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Figure Legends

Figure 1. Several apolipoproteins participate in HCV propagation. (A) Relative mRNA
expression of the apolipoproteins in the liver tissues (left columns) was determined using the
NextBio Body Atlas application. The median expression (right columns) was calculated across all
128 human tissues from 1,068 arrays using the Affymetrix GeneChip© Human Genome U133 Plus
2.0 Array. mRNA expression for each gene was log10 transformed. (B) Log10 transformed,
normalized signal intensity of the apolipoproteins in Huh7 (left columns) and HepG2 (right columns)
cells were extracted from previously published expression microarray dataset GSE32886. (C) Huh7
cells infected with HCVec at an MOI of 1 at 6 h post-transfection with siRNAs targeting ApoA2
(A2), ApoB (B), ApoE (E) and control (Cont), and expression levels of apolipoproteins (upper
panel) and infectious titers in the culture supernatants (lower panel) were determined by
immunoblotting and a focus-forming assay at 72 h post-infection, respectively. (D) ApoAl, ApoA2,
ApoC1, ApoE and ApoH were exogenously expressed in control and ApoE-knockdown Huh7 cells
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by lentiviral vectors. Expressions of the apolipoproteins were determined by immunoblotting
analysis. (E) Infectious titers in the culture supernatants of control and ApoE-knockdown Huh7 cells
expressing the apolipoproteins were determined by focus-forming assay at 72 h post-infection. In all
cases, asterisks indicate significant differences (*, P <0.05; **, P < 0.01) versus the results for
control cells.

Figure 2. ApoB and ApoE redundantly participate in the formation of infectious HCV
particles. (A) Huh7 and E-KO1 cells were infected with HCVcec atan MOI of 1 at 6 h
post-transfection with siRNAs targeting ApoB or ApoE, and infectious titers in the culture
supernatants were determined by focus-forming assay at 72 h post-infection. (B) HCVpp were
moculated into Huh7, BE-KO1 and BE-KO2 cells, and luciferase activities were determined at 48 h
post-infection. (C) A subgenomic HCV RNA replicon of the JFH1 strain was electroporated into
BE-KO1 and BE-KO2 cells with/without expression of ApoE by lentiviral vector (ApoE-res), and
the colonies were stained with crystal violet at 31 days post-electroporation after selection with 400
pg/ml of G418. Huh7, BE-KO1 and BE-KO2 cells were infected with HCVec at an MOI of 1, and
intracellular HCV RNA (D) and infectious titers in the supernatants (E) were determined at 72 h
post-infection by qRT-PCR and focus-forming assay, respectively. (F) Exogenous expression of
ApoE in BE-KO1 and BE-KO2 cells by lentiviral vector was determined by immunoblotting
analysis. (G) Infectious titers in the culture supernatants of BE-KO1 (gray bars) and ApoE-res cells
(red bars) infected with HCVec at an MOI of 1 were determined at 72 h post-infection by
focus-forming assay.

Figure 3. MTTP participates in the formation of infectious HCV particles through the
maturation of ApoB. (A) Expressions of ApoB, ApoE and MTTP in Huh7, B-KO1, M-KO1,
E-KO1, BE-KO1 and EM-KO1 cells were determined by immunoblotting analysis. Cells were
infected with HCVcc at an MOI of 1, and intracellular HCV RNA (B) and infectious titers in the
supernatants (C) were determined at 72 h post-infection by qRT-PCR and focus-forming assay,
respectively. The expressions of ApoB, ApoE and MTTP in BE-KO1 and EM-KO1 cells
with/without expression of ApoE or MTTP by lentiviral vector were determined by immunoblotting
(D) and ELISA (E). Cells were infected with HCVcc at an MOI of 1, and intracellular HCV RNA
(F) and infectious titers in the supernatants (G) were determined at 72 h post-infection by gqRT-PCR
and focus-forming assay, respectively.

