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In summary, we describe the mechanisms of how MDA5
G821S mutation contributes to autoimmunity in a mouse model
and how human SNP of MDA5 A946T potentially associates to
autoimmune disorder. These findings provide insights into how
dysregulation of cell-intrinsic antiviral sensors leads to autoim-
munity and suggest approaches for therapeutic opportunities.

EXPERIMENTAL PROCEDURES

Mice

Ifih195* mice with a DBA/2 background were proliferated by in vitro fertilization
of Ifih19%* sperm x DBA/2JJcl female ovum. Heterozygotes of G821S
MDAS5 mutant with a DBA/2 background were analyzed as stated. Neither
sex nor litter effects were detected by ANOVA in the survival rate and histolog-
ical analysis and so data from different sexes and litters were analyzed

SDS-PAGE. Statistical significance was deter-
mined by Student’s t test. *p < 0.03.
(C) Ifnb mRNA levels in GM-CSF induced DCs
expressing WT MDA5 and MDA5 gs. The DCs
were infected with retroviruses, which introduce
indicated genes and GFP independently. Forty-
eight hr after infection, they were sorted
according to GFP expression by FACS and sub-
jected to quantitative real-time PCR. Data are
shown as mean + SD of duplicate samples of a
representative from two independent experi-
ments. Indicated gene expression in GFP (+) cells
was shown by RT-PCR in the right panel. Statisti-
cal significance was determined by Student’s
ttest, *p < 0.03.
(D and E) IFN-B concentration in culture superna-
tant from MEFs infected with various titer of EMCV
o (D) or NDV (E) for 24 hr were measured by ELISA.
Data are shown as mean = SD of duplicate sam-
ples of a representative from three independent
NS experiments.
(F) Ifih1~/~ MEFs were transfected with empty
vector or expression vector for human WT MDAS
or MDAS A946T and a reporter, p-55C1B Luc.
Forty-eight hr after the transfection, the cells were
infected with EMCV for 6 hr and IFN-B promoter
activity was determined. Statistical significance
L was determined by Student’s t test. *p < 0.05.

hwt hA346T

together. Mavs ™'~ mice were kindly provided from S. Akira (Osaka University)
and /fnar1 / mice were purchased from B&K Universal. All animal experi-
ments were conducted in compliance with regulations approved by the
Committee for Animal Experiments of the Institute for Virus Research, Kyoto
University.

Cells, Virus, and Reagents

MEFs were prepared from 12.5-13.5 embryos generated by in vitro fertilization
of Ifih195* x [fih 195+ with a DBA/2JJcl background and cultured in Dulbecco’s
modified Eagle’s medium (DMEM,) with fetal bovine serum (FBS) and penicillin-
streptomycin (100 U/ml and 100 pg/ml, respectively). To prepare GM-CSF-
induced BMDCs, we prepared bone marrow cells from femora and tibia of
3- to 10-week-old mice. Cells were cultured in RPMI 1640 medium supple-
mented with 10% FBS, 100 pM 2-ME, and 10 ng/ml murine GM-CSF (Pepro-
tech). Medium was changed every 2 days. Encephalomyocarditis virus (EMCV)
was purchased from ATCC.

Figure 5. Type | IFNs Are Partially Responsible but not Essential for MDA-5 Dependent Nephritis
(A) Histology of kidney from WT, Ifin19%/* Ifnar1*/~, or Ifnar1 =/~ mice (left panels, Haematoxylin-eosin staining; right panels, PAS).
(B) Histological scores and percentage of sclerosis in kidney from WT, /fih15*+ [fnar1*/*, Ifnar1*/~, or Ifnar1 ™~ mice were evaluated. Statistical significance was

determined by Student’s t test. *p < 0.083.

(C) Iindicated mRNA gene-expression levels in kidney from /fih18*+ Ifnar1*’*, Ifnar1*'~, or Ifnar1~'~ mice were determined by quantitative real-time PCR.
Littermate mice were subjected and data are shown as mean = SD of duplicate samples of a representative from three independent experiments.
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Figure 7. G821S and A946T Mutations Lead
to Conformational Change and Abrogate
ATPase Activity of MDAS

(A) Purity of MDA5 recombinant protein by SDS
PAGE.

