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ABSTRACT: Treatment of dengue virus (DENV) and other
flavivirus infections is an unmet medical need. The highly conserved
flaviviral NS5 RNA-dependent RNA polymerase (RdRp) is an
attractive antiviral target that interacts with NS3 and viral RNA
within the replication complex assembly. Biochemical and cell-based
evidence indicate that targeting cavity B may lead to dual RdRp and
NS5−NS3 interaction inhibitors. By ligand-based design around 1H-
pyrido[2,1-b][1,3]benzothiazol-1-one (PBTZ) 1, we identified new
potent and selective DENV inhibitors that exert dual inhibition of
NS5 RdRp and NS3−NS5 interaction, likely through binding cavity
B. Resistance studies with compound 4 generated sequence variants
in the 3′-untranslated region of RNA while further biochemical
experiments demonstrated its ability to block also RNA-NS5
interaction, required for correct RNA synthesis in cells. These
findings shed light on the potential mechanism of action for this class of compounds, underlying how PBTZs are very promising lead
candidates for further evaluation.
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The dengue virus, constituted by four serotypes (DENV1−
4), causes the most common arboviral disease1 and

represents a significant global health threat in 2019.2 Indeed,
worldwide spread of DENV is constantly growing due to the
adaptability of Aedes aegypti mosquito vectors to urban
developments.3 The same mosquito vector also transmits
flaviviruses such as Zika (ZIKV), West Nile (WNV), and
Yellow fever viruses (YFV). Over 300 million DENV infections
occur annually, of which 25% of cases manifest clinical
symptoms ranging from mild flu-like illness to severe dengue
hemorrhagic fever and shock syndrome, associated with high
hospitalization rate and mortality. No antiviral drugs are
available to treat these infections and the live-attenuated
tetravalent vaccine Dengvaxia (CYD-TDV, Sanofi-Pasteur),
approved in 20 endemic countries,4 shows limited efficacy and
safety. Indeed, from 2018 the vaccine administration has to
follow specific guidelines: it is limited to 9−45 years old people,
and it is strongly discouraged in seronegative individuals because
of the possible increased risk of severe dengue, through the
antibody-dependent enhancement.5 Therefore, new therapeu-
tics against DENV are needed. Moreover, broad-spectrum
antiflaviviral compounds would be particularly desirable and
their identification could be possible due to structural and
functional similarities among all genus members.

DENV is a small enveloped virus whose genome is formed by
a positive single-strand RNA (≈11 kb), with nearly 70% of
sequence identity among the four serotypes (DENV1−4), and
consisting of a single open reading frame (ORF), flanked by 5′
and 3′ untranslated regions (UTRs) with a type I cap at the 5′
terminus.6 The UTRs cover structural and functional roles
forming secondary and tertiary RNA structures involved in the
switching between replication and translation of the genome.7

TheORF encodes for a polyprotein precursor (≈3300 aa) that is
cleaved by host and viral proteases into three structural and
seven nonstructural (NS) proteins.6 Some NS proteins exert
enzymatic functions essential for viral replication: NS3 exerts
protease, ATPase/helicase, and RNA 5′-triphosphatase activ-
ities while NS5 exerts both RNA-dependent RNA polymerase
(RdRp) and methyltransferase activities.8 Moreover, NS5 and
NS3 interact and colocalize in host cells for the correct assembly
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of replication complex (RC), a macromolecular machine that
includes viral transient double-strand RNA, NS and host
proteins in tight association. Although the exact RC components
are not yet well understood, interactions of NS3 with NS5 which
in turn interact with the UTRs are essential for RNA replication
and infectious virions production.9−12 To date, the NS3−NS5
3D structure is still not available, although the NS5 cavity B and
an area of NS3 have already been reported as the main surfaces
responsible for this interaction.10,12 In particular, Leu327,
Leu328, Lys330, Thr858, Trp859, Asn862, Ile863, and Ala866
of cavity B from DENV2 RdRp have been identified as hot spots
for the protein−protein interaction (PPI) and essential for viral
replication.10,12 Those residues are well conserved across
DENV1−4 (100% identity), and high identity was also observed
in WNV and ZIKV (Table S1). Alanine replacement of Leu328,
Trp859, and Ile863 abrogated the de novo RNA synthesis while
Lys330Ala mutant was still able to synthesize RNA but it cannot
bind to NS3 and impaired virus replication.12 Thus, cavity B
provides a site for RdRp allosteric inhibitors and/or for blockers
of NS3−NS5 PPI. Nucleoside and non-nucleoside RdRp
inhibitors have made a huge impact on the treatment of
hepatitis C virus infections, a related member of the Flaviviridae
family. However, no effective small molecules targeting NS5
through binding to cavity B and thus showing potent inhibition
of RdRp and/or NS3−NS5 interaction have been identified.
Only a purine derivative able to weakly inhibit the NS3−NS5
interaction has been recently reported.13 A few years ago, we
reported a 1H-pyrido[2,1-b][1,3]benzothiazol-1-one (PBTZ)
(1) (see Table 1 for the structure), that was able to inhibit
DENV3 (IC50DENV3 = 1.5 ± 0.2 μM) and WNV RdRps in the
μM range also showing broad-spectrum antiflavivirus activity.14

