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ABSTRACT: Phosphatidylinositol-4 kinase III β (PI4KB)
and oxysterol-binding protein (OSBP) family I have been
identified as the major targets of anti-enterovirus drug
candidates. Resistance mutations in poliovirus (PV) to these
inhibitors have been identified in viral 3A protein, represented
by a G5318A (3A-Ala70Thr) mutation, but the mechanism of
viral resistance to host PI4KB/OSBP inhibitors remained
unknown. In this study, we found that a G5318A mutation
enhances the basal levels of phosphatidylinositol 4-phosphate
(PI4P) and of the 3A protein and decreases the levels of the
3AB protein during PV replication. The 3A protein acted as a
major effector responsible for the resistance to PI4KB
inhibitor, but did not enhance the PI4KB activity in vitro in contrast to the 2C, 2BC, 3AB, and 3D proteins. The 3AB
protein acted as the primary target of a G5318A mutation and also as an effector. We identified novel resistance mutations to a
PI4KB inhibitor [C5151U (3A-T14M) and C5366U (3A-H86Y) mutations] and found that there is a positive correlation
between the extent of the resistance phenotype and the levels of the 3A proteins. These results suggested that the 3A protein
overproduced by enhanced processing of the 3AB protein with the resistance mutations overcomes the inhibitory effect of PI4KB
inhibitor on PV replication independently of the hyperactivation of the PI4KB/OSBP pathway.
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Poliovirus (PV) is a small nonenveloped virus with a single-
strand positive genomic RNA of about 7500 nucleotides

(nt) belonging to Enterovirus C species in the genus Enterovirus,
the family Picornaviridae. PV is the causative agent of
poliomyelitis, which is caused by the destruction of motor
neurons by the direct infection of PV in cells.1,2 In the global
eradication program for poliovirus since 1988, antivirals for PV
are anticipated to have some roles in the posteradication era of
PV in control of a circulating vaccine-derived PV along with
inactivated PV vaccine and for treatment of patients chronically
infected with PV and for persons exposed to PV.3 However,
currently there is no antiviral available for PV infection.
Several independent large chemical screenings identified

antienterovirus drug candidates.4−8 The candidates of direct-
acting antivirals target viral capsid proteins, 2A, 2C, 3C, and
3D.9−16 For the candidate targets of host-targeting antiviral
(HTA), many host factors for PV replication have been
reported,8,17−24 including druggable targets eIF4A, GBF1, and
VCP/p97.18,20,25−30 However, the targets of the identified
candidate compounds seemed limited to phosphatidylinositol-4
kinase III β (PI4KB) or oxysterol-binding protein (OSBP)
family I.4,6,8,31−35 These suggested that the PI4KB/OSBP
pathway might be the sole target pathway of HTA candidates
identified in vitro cultured cells.35

PI4KB was originally identified as a host factor required for
enterovirus replication.36 Subsequently, it was also identified as

the target of a group of compounds called enviroxime-like
compounds [i.e., GW5074, T-00127-HEV1, enviroxime, BF-
738735, pachypodol (Ro 09-0179), and oxoglau-
cine].5,6,31,33,35,37−40 Enviroxime-like compounds share a
common resistance mutation in the viral 3A-encoding region
[a G5318A (3A-Ala70Thr) mutation in PV], which was
originally identified as a resistant mutation against an anti-
picornavirus compound, enviroxime.4,41 OSBP family I was
then identified as the target of the minor group of enviroxime-
like compounds (i.e., AN-12-H5, T-00127-HEV1, 25-HC, and
itraconazole).8,34 OSBP transfers cholesterol between the
endoplasmic reticulum and trans-Golgi by a phosphatidylino-
sitol 4-phosphate (PI4P)-dependent manner and contributes to
homeostasis of cholesterol and lipid.42,43 On the basis of the
fact that enviroxime-like compounds share a common
resistance mutation, it was hypothesized that PI4KB and
OSBP family I were located on the same biological pathway co-
opted by PV replication.6,8 The proposed model of the role of
the PI4KB/OSBP pathway in PV replication is as follows: viral
proteins modulate PI4KB activity to provide PI4P for the
recruitment of OSBP to accumulate unesterified cholesterol
(UC) on virus-induced membrane structure for the formation
of a virus replication complex, rather than direct involvement in
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viral RNA synthesis.30,34,44 Actually, a PI4KB inhibitor
pachypodol (Ro 09-0179) did not suppress viral RNA synthesis
of isolated viral replication complex despite its marked
inhibitory effect on the virus replication in the cultured cells.5