(B) Single-molecule analyses of the WT and mutant
MDA5 molecules by AFM. Top images were ob-
tained from 500 nm scans. Middle shows four in-
dividual molecules each in the WT and mutant
images are marked by arrow heads and depicted
in 100 nm zoomed-in scales. Bottom shows sec-
tion analyses where four individual height features
from the middle panels were superimposed, illus-
trating the height differences between the WT and
mutant molecules.

(C) ATPase activity of WT and mutant MDAS.
ATPase activity of the recombinant WT and mutant
MDAS proteins were determined in the absence or
presence of polyl:C. Data are the mean = SD of
duplicate samples of a representative of three
independent experiments.

PRISM 7700 sequence detection system (Applied
Biosystems) or the STEP One plus Real Time PCR
system (Applied Biosystems) and TagMan Fast
Universal PCR Master Mix (Applied Biosystems).
TagMan primers for mouse Ifnb1, IL-6, Cxcl10,
Isg56, Tnfa, and 18 s rRNA were purchased from
Applied Biosystems. The RNA copy numbers
were normalized to that of internal 18 s rRNA.

Flow Cytometry

Cell suspensions of the spleen were prepared by
sieving and gentle pipetting, and were treated
with red cell lysis. For surface staining, cells were
maintained in the dark at 4°C throughout. Cells
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Histological Analysis
Tissues were fixed in 10% formalin, paraffin embedded, cut into sections
(5 um), and stained with hematoxylin-eosin or Periodic acid-Schiff.

Quantitative Real-Time PCR

Total RNA was prepared with TRIzol reagent (Invitrogen), treated with DNase |
(Roche Diagnostics), and reverse-transcribed with a High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems) according to the manufac-
turer’s instructions. Reverse transcription-PCR was performed with the ABI

12 Immunity 40, 1-14, February 20, 2014 ©2014 Elsevier Inc.

were washed in ice-cold PBS, then incubated
with each antibody for 15 min and washed twice
with PBS. Antibodies for flow cytometry were pur-
chased from BiolLegend, eBioscience, and BD
Biosciences. Data were acquired on the FACS
Canto Il flow cytometer (BD Biosciences) and
analyzed with FlowJo.

50 100
Length (nm)

Bone Marrow Chimeras

WT mice with a DBA/2JJcl background were irradi-
ated with 8 Gy. Bone marrow cells from /fih1*/* or
Ifih19"* mice were infused intravenously 6 hr after
irradiation. Mice were treated with antibiotics for
12 days after irradiation. To assess chimerism,
we determined the abundance of WT and MDAS
mutant alleles in genomic DNA obtained from the
spleen by PCR.

Plasmid Construct

The p-55 C1B Luc, pEF-BOS-FLAG MDA5 has

been described previously (Shigemoto et al.,
2009). pEF-BOS-FLAG-MDASB G821S, AS46T were constructed by introducing
the mutations into pEF-BOS-FLAG MDAS respectively with the KOD-Plus-
Mutagenesis Kit (TOYOBO).

Retroviral Expression

pLZR-IRES/GFP vector has been described previously (Satoh et al., 2010). A
murine WT MDAS or MDA5 G821S cDNA was cloned into the pLZR-IRES/
GFP retroviral vector. The constructs were transfected into the packaging
cell line PlatE, and viral supernatants were collected 48 hr after transfection.
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Measurement of IFN-3 Production

Cells were infected with EMCV, NDV for the indicated period. Culture superna-
tants were collected and analyzed for IFN-B with an enzyme-linked immuno-
sorbent assay (ELISA). ELISA kit for mouse IFN-B was purchased from PBL
Biochemical Laboratories.