Figure 4. Exchangeable apolipoproteins redundantly participate in the formation of infectious
HCY particles. (A) BE-KO1 cells infected with HCVcc at an MOI of 1 at 6 h post-transfection with
siRNAs targeting ApoAl (Al), ApoA2 (A2), ApoCl1 (C1), ApoC2 (C2), ApoC3 (C3) and ApoH
(H) and infectious titers in the culture supernatants were determined by focus-forming assay at 72 h
post-infection. (B) ApoAl, ApoA2, ApoCl, ApoC2, ApoC3, ApoE and ApoH were exogenously
expressed in BE-KO1 cells by infection with lentiviral vectors, and then infected with HCVcc at an
MOI of 1. Expression of the apolipoproteins was determined by immunoblot analysis (upper), and
infectious titers in the culture supernatants were determined at 72 h post-infection by focus-forming
assay (lower). (C) Extracellular and intracellular HCV RNA in BE-KO1 cells expressing
apolipoproteins and infected with HCVece were determined at 72 h post-infection by qRT-PCR. (D)
Specific infectivity was calculated as extracellular infectious titers / extracellular HCV RNA copies
in BE-KO1 cells expressing apolipoproteins at 72 h post-infection. (E) 293T cells stably expressing
CLDNI1 and miR-122 (293T-CLDN/miR-122 cells) were infected with the lentiviral vectors, and the
expressions of the apolipoproteins were determined by immunoblot analysis (upper). These cells
were infected with HCVcc at an MOI of 1, and infectious titers in the supernatants were determined
at 72 h post-infection by focus-forming assay (lower). In all cases, asterisks indicate significant
differences (*, P <0.05; **, P <0.01) versus the results for control cells.

Figure 5. Exchangeable apolipoproteins participate in the formation of infectious HCV
particles of genotype 1 and 3. ApoAl, ApoA2, ApoCl, ApoC2, ApoC3, ApoE and ApoH were
exogenously expressed in BE-KO1 cells by infection with lentiviral vectors, and then infected with
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genotype 1b and 3a chimeric HCVce, TH/JFH1 (A) and S310/JFH1 (B) at an MOI of 0.5.
Intracellular HCV RNA and infectious titers in the culture supernatants were determined at 72 h
post-infection by gRT-PCR (upper) and focus-forming assay (lower). Asterisks indicate significant
differences (**, P <0.01) versus the results for control cells.

Figure 6. Accumulation of core proteins around lipid droplets in BE-KO1 cells. (A)
Extracellular and intracellular infectious titers in Huh7, BE-KO1 and ApoE-restored cells infected by
lentiviral vector (ApoE-res) were determined at 72 h post-infection with HCVcc at an MOI of 1 by
focus-forming assay. Asterisks indicate significant differences (**, P < 0.01) versus the results for
parental cells. (B) BE-KO1 cells infected with HCVce at an MOI of 1 were stained with anti-Core
antibody at 72 h post-infection and examined by fluorescence microscopy. Identical fields were
observed under electron microscopy by using the correlative FM-EM technique. The boxed areas are
magnified and displayed. Huh7, BE-KO1 and ApoE-res cells infected with HCVcc at an MOI of 1
were subjected to immunofluorescence analyses by using anti-Core antibody (C), and
immunoblotting by using antibodies against Core, NS3, ApoE, and actin at 72 h post-infection (D).
Lipid droplets and cell nuclei were stained by BODIPY and DAPI, respectively. (E) BE-KO1 and
ApoE-res cells infected with Jel strain-based HCVee (HCVec/Jel; left panel) or JFH1 strain-based
HCVec (HCVece/JFHI; right panel) at an MOI of 1 were subjected to immunofluorescence analysis
by using anti-Core antibody at 72 h post-infection. Lipid droplets and cell nuclei were stained by
BODIPY and DAPI, respectively.

Figure 7. Apolipoproteins participate in the post-envelopment step of the HCYV life cycle. The
supernatants (A) and lysates (B) of BE-KO1 and ApoE-restored (ApoE-res) cells infected with
HCVcc at an MOI of 1 were subjected to density gradient fractionation. Each fraction was subjected
to immunoblotting using anti-Core antibody (upper). The infectious titers and densities of each
fraction were determined (lower). (C) The lysates of BE-KO1 and ApoE-res cells infected with
HCVcc at an MOI of 1 were subjected to proteinase K digestion protection assay. Lysates were
separated into 3 parts and incubated for 1 h on ice in the presence or absence of 50 pg/ml proteinase
K with/without pretreatment with 5% Triton-X and then subjected to immunoblotting.

