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Abstract

An efficient cell culture system for hepatitis B virus (HBV) is indispensable for research on viral characteristics
and antiviral agents. Currently, for HBV infection assays in cell culture, HBV genome-integrated cell line—derived
viruses are commonly used. However, these viruses are not suitable for the evaluation of polymorphism-dependent
viral characteristics or resistant mutations against anti-viral agents. To detect the infection of cell culture—generated
HBV (HBVcc) by the transient transfection of the HBV molecular clone, a large amount of purified viruses is
needed, because such viruses exhibit limited infection efficiencies in cell culture. Here, we describe how to generate
and purify HBVcc by the transient transfection of HBV molecular clones. This system provides a powerful tool for
studying the infection and propagation of HBV and for developing anti-viral agents against HBV.
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Background

Hepatitis B virus (HBV) infection is a significant cause of chronic liver disease, including cirrhosis and
hepatocellular carcinoma. Although effective vaccines against HBV infection are available in many countries, the
global prevalence of HBV is estimated to be over 290 million. The eradication of chronic HBV infection by the
current treatment strategy is not expected, because HBV covalently closed circular DNA in hepatocytes cannot be
eliminated. To explore novel anti-HBV agents, a system for the infection and replication of HBV in cell culture is
indispensable. Sodium taurocholate cotransporting polypeptide (NTCP) was identified as an HBV receptor, and
NTCP-transduced HepG2 or HuH-7 cells contributed to the observation of HBV infection and replication in cell
culture (Konig et al., 2019; Otoguro et al., 2020). In such cell culture systems for HBV, viruses derived from HBV
genotype D genome-integrated cell lines, such as HepG2.2.15 or HepAD-38, are used. However, such viruses are
not suitable for investigating the effects of strain-specific characteristics or resistance-related polymorphisms on the
effectiveness of anti-HBV agents. For these purposes, the viruses obtained by the transient transfection of the HBV
molecular clone are used. However, these viruses have limited infection efficiencies in cell culture. Therefore,
methods for the efficient production of cell culture—generated HBV (HBVcc) and for the purification of infectious
viruses will be important (Washizaki et al., 2022).

Materials and reagents

A. Production of HBVcc

1.  HBV molecular clone plasmid
A replication-competent HBV molecular clone with a 1.38-fold genome length of HBV genotype C strain
(accession number: AB246345) (Figure 1) (Murayama et al., 2021) inserted into the pUC19 plasmid is
prepared. This clone is introduced with a precore stop mutation (G1896A) to evaluate the production of
HBc proteins by measuring the HBcrAg level excluding HBeAg. HBeAg is not produced from this

construct.
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Figure 1. Structure of the hepatitis B virus (HBV) molecular clone for cell culture-generated HBV
(HBVcc). Structure of the plasmid of the HBV molecular clone. This plasmid contains a 1.38-fold HBV
genome (4,438 bp) of the HBV genotype C strain. This construct generates pregenomic RNA and expresses
all HBV proteins.

2. Sodium taurocholate cotransporting polypeptide (NTCP)-transduced cells
HepG2-NTCPsec+ (provided by Dr. Marc Peter Windisch; Institut Pasteur Korea, Seoul, South Korea)
(Konig et al., 2019). These cells were cultured with HepG2-NTCPsec+ culture medium (see Recipes)
supplemented with Blasticidin (5p g/mL)

3. Dulbecco’s modified Eagle medium (DMEM) (FUJIFILM Wako Pure Chemical Corporation, catalog
number: 044-29765)

. Fetal bovine serum (FBS) (Sigma-Aldrich, catalog number: F7524)

5. MEM non-essential amino acids solution (100x) (NEAA) (Thermo Fisher Scientific, Gibco, catalog
number: 11140050)

6. HEPES (1 M) (Thermo Fisher Scientific, Gibco, catalog number: 15630130)
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Sodium pyruvate (100 mM) (Thermo Fisher Scientific, Gibco, catalog number: 11360070)
Penicillin-streptomycin (10,000 U/mL) (Thermo Fisher Scientific, Gibco, catalog number: 15140122)
Blasticidin S hydrochloride, HEPES solution (Blasticidin) (10 mg/mL) (FUJIFILM Wako Pure Chemical
Corporation, catalog number: 022-18713)

Opti-MEM I reduced serum medium (Thermo Fisher Scientific, Gibco, catalog number: 31985070)
Lipofectamine 3000 transfection reagent (Thermo Fisher Scientific, Invitrogen, catalog number:
L3000015)

Collagen-coated T225 flask (Corning, catalog number: NCO431082)

Dulbecco’s phosphate buffered saline (PBS) (Nacalai Tesque, catalog number: 14249-24)