More recently, starting from compound 1 as template, we
designed a C-2/C-8 modified PBTZ series. These compounds
displayed antiviral activity against DENV1−4, WNV, YFV, and
other flaviviruses whereas they were inactive against other RNA
viruses.15 Moreover, the antiviral effect did not rely on the
reduction of viral RNA synthesis or virion release but rather to
the reduced infectivity of viral particles, suggesting a viral factor
as possible target. Nevertheless, we were unable to identify the
antiviral mode of action (MoA) of PBTZs at the molecular level
due to the failure to select resistant mutants.15

In this contribution, in order to elucidate the MoA of our
compounds and to extend the ligand-based strategy, we explored
a further C-8modification (compound 2), the variation of theC-
4 amide side chain (compounds 3−8), and a core size reduction
of the PBTZ scaffold (compounds 9−11) (Table 1). Target
PBTZ derivatives 2−9 were synthesized (Scheme 1) through
functionalization of the PBTZ core according to a procedure
already reported by us.16 The chemistry section, experimental
details, and analytical data are reported in the Supporting
Information. Pyridones 10 and 11 were prepared by following
the synthetic route depicted in Scheme 2, and also in this case all
the details are described in the Supporting Information.
All the synthesized compounds 2−11 were subjected to in

vitro DENV2 NS5 polymerase assays (both de novo initiation
and elongation assays) as previously described17 using purified
recombinant full-length protein (Table 1 and Figure 1A). In vitro
antiviral efficacy assays against DENV2 infection in human
hepatoma cells (HuH7) were initially carried out using an
inhibitory concentration of 10 μM in order to select compounds
for subsequent detailed dose−response testing from 0.01 to 100
μM to calculate the effective concentration that results in 50%

Scheme 1a

aReagents and conditions: (i) Cycloheptanol, PPh3, DIAD, dry THF, 0 °C to rt, ultrasounds; (ii) NaH 60%, diethylcarbonate, dry THF, reflux; (iii)
DMF-DMA, dry DMF, 80 °C; (iv) phenylacetic anhydride, 110 °C, neat; (v) 10% NaOH, MeOH, 70 °C; (vi) R-NH2, TBTU, DIPEA, dry DMSO,
rt; (vii) 1 N LiOH, dioxane, rt; (viii) ethanolamine, reflux; (ix) ethylene glycol, Dowtherm A, MW irradiation, 250 °C.
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reduction in infective virus particles (EC50). The compound
toxicity was determined using the commercial CellTiter-Glo
luminescence assay to obtain CC50 values, and then the
selectivity index (SI; CC50/EC50) was evaluated (Table 1 and
Figure 1B). Compound 1, which was shown to inhibit both
DENV3 RdRp and viral replication in our previous study,14 was
included for comparative purpose, notably retaining a similar
overall biological profile despite different experimental con-
ditions.Moreover, the chemically unrelated nucleoside analogue
NITD-00818 was used as positive control in the in vitro cell-
based infection assays (Table 1).
In biochemical assays, C-4 aminoacyl PBTZs 2−5 showed

good inhibition (>70%) of RdRp elongation activity at 30 μM
with IC50’s ranging from 9.2 to 37.8 μM, while they were less
effective or even inactive in the initiation phase, similar to parent
compound 1. The presence of a bigger cycloheptyl ether at the
C-8 position gave the equally potent compound 2 with respect
to hit compound 1. Changing the amino acidic residue at the C-
4 amide side chain did not have a heavy effect on the RdRp
inhibitory potency, with the nonaromatic Ser 3 and β-Ala 4
derivatives showing only a 2- and 4-fold increase in IC50 values,
respectively; on the other hand, the shifting of the hydroxyl
group of the phenyl moiety from the para (1) to the meta (5)
position gave almost equal inhibitory activity with respect to hit
1. The C-4 amide PBTZs 6 and 7, lacking the amino acidic