Luciferase Reporter Assay

The Dual-Luciferase Reporter Assay System (Promega) was used according to
the manufacturer’s instructions for luciferase assays. As an internal control,
the Renilla Luciferase construct pRL-TK (Promega) was used.

Protein Purification

The cDNA encoding human WT MDAS, MDA5 G821S, or A946T was inserted
into pAcGHLT-B vector (BD Biosciences). To obtain recombinant baculovi-
ruses, Sf9 insect cells were cotransfected with the expression plasmid and
BD Baculo Gold Linearized Baculovirus DNA (BD Biosciences) according to
the manufacturer’s protocol. The recombinant MDAS proteins were expressed
in Sf9 or High five insect cells (2 x 107 cells/150 mm dish) by infection with re-
combinant baculovirus for 4 days. The cells were lysed in lysis buffer (50 mM
Tris—HCI pH 8.0, 150 mM NaCl, 1.5 mM DTT, 1% Triton X-100) with protease
inhibitor cocktail (Nacalai Tesque). The lysates were purified with Ni-NTA
super-flow (QIAGEN) followed by glutathione Sepharose 4B (GE Healthcare)
according to the manufacturer’s instructions.

ATPase Assay

Reaction mixture (25 pl: 1 ug purified recombinant protein, 100 ng RNA, 20 mM
Tris—=HCI pH 8.0, 1.5 mM MgCl,, 1.5 mM DTT, 20 units Protector RNase Inhib-
itor (Roche), 1 mM ATP) was incubated at 37°C for 30 min. The product, inor-
ganic phosphate, was quantified with BioMol Green (Enzo).

AFM Observation

AFM imaging of MDA5 was performed utilizing a Nanoscope llla/IV with a type
E or type J scanner (Digital Instruments) in air with the Tapping Mode at room
temperature. The probes used were made of silicon crystal, and the cantilevers
were 160 (£20) um in length with a spring constant of 12-103 Nm ' (OMCL-
AC16QTS; Olympus). Images were captured with the height mode in a 512 x
512 pixel format at a scanning frequency of 2 Hz. The images obtained were
plane-fitted and flattened with the computer program supplied in the imaging
module. The three-dimensional surface plots of the pictures were also pro-
duced with this program. For observation by AFM, purified WT/mutant
MDAS was diluted in Tris buffer containing 20 mM Tris—Cl (pH 8.0), 1.5 mM
MgCl,, and 1.5 mM DTT and was applied to a freshly cleaved mica surface pre-
treated with 10 mM spermidine. After 10 min, the mica was washed with water
and dried with nitrogen gas.

SUPPLEMENTAL INFORMATION

Supplemental Information includes three figures and can be found with this
article online at http://dx.doi.org/10.1016/j.immuni.2013.12.014.
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Encephalomyocarditis Virus Disrupts Stress Granules, the Critical
Platform for Triggering Antiviral Innate Immune Responses
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Laboratory of Molecular Genetics, Institute for Virus Research, Kyoto University, Kyoto, Japan®; Laboratory of Molecular Cell Biology, Graduate School of Biostudies, Kyoto
University, Kyoto, Japan®; Division of Molecular Immunology, Medical Mycology Research Center, Chiba University, Chiba, Japan®; Neurovirology Project, Tokyo

Metropolitan Institute of Medical Science, Tokyo, Japan?

