1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Methods Mol Biol. Author manuscript; available in PMC 2017 October 16.

-, HHS Public Access
«

Published in final edited form as:
Methods Mol Biol. 2017 ; 1540: 193-202. doi:10.1007/978-1-4939-6700-1_15.

Detection of Hepatitis B Virus Particles Released from Cultured
Cells by Particle Gel Assay
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Abstract

The culture fluid of HBV replicating cells contains a mixture of viral particles with different
structural and genetic components, including enveloped infectious virions, genome-free virion,
envelope-only subviral particles, and nonenveloped naked capsids. Based on their different
physical and chemical properties, the enveloped and nonenveloped particles can be separated by
the native agarose gel electrophoresis and transferred onto a positively charged microporous
membrane, then the virus particle-associated protein components and nucleic acid content can be
detected by antibody-based enzyme immunoassay (EIA) and hybridization, respectively. Such
convenient experimental procedure is called HBV particle assay and described in detail in this
chapter. The particle gel assay can be used to study viral and host regulations of HBV virus
morphogenesis and egress, and for antiviral assessment of HBV inhibitors as well.

Keywords
HBYV particles; Particle gel assay

1 Introduction

Hepatitis B virus (HBV) is an enveloped DNA virus belonging to the Hepadnaviridae family
[1]. The infectious HBV virion is comprised of a single copy of approximately 3.2 kb
genomic relaxed circular DNA (rcDNA) within an icosahedral capsid (core) which is
enveloped by a lipid bilayer shell studded with complexes of viral glycoproteins including
“large” (L), “medium” (M), and “small” (S) surface proteins [2, 3]. The three HBV surface
proteins are all synthesized from the same open reading frame of the viral genome by using
different starting codons. They share the common S domain at the C-terminus. The M and L
proteins contain S plus pre-S2 and S plus pre-S2 and pre-S1 domains, respectively. S protein
is the major viral surface protein. An HBV virion contains approximately 100 copies of S
protein for every five copies of M and one copy of L protein [2].

Besides infectious virion particles, two additional forms of HBV particles are routinely
found in hepatitis B patient blood, which are, the envelope-only particles (also called
subviral particles) and the DNA-free empty virions (enveloped empty capsid) [4]. Several
groups have demonstrated that HBV virion and subviral particles egress the host cell by
different routes. The budding of 42-nm-diameter virion particles takes place at intracellular
membranes through the multivesicular bodies (MVB) pathway, a process dependent on the
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endosomal sorting complex required for transport (ESCRT) system that consists of the
ESCRT-0, -1, and -111 complexes together with the Vps4 ATPase and other associated
proteins [5-7]. The production of virions is always accompanied by the formation of
subviral particles, which are 20-nm-diameter spherical and filamentous particles consisting
only of lipid and HBV envelope proteins, predominantly S protein [8, 9]. HBV subviral
particles are assembled on the ER membrane, and secreted through the constitutive ER-
Golgi secretory pathway [10]. Normally, a HBV infected cell secretes excess amounts of
empty virions over infectious virions (usually =100-fold) [11], and hundreds to thousands of
subviral particles for every virion [12]. Both DNA-free enveloped particles are known as
hepatitis B surface antigen (HBsAg) and likely assumed to serve as immunological decoy to
mask the bona fide infectious virions from host immune surveillance and attack [11]. In
addition to enveloped particles, nonenveloped capsids (naked capsids) have also been found
to be noncytolytically released into the culture fluid of HBV-replicating cells usually at a
large excess to virions, though they are not detected in the blood of infected patients [4, 13—
15]. Although a number of host proteins have been implicated to regulate naked capsid
egress, the secretion pathway for naked capsids and their biological significance remains
elusive [16-18].

In order to study the morphogenesis and secretion of hepadnavirus particles, Lenhoff and
Summers invented a native agarose gel based particle assay for duck hepatitis B virus
(DHBV) [19], which was later adapted for the study of HBV and woodchuck hepatitis virus
(WHV) [4, 13, 14, 18, 20]. The principle of particle gel assay is built upon the different
migration rate of HBV particles in native agarose gel electrophoresis due to their different
composition, particle size, and electric charge, which permits separation of enveloped
particles from naked capsids. The virus particles are then transferred to a membrane for
enzyme immunoassay (EIA) with antibodies against HBsAg or core. Furthermore, viral
DNA within the nucleocapsids can be released in situ and detected by DNA hybridization.
Currently, quantitative PCR (gPCR) is widely used to measure the amount of infectious
virions (or virus genome equivalent, or vge) secreted from HBV-replicating cells, especially
in antiviral assessment assays and preparation of HBV inoculum for infection assays.
However, because it does not discriminate between virion particles and genome-containing
secreted naked capsids, the gPCR will overestimate the levels of infectious vge. Therefore,
the particle gel assay also provides a convenient and reliable method for measuring the ratio
between virion DNA and capsid DNA [21]. We describe herein a protocol for HBV particle
gel assay in detail.