Dimethyl sulfoxide (DMSO) (Nacalai Tesque, catalog number: 09659-14)

Syringe-top filter unit; Millex-HV Syringe Filter Unit, 0.45 pm, PVDF, 33 mm (Merck Millipore, catalog
number: SLHVR33RS)

Amicon Ultra-15 centrifugal filter units (100 kDa) (Merck Millipore, catalog number: UFC910096)

B. Purification of HBVcc

Sl I AN i e

Optiprep (60% iodixanol solution) (Serumwerk Bernburg, catalog number: AXS-1114542)
Open-top thinwall ultra-clear tube (14 mm x 89 mm) (Beckman Coulter, catalog number: 344059)
DNase; RQ1 RNase-free DNase (Promega, catalog number: M6101)

QIAamp DNA Mini kit (Qiagen, catalog number: 51306)

Lumipulse G HBsAg-Quant (Fujirebio, catalog number: 296851)

Lumipulse G HBcrAg (Fujirebio, catalog number: 294109)

Luna Universal gPCR Master Mix (New England Biolabs, catalog number: M3003)
Primers and probe for the real-time PCR targeting the HBs region:

Forward primer: 5'-CTTCATCCTGCTGCTATGCCT-3'

Reverse primer: 5'-AAAGCCCAGGATGATGGGAT-3'

Probe: 5'-FAM-ATGTTGCCCGTTTGTCCTCTAATTCCA-TAMRA-3’

TNE buffer (see Recipes)

C. Titration of HBVcc

Collagen-coated 96-well culture plate (Corning, catalog number: NCO3585)

2. Polyethylene glycol average mol wt 8,000 (PEG8000) (Sigma-Aldrich, catalog number: P2139)

3. 4% paraformaldehyde phosphate buffer solution (4% PFA) (FUJIFILM Wako Pure Chemical Corporation,
catalog number: 163-20145)

4. Block ACE (Bio-Rad, catalog number: BUF029)

5. Triton X-100 detergent (Calbiochem, Merck Millipore, catalog number: 648466)

6. Anti-HBc antibody; anti-hepatitis B virus core antigen IgG fraction (polyclonal) (AUSTRAL Biologicals,
catalog number: HBP-023-9)

7. Goat anti-rabbit IgG (H+L) highly cross-adsorbed secondary antibody, Alexa Fluor Plus 555 (Thermo
Fisher Scientific, catalog number: A327320

8. DAPI (4’,6-Diamidino-2-phenylindole dihydrochloride) (FUJIFILM Wako Pure Chemical Corporation,
catalog number: 342-07431)

9. 4% PEGS8000 (see Recipes)

Recipes

1. HepG2-NTCPsec+ culture medium
DMEM
10% FBS
Penicillin-streptomycin (100 U/mL)
NEAA (1x)
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HEPES (10 mM)
Sodium pyruvate (1 mM)

2. TNE buffer
150 mM NaCl
10 mM Tris HCI (pH 7.5)
1 mM EDTA

3. 4% PEGS8000
Dissolve in water to 4% (w/v) in a water bath at 60 °C.

Equipment

Refrigerated centrifuge with swing rotor (TOMY, model: AX-310)

Automated chemiluminescent enzyme immunoassay system (Fujirebio, model: LUMIPULSE G1200)
Ultracentrifuge apparatus, Optima L-90K with an SW-41 Ti rotor (Beckman Coulter, model: Optima L-90K)
Analytical balance (Sartorius Lab Instruments, model: SECURA124-1SJP)

Real-time PCR system (Thermo Fisher Scientific, model: StepOnePlus Real-Time PCR System)
Fluorescence microscope (KEYENCE, model: BZ-X710)

S

Procedure

A. Production of HBVcc

1. Detach and count HepG2-NTCPsec+ cells.
Place the cells (5 x 107 cells resuspended with 2—-5 mL HepG2-NTCPsec+ culture medium) into a 50 mL
conical tube.

2. Prepare the transfection mixture in 50 mL conical tubes (Table 1).

Table 1. Composition of transfection reagent

Reagent Amount
Mixture A

Opti-MEM 1 reduced serum medium 2 mL
HBV molecular clone plasmid (2 ng/uL) 40 uL
P3000 enhancer reagent (included in Lipofectamine 3000 Transfection Reagent kit) 80 pL
Mixture B

Opti-MEM I reduced serum medium 2 mL
Lipofectamine 3000 reagent 80 uL

3. Mix the prepared mixtures A and B and incubate for 5 min following the manufacturer’s protocol.

4. Transfer the generated mixture into HepG2-NTCPsec+ cells in the 50 mL conical tube and mix well by
vortex.

5. Seed the transfected cells into a collagen-coated T225 flask with 45 mL of HepG2-NTCPsec+ culture
medium.

6. One day after transfection, wash the transfected and seeded cells with 12 mL of PBS three times and add
45 mL of HepG2-NTCPsec+ culture medium with 2% DMSO. The addition of DMSO improves the yield
of HBVcec.