In response to stress, cells induce ribonucleoprotein aggregates, termed stress granules (SGs). SGs are transient loci containing
translation-stalled mRNA, which is eventually degraded or recycled for translation. Infection of some viruses, including influ-
enza A virus with a deletion of nonstructural protein 1 (IAVANS1), induces SG-like protein aggregates. Previously, we showed
that IAVANSI-induced SGs are required for efficient induction of type I interferon (IFN). Here, we investigated SG formation by
different viruses using green fluorescent protein (GFP)-tagged Ras-Gap SH3 domain binding protein 1 (GFP-G3BP1) as an SG
probe. HeLa cells stably expressing GFP-G3BP1 were infected with different viruses, and GFP fluorescence was monitored live
with time-lapse microscopy. SG formations by different viruses was classified into 4 different patterns: no SG formation, stable
SG formation, transient SG formation, and alternate SG formation. We focused on encephalomyocarditis virus (EMCV) infec-
tion, which exhibited transient SG formation. We found that EMCV disrupts SGs by cleavage of G3BP1 at late stages of infection
(>8 h) through a mechanism similar to that used by poliovirus. Expression of a G3BP1 mutant that is resistant to the cleavage
conferred persistent formation of SGs as well as an enhanced induction of IFN and other cytokines at late stages of infection.
Additionally, knockdown of endogenous G3BP1 blocked SG formation with an attenuated induction of IFN and potentiated vi-
ral replication. Taken together, our findings suggest a critical role of SGs as an antiviral platform and shed light on one of the
mechanisms by which a virus interferes with host stress and subsequent antiviral responses.

in eukaryotic cells, viral infections induce several responses. Cel-
lular pathogen recognition receptors such as RIG-I-like recep-
tors (RLRs) and Toll-like receptors recognize specific pathogen-
associated molecular patterns and activate the transcription of
hundreds of genes, including interferons (IFNs), inflammatory
cytokines, and antiviral proteins. Secreted IFNs, in turn, activate a
secondary JAK-STAT signaling cascade, which culminates in the
activation of various interferon-stimulated genes (ISGs) (1, 2). A
representative ISG, protein kinase RNA activated (PKR), actsasan
antiviral protein by inducing the blockade of viral translation (3—
5). PKR is also known to be associated with the cellular stress
responses. Virus infection results in the accumulation of double-
stranded RNA (dsRNA), thereby activating PKR and phosphory-
lation of the a subunit of eukaryotic initiation factor 2 (elF2a),
leading to the formation of stress granules (SGs) (6, 7). Several
studies have reported the interaction between viruses and SGs,
especially the effects of specific types of viruses on the fate of SG
formation and how viruses modulate stress granule assembly (8-
11). Recently, we reported that RLR recruitment to SGs during SG
formation is critical for RLR-mediated signaling and that non-
structural protein 1 of influenza A virus (IAV) blocks RLR signal-
ing by inhibiting SGs and the antiviral response (12). Accumulat-
ing evidence suggests that viruses have evolved strategies to
prevent SG formation. These results suggest that virus-induced
SGs potentially serve as platforms for antiviral activity; however,
the underlying molecular mechanism still remains to be eluci-
dated.

In the present study, we aim to delineate the physiological im-
pact of stress granule formation and its viral modulation. We em-
ployed an enhanced green fluorescent protein (EGFP)-tagged
stress granule marker, Ras-Gap SH3 domain binding protein 1
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(G3BP1), to probe the subcellular distribution of virus-induced
SGs (13, 14). This system allows us to monitor SGs in an individ-
ual virus-infected cell. Infection with RNA and DNA viruses dis-
played three distinct patterns: stable, transient, and alternate for-
mation of SGs. We focused on encephalomyocarditis virus
(EMCV), which exhibited transient formation of SGs. We show
that EMCV disrupts SGs through G3BP1 cleavage. Furthermore,
we found that EMCV-induced SGs are required for efficient acti-
vation of IFN and cytokine genes. We propose a new antiviral
concept highlighting the potential cross talk of virus-induced
stress responses and activation of the IFN signaling cascade. This
may provide new insight into understanding the mechanism by
which antiviral genes are regulated.