2 Materials

2.1 Precipitation of HBV Particle from Cell Cultured Media

1 35 % PEG8000 in 1.5 M NaCl.
2. TNE buffer: 10 mM Tris—HCI (pH 7.4), 150 mM NaCl, and 1 mM EDTA.

2.2 Agarose Gel Electrophoresis

1 10x DNA gel loading buffer: 10 mM EDTA (pH 8.0), 50 % (V/V) glycerol,
0.25 % (W/V) bromophenol blue.
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2. 1x TAE buffer: 0.04 M tris base, 0.04 M glacial acetic acid, 1 mM EDTA (pH
8.2-8.4). Prepare 30x stock solution, store at room temperature.

3. Agarose (molecular biology grade).

2.3 Particle Gel Transfer
1 TNE buffer: 10 mM Tris—HCI, pH 7.4, 150 mM NaCl and 1 mM EDTA.

2. Protran BA85 Nitrocellulose (NC) Blotting Membrane, 0.45 um (GE
Healthcare).

3. 3MM Chromatography (Chr) paper (GE Healthcare).

2.4 Enzyme Immunoassay

1 Polyclonal rabbit anti-HBV core antigen (Dako).
Monoclonal mouse anti-HBV surface antigen (Dako).
IRDye 800CW goat anti-rabbit IgG (H + L) (LI-COR Biosciences).
IRDye 800CW goat anti-mouse IgG (H + L) (LI-COR Biosciences).

2
3
4
5. WesternBreeze Blocker/Diluent (Part A and B) (Life Technologies).
6 WesternBreeze Wash Solution (Life Technologies).

7 Phosphate buffered saline (PBS).

8 Formaldehyde.

9 Methanol.

10.  Odyssey Imager (LI-COR Biosciences).

2.5 HBV DNA Riboprobe

1 pPGEM-3Z vector (Promega) with an insertion of genome-length HBV DNA
fragment (EcoRI linearized), in which the transcription of HBV sense RNA is
under the control of prokaryotic SP6 promoter.

800 Ci/mmol [a-32P] UTP.

Riboprobe in vitro transcription system-Sp6 (Promega).

10 mg/mL yeast RNA (Ambion).

2

3

4.  5M NH40Ac.
5

6 Isopropanol.
7

Formamide.

2.6 Southern Blotting and DNA Hybridization
1 Denaturing buffer: 0.5 M NaOH, 1.5 M NaCl.

2. Neutralization buffer: 1.5 M NaCl, 1 M Tris—=HCI (pH 7.4).
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3.1 Cell Cultures
1.
2.
3.
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UV cross-linker.
EKONO hybridization buffer (G-Biosciences).
Hybridization wash buffer: 0.1 % SDS, 0.1x SSC.

Phosphorimager system (GE Healthcare).

Culture HBV-producing cells, such as transiently transfected HepG2 or Huh7
cells, or stable cell lines like HepG2.2.15 or tetracycline-inducible (tet-off)
HepAD38 or HepDE19 cells, in collagen coated cell culture flask or plate at
approximately 100 % confluence with appropriate culture medium.

24-48 h post transfection or seeding, change the culture medium with fresh
medium. For tetracycline inducible cell lines, remove tetracycline from culture
medium to induce HBYV replication.

Change and harvest the culture medium at designed time interval for specific
experiment. Clarify the harvested supernatant by centrifugation at 1000 x g for
10 min at 4 °C. Transfer the supernatant to a new tube, store at =80 °C if not
used immediately.

3.2 HBV Particle Precipitation from Cell Cultured Media

1

Transfer 1 mL of harvested cell culture supernatant to a 1.7 mL Eppendorf tube.
Add 400 L of 35 % PEGB8000 to reach final concentration of 10 %, and rotate
the tube on a rotisserie for at least 2 h at 4 °C.

Centrifuge at 10,000 x g for 5 min at 4 °C to precipitate particles (see Note 1).

Discard the supernatant completely. Submerge the pellet in 20 pL TNE buffer
with 1x DNA loading buffer to dissolve the virus particles. Let the tube sit at
4 °C overnight (see Note ).