The viral replication complex formed by the PI4KB/OSBP
pathway seemed to be involved preferentially in the synthesis of
viral plus-strand RNA rather than minus-strand RNA.41,45

As the interactants of PI4KB, viral proteins 3A and 2BC have
been identified.30,36 These viral proteins act cooperatively in the
formation of membrane structures derived from the endoplas-
mic reticulum, which were similar to those induced during PV
replication (double-membrane structure) in terms of buoyant
density and ultrastructure46,47 and autophagy-like maturation of
vesicles.48 However, the role of the 3A and 2BC proteins in
PI4P production remains enigmatic; ectopic expression of the
3A protein reduced PI4P levels in the cells in contrast to the
2BC protein, which increased PI4P levels.30

In unicellular protozoan, resistance to PI4KB inhibitors could
be conferred by modulation of the copy number of the
corresponding gene or by single-nucleotide mutation.49

Obviously, this strategy is not applicable for a virus that
depends on the host PI4KB activity. The mechanism of PV
resistance conferred by a G5318A mutation against PI4KB
inhibition is currently unknown. Recent study suggested that
PI4KB inhibitors could interfere with viral polyprotein
processing in vitro, which was alleviated in the presence of a
G5318A mutation.50 Analysis of PV replication in human
primary fibroblast derived from individuals with Niemann−Pick
type C diseases, which have enriched intracellular UC level,
suggested that enriched UC specifically interferes with
processing of viral 3CD protein.51 These studies suggested
that both PI4KB inhibition (i.e., resulting in less UC in viral
replication site) and enriched UC could affect viral polyprotein
processing. For coxsackievirus B3, a resistant mutant (3A-
H57Y) to PI4KB inhibitor could replicate in the presence of
PI4KB inhibitor without restoring high PI4P levels in the
cells.52 This suggested that the mutation in the 3A region
conferred the resistance independently of PI4KB activation.
In the present study, we analyzed the mechanism of PV

resistance to PI4KB inhibitor conferred by a G5318A mutation.
Results suggested that the primary target of a G5318A mutation
is the 3AB protein and that the major effector in the resistance
is the 3A protein overproduced from the 3AB (G5318A)
protein, which supports viral RNA synthesis independent of the
hyperactivation of the PI4KB/OSBP pathway.

■ RESULTS AND DISCUSSION
Phenotypic Comparison of the Infection of Parental

PV and the G5318A Mutant. To elucidate the mechanism of
drug resistance conferred by a G5318A mutation against PI4KB
inhibitor, we compared the phenotypes of parental PV infection
with those of the G5318A mutant infection. First, we analyzed
the range of concentration of PI4KB inhibitor (T-00127-
HEV1) that could be overcome by a G5318A mutation (Figure
1). Parental PV1pv and PV1pv(G5318A) showed almost similar
EC50 values (0.66 and 0.84 μM, respectively). A G5318A
mutation conferred significant resistance between 1.25 and 10
μM T-00127-HEV1, inclusive, but not at 20 μM. We compared
the resistance phenotype of PV to PI4KB inhibitor with that to
another host-targeting inhibitor, brefeldin A (BFA), which
blocks membrane traffic between the cis- and trans-Golgi
compartments by targeting a host cellular guanine nucleotide
exchange factor GBF1. The G5318A mutant showed a narrow