Figure 8. Amphipathic a-helices in apolipoproteins participate in the infectious particle
formation of HCV. (A) Predicted or experimentally determined secondary structures of
apolipoproteins. Secondary structures of the helices and sheets in the apolipoproteins are colored red
and cyan, respectively. The three-dimensional structures of ApoA1 (Protein Data Bank (PDB) ID,
3R2P), ApoC1 (PDB ID, 110J), ApoD (PDB ID, 2HZR), ApoE (PDB ID, 2L.7B), ApoH (PDB ID,
1C1Z) and ApoM (PDB ID, 2XKL) are also shown in a ribbon model using the same color code of
secondary structures. In cases in which the structure was not available, the secondary structure was
predicted by using a CLC Genomics Workbench. (B,C) Schematics of the ApoE- and
ApoCl-deletion mutants (upper). Deletion mutants with HA tags expressed in BE-KO1 cells by
lentiviral vectors were detected by immunoblotting (middle). BE-KO1 cells expressing the WT or
deletion mutants of ApoE or ApoC1 were infected with HCVcc at an MOI of 1, and infectious titers
in the culture supernatants were determined by focus-forming assay at 72 h post-infection. Asterisks
indicate significant differences (**, P <0.01) versus the results for control cells. (D) Schematic of the
concentration of viral particles from HCV-infected cells using ultracentrifugation. (E) BE-KO1 cells
expressing the WT or deletion mutants of ApoE were infected with HCVec at an MOI of 1. Culture
supernatants harvested at 72 h post-infection were concentrated by ultracentrifugation at 32,000 rpm
for 2 h at 4 °C, and subjected to immunoblotting.

Supporting Information

Supporting Figure Legends

Figure S1. Establishment of ApoB- or ApoE-knockout Huh?7 cell lines. Target sequences of
ZFNs to ApoB (A) and ApoE (B) are indicated by red characters inside a red box at the top of the
panel. Gene knockout by the sequence modification in the 2 alleles of the ApoB (A) or ApoE (B)
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gene in knockout cell lines (B-KO1 and B-KO2, or E-KO1 and E-KO2) is shown. Deletion and
insertion of the sequences are indicated by dotted lines and blue characters in brackets, respectively.
Absence of the expressions of ApoB (C) and ApoE (D) in the knockout cell lines was confirmed by
immunoblotting using anti-ApoB and -ApoE antibodies. Expression of ApoB (E) and ApoE (F) in
the culture supernatants of 293T, Huh7 and the knockout cell lines was determined by ELISA.
Figure S2. Both ApoB and ApoE are involved in the formation of infectious HCV particles.
(A) HCVpp were inoculated into Huh7, B-KO1, B-KO2, E-KO1 and E-KO2 cells, and luciferase
activities were determined at 48 h post-infection. (B) A subgenomic HCV RNA replicon of the JFH1
strain was electroporated into Huh7, B-KO1 and E-KO1 cells, and colonies were stained with crystal
violet at 31 days post-electroporation after selection with 400 pg/ml of G418. HCVcc were
inoculated into Huh7, B-KO1, B-KO2, E-KO1 and E-KO2 cells at an MOI of 1 and intracellular
HCV RNA at 12, 24, 36 and 60 h post-infection (C), and infectious titers in the culture supernatants
at 72 h post-infection (D) were determined by qRT-PCR and focus-forming assay, respectively. (E)
Exogenous expression of ApoE in E-KO1 and E-KO2 cells by lentiviral vector was determined by
immunoblotting analysis (upper), and infectious titers in the culture supernatants of cells infected
with HCVcc at an MOI of 1 were determined at 72 h post-infection by focus-forming assay (lower).
Figure S3. Establishment of ApoB and ApoE double-knockout (BE-KO) Huh?7 cell lines. Gene
knockout by the ZFN in the 2 alleles of the ApoB and ApoE genes in the double-knockout cell lines,
BE-KO1 (A) and BE-KO2 (B), is shown. Deletion and insertion of the sequences are indicated by
dotted lines and blue characters in brackets, respectively. (C) The absence of the expressions of
ApoB and ApoE in BE-KO1 and BE-KO2 was confirmed by immunoblotting using anti-ApoB and
-ApoE antibodies. Expression of ApoB (D) and ApoE (E) in the culture supernatants of 293T, Huh7,
BE-KO1 and BE-KO2 cells was determined by ELISA.

Figure S4. Establishment of MTTP-knockout (M-KO) and ApoE and MTTP
double-knockout (EM-KO) Huh7 cell lines. (A) Gene knockout by the ZFN in the 2 alleles of the
MTTP gene in the knockout cell lines, M-KO1 and M-KO2, is shown. (B) Expression of MTTP in
Huh7, M-KO1 and M-KO2 cells was determined by immunoblotting. Expression of ApoB (C) and
ApoE (D) in the culture supernatants of Huh7, M-KO1, M-KO2 and 293T cells was determined by
ELISA. (E) Gene knockout in the 2 alleles of the MTTP genes by the CRISPR/Cas9 system and in
one allele of the ApoE gene by the ZFN in the double-knockout cell lines, EM-KO1 and EM-K02,
is shown. (F) Expression of MTTP in Huh7, EM-KO1 and EM-KO2 cells was determined by
immunoblotting. Expression of ApoB (G) and ApoE (H) in the culture supernatants of Huh7,
EM-KO1, EM-KO2 and 293T cells was determined by ELISA. (I) Expression of ApoB mRNA in
Huh7, M-KO1, M-KO2, EM-KO1, EM-KO2 and 293T cells was determined by qRT-PCR.

