template,
relative to the natural nucleotide.
¢ Japanese encephalitis virus

d West Nile virus
¢ Yellow fever virus
t Zika virus
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Figure S1. Selective incorporation of GS-646939 and GS-443902. A, RNA primer/template substrate used
in the RNA synthesis assays to test G5-443902 and GS-646939 as substrates for incorporation as ATP-
analogues is shown above the gel. G indicates incorporation of the radiolabelled nucleotide opposite
template position 5. Position ‘i” allows incorporation of ATP or ATP analogues. B, NTP incorporation was
monitored with purified YFV RdRp complex in the presence of [a-*2P]-GTP, RNA primer/template, MgCl,
and increasing concentrations of ATP and ATP substrate analogues. Lane m illustrates the migration
pattern of the radiolabelled 4-nucleotide-long primer. C, Graphic representation of the data for
incorporation of ATP and ATP-analogues. D, Kinetic parameters and efficiency of ATP, GS-646939, and
(GS5-443902 incorporation by YFV RdRp. Efficiency is determined as the quotient of Vmax over Km. Selectivity
is the quotient of ATP efficiency over ATP-analog efficiency.
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Figure S2. WNV, YFV, and ZIKV RdRp-catalyzed RNA synthesis and inhibition patterns following
incorporation of a single GS-443902. A, RNA primer/template supporting a single incorporation of ATP
or GS-443902 at position 6 (i). G indicates incorporation of [a-2P]-GTP at position 5. B, migration pattern
of the products of RNA synthesis catalyzed by WNV RdRp. A 5’-32P-labelled 4-nt primer (4) serves as a size
marker (m). RNA products formed at and beyond the asterisk indicate slippage products that may be a
result of RARp nucleotide transferase activity. C, migration pattern of products of RNA synthesis catalyzed
by YFV RdRp. D, migration pattern of products of RNA synthesis catalyzed by ZIKV RdRp. WNV, West
Nile virus; YFV, yellow fever virus; ZIKV, Zika virus.
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Figure S3: Product formation over time following ATP or GS-443902 incorporation by DENV-2 and
ZIKV RdRps. A, RNA primer/template supporting a single incorporation of ATP or G5-443902 at position
6 (i) and UTP at position 7. G indicates incorporation of [a-2P]-GTP at position 5. B, migration pattern of
RNA products resulting from DENV-2 and ZIKV RdRp-catalyzed RNA extension of an incorporated ATP
(left) or GS-443902 (right) in the presence of UTP as a function of time. A 5’-32P-labelled 4-nt primer (4) serves
as a size marker. RNA products formed at and beyond the asterisk likely attributed to read-through caused
by misincorporation at position 8. C, quantification of B where the sum of RNA products generated beyond
position 6 was plotted as a function of time. Signal generated beyond position 6 was normalized as a
percentage to the highest signal generated for that enzyme. DENV-2, Dengue virus; ZIKV, Zika virus.
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Figure S4. WNV, YFV, and ZIKV RdRp-catalyzed RNA synthesis and inhibition patterns following
incorporation of a single GS-646939. A, RNA primer/template supporting a single incorporation of ATP
or GS-646939 at position 6 (i). G indicates incorporation of [a-32P]-GTP at position 5. B, migration pattern
of the products of RNA synthesis catalyzed by WNV RdRp. A 5’-32P-labelled 4-nt primer (4) serves as a size
marker (m). RNA products formed at and beyond the asterisk indicate slippage products that may be a
result of RARp nucleotide transferase activity. C, migration pattern of products of RNA synthesis catalyzed
by YFV RdRp. D, migration pattern of products of RNA synthesis catalyzed by ZIKV RdRp. WNV, West
Nile virus; YFV, yellow fever virus; ZIKV, Zika virus.
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Figure S5. Template-dependent inhibition of DENV-2 and WNV RdRps by a single embedded GS-
646939 residue at position 11. A, RNA primer/template with an embedded adenosine (Template “A”, left)
and (Template “GS-646939”, right) position 11. G indicates incorporation of [a-32P]-GTP at position 5. B,
migration pattern of products of RNA synthesis catalyzed by the DENV-2 RdRp on Template “A” (left) and
Template “GS-646939” (right). MgClz, [a-32P]-GTP, and ATP were provided to the reaction to support RNA
synthesis up to position 10. Increasing concentrations of UTP were supplemented to the reactions to
monitor incorporation opposite adenosine or G5-646939 at position 11 and templated adenosines from
position 12 to 20. A 5’-32P-labelled 4-nt primer (4) serves as a size marker (m). RNA products formed at and
beyond the asterisk indicate slippage products that may be a result of sequence-dependent slippage events
or RdRp nucleotide transferase activity. DENV-2, dengue virus; WNV, West Nile virus.
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