range of resistance to PI4KB inhibitors, making marked
contrast to that of a BFA-resistant mutant to BFA53 (Figure
1) (see Supporting Information, Figure S1). The BFA-resistant
mutant also showed a drastic increase in the EC50 value (from
0.025 to 0.57 μM) (Figure 1). The proposed model for BFA
resistance suggested that the biological activity of GBF1 is not
the direct target of BFA for its anti-PV activity, but rather the
formation of an abortive GBF1/ARF1−GDP complex;54 BFA-
resistance mutations in the viral proteins 2C and 3A are
considered to adapt to use abortive GBF1/ARF1 complex as
well as normal GBF1/ARF1 complex rather than to restore the
biological activity of GBF1 suppressed by BFA. Observed
difference in the resistance phenotypes suggested that the
activity of PI4KB activity is essential for PV replication in
contrast to that of GBF1 and is indispensable for the G5318A
mutant as well as parental strain.
Next, we analyzed the expression levels of the viral proteins,

PI4P, and UC in the cells infected with parental PV1pv or
PV1pv(G5318A) by flow cytometry (Figure 2). In the infected
cells with PV1pv(G5318A), fewer signals of anti-3B antibody
and more signals of anti-PI4P antibody were detected than
those infected with parental PV1pv in the absence of PI4KB
inhibitor (1.2-fold increment, Figure 2A,B). Reduced signals of
anti-3B antibody in the infected cells suggested decreased levels
of an insoluble viral precursor protein 3AB. No significant
change was observed for the signals of anti-2B, 2C, 3A, 3D
antibodies and of UC. To analyze the effect of a G5318A
mutation on the PI4P production in the presence of PI4KB
inhibitor, where a G5318A mutation confers substantial
resistance to PV, we transiently treated the infected cells with
suboptimal concentration of PI4KB inhibitor (T-00127-HEV1,
2.5, and 5 μM) (Figure 1). A 2C inhibitor guanidine
hydrochloride (GuHCl) was also added to suppress the
replication of PV1pv(G5318A) mutant as well as that of
parental PV1pv. Transient treatment with T-00127-HEV1
decreased the PI4P levels in the infected cells as previously
observed.30 The PI4P levels were retained higher in the cells
infected with PV1pv(G5318A) than those infected with parental
PV1pv, but were substantially reduced in the presence of
suboptimal concentration of PI4KB inhibitor (Figure 2C,D).
The 3A protein did not enhance the PI4KB activity in vitro in
contrast to the 2C, 2BC, 3AB, and 3D proteins (see Supporting
Information, Figure S2). These results suggested that a G5318A
mutation confers the resistance to PI4KB inhibitor independent

Figure 1. PV1pv infection in the presence of host-targeting inhibitors:
inhibitory effect of PI4KB inhibitor (T-00127-HEV1) and BFA on
PV1pv (parental or G5318A mutant or BFA-resistant mutant) infection
in RD cells. PV1pv infection in the absence of the inhibitors was taken
as 100%.
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of the activation of the PI4KB/OSBP pathway, as previously

observed for CVB3 resistant mutants.52

Next, we analyzed the relative amounts of the viral proteins

in the infected cells with parental PV1pv or PV1pv(G5318A) by

Western blot analysis (Figure 3). Viral 3A or 3AB proteins with

a G5318A mutation migrated slightly more quickly than
parental proteins, suggesting a significant contribution of the
Ala70Thr mutation to the electrostatic status of the proteins.
The ratios of precursor proteins and viral proteins (2BC:2C
and 3CD:3D) were about 0.20 and 0.72 for parental PV1pv and