moiety but still maintaining the aromatic portion were totally
inactive. Compound 8, presenting an amidic residue whose
chemical features are distinct from the Tyr moiety of compound
1, was a weak inhibitor of RdRp polymerase elongation activity.
This indicates a crucial role for the carboxylic moiety and in turn
for the aminoacyl nature of the C-4 side chain that results in a
pharmacophore requirement for RdRp binding and inhibition.
This is further supported by the fact that removal of the C-4
amide side chain as in compound 9 gave an inactive derivative
against RdRp elongation activity. Moreover, the core size
reduction reached by the opening of the flat tricyclic core to
more flexible pyridone 10 resulted in about 10-fold potency
decrease in comparison to 1. This data demonstrates that the
presence of the planar PBTZ core is essential to properly
orientate the substituents in order to inhibit the RdRp activity.
In parallel, the N-methyl pyridone 11 which is a simpler and
smaller analogue of compound 10 showed no inhibition of
RdRp activity, confirming the importance of the cycloalkyl aryl
ether.
In the initial single point (10 μM) in vitro cell-based infection

assays, most of the PBTZs tested resulted in >80% viral titer
reduction (data not shown), and they were therefore profiled for
their antiviral potency and cytotoxicity. In particular, com-
pounds 2, 4−6, and 8 were found to be low μM inhibitors
(EC50s < 4 μM) against DENV2 with low cytotoxicity showing
good SI values (from 30 to >100), similarly to parent 1 and
NITD-00818 (Table 1). Regarding the new C-4 aminoacyl
PBTZs, the comparable profile of Tyr derivatives 2 and 1
indicated the cycloheptyl moiety as a suitable replacer of the
cyclohexyl group and preferred over a smaller cyclopentyl, that
induced higher cytotoxicity as previously reported.15 The similar
activity/selectivity of compounds 4 and 5 indicates that also
nonconventional amino acids such as β-Ala and (m−OH)Phe,
respectively, may provide an antiviral effect. Interestingly, the
absence of the aromatic feature in derivative 4 did not influence
the antiviral activity but was accountable for a 4-fold reduction in
the NS5 RdRp inhibitory activity. Conversely, Ser derivative 3
was not effective in the cell-based assay despite the modest
inhibition in biochemical elongation activity, probably due to
high compound polarity that may limit its cell permeability.
Compounds 6 and 8, having nonamino acidic polar substituents
(p-hydroxybenzyl and ethanol, respectively) at the amide side
chain, showed potent anti-DENV2 efficacy but no RdRp
inhibition in the biochemical assay, suggesting that these
derivatives may have a different MoA than PBTZs 1−5. On
the other hand, the insertion of the apolar benzylamide (7) and
the removal of the C-4 amide side chain (9) provided inactive
compounds also in cell-based assays. Finally, size reduction to
pyridones 10 and 11 was very detrimental, thus indicating the
PBTZ tricyclic core as an essential chemical requirement also for
the antiviral activity.
To investigate the broad spectrum inhibitory activity, the

compounds were also tested against a ZIKV isolate (French
Polynesian isolate; HPF). Notably, the compounds able to
inhibit DENV2 replication showed even better potency against
ZIKV infection with EC50 in the sub μM range (Table 1).
Additionally, the inhibitory activity against the remainingDENV
serotypes (DENV1: EU081230.1; DENV3: EU081190.1;
DENV4: GQ398256.1) was evaluated for compounds 4 and 5,
selected for their more favorable selective inhibition (highest
SIs, Table 1). These compounds retained low μM antiviral
potencies against all serotypes, similarly to compound 1 (Table
2). These data together with anti-ZIKV activity point to the

