(DENV)

VCP

(V)

(YFV)

DENV

RNA

(ER)

DENV

RNA

(DENV)

(WNV)
(TBEV)

DENV I v 4

320

RNA

DENV

siRNA
51
ESCRT ATG
DENV
- FC‘Y
(ADE)
DENV
pH
11kb RNA

(Capsid preM E)



(NS1 NS2A NS2B NS3

NS4A NS4B NS5) Capsid
RNA
preM
E
(NS) NS3
NTPase RNA
NS2B
NS5
N C
RNA RNA
RNA
RNA
NS2A NS4A NS4B
NS
RNA
ERGIC (ER-Golgi
Intermediate Compartment)
4-
(P14P) P14
DENV JEV
NS

siRNA

ESCRT ATG VCP

(HEK293A HEK293T

BHK-21 Vero HelLa) 37°C 5% CO,
10 % Featal Bovin Serum
(Gibco) 100 pg/ml Penicillin  Nacalai tesque 100
units/ml Streptomycin  Nacalai tesque
Dulbecco’s Modified Eagle’s Medium high glucose
DMEM Nacalai tesque
C6/36

28°C 10 % Featal Bovin Serum 100 pg/ml
Penicillin 100 units/ml Streptomycin

SCHNEIDER’S INSECT MEDIUM (SIGMA)

AT31 (

)
2  NewGuineaC  (ATCC )
2,

24well plate HEK293A JEV

DENV MOI (Multiplicities of

infection) 0.3
2
300ul

3700 5% CO,

3 (
)
JEV  Vero
DENV  BHK-21
10
96well plate 1 x 10° cells/well
Vero BHK-21 50 ul
3700 5% CO, 2

#4000 (Nacalai



tesque) 1% 3700 5%

CO, Vero 36 BHK-21
60
4%
(Nacalai tesque)
15
Anti-JEV
NS3C (1:5000, )

Anti-Dengue CORE (1:5000,
) 0.2% Triton-X100 (SIGMA) 10%
FBS D-PBS
PBS Biotin-conjugated o- rabbit
IgG (Vector lab.) 10% FBS
D-PBS 30 PBS
ABC Solution (Streptavidin Biotin
Complex Peroxidase Kit, ) 30
PBS
: VIP Solution (VIP Substrate Kit
for Peroxidase, Vector Lab.)

Focus Foming Unit (FFU)

4, JEV RNA
JEV RNA
rJEVMie/41/2002/pMW119 (
)
mMESSAGE mMACHINE® Kit (T7) (Life
technologies) RNA

RNA

Lipofectamine2000 (Life
technologies) 24well
plate  1.2x 10° cells/well
HEK293A 1.5ml
Opti-MEMI (Life technologies) 50 pl
RNA 0.6pg

Lipofectamine 2000 (1 pl)
Opti-MEMI (50 pl)
20
3700 5% CO2 6

24~72

PCR

HEK293T HEK293A HeLa

polyethyleneimine (PEI), linear, MW~25kDa

(polyscience) 10pg
DNA 1ml OPTI-MEM
Img/ml  PEI 40ul 10
DNA
12
24
o,
HEK293T

Lysis buffer (1% Triton-X100, 50mM
Tris (Nacalai tesque), 150mM NaCl (Nacalai tesque),
)
407 150,000rpm 10
Strep-Tactin
Sepharose (iba) 100 pl 40 2
8,000rpm 1
Wash buffer 0.1 % Triton-X 50 mM
Tris 150 mM NaCl in Water I ml
8,000rpm 1
3 Wash buffer 2x
Sample buffer (125mM TrisHCI, 4% Sodium Lauryl
Sulfate (SDS Nacalai tesque) , 20%

(Nacalai tesque) , 1/10 2-
(SIGMA) ) 20 ul
100°C 5
8,000rpm 1
7, SDS-PAGE

15% running gel [30 % acrlyamide
(Nacalai tesque) 20 ml 1.5 M Tris-HCI pHS8.8
(Nacalai tesque) 10ml 10 % SDS 400 pl
N,N,N’,N’-tetramethyl-ethylene diamine (TEMED
Nacalai tesque) 30 pl 40
ml
10 % ammonium perodisulfate (APS
Nacalai tesque) 200 ul ( 6
)1 12 % running gel [30 % acrlyamide 16 ml
1.5 M Tris-HCI pH8.8 10 ml 10 % SDS 400 pl
TEMED 30l 40 ml