Figure 2. Quantitation of viral proteins and PI4P in PV-infected cells. (A) Flow cytometry analysis of HEK293 cells infected with PV1pv [parental or
G5318A mutant, multiplicities of infection (MOI) = 1, at 6 h post-infection (pi)]. The cells were detected with anti-2B, 2C, 3A, 3B, 3D, and PI4P
antibodies and filipin III (for detection of UC). (B) Quantitation of the ratio of net intensity of the signals of each antibody or filipin III. n = 3. (∗) P
< 0.05; (∗∗) P < 0.001. (C) Flow cytometry analysis of HEK293 cells infected with PV1pv (parental or G5318A mutant, MOI = 1) after transient
treatment (from 4 to 6 h pi) with 2C inhibitor (GuHCl) and PI4KB inhibitor (T-00127-HEV1). The cells were detected with anti-2B and PI4P
antibodies. Ratios of geometric means of PI4P signals in PV1pv-infected cells to noninfected cells are shown in the graphs. (D) Quantitation of the
ratio of net intensity of the signals of each antibody. n = 3. (∗) P < 0.05.
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about 0.21 and 0.68 for PV1pv(G5318A), respectively, and
remained consistent in the absence and presence of T-00127-
HEV1. There were no significant differences in the relative
levels of 2C, 2BC, 3C, and 3CD between parental PV1pv and
PV1pv(G5318A). Significant difference between parental PV1pv
and PV1pv(G5318A) was observed in the ratio of 3AB:3A. In
the absence of T-00127-HEV1, the ratios of 3AB:3A were 1.1
and 0.82 for parental PV1pv and PV1pv(G5318A), respectively.
This indicated that PV1pv(G5318A) produced 1.4-fold more 3A
protein than parental PV1pv in the basal condition. The ratio of
3AB:3A was increased in the presence of T-00127-HEV1 for
parental PV1pv (from 1.1 to 2.1), but mostly unchanged for
PV1pv(G5318A) (from 0.82 to 1.0). These results suggested
that the basal level of the 3A protein was increased in the
presence of a G5318A mutation.
Rescue of PV Replication in the Presence of PI4KB

Inhibitor by trans-Complementation with Viral Proteins.
To identify the viral protein that acts as the effector in the
resistance to PI4KB inhibitor, we performed a trans-
complementation assay with each viral protein (Figure 4).55

In this assay, each viral protein was overexpressed in HEK293
cells, and then the effect of viral protein levels on PV1pv
infection in the presence of PI4KB inhibitor (1.3 or 2.5 μM)
was analyzed. In the presence of 1.3 or 2.5 μM T-00127-HEV1,
PV1pv infection was about 19−44% or 0.2−1.1%, respectively.
About 10−40% of the cells expressed the viral proteins (Figure
4A). We found that overexpression of the 3A and 3AB proteins

(without or with histidine tag) restored viral replication in the
presence of T-00127-HEV1 (1.3% in mock-transfected sample
to 9.6, 4.7, and 7.1%, respectively). Overexpression of the 2B,
2C, 2BC, and 3CD proteins did not restore PV replication in
the presence of T-00127-HEV1; expression of the 2B and 2C
proteins rather suppressed PV replication.
Next, to identify the direct target of a G5318A mutation, we

performed a trans-complementation assay with the 3A and 3AB
proteins with or without the mutation (Figure 4B). The
expression level of the 3AB protein, but not of the 3A protein,
was slightly reduced in the presence of a G5318A mutation
(60% of the parental 3AB protein). We also examined C-
terminally histidine-tagged 3AB protein (3AB-HIS) that has
partially restored expression level with a G5318A mutation
(80% of parental histidine-tagged 3AB protein) in the assay.
The presence of a G5318A mutation in the 3AB proteins, but
not in the 3A protein, restored the PV replication in the
presence of T-00127-HEV1 to higher levels than those by
parental 3AB proteins (by 2.8- or 2.5-fold increase compared to
parental 3AB proteins). Next, we analyzed the importance of
processing of the 3AB protein by using a 3AB protein with
noncleavable mutation between the 3A and 3AB protein
regions (mutation at Q/G cleavage site to A/G) (Figure 4C).
We found that both parental and the mutant 3AB protein could
restore PV replication in the presence of PI4KB inhibitor in
trans-complementation. Interestingly, the presence of a
G5318A mutation in noncleavable 3AB protein also restored