MATERIALS AND METHODS

Plasmid constructs. The stress granule marker constructs pEGFP-Cl-
G3BP1 (NCBI RefSeq accession no. NM_005754) was a kind gift from
Jamal Tazi (Institute de Génétique Moléculaire de Montpellier, France).
The pEGFP-C1-G3BP1 Q325E mutant construct was generated by site-
directed mutagenesis with a KOD-Plus mutagenesis kit (Toyobo, Japan)
using primers containing the desired mutation according to manufactur-
er’s instructions and were completely sequenced by using an ABI Prism
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FIG 1 Characterization of HeLa/G-G3BP cells. (A) HeLa/G-G3BP1 clone 12 was mock treated or stimulated, as indicated. DAPI, 4,6-diamidino-2-phenylin-
dole. (B and C) Cells were fixed and examined for GFP fluorescence. Four independent HeLa/G-G3BP cell clones were stimulated by arsenite (B) or by infection
with NDV (C), and the percentage of GFP speckle-positive cells was determined. (D) Parental HeLa cells and Hel.a/G-G3BP1 clones were infected with NDV for
12 h, and the IFN-3 gene expression level was determined by RT-qPCR. (Error bars indicate standard deviations of duplicates [n = 2].)

DNA sequencer to verify the presence of the mutation. This plasmid con-
tained a single-point amino acid substitution at position 325 (from glu-
tamine (o glulamate), which is resistant to cleavage by 3C**° of poliovirus
(PalioV) (15). Expression vectors for EMCV pFirefly-leader and pFirefly-
3C proteases were described previously (16).

Viruses. PolioV (Mahoney strain), vesicular stomatitis virus (VSV)
(Indiana strain), EMCV, adenoviruses (type 5), Sindbis virus (SINV), and
Theiler's murine encephalomyelitis virus (TMEV) (GDVII strain) were
prepared by infecting BHK cells at a multiplicity of infection (MOI) of 1.
Cell culture medium was collected after confirming cytopathic effects
following infection. Medium containing newly produced viruses was cen-
trifuged at 1,500 rpm for 5 min to pellet the cell debris, and supernatants
containing viruses were collected and stored at —80°C. The viral titer was
assessed by a plaque assay on L929 cells, as previously described (17).
Newcastle disease virus (NDV) (Miyadera strain), Sendai virus (SeV)
(Cantell), and influenza A virus with a deletion of the NSI gene
(TAVANSI) (strain A/Puerto Rico 8/34) (18, 19) were propagaled in the
allantoic cavities of embryonated chicken eggs, and stocks were then
stored at —80°C.

Generation of stable HeLa cells and general cell culture conditions.
Cell lines were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine serum
(Nacalai Tesque, Japan) and penicillin-streptomycin (100 U/ml and 100
pg/ml, respectively; Nacalai Tesque, Japan). To generate HeLa cells stably
expressing the EGFP-G3BP1 wild type (wt) and the EGFP-G3BP1 Q325E
mutant, pEGFP-C1-G3BP1 and pEGIP-C1-G3BP1 Q325E mutant ex-
pression constructs were linearized by using the restriction enzyme Apall

9512 jviasm.org

(TaKaRa, Japan). The linearized plasmids were then transfected into
ITeLa cells by using FuGENE6 (Promega, USA) according to manufactur-
er’s recommendations. Transformants were selected by including 1
mg/ml of G418 in the culture medium. Individual colonies were isolated
and characterized.

Live-cell imaging and immunofluorescence microscopy. For the
live-cell imaging analysis, Hela cells stably expressing EGFP-G3BP1
(HeLa/G-G3BP cells) were seeded into a 12-well plate and incubated at
37°C. After 24 h, cells were washed with DMEM (10% fetal bovine serum
and 1% penicillin-streptomycin) for several rounds. Cells were then in-
fected with various types of RNA and DNA viruses. After 1 h of infection,
virus was removed and replaced with 1.0 ml of DMEM imaging medium
(4,500 mg/liter p-glucose and L-glutamine, 25 mM HEPES buffer, no
sodium pyruvate, and phenol red; Invitrogen). Imaging was immediately
initiated every 10 min. Live cells were maintained on the microscope stage
at 37°C with 5% carbon dioxide in a humidity-controlled chamber. Im-
ages were taken by using Biophotonics-Image] software. All imaging was
performed by using a Leica CTR 6500 instrument.