Scheme 2a

aReagents and conditions: (i) (3-methoxyphenyl)boronic acid,
Cu(OAc)2·H2O, Py, 4 Å MS, dry CH2Cl2, rt; (ii) Pd(PPh3)4,
phenylboronic acid, K2CO3 2 M, DME, MW, 100 °C; (iii) BBr3 1 M
in CH2Cl2, dry CH2Cl2, 0 °C; (iv) Cyclohexanol, PPh3, DIAD, dry
THF, 0 °C to rt, ultrasound; (v) 2 N NaOH, MeOH/THF, rt; (vi)
Tyr methyl ester, TBTU, DIPEA, dry DMSO, rt; (vii) 1 N LiOH,
dioxane, rt.
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potential broad antiflavivirus activity of this chemical class, in
agreement with our previous findings on related compounds.15

Intrigued by the positive results for compounds 2, 4, and 5, we
argued that these inhibitors could interact with the NS5 RdRp
through the binding to cavity B, a pocket of the thumb
subdomain suitable for allosteric inhibitors that potentially
could also block NS3−NS5 interaction.12
Since targeting PPI is considered a promising approach in

antiviral chemotherapy,19 the identification of compounds able

to disrupt flavivirus PPI would be a promising avenue for novel
inhibitors. It was previously demonstrated that NS3−NS5
interaction-defective mutants can impair infectious virus
production, viral protein synthesis, and RNA replication to
varying degrees, which is likely dependent on the presence of the
key amino acids involved in NS3−NS5 interaction.10 This
finding together with the evidence that our previous PBTZs
produced noninfective virions15 prompted us to assay the best
compounds 2, 4, and 5 together with the reference compound 1

Table 1. DENV2 RdRp Biochemical Assay and Antiviral Evaluation in HuH7 Cells of Compounds 2−11

a% inhibitory activity against RdRp in de novo (primer independent) and elongation (primer dependent) assays at single 30 μM concentration.
bElong. IC50 is the concentration that inhibits 50% of RdRp activity in elongation; values represent average ± SD from a single experiment carried
out with duplicates. cCC50 is the cytotoxic concentration that affects 50% of cell viability as determined by CellTiter-Glo Luminescent Assay
(Promega). dEC50 is the effective concentration that inhibits 50% virus replication as determined by plaque assay against DENV2 EDEN 3295
(GenBank accession: EU081177.1) after 48 h treatment and ZIKV H/PF/2013 (GenBank accession: KJ776791.2) after 24 h treatment; values
represent average ± SD from two independent experiments. eSI is the selectivity index calculated as the ratio CC50/EC50.

fND: not determined due
to poor or no activity in the corresponding assay.
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as NS3−NS5 PPI inhibitors. Before compound evaluation, we

wanted to support our hypothesis carrying out in silico studies on

cavity B.

At first, we performed AutoDock20 docking experiments of
aminoacyl PBTZs against cavity B of the DENV3RdRp (PDB
ID: 2J7U), defined by residues Leu326, Leu327, Lys329,
Thr858, Trp859, Asn862, Ile863, and Ala866 (corresponding to

Figure 1. Inhibition curves of selected PBTZs against DENV2 full-length NS5 RdRp elongation activity and cell-based DENV2 infection assay. (A)
Concentration-dependent inhibitory effect of PBTZs (i) 1; (ii) 2; (iii) 4; (iv) 5 on RdRp elongation activity (black curve).17 The compound only
control was included to determine its autofluorescence signal (red). Data are obtained from one experiment in duplicate. (B) Dose dependent viral
inhibition assay in HuH7 infected cells measured at 48 h post treatment with PBTZs (i) 1; (ii) 2; (iii) 4; (iv) 5 (black curve) by plaque assay and cell
viability (red). Data are obtained from three independent experiments.
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Leu327, Leu328, Lys330, Thr858, Trp859, Asn862, Ile863, and
Ala866 residues of DENV2).
The obtained binding modes were evaluated in terms of

ligand binding energy (LBE) and numbers in cluster (NiC), a
measure of the reliability of the virtual pose (Table S2). The
results highlighted that the analyzed derivatives showed a
reliable binding mode, with LBE values ranging from −7.78 to
−9.56 kcal/mol and NiC > 20 (Table S2). Docking pose of the
top-ranked compound 5, taken as representative example,
placed the phenol ring in a small hydrophobic region defined by
Leu327, Trp859, Ile863, and Ala866 of cavity B, where the
hydroxyl group formed H-bonds with Leu326 and Lys329
backbone, while the aromatic moiety was involved in an edge-to-
face stacking interaction with the Trp859 side chain (Figure 2).
Interestingly, the hydroxyl group overlapped a crystallographic
water molecule (Figure 2) originally bridging Leu326, Lys329
and Trp859, suggesting that the binding-site water could be
displaced upon ligand recognition. Finally, the acid function of
derivative 5 established a salt bridge with the positively charged
Lys329 whereas the ether linker formed an additional H-bond
with Lys325. Similar binding modes were generated for
derivatives 1, 2, and 4 (Figure S1). As mentioned in the
introduction, Leu327 (Leu326 in DENV3 RdRp), Trp859, and
Ile863 (magenta residues in Figure 2) are key residues in the de
novo RNA synthesis,12 while Lys330 (Lys329 in DENV3 RdRp,
cyan residue in Figure 2) is the main player of the NS5−NS3
PPI.12 Thus, the predicted ligand−protein interactions could be