Figure 3. Processing of viral proteins in PV-infected cells in the presence of PI4KB inhibitor. (A) Western blot analysis of the RD cells infected with
PV1pv (parental or the G5318A mutant, MOI = 5, at 7 h pi) in the presence of suboptimal concentrations of T-00127-HEV1. The viral proteins were
detected with anti-2C, 3A, 3B, and 3D antibodies. PV1pv infection in the absence of T-00127-HEV1 was taken as 100%. (B) Quantitation of the viral
proteins analyzed in (A).
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the PV replication in the presence of T-00127-HEV1 to higher
levels than those by parental noncleavable 3AB protein (2.1-
fold enhancement), but with a lesser extent compared to the
cleavable 3AB protein (4.5-fold enhancement) (Figure 4C,
right panel). This suggested that both the 3A and 3AB proteins
could serve as effectors in the resistance to PI4KB inhibitor.
The importance of the 3A protein in positive-strand RNA

synthesis has been suggested with PV mutants defective in viral
RNA synthesis,56 consistent with the target step of PI4KB
inhibitors.41,45 Considering (1) the abundance of the 3A
protein in the infected cells with the G5318A PV mutant
(Figure 3) and (2) the stronger trans-complementation effect of
a G5318A mutation in the cleavable 3AB protein than that in
the noncleavable 3AB protein, the 3A protein seems to act as

Figure 4. Rescue of PV replication in the presence of PI4KB inhibitor by trans-complementation with viral proteins. (A, upper panel) trans-
Complementation assay with viral proteins. HEK293 cells expressing each viral protein were infected with PV1pv (MOI = 0.1) in the presence of
suboptimal concentrations of T-00127-HEV1. PV1pv infection in the absence of T-00127-HEV1 was taken as 100%. (A, lower panel) Populations of
viral protein-expressing cells (%) determined by flow cytometry. n = 6. (∗) P < 0.05, (∗∗) P < 0.001; (n.s.) not significant. (B, C, upper panels) trans-
Complementation assay with the 3A, 3AB, and 3AB-HIS proteins. PV1pv infection normalized by the relative expression levels of the 3AB(G5318A)
protein to the 3AB(parental) protein is also shown. (B, C, lower panels) Protein expression levels determined by Western blot analysis, and
populations of viral protein-expressing cells (%) determined by flow cytometry. Protein expression levels of parental proteins were taken as 100%.
(C, right panel) Ratio of the normalized PV1pv infection of the parental protein: G5318A mutant for the 3AB protein and the noncleavable 3AB
protein mutant (Q/G to A/G mutation). n = 6 or 3. (∗) P < 0.05, (∗∗) P < 0.001; (n.s.) not significant.
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the major effector in the resistance to PI4KB inhibitor along
with activated 3AB protein with a G5318A mutation.
Effect of the Resistance Mutations to PI4KB Inhibitor

on the 3A Protein Production. Previously, we identified
another enviroxime-like compound AN-22-A6 along with the
resistance mutations in the 3A protein [C5151U (3A-T14M)
and C5366U (3A-H86Y) mutations].32 However, the target of
AN-22-A6 remained unknown. We analyzed the effect of AN-
22-A6 on in vitro PI4KB activity and found that AN-22-A6 is a
novel PI4KB inhibitor (Figure 5A). Next, we analyzed the effect
of these novel resistant mutations to PI4KB inhibitor on the
resistance phenotype and on the production of the 3A protein.
The effects of C5151U and C5366U mutations on the resistant
phenotype to T-00127-HEV1 were weaker than that of a
G5318A mutation (Figure 5B). Combination of the C5151U
and C5366U mutations conferred a level of resistance similar to
that of a G5318A mutation. Next, we analyzed the expression
levels of the 3A and 3AB proteins in the cells infected with
PV1pv with the resistance mutations (Figure 5C). Processing of
the 3AB protein occurred as the replication proceeded (5−7 h
pi), and the ratio of 3AB:3A was consistently lower for PV1pv
mutants with the resistance mutations than that of the parental
PV1pv. There was a positive correlation between the extent of
the resistance phenotype and the relative levels of the 3A
proteins. The 3A and 3AB proteins with these mutations
migrated slightly more rapidly than parental proteins, as well as
those with a G5318A mutation (Figures 3 and 5), suggesting
the electrostatic change of the 3AB protein caused by these
mutations might enhance the processing by the 3C protein.
This suggested that overproduction of the 3A protein is a