For the immunofluorescence analysis, cells were seeded into either a
12-well plate or an 8-well chamber slide and incubated at 37°C. After 24 h,
cells were subjected to various treatments, such as plasmid transfection or
virus infection. Cells were then rinsed in phosphate-buffered saline (PBS)
several times, fixed with 4% paraformaldehyde solution for 10 min at
room temperature, washed with PBS for two additional rounds, perme-
abilized with acetone-methanol (1:1) for 1 min, and blocked with phos-
phate-buffered saline containing 0.1% Tween 20 (PBST) and containing
bovine serum albumin (BSA) (5.0 mg/ml) for 1 h at 4°C. Cells were then
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incubated with primary antibody followed by fluorophore-conjugated
secondary antibodies (Invitrogen) for 1 h at 4°C. Cells were washed with
PBST extensively and mounted. All images were obtained by using a Leica
CTR 6500 instrument.

siRNA-directed gene silencing. The small interfering RNA (siRNA)
universal negative control and siRNAs targeting the stress granule marker
G3BP1 (50 nM) and the dsRNA protein kinase PKR were purchased from
Invitrogen and transfected by using either Lipofectamine 2000 (Invitro-
gen) or RNAiMax (Invitrogen) according to the manufacturer’s recom-
mendations. The sequences of siRNAs are as follows: sense sequence
5'-CGG AUU AGC GAC AAA UUU AUU-3' and antisense sequence 5'-
UAA AUU UGU CGC UAA UCC GUU-3’ for RIG-I, sense sequence 5’-
UUU ACU UCA CGCUCC GCCUUC UCG U-3" and antisense sequence
5'-ACG AGA AGG CGG AGCGUGAAGUAA A-3' for PKR#1, sense se-
quence 5'-AUG UCA GGA AGG UCA AAU CUG GGU G-3’" and anti-
sense sequence 5'-CAC CCA GAU UUG ACC UUC CUG ACA U-3’ for
PKR#2 (#n, designated siRNA number), and sense sequence 5'-UAA
UUU CCC ACC ACU GUU AAU GCG C-3' and antisense sequence 5'-
GCGCAUUAACAGUGGUGGGAAAUUA-3" for G3BP1. At 48 h post-
transfection, cells were subjected to viral infection or other treatments. A
specific antibody for G3BP1 (Santa Cruz) was used to monitor the knock-
down efficiency.

September 2013 Volume 87 Number 17

4

FIG 2 Three major forms of virus-induced stress granule distribution patterns in HeLa/G-G3BP cells infected with different viruses. (A to K) ITeLa/G-G3BP cells
were infected with NDV (A), IAV (B), IAVANSI (C), EMCV (D), SINV (E), PolioV (F), SeV (G), VSV (1), adenovirus type 5 with an E1A deletion
(Adeno5AE1A) (I), wild-type adenovirus type 5 (AdenoSWT) (J), and TMEV (K) for approximately 9 to 12 h, and SG formation was monitored and quantified
as described in Materials and Methods. (Error bars indicate standard deviations of triplicates [1# = 3].) N.D., not detectable; #:, P < 0.005; *, P < 0.05. (L to N)
Representative cell images taken at the indicated times after infection for stable (NDV) (L), transient (SINV) (M), and alternating (Adeno5AE1A) (N) SG
formation. (O) Wild-type HelLa cells were mock infected or infected for 4 or 12 h and fixed to examine the localization of endogenous G3BP1 by immunostaining.