10 % APS 400

ul ( 6 )]
Stacking gel 30 % acrlyamide
32ml 1.5MTris-HClpH 6.8 5ml 10 % SDS 200

ul TEMED 30 pl 20 ml
10 % APS
200 pl ( 6 )
10 %e- 14
(ATTO) 1
20 mM
8,
SDS-PAGE

Transfer buffer (1 x TrisGlycine

(Trisbase (Nacalai tesque) 3.03 g Glycine (Nacalai
tesque) 1441g 1L )
10% ((Nacalai tesque)) 1L

) polyvinylidene difluoride
(PVDF) membrane (Millipore)

PVDF 3%skimmilk( )in

Tris-Buffered Saline Tween-20 (TBST)

0.3% skim milk in TBST
TBST 10 3
Horseradish peroxidase (HRP)
0.3% skim milk-TBST (1:1000)
1 TBST
10 3 Luminate Forte Western HRP
Substrate (Millipore)
LAS-4000mini
9,
SDS-PAGE
(10% 10% in
) (ultra
PURE GIBCO)
In gel
Thermo Scientific
LTQ Orbitrap Velos + ETD
(
) MSCOT
10,
No.1 172
Hela PEI
24

4%PFA 10 PBS

PFA
0.2% Triton-X100 / 10% FBS in
D-PBS 3 PBS
(
) 10% FBS in D-PBS
PBS
5~10ul
Fluoromount-G (SouthernBiotech)
(FLUOVIEW FV10i,
Olympus)
11, siRNA
siRNA  Ambion Bioneer SIGMA
siRNA
Ambion Bioneer
SIGMA
Dhamacon

(http://'www.thermoscientificbio.com/design-center/)

12, siRNA
siRNA
Lipofectamine RNAIMAX (Life technologies)
12x10°  HEK293A  /
24well plate
24
siRNA
/SIRNA
siRNA 20nM
24
13,siRNA  siRNA
siRNA  siRNA
siRNA
HEK293A Lipofectamine 2000 (Life
technologies) 1.2x 105
HEK293A / 24well
plate 24



siRNA 20nM
0.5pg/sample
14, CellTiter-Glo
24well plate CellTiter-Glo
Buffer (Promega)  100ul
CellTiter-Glo Substrate (Promega)  2x
96well ul
10ul
plate 5 15
Powerscan HT (DS )
15. PCR gRT-PCR
24 well plate Trirealengent
SIGMA RNA  RevertAid
Reverse Transcriptase  Thermo cDNA
cDNA Random hexamer
LifeScience technologies cDNA
PCR power SYBer Green PCR
Master Mix  life technologies 10ul
0.03ug  cDNA 10pmol
JEV RNA NS5

5’-GCCGGTGGGACACTA-3’

B-
5’-CCTCCCGCTTCGCTCTCT-3’ B-
RNA RNA
16. Yeast two hybrid:
Y2H
AH109
TAKARA/Clontech MatchmakerTM
Two-Hybrid System YPD

20% Pepton DIFCO LABORATORIES
10% Yeast extract Nacalaitesque 2% Glucose
Nacalai tesque
200 O.D.U/ml
LiAc Solution 0.1M LiAc Nacalai tesque
10mM TrispH 7.5 1mM EDTA Nacalai tesque

0.25 vol.
ssDNA (10mg/ml  SIGMA

Ardrich) 1.58vol.  LiAc/PEG Solution

10mM TrispH 7.5 1mM EDTA  50% Poly
ethyreneglycol 3350: PEG3350 SIGMA-Aldrich
Activated Doamin = AD

pGADT?7
DNA Binding Domain DBD
pGBKT7 15ng
300
4201 15
-Leu,

-Trp  0.15% Yeast Nitrogen Base w/o amino acids
or ammonium sulfate SIGMA  0.5% Ammonium
Sulfate Nacalai tesque 2% Glucose 0.002%
Adenin SIGMA  0.002% Uracil Wako 0.002%
Histidine Wako 0.002% Arginine Wako
0.005% Phenylalanine Wako  0.006% Tyrosine
Wako  0.006% Lysine Wako  0.008%
Isoleusine Wako 0.01% Glutamic Acid Wako
0.01% Aspartic Acid Wako  0.015% Valine