3.3 Agarose Gel Electrophoresis

1

Prepare 150 mL of 1 % agarose gel by mixing 1.5 g agarose, 5 mL of 30x TAE
buffer, and 145 mL of distilled water in a microwavable glass bottle. Microwave
the mixture until the agarose is thoroughly melted and dissolved in the solution.
Let it cool down to about 50 °C at room temperature. Pour the liquid gel into the
gel box with an appropriate comb inserted. Let the gel solidify at room
temperature for at least 2 h before removing the comb.

IThe precipitated particles will be difficult to dissolve if the centrifugation speed is higher than 10,000 x g or the time of
centrifugation is more than 5 min.
2Do not try to dissolve the pellet by pipetting up and down, which may physically damage the particles. The pellet will be slowly

dissolved in TNE buffer at 4 °C.
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Prepare 600 mL of gel running buffer by diluting 20 mL of 30x TAE buffer in
580 mL of deionized water.

Assemble gel running apparatus by correctly positioning the gel box, adding
running buffer into the chamber.

Pipette up and down very gently with an open mouth tip to mix the dissolved
virus particle samples, and load each sample into a separate well (see Note 3).
Connect the electrophoresis unit to a power supply and run the gel at 23 V
constantly overnight.

3.4 Particle Gel Transfer

1

Disconnect the gel running unit and take out the gel carefully. Trim the gel to
appropriate size.

Prepare the NC membrane with the same size of the gel. Submerge the
membrane in a tray with deionized water for 5 min at room temperature. Replace
the deionized water with TNE buffer and continue to agitate for 15 min.

To transfer particles from the gel to the NC membrane, set up the transfer
cassette as following: Layer two sheets of 8” x 11” Whatman 3MM Chr paper
in the gel transfer tray and pour TNE buffer on top to completely wet the Chr
papers. Smooth out the bubbles in between the Chr papers and the tray gently
with a plastic roller, and get rid of the excess amount of the buffer. Place the gel
on top of the Chr papers with the loading well side facing down, make sure there
is no air bubble between the papers and the gel. Place the presoaked NC
membrane on top of the gel, and use a roller to get rid of the air bubbles between
the gel and the membrane. Layer two sheets of TNE buffer pre- wet Chr papers
that are cut to the gel size on top of the membrane, and use a roller to remove
bubbles in between. Place a stack of dry paper towels (about 4 in.) precut to the
gel size on top of the Chr papers. Seal the whole transfer tray with a big piece of
plastic wrap to prevent buffer evaporation during transfer. Put some weight
(approx. 500 g such as metal plate, casserole dish) on top of the transfer
apparatus (Fig. 1). Let the assembled transfer apparatus sit still on a flat surface
and transfer for 24 h (see Note 4).

After gel transfer, take out the membrane with the gel still attached, and mark the
position of the loading wells on the membrane by a pencil (see Note °). Wrap up
the gel and paper towels by plastic wrap and discard.

3.5 Enzyme Immunoassay

1

Prepare WesternBreeze blocking buffer with the ratio of H,O—part A—part B as
7:2:1 (see Note ).

3There may be a small piece of gel-like pellet that cannot be dissolved at all. Do not load the undissolved pellet into the gel well.
When assembling the transfer apparatus, avoid possible short circuiting of capillary liquid flow. Use Parafilm strips to seal the edges

of the gel.

After transfer, the gel becomes thinner. Use a pencil tip to penetrate the loading wells and mark their positions on the membrane.
This procedure is used to label the particle binding side of the membrane and the gel lanes.
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Soak membrane in PBS buffer containing 2.5 % formaldehyde at room
temperature for 10 min (see Note 7).
Rinse the membrane with deionized water.
Fix the membrane with 50 % methanol at room temperature for 30 min.
Wash the membrane three times with deionized water.
Incubate the membrane in blocking buffer for 1 h at room temperature.

Dilute anti-hepatitis B virus core antigen or anti-hepatitis B virus surface antigen
in blocking buffer (see Note 6). Incubate with blot for 1-3 h.

Wash the membrane four times for 10 min in WesternBreeze wash solution (see
Note 6).

Dilute IRDye 800CW secondary antibody in blocking buffer (1:10,000).
Incubate the membrane for 1 h.

Wash four times for 10 min in WesternBreeze wash solution.

Dry the membrane by using a filter paper, then scan the membrane with Odyssey
imager system.

The typical image of HBV particle surface and core EIA is shown in Fig. 2a and
b, respectively.