RNA analysis. RNA was harvested from cells by using TRIzol (Invit-
rogen) according to the manufacturer’s instructions. Contaminating
DNA was then eliminated by using recombinant DNase I (10 units/pl;
Roche) according to the manufacturer’s protocol. Treated samples were
purified by phenol-chloroform extraction. Five hundred nanograms of
purified RNA was used as a template to synthesize cDNA by using a High
Capacity cDNA reverse transcription kit (Applied Biosystems), as speci-
fied by the manufacturer, with the following cycles: 25°C for 10's, 37°C for
2 h, and 85°C for 10 s. The concentration of cDNA was quantified by the
usc of a spectrophotometer, and the final concentration was adjusted to 1
pg/pl. cDNA samples were then subjecled to either standard PCR or
real-lime quantitative PCR (RT-qPCR) analysis with specific probes from
the TagMan gene expression assay (Applied Biosystems). Quantification
of EMCV RNA was performed by using SYBR master mix (Applied Bio-
systems) with specific primers targeting the EMCV capsid coding region.
Standard PCR was performed with cDNA samples together with a master
mix containing 1X PCR buffer, 2.5 mM each deoxynucleoside triphos-
phates (ANTPs), 0.2 units of Ex Tag polymerase, and 1.0 uM both forward
and reverse primers. PCR buffer, dNTPs, and Ex Taq polymerase were
purchased from TaKaRa, Japan. Primers were all customized and pur-
chased from Invitrogen. PCR was performed with a 50-.l reaction mix-
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FIG 3 EMCYV infection results in the cleavage of G3BP1. (A) Immunoblotting (IB) showing the kinetics of G3BP1 cleavage in EMCV-infected HeLa/G-G3BP1
cells. N.C., negative control. (B) HeLa cells stably expressing FLAG-G3BP1 Q325E protein were infected with EMCV, and the G3BP1 Q325E protein leve] was
monitored by immunoblotting. (C) Western blot analysis of HeLa/G-G3BP1 cells infected with EMCV. Lysates were prepared at the indicated time points after
infection and subjected to immunoblotting with the indicated antibodies. FL, full-length; n.s., not significant. (D, left) HeLa cells were transiently transfected with
an empty vector or the expression vector for Jeader or 3C and analyzed for endogenous G3BP1 by Western blotting. (Right) HeLa/G-G3BP1 and Hel.a/G-
G3BP1Q325E cells were transiently transfected with an empty vector or the expression vector for leader or 3C and analyzed by Western blotting using anti-GFP.
MW, molecular weight (in thousands); p.h.i., hour postinfection; cp, cleavage fragment.

ture with an initial annealing temperature of 56°C to 60°C. PCR products
were analyzed by agarose gel electrophoresis.

Western blotting. Cells were collected in ice-cold PBS by using a
scraper. Cells were collected by centrifugation and lysed by NP-40 buffer
(50 mM Tris [pH 8.0], 150 mM NaCl, 1% [vol/vol] NP-40, 1 nM vana-
date, 1 mM leupeptin, and phenylmethanesulfonyl fluoride), followed by
centrifugation at 15,000 rpm for 10 min and ultracentrifugation at
100,000 rpm for 5 min. The supernatant was mixed with an equal volume
of 2X SDS buffer, boiled for 5 min, separated by SDS-PAGE (30 j.g/lane),

A
EGFP-G3BP1

B

EGFP-G3BP1 Q325E

and transferred onto a nitrocellulose membrane. The membranes were
incubated in blocking buffer (PBS, 5% [wt/vol] dry milk powder) for 30
min at room temperature, followed by incubation with primary antibody
diluted in blocking buffer at 4°C overnight. Membranes were washed
extensively with TBST (Tris-buffered saline, 0.1% Tween 20), followed by
incubation with a conjugated secondary antibody for 1 h at room temper-
ature. The proteins were visualized by using alkaline phosphatase buffer
containing 5’-bromo-4-chloro-3’-indolylphosphate (BCIP)-Nitro Blue
Tetrazolium (NBT) (Promega) color development substrate (100 mM
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FIG 4 HelLa/G-G3BPQ325E cells display stable formation of SGs induced by EMCV infection. (A and B) Both HeLa/G-G3BP1 (A) and HeLa/G-G3BP1Q325E
(B) cells were infected with EMCV. GFP fluorescence images of these cells taken every 40 min are shown. (C) Quantitative analysis of SG formation pattern of

HeLa/G-G3BP1Q325E cells infected with EMCV. (Error bars indicate standard deviations of triplicates {17 = 3].) N.D., not detectable; »
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P <0.005.
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