7.  Culture the transfected cells for an additional seven days, monitoring HBsAg levels in the culture medium
by the automated chemiluminescent enzyme immunoassay system (Murayama et al., 2019) (Figure 2).
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Figure 2. Production of HBsAg in the culture medium of hepatitis B virus (HBV) molecular clone-
transfected cells. HBsAg levels in the culture medium of the HBV molecular clone-transfected cells were
monitored. A time-dependent increase was observed.

8. Eight days after transfection, harvest the culture medium into a 50 mL conical tube and centrifuge (2,380x
g, 5 min, 4 °C) to precipitate the cell debris.

9. Pass the culture medium through a 0.45 pum syringe-top filter unit to remove cell debris.

10. Concentrate the culture medium approximately 30-fold by centrifugation (2,380% g, 90 min, 4 °C) with
Amicon Ultra-15 centrifugal filter units (100 kDa) (Table 2). If the recovery rate is quite low, confirm that
the centrifugal filter unit is intact, and the condition of the centrifugation is appropriate. The generated
HBVcec in the culture medium can be stored at -80 °C before or after concentration.

Table 2. Concentration of HBVcc in culture medium by using two centrifugal filter units

Before After
Volume 30 mL 1 mL
HBsAg 86.3 TU/mL 2,190 TU/mL
HBsAg recovery rate - 84.6%
HBV DNA 4.1 x 10° copies/mL 7.2 x 10" copies/mL
HBV DNA recovery rate - 58.5%

B. Purification of HBVcce
1. Dilute 60% iodixanol (Optiprep) to 40%, 30%, 20%, and 10% with TNE buffer (Table 3).

Table 3. Composition of mixtures of iodixanol and TNE buffer

Iodixanol concentration  Optiprep TNE buffer Total volume
40% 4 mL 2 mL 6 mL
30% 3mL 3mL 6 mL
20% 2 mL 4 mL 6 mL
10% 1 mL 5mL 6 mL

2. Prepare a stepwise iodixanol density gradient by layering the 40%—10% iodixanol solutions (2 mL each)
in the ultracentrifuge tube (open-top thinwall ultra-clear tube) (Figure 3).
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<+—— Concentrated culture medium: 2-3 mL

<+— 10% lodixanol: 2 mL
<+— 20% lodixanol: 2 mL
<+— 30% lodixanol: 2 mL
<+— 40% lodixanol: 2 mL

Figure 3. Preparation of stepwise iodixanol density gradient. Two milliliters each of the 40%—10%
iodixanol solutions were layered. After that, the concentrated culture medium was put at the top of the
iodixanol density gradient.

Layer the concentrated culture medium (2-3 mL) on top of the 10%—40% iodixanol gradient.

Centrifuge the culture medium on the gradient at 178,000x g for 16 h at 4 °C in an ultracentrifuge apparatus
with an SW-41 Ti rotor.

After centrifugation, collect 500 pL of 20-22 fractions, depending on the volume of the layered
concentrated culture medium, from the top of the density gradient. The collected HBVcc in the fractions
can be stored at -80 °C.

Take a 100 pL aliquot of each fraction and measure the weight of the 100 pL aliquot using the analytical
balance to determine the density of each fraction.

Dilute the collected fraction 200-fold with HepG2-NTCPsec+ culture medium and measure the HBsAg
and HBcrAg levels for each fraction by the automated chemiluminescent enzyme immunoassay system as
described in the manufacturer’s protocol (Figure 4).

Density HBsAg HBcrAg HBV DNA
(g/mL) (lU/mL) (kU/mL) (copies/mL)
o -2- == -
1.3 - or 3.0x10° - 6.0x108 - 1.5x10™

- 2.0x10° 4.0x108 - 1.0x10"

1.1 L 1.0x10° | 2.0x105 | 5.0x10'

1.0 - - 0 - 0 -0

2 4 6 8 1012 14 16 18 20
Fraction

Figure 4. Profile of cell culture—generated hepatitis B virus (HBVcc) in an iodixanol density gradient.
HBVcc in the culture medium was applied to an iodixanol density gradient, the titers of HBsAg and
HBcrAg were measured in each fraction, and the HBV DNA titer was quantified by real-time PCR.