Wako 0.02% Threonine Wako  0.04% Serine
Wako 300
-Leu,
-Trp, -Ade, -His  0.15% Yeast Nitrogen Base w/o

amino acids or ammonium sulfate SIGMA  0.5%

Ammonium Sulfate Nacalai tesque 2% Glucose

0.002% Uracil Wako 0.002% Arginine Wako

0.005% Phenylalanine Wako  0.006% Tyrosine
Wako  0.006% Lysine Wako  0.008%

Isoleusine Wako 0.01% Glutamic Acid Wako

0.01% Aspartic Acid Wako  0.015% Valine
Wako 0.02% Threonine Wako  0.04% Serine
Wako

SILAC (Stable
isotope labeling with amino acids in cell culture)
JEV DENV HEK293T



50%

(Fig.2)

JEV (GFP Luciferase)
DENV NS (NS2A, NS2B, siRNA
NS3-N, NS3-C,NS4A,NS4B)  Strep siRNA
HEK293T
Strep-Tactin
(SD)
3
(
MTMR3
MTMR3) 3 siRNA 20~30
JEV
14 2 1
NS 3 33 48
(Fig.3)
MASCOT 100 34
DENV
1 30
2 20 3
(http://targetmine.nibio.go.jp/targetmine/begin.do) 20 70 (Fig.3)
BioGRID (http://thebiogrid.org/)
51
JEV 34
Bottleneck Hub 100 DENV 51
13
ER
3 ESCRT
G7 ) ATG VCP
(Fig.1)
137 siRNA
ESCRT
137 24 ESCRT CHMP6 CHMP7
siRNA
siRNA VPS4A  VPS4B
JEV NS3 CHMPIA CHMP5 NS5
DENV HEK293A
siRNA (Fig.4)
24 JEV ESCRT
DENV  MOI=0.3
ESCRT



ESCRT
CHMP2 CHMP7
ESCRT-II
(Fig.5) ESCRT
siRNA
TSG101
CHMP2 CHMP3 CHMP4
(
1/100-1/1000 )
(Fig.6)
ESCRT ER
VCP
VCP AAA ATPase
ER
VCP siRNA
HEK293A JEV DENV
MOI=0.3 72
VCP JEV
1/100000000 DENV
1/1000000
(Fig.7Alane2 1-B
lane 2)
VCP
siRNA
VCP
(Fig. -C D)

(Fig.7-C D) siRNA
VCP

(Fig.8)
siRNA
VCP

ATPase
VCP

(Fig.8)

VCP

VCP
JEV
DENV
(Fig.8) VCP
VCP
JEV
RNA

( 72
1/10000) (Fig.9)
JEV-SGR

(data no shown)

VCP Nterminal domain ND  ATPase

Domainl D1  ATPase Domain2 D2 3
(Fig.10A)
VCP 2 ATPase
siRNA VCP
ATPase D1 305
E305Q
ATPase D2 578
E578Q
E305Q/E578Q
VCP
VCP VCP
E305Q
VCP 1/10
VCPE578Q 1/105
E305Q/E578Q 1/107
(Fig.10B
panell 2 lane6-8)
VCP  ATPase
D2
VCP
ATPase

N2,N4-dibenzylquinazoline- 2,4-diamine DBeQ
VCP D2
3,4-Methylenedioxy-b-nitrostyrene 1 MDBN



VCP  SECel ERAD

VCP VCP
Eeyarestatin I~ Eerl
VCP-ND
VCP X
MG132 VCP-ND
293A JEV. m.o.i=0.3 R53 170 L72 L107 V108 K109
2 Y110
4 (Fig.13BC)
44 48
siRNA
(Fig.11A) (Fig.13FG) UFD1
UBXD7 R53A
UBXD1 UBXD7
170A/L72A
(Fig.11B lane2 4 5 6 8) siRNA VCP
VCP ATPase R53A
170A/L72A VCP
ERAD
MG132
(Fig.13EF lane 4 5) UFDI1
1/108 UBXD1 UBXD
(Fig.11B lane2) VCP
- p47  p37
NPL4  UBXD7
V108A/K109A/Y110A
VCP
23%
(data not shown) (Fig.13EF lane 6)
VCP p47  p37 NPL4 UBXD7
VCP
(Fig.13) R53A
VCP VCP N 170A/L72A UBXD7
N-terminal Domain: ND
NPL4 UFDI gp78 p47 p37 UBXDI UBXD7 NPLA4
IP-MS
VCP
VCP (Fig.13B) NS2B  NS3
VCP-ND UBD VCP NS2B
ubiquitin binding domain ~ UBX  ubiquitin NPL4 NS2B UFD1 NS3
regulatory X BS1 bindingsite1 VIM  VCP p47
interaction motif  VBM  VCP-binding motif
X VCP
VCP-ND 2
? ” VCP



