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Characterization of factors affecting egress of Hepatitis B virus

HBV: DNA, env.

HBV genome HDV genome
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HBYV life cycle (old and new model):

new: Viral particles, subviral particles and naked capsids leave the cell on
different routes: MVB-dependent release of HBV
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a-Taxilin

« Ubiquitously expressed protein of 62 kDa (app. MW 70 kD)

e (C-terminal long coiled-coil domain }
Fa |

« No transmembrane domain :3‘ o

 Interacts with free Syntaxin 4 that is not part of the SNARE

complex
* |Increased expression in HCCs

« Decreased expression in HCV replicating cells
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HBV expression increases the amount of a-Taxilin
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Western blot analysis and real-time PCR of HBV-expressing cells
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Human a-taxilin interacts specifically with the receptor-binding-domain of LHBs

from HBYV, but not from WHV or DHBV

ColPs of human a-taxilin with various PreS-specific peptides

Cellular lysate

Cellular lysate
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Taxilin harbours PXXP-motives and a YXXL-motive
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The YAEL motive is homologous to the late domain identified in EIAV
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The ESCRT component tsg101 is binding to a-Taxilin

Highly purified a-taxilin was immobilized on a column.
Specifically binding proteins were analyzed by mass spectrometry.

a-Taxilin Cell lysate 1 2 3 4
immobilisation  binding

I ™
- |

Trypsin digestion

| > Mass spec.

Bl

elution
:> Identification of tsg101 as
a specific binding partner
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a-Taxilin knock down results in impaired release of viral particles, but

increased secretion of HBsAg

Expression of a-taxilin was silenced. The effect on HBV replication was analyzed by HBsAg-specific ELISAs and by
real-time PCR for quantification of released viral genomes.
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ummary
By binding to the PreS1 domain of LHBs and to the ESCRT | component
tsg101, a-Taxilin enables the
MVB-dependent release of HBV
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Does the release of filaments depend on the

functionality of MVBs?
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Experimental strategy

» The core protein is a major
component of the viral particle.

» The formation of core protein is
destroyed.

» No viral particles will be assembled.

» The release of HBV filaments can
be traced by LHBs in the absence
of virion production.
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LHBs enters MVBs in the absence of virion formation

Immun electronmicroscopy of ultrathin sections from Homogenates from cells expressing 1.2xHBVACore or
p1.2xHBVAcore or pUC18-transfected Huh7.5 cells. Gold coexpressing 1.2xHBVACore and eYFP-Rab7 were
particles (blue arrows) representing the LHBs were subfractionated by sucrose density gradient
predominantly found in the large dilated MVBs (red dashed ultracentrifugation and the fractions were analyzed by
circle), characterized by the presence of many small Western blot.
intraluminal vesicles ( red arrows). 1.2xHBV 1.2xHBVACore

After ACore and YFP-Rab7

centrifugation

0.25M

Paul-Ehrlich-Insti é’
aul- I’IC-nStItut,,;‘\s

UNIVERSITAT Exzellente Forschung fiir
FFFFFFFFFFFF M MAIN Hessens Zukunft



Dominant negative mutants of Vps4A, Vps4B and of CHMP3 inhibit the

release of filaments but not spheres

Western blot of supernatants derived from HBVAcore- (left panel) or SHBs- (right panel) expressing Huh7.5 cells
cotransfected with wt or tdn mutants of Vps4A/B or CHMP3 were using LHBs- or SHBs-specific antisera

1.51
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Summary Il

Intracellular trafficking of HBV

sphere capsid virion filament

plasma membrane

4 1155 / > o-taxilin binds to LHBs and via a late

eI | L8 domain to the ESCRT component
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Presence of intact Hepatitis B virus in exosomes

1. Robust method for efficient separation of exosomes from virions were established

Differential ultracentrifugation

L
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In the exosomal fractions,
HBcAg, LHBs, SHBs, and viral DNA are detectable
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Presence of intact Hepatitis B virus in exosomes

Destruction of the exosomal membrane-accessibility for HBsAg-specific antibodies

Membrane-cloaked virus particles
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Crispr/Cas-mediated knockout of Alix- or Syntenin-expression impaires

the release of exosomal HBV

MVB Cargo sorting / Endosome maturation
(Exosome biogenesis)
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Infection of non-permissive cells (HepG2) by exosomal HBV

HepG2-NTCP HepG2-NTCP
non-inoculation inoculation with exosome fraction
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Dane particle

L
H R —

HBV-producing cell Recipient cell

Summary lli
Intact HBV virions can be released as exosomes. A so far not described release pathway for
HBV.

LHBs on the surface of exosomal HBV mediates LHBs/NTCP-dependent infection of
susceptible

HBV harbouring exosomes can deliver HBV to non-susceptible tissues with low efficiency.
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Characterization of factors affecting egress of Hepatitis B virus

HBV: DNA, env.

HBV genome HDV genome

:-|—[ S-HDA? * L-HD* 1—|-:

L/S-HDAg
filamentous

A

L/M/S-HBsAg
@42 nm (HBV)
@ 32 nm (HDV)

icosahedron T=4
@ 34 nm

&\Vl/‘

specific aspects

Viral factors
controlling formation
of HBsAg

general aspects

Morphogenesis and
release of viral and
subviral particles

Chronic infection-
sources of HBsAg

Exosomal release of
HBV

Paul-Ehrlich-Insti é’
aul- rrc-nstltut,,Rs

UNIVERSITAT
FRANKFURT AM MAIN



HBV genotypes differ with respect to the N-terminaus of the

PreS1-domain

1 2 3 4 5 6 7 8 9 10 11 12 13

GtD (+)11aa(GtA) M G G W S S K P R K G M G

GtD M G

GtDh (+)10aa(GtE) M G L S W T V P L E W G
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The N-terminal 11 aa of the PreS1 domain affect the amount of LHBs

Lysates and supernatants from Huh7.5 cells transfected with GtA, GtD and the mutants were analyzed
by Western blot using a LHBs-specific serum MA18/7.

Comparison of intracellular and extracellular LHBs Comparison of intracellular and extracellular LHBs
between GtA and its mutant between GtD and its mutants

intracellular LHBs " extracellular LHBs intracellular LHBs [ extracellular LHBs