Figure S5. Gene silencing of apolipoproteins. BE-KO1 cells infected with HCVcc at an MOI of 1
at 6 h post-transfection with siRNAs targeting ApoA1, ApoA2, ApoCl, ApoC2, ApoC3 and ApoH,
and the expression levels of these apolipoproteins were determined by q-RT PCR using specific
primers and probes.

Figure S6. ApoD, ApoL1, and ApeO do not participate in the formation of infectious HCV
particles. Exogenous expression of ApoD, ApoE, ApoL1 and ApoO in BE-KO1 cells by lentiviral
vector was determined by immunoblotting analysis (upper), and infectious titers in the culture
supernatants of cells infected with HCVcce at an MOI of 1 were determined at 72 h post-infection by
focus-forming assay (lower).

Figure S7. BE-KO1 cells permit propagation of JEV and DENV. Huh7, BE-KO1 and
ApoE-restored (ApoE-res) cells were infected with JEV and DENV at an MOI of 0.1, and infectious
titers in the culture supernatants were determined by focus-forming assay at 48 h post-infection.
Figure S8. Figure S8. Localization of core, NS5A proteins and ER in BE-KO Huh?7 cells.
BE-KOT1 cells infected with HCVcc at an MOI of 1 were subjected to immunofluorescence analyses
by using antibodies against core, NSSA and Calnexin.
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Fukuhara et al. Fig. 8
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Fukuhara et al. Supplemental Fig. 2
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Fukuhara et al. Supplemental Fig. 3
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ZFN Target

A MTTP AGACAGCGTGGGCTACCGGATTTCCICCAACGTGGATGTGGC B
Allelet: AGACAGC MTTP
M-KO1 . e
Allele2: AGACAGCGTGGGCTACCGCR. ~TCCTCCARCGTGGATGTRC
-2bp-
EmE= | Actin
MKOS Allelet: AGACAGCGTGGGCTACCGCA ;. TCCTCCAACGTGGATGTGGC
Allele2: AGACAGCGTGGGCTACCGCATTTCCTCCAACGTGGATGTGGC
Huh7 #1 #2
c TTTC 5 “WKo
g2 s
g ApoB g ApoE
g- 1504 g- 154
@ @
£ £
= 1004 = 104
2 L
g g
‘é 504 -‘—5' 54
o o
c c
8 — = — S o —
Huh7 M-KO1 M-KO2 293T Huh?7 M-KO1 M-KO2 293T
E sgRNA sequence F
MTTP A AA ATCAGC. AmcgmGAGAAGAGCATC
AM
C— ApoE
Allele1: GGATGTAAATGTTGAAAATGTGAAT-———— CAGAGGAGAGAAGAGCATC
EM-KO1 -5b,
Allele2: TGTAA AAATGTGAATCAGC-~-~AGGAGAGAAGAGCATC
-(bp- = v e
Allelet: A AA ATCAGCAGAG AGAGCATC
EM-KOZ CCATCTA
Alleie2: A AA ATCAGC. AGAGCATC T eTmEe | Actin
ZFN Target ~ 220%P —
uh7 #2
ApOE CGGGCACGECTGTCCARGGAGCTIECAGGCGGCGCAGGCCCG
CAG, EM-KO
Allele1: CGGGCACGGCTGTCCAAGGA AGGCGGCGCAGGCCCG
EM-KO1/2 ps
Allele2: CGGGCACGGCTGTCCAAG- 5B GCAGGCGGCGCAGGCCCG
ACTIAGCGGACATGE
G Sor &
= 20 =
T T
3 ApoB ) ApoE
4 P 3 =
o 1504 o 154
3 =
@ @
= £
= 1004 = 10
9 8
8 g
= 504 = 54
g g
2 2
é | o al | v | ==m| 8 —
Huh7 EM-KO1 EM-KO2 293T Huh7 EM-KO1 EM-KO2 293T

| (ogi0)5

44

\N]

‘ /

\N
\NNNNNN

Relative expression of ApoB
n

Huh7  #1 #2 #1
e s

#2  293T

S
M-KO EM-KO

—~ 255 —



Fukuhara et al. Supplemental Fig. 5
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Fukuhara et al. Supplemental Fig. 6
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