3.6 Release of Particle- Associated DNA on Membrane

1

Submerge the particle bonded membrane in a tray containing denaturing buffer,
and agitate gently for 15 min at room temperature (see Note 8).

Rinse the membrane three times with distilled water.

Submerge the membrane in a tray of neutralization buffer, and agitate gently for
5 min at room temperature.

Dry the membrane briefly in air at room temperature.

Cross-link the NC membrane in a UV cross-linker with UV energy dosage at 120
mJ/cm?2. The membrane can be directly subject to hybridization, or sandwiched
between two sheets of filter papers and stored at —20 °C.

3.7 Riboprobe Preparation for HBV DNA Detection (See Note 9)

1.

Prepare rNTP solution by mixing 50 puL of 10 mM ATP, 50 pL of each 10 mM
rGTP, 10 MM rCTP, and 0.2 mM UTP.

Add 4 pL of 5x reaction buffer, 4 uL of NTP solution from the previous step, 2
pL of 100 mM DTT, 0.25 g of Sal I-linearized pGEM-HBV DNA template, 1

6Each lab may use their preferred Western blot blocking buffer, antibody dilution buffer, and washing buffer.

Formaldehyde is used to disinfect HBV virions and cross-link the proteins to membrane.

The same particle gel membrane can be subjected to DNA hybridization after EIA, or prepare a duplicate for DNA detection only.
9Radiolabeled DNA probes can also be used for hybridization.
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pL of RNasin, and 1 pL of Sp6 polymerase into a nuclease free tube. Adjust the
volume to 14 uL with nuclease free water before adding 6 pL of [a-32P] UTP
into the mixture. Incubate the reaction at 37 °C for 1 h.

To digest the DNA template, add 1 uL of RNase-free RQ1 DNase to the reaction
and incubate at 37 °C for 15 min.

Add 15 pL of 5 M NH4OACc to stop the reaction. To precipitate the RNA probe,
add 113 pL of nuclease free water, 2 uL of yeast RNA, and 150 uL of
isopropanol, gently mix and incubate at room temperature for 10 min.

Centrifuge the mixture at 12,000 x g for 30 min at 4 °C, and discard the
supernatant carefully without disturbing the pellet. Dissolve the probe in 400 pL
of deionized formamide, followed by measurement of the counts per minute
(CPM) of acid-insoluble 32P with scintillation counter (PerkinElmer). Store the
probes at —20 °C.

Place the cross-linked membrane in a hybridization tube with the DNA-binding
side facing the center of the tube. Add 5 mL of EKONO hybridization buffer, and
pre-hybridize the membrane by rotating the hybridization tube at 65 °C for 1 h in
a hybridization oven (see Note l0).

Replace the pre-hybridization buffer with 5 mL of fresh hybridization buffer, and
add HBV riboprobes with 1 x 107 CPM. Rotate the hybridization tube at 65 °C
overnight.

Discard the hybridization solution on the following day, and wash the
hybridization membrane with approximately half a tube of wash buffer. Rotate at
65 °C for 30 min.

Discard the previous wash buffer, and replace with half a tube of fresh wash
buffer. Continue to wash at 65 °C for 1 h.

After the second wash, take out the membrane and dry it with paper towels. Seal
the membrane with plastic wrap. Expose the membrane to the phosphorimager
screen in a closed cassette for overnight.

Scan the phosphorimager screen with Typhoon phosphorimager system (GE
Healthcare) for quantitation of signal intensity of virion and capsid DNA (see
Note 11). A typical result of HBV particle DNA hybridization is shown in Fig.
2c.

101 other types of hybridization buffers are used, follow the pre- hybridization and hybridization conditions specified by the

manufacturers.

When preparing HBV virus stocks from cell cultures for infection assays, the ratio of virion DNA-capsid DNA is needed to
calculate the actual infectious vge of the inoculum [21].
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Fig. 1.
Assembly of HBV particle gel transfer apparatus. See Subheading 3.3 for details
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Fig. 2.

Detection of HBV particles released into cell culture fluid by particle gel assay. HBV virus
particles in the supernatant of HepDE19 cells cultured in tetracycline- free medium were
precipitated down and analyzed by particle gel assay described in this chapter. (a) HBsAg
EIA of enveloped HBV particles, including virions and subviral particles. (b) HBcAg EIA of
Virion-containing capsids and nonenveloped naked capsids. (c) In situ hybridization of HBV
DNA in virions and naked capsids. Reproduced from [14] with permission from American
Society for Microbiology
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