consistent with the anti-RdRp activity of PBTZ derivatives and
support their potential ability to inhibit the NS5−NS3 PPI.
To further validate the latter hypothesis, we tested the RdRp

inhibitors 1, 2, 4, and 5 in a competitive NS3−NS5 ELISA
interaction assay, as previously described10 (Figure 3A).

Table 2. Cell-Based Efficacy of 1, 4, and 5 against DENV1-4
Serotypes

EC50 (μM)a

Cpds DENV1 DENV2 DENV3 DENV4

1 2.8 ± 0.60 2.1 ± 0.22 2.8 ± 0.51 1.7 ± 0.24
4 7.0 ± 3.50 3.5 ± 0.45 7.8 ± 1.67 6.9 ± 1.95
5 3.2 ± 0.72 2.9 ± 0.35 4.3 ± 2.68 5.9 ± 2.65

aEC50 is the effective concentration that inhibits 50% virus replication
as determined by plaque assay against DENV1−4; data is presented as
average ± SD from two independent experiments.

Figure 2. (A) 2D representation of the predicted interactions between the representative PBTZ 5 and DENV3 RdRp cavity B. (B) Docking pose of
compound 5. Magenta: key residues for RdRp activity; cyan: key residue for NS3−NS5 interaction; red sphere: crystallographic water molecule.

Figure 3. Functional evaluation of PBTZs as DENV NS3−NS5 PPI
inhibitors. (A) Schematic diagram of the in vitro DENV NS3−NS5
ELISA interaction assay as previously described.10 (B) Concentration-
dependent inhibition of NS3−NS5 interaction by PTBZ 1, 2, 4, and 5.
The IC50 values were presented in parentheses as average ± SD
obtained from a single experiment in duplicate.
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Interestingly, the four compounds blocked NS3−NS5 inter-
action showing IC50 values from 18 to 42 μM, with derivative 5
resulting as the best inhibitor (Figure 3B). Thus, PBTZs 1,14 2,
4, and 5 represent the most potent NS3−NS5 PPI inhibitors,
which likely bind cavity B, so far identified. Although a purine
derivative has been recently reported as weak NS3−NS5 PPI
inhibitor (33% inhibition at 50 μM),13 the compound showed a
good antiviral effect that did not correlate with the poor activity
in the biochemical assay. On the contrary, the potency of
aminoacyl PBTZs 1, 2, 4, and 5 against flavivirus infection is
consistent with the dual inhibition of RdRp activity and NS5−
NS3 PPI, achieved by targeting cavity B, as suggested by in silico
predictions.
To gain further mechanistic insight into the MoA of the

aminoacyl PBTZs, we next performed compound resistance
selection (Figure 4A) using compounds 1, 4, and 5 (CC50 > 100

μM, SI > 30). Compound 2 was excluded from this experiment
because of its slight toxicity (CC50∼ 100 μM). DENV2-infected
HuH7 cells were treated with increasing concentrations of the
compounds for 10 passages, and the resultant P10 viruses were
expanded in C6/36 insect cells before evaluating the antiviral
activity to determine the virus susceptibility toward the
compounds (Figure 4A). Interestingly, only the P10 virus
from the compound 4 treatment (referred to as 4_R) showed
resistance, with only a 20% reduction in virus production
compared to 80% reduction for the control wild-type DENV2
that was similarly passaged (Figure 4B). The resistance of the
4_R virus was further indicated by the 2-fold rightward shift in
the EC50 of compound 4 as compared to wild-type DENV2
(Figure 4C). Additionally, treatment of the 4_R (P10) resistant
virus with other known antivirals of different mode-of-action
showed similar level of viral reduction as the control wild-type