Treat the 50 puL of diluted fraction with DNase (RQ1 RNase-free DNase) at a concentration of 50 unit/mL,
37 °C, 1 h. Extract the total DNA using a QIAamp DNA Mini kit following the manufacturer’s protocol.
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Measure the HBV DNA levels by real-time PCR targeting the HBs region by using the plasmid containing
the PCR fragment amplified by primers for the real-time PCR as the standard (Tables 4 and 5) (Figure 4)
(Honda et al., 2021).

Table 4. Composition of real-time PCR

Reagent Concentration Volume
Luna Universal qPCR Master Mix 2x 12.5 uL
Forward primer 10 uM 0.5 uL
Reverse primer 10 uM 0.5 uL
Probe 15 uM 0.5 uL
H,O - 6 uL
Extracted DNA - 5 uL

Table 5. Program for real-time PCR

Step Temperature Time Data collection
1 50 °C 2 min off
2 95 °C 10 min off
3 95°C 20's off
4 60 °C 1 min on

Repeat steps 3 and 4 for 40 cycles

C. Titration of HBVcc

10.

Seed HepG2-NTCPsec+ cells in collagen-coated 96-well culture plates at a density of 3 x 10* cells/well
in 100 pL of HepG2-NTCPsec+ culture medium supplemented with DMSO (2%).

Prepare the inoculum with an aliquot of each fraction (Table 6) and infect into HepG2-NTCPsec+ cells
one day after seeding by replacing the culture medium with the inoculum.

Table 6. Composition of inoculum with purified HBVee

Amount (per well)

Fraction 5uL
HepG2-NTCPsec+ culture medium 39 ul
DMSO 1 uL
40% PEGS8000 5uL

One day after infection, wash the infected cells with 100 pL of PBS three times and add 100 pL of HepG2-
NTCPsec+ culture medium containing 2% DMSO.

Culture the infected cells by changing the culture medium containing 2% DMSO every three or four days.
Collect culture medium 12 days after infection and measure the HBsAg level as described in step A7
(Figure 5A). In this case, fraction 15 was the fraction with the peak infectivity.

After washing with 100 pL of PBS twice, fix the infected cells 12 days after infection by replacing the
culture medium with 4% paraformaldehyde in PBS (4% PFA) for 30 min at room temperature (RT).
After washing with 100 pL of PBS twice, block and permeabilize the fixed cells using Block ACE with
0.3% Triton X-100 for 1 h at RT.

Stain the infected cells with anti-HBc antibody (1 pg/mL diluted with PBS) for 1 h at RT.

After washing with 100 uL of PBS three times, stain the infected cells with Alexa Fluor 555-conjugated
anti-rabbit [gG (1 pg/mL diluted with PBS) for 1 h at RT in the dark.

After washing with 100 pL of PBS three times, stain the nuclei with DAPI (1 pg/mL diluted with PBS)
(Figure 5B).
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Figure 5. Determination of infectivity of purified cell culture—generated hepatitis B virus (HBVcc).
(A) Purified HBVce was used to infect HepG2-NTCPsec+ cells, and the HBsAg levels in the culture
medium at 12 days after infection were measured. (B) The infected cells were fixed and visualized with
anti-HBc antibody, and nuclei were visualized by DAPI.

To confirm the infectivity of generated viruses in the peak fraction, infect the HBVcc in the peak fraction
of infectivity (fraction 15) at concentrations of one genome equivalent (GEq)/cell (3 x 10* copies/well),
10 GEg/cell (3 x 10° copies/well), 100 GEg/cell (3 x 10° copies/well), and 1,000 GEqg/cell (3 x 107
copies/well), following the inoculum composition (Table 6).

Measure the HBsAg levels in the culture medium of the infected cells and stain the infected cells with anti-
HBc antibody 12 days after infection (see steps A7 and C6—-C10) (Figure 6).

InfeCtIVIty 1 GEqICEII 10 GEquce"
(HBsAg, log miU/mL)
4 -
3 |
5 100 GEg/cell 1000 GEg/cell
1
o Il I 1] [
1 10 100 1000
Red: HBc
Infection (GEq/cell) Blue: DAPI

Figure 6. Determination of the infectivity titer of purified cell culture—generated hepatitis B virus
(HBVce). (A) HBVcc in the peak fraction of infectivity was used to infect HepG2-NTCPsec+ cells at
concentrations of 1, 10, 100, and 1,000 genome equivalent (GEq)/cell. The HBsAg level in the culture
medium at 12 days after infection was measured. (B) The infected cells were fixed and visualized with
anti-HBc antibody, and nuclei were visualized by DAPI.
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Notes

The HBVcce should be handled according to the regulation of infectious agents. HBV is infectious for humans and
is designated as a level 2 infectious agent. It should be handled in BSL2 facilities. All liquid and solid wastes should
be disposed of after inactivation.
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