general strategy for the resistance of PV against PI4KB
inhibitor.
In summary, our results suggested that the viral 3AB protein

is the primary target of a G5318A mutation, and the 3A protein
is the major effector responsible for the resistance to PI4KB
inhibitor. Our results provide a novel insight into the
mechanism of virus resistance against host-targeting antivirals.

■ METHODS
Cells, Viruses, Antibodies, Plasmids, and Chemical

Library. RD cells (human rhabdomyosarcoma cell line) were
obtained from the U.S. Centers for Disease Control. HEK293
cells (human embryonic kidney cell line) were obtained from
American Type Culture Collection. The cells were cultured as
monolayers in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal calf serum (FCS). RD cells were
used for the titration of viruses and pseudoviruses. HEK293
cells were used for the preparation of PV1 pseudovirus (PV1pv),
which encapsidated luciferase-encoding PV replicons with
capsid proteins derived from PV1(Mahoney).57 PV1pv mutants
with drug-resistance mutations, including G5318A mutation
(enviroxime or PI4KB inhibitor-resistance mutation, 3A-
Ala70Thr)6,41 or G4361A and C5190U mutations (BFA
resistance, 2C-Val80Ile and 3A-Ala27Val),53 were used for
characterization of the effect of PI4KB inhibitor. Rabbit
hyperimmune serum against PV 2C protein was a kind gift
from Tomoichiro Oka (Department of Virology II, National
Institute of Infectious Diseases, Japan). Antibodies against PV
2B, 3A, 3AB, and 3D proteins were raised in rabbits with
peptides WLRKKACDVLEIPYVIKQ (amino acids 80−97 of
PV 2B protein), CDLLQAVDSQEVRDY (amino acids 23−36

Figure 5. Effect of other resistance mutations to PI4KB inhibitor on the 3A protein production. (A) Effect of AN-22-A6 on in vitro PI4KB activity.
(B) Resistance phenotypes of the AN-22-A6-resistant mutants against T-00127-HEV1. (C, left panel) Western blot analysis of the RD cells infected
with PV1pv (parental or the resistant mutants, MOI = 5, at 5, 6, and 7 h pi). The 3A and 3AB proteins were detected with anti-3A antibody. (C,
right panel) Quantification of the ratio of 3AB:3A in the left panel.
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of PV 3A protein), CNKKPNVPTIRTAKVQ (amino acids 8−
22 of PV 3B protein), and GEIQWMRPSKEVGYPIINA
(amino acids 1−19 of PV 3D protein), respectively.20,30

Expression vectors for PV proteins (2B, 2C, 2BC, 3A, 3AB,
3AB, 3CD, 3A, or 3AB with a G5318A mutation and C-
terminally hexahistidine-tagged 3A and 3AB proteins) were
constructed with pKS435, where expression of viral proteins
was controlled under the HEF-1α promoter. N-terminally
FLAG-tagged viral proteins (indicated as N-FLAG-viral
proteins) were constructed with pHEK293 Ultra Expression
Vector I (TaKaRa Bio Inc.). H40E mutation in 3CD was
introduced to avoid autocleavage of 3CD protein into 3C and
3D, but to retain RNA binding activity.58