Figure 4. Resistance mutant selection, drug susceptibility test, and REMSA. (A) Schematic workflow showing the process of compound resistance
selection. DENV2 infected HuH7 cells were treated with increasing concentrations of PBTZs for 72 h until P10. (B) Antiviral activity evaluation of
compound 4 (at 10 μM) against DENV2 or 4_R clones; the bar graph is plotted as average ± SD from two independent experiments with duplicates.
(C)Dose-dependent viral inhibition of P10DENV2 or 4_R virus inHuH7 cells treated with 4 for 48 h; data are obtained from a single experiment with
duplicates. (D) REMSA gel showing the shift of RNA band upon complex formation with DENV NS5 in the presence and absence of the compound
(compound: 25 μM; NS5: 1.28 μM; RNA: 0.16 μM; molar ratio RNA/NS5 is 1:8; t = 37 °C; order of addition: compound, then NS5, then RNA).
Lanes 1−7 are indicated above the image of the gel.
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DENV2 (Figure S2), suggesting that the observed resistance by
compound 4 may be specific. Therefore, we performed full
genome Sanger sequencing of the 4_R (P10) resistant virus and
found the appearance of quasispecies variants at multiple
positions in the 3′UTR region corresponding to nucleotide
positions ranging from 10410 to 10500 (Figure S3). The precise
mechanism of inhibition requires further studies, but it is
conceivable that the PTBZ 4 may be disrupting NS5−RNA
interactions since the 3′UTR consists of important elements
recognized by NS5 RdRp to initiate viral RNA replication.21

Thus, compound 4 likely impairs RNA−NS5 interaction
resulting in the antiviral effect (Figure 1A(iii)), and the RNA-
Electrophoretic Mobility Shift Assay (REMSA) that detects the
shift in RNA band upon complex formation with NS522 was
carried out to provide preliminary experimental evidence in
support of this hypothesis. First, the addition of NS5 to DENV2
3′UTR (454nt) caused an upward shift of the band compared to
the RNA only lane (lane 2), indicating the formation of NS5−
RNA complex (Figure 4D). However, the addition of
compound 4 to the NS5/3′UTR RNA mixture led to the
appearance of unbound RNA in the lane (lane 7), that is most
likely related to the disruption of the protein−RNA interaction
(Figure 4D).
Interestingly, the disruption of NS5−RNA interaction relies

on NS5 binding, as compounds 6 and 9, that were inactive
against RdRp, did not show any effect in REMSA (Figure 4D).
Taken together, our results suggest that PBTZs 1, 2, 4, and 5
may prevent the functionality of the virus RC that consists of
viral and host proteins in intimate association with viral RNA, a
macromolecular machine that still needs to be studied in
detail.23

To pave the way toward future studies and in order to have an
idea of the drug-like properties, we calculated in silico the
physicochemical and pharmacokinetic properties of derivatives
1, 4, and 5 (Table 3).24 The compounds were predicted to have
good solubility (Log S ∼ 2) and lipophilic/hydrophilic balance
(Log D ∼ 2), with no significant inhibition of cytochrome
(2C9), suggesting a low possibility for hepatotoxicity.
Furthermore, the compounds are metabolically stable as

revealed by RF_T_Half_Life descriptor and to potentially be
absorbed after oral administration (HIA).
To conclude, the PBTZ derivatives we report here are potent

antiflavivirus agents. In particular, C-4 aminoacyl PBTZs 1, 2, 4,
and 5 show potent inhibition of both NS5 RdRp activity and its
interaction with NS3 in biochemical assays, probably by
targeting cavity B. These compounds represent the first-in-
class NS5 RdRp and NS3−NS5 PPI dual inhibitors that are also
able to exert potent and selective antiviral activity in cells against
DENV1−4 serotypes and ZIKV. Mechanistic insights derived
from resistant mutant selection studies on compound 4
identified a DENV2 quasispecies carrying mutations on the 3′-
UTR, an important element that interacts with NS5 for the
correct RC assembly and the RNA de novo synthesis. In addition,
compound 4 was able to block NS5−3′UTR interaction as
shown by REMSA. Therefore, all the results collectively indicate
derivative 4 and other aminoacyl PBTZs as new interesting
antiflavivirus agents that could act as RC disruptors by targeting
NS5.
There is an urgent medical need to find new agents with

broad-spectrum antiflavivirus activity, and our results strongly
support future rounds of preclinical investigations for the best
PBTZs.
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