20
DENV JEV 13

(Fig.14A)
VCP

1:1
JEV  NS4B
2276-2377  UFDI
(Fig.14BC)
UBD N

NPL4
NPLA4
1-83aa

84-247aa NZF C

248-608aa 3
(Fig.14D)

DENV  Npl484-247 NS2A
1239-1272 JEV  Npl484-247 NS3
1505-1680 NS4B 2276-2377
2393-2447  2460-2527

(Fig.14E) DBD-NPLA 247-608

DENV NS2A-NPL4 JEV NS4B-UFD1 JEV
NS3-NPL4 JEV NS4B-NPLA4

Hela OSF
myc

24
FLAG myc
(Fig.15) NPL4

(Fig.15A) JEVNS2A NS4B

(Fig.15BC,FG) NS3-NS2B

(Fig.15DE) UFDI  NPL4

NS4B NS4B

(Fig.15H-J)

DENV NPL4 DENV
NS2A NS4B
NPL4
(Fig.15K-0O)
(Fig.16)
FOS NS4B  myc
NPL4  HEK293T
1%Triton-X100
Strep-Tactin NS4B
NPLA
(Fig.16 1 lane2)
NS4B Npl4-VCP
ATG
p62 JEV
Vero E
p62
(Fig.17A) JEV
(Fig.17A ) p62
(Fig.17A
)
p62
(Fig.17B)
p62
p62
po2
FIP200 ATGI16L1
(Figl8A&B)
p62 (19)



(Fig19C)

p62 JEV
siRNA
VCP
ESCRT (Endosomal Sorting Complexes
Required for Transport) TSG101
CHMP
LC3
KIAA1715 Reticulon
siRNA
siRNA
ESCRT
ESCRT
ESCRT
ESCRT
ESCRT
ESCRT siRNA

TSG101 CHMP2 CHMP3 CHMP4

ESCRT
ESCRT
TSG101
VCP 2 ATPase
2 ATPase
D1 D2  ATPase
D2  ATPase VCP
VCP
AAA-ATPase D1
ATP
E305Q VCPDI1 Walker B
ATP
Walker A
ATPase
VCP 6
VCP DBeQ
(Fig.2)
DBeQ ATPase MDBN
VCP ATPase
ATPase
VCP Eerl
VCP SECe61
ERAD
ERAD

MG132



NS2A  NPLA4

MGI132
DBeQ VCP
VCP
JEV
VCP ATG
VCP ATG FIP200  p62
JEV
3 VCP-ND FIP200 p62
siRNA
NPL4 VCP
NPL4 R53A 170A/L72A
VCP
10-30%
VCP-ND
VCP
ND
siRNA
UFDI1
UFD1 BS1
NPL4
VCP
VCP-ND
VCP
indlico
NS4B NPL4
NS4B
NPL4 TMD4
TMD4 NPL4
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Fig.13 VCP
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Fig. 17 p62

Vero cells are infected JEV at M.O.1=1.0, fix at 48h postinfection, stained with anti-JEV E mouse
monoclonal and anti-p62 rabbit polyclonal antibodies (A) or anti-ubiquitin (FK2) mouse monoclonal
and anti-JEV NS3 rabbit polyclonal antibodies (B), and detected mouse or rabbit primary antibodies
by AlexaFluoro488 conjugated anti-mouse IgG (lanel, green) and AlexaFluoro594 conjugated
anti-rabbit IgG (lane2, red). Merged images of green and red (lane 3), and phase contrast (gray) and
DNA staining (blue) (lane4) were shown respectively. Bar indicates 10um.
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Figl8. ATG p62

ATG16L1 (A), FIP200 (B), or p62(C) knockout MEF cells were infected with JEV at M.O.1=0.3.
Culture supernatants are harvested at indicated time after infection, and viral infectious titers are
measured by performing focus -forming assay. WT MEFs derived from same littermates are used as
control cells.
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