A specific PI4KB inhibitor T-00127-HEV1,6 (3-(3,4-
dimethoxyphenyl)-2,5-dimethyl-N-[2-(4-morpholinyl)ethyl]-
pyrazolo[1,5-a]pyrimidin-7-amine), was purchased from Phar-
meks Ltd. (Moscow) (purity > 99%).
Western Blot Analysis. Samples were subjected to 5−20%

gradient polyacrylamide gel electrophoresis (e-PAGEL; Atto
Corp.) in a Laemmli buffer system. The proteins in the gel were
transferred to a polyvinylidene difluoride filter (Immobilon;
Millipore) and blocked by using 0.5% bovine serum albumin
(BSA) in HBS [21 mM HEPES buffer (pH 7.4), 0.7 mM
disodium hydrogen phosphate, 137 mM NaCl, 4.8 mM KCl].
The filters were incubated with primary antibodies [antiviral
proteins antibodies or anti-penta-His antibody (Qiagen)] and
then with secondary antibodies [goat anti-rabbit or anti-mouse
IgG antibodies conjugated with horseradish peroxidase
(Pierce), 1:200 dilution] in iBind Western System (Thermo
Fischer Scientific Inc.). The signals were detected with
SuperSignal West Femto Maximum Sensitivity Substrate
(Pierce) and then analyzed with LAS3000 (Fujifilm).
Flow Cytometry. HEK293 cells (8.0 × 105 cells) infected

with PV1pv (parental or G5318A mutant) at multiplicities of
infection (MOI) of 1 or transfected with viral proteins
expression vectors were collected at 6 h postinfection (pi) or
at 24 h post-transfection (pt) in 0.8 mL of 10% FCS−DMEM
in the presence or absence of indicated concentrations of T-
00127-HEV1. To evaluate the effect of PI4KB inhibition on
PI4P production and UC accumulation during PV replication,
T-00127-HEV1 (0, 2.5, 5.0, 20 μM) and GuHCl (2 mM) were
added to the cells at 4 h pi. The cells were fixed with 3%
paraformaldehyde for 10 min at room temperature and then
permeabilized with 20 μM digitonin in HBS for 5 min. The
cells were incubated with primary antibodies for 30 min at 37
°C. Cells were washed two times by 0.5% BSA in HBS and then
incubated with secondary antibodies conjugated with Alexa
Fluor 647 and 488 dyes (Molecular Probes) for 20 min at 37
°C. UC in the cells was stained with filipin III (Cayman) at
room temperature for 30 min. The cells were suspended in 250
μL of HBS. About 5.0 × 104 cells were analyzed per sample
with a BD FACSCanto II flow cytometer (BD Biosciences) and
FlowJo software (FLOWJO, LLC). The relative intensity of the
signals was determined as

= ‐ ‐

‐ ‐

relative intensity of signals

signals in viral protein expressing or PV infected cells

/signals in non expressing or non infected cells

The net intensity of the signals was determined as

= −net intensity of signals relative intensity of signals 1

trans-Complementation Assay. HEK293 cells (7.3 × 103

cells) were transfected with viral protein expression vectors and
then were infected with PV1pv at an MOI of 0.1 in the presence
of T-00127-HEV1 (0, 1.3, or 2.5 μM) at 24 h pt. Luciferase
activity in the infected cell was measured at 7 h pi. For
3AB(G5318A) proteins, PV1pv infection normalized by the
relative expression levels of 3AB(G5318A) to 3AB(parental)
proteins determined by Western blot analysis is also
determined.

In Vitro PI4KB Activity. Inhibitory effect of AN-22-A6 on
in vitro PI4KB activity was assessed by SelectScreen Kinase
Profiling Service with ATP concentration of 10 μM and
phosphatidylinositol of 100 μM (Invitrogen).

Statistical Analysis. The results of experiments are shown
as the averages with standard deviations. A one-tailed t test was
performed with data obtained from three or four independent
experiments as indicated. P values of <0.05 were considered
significantly different and are indicated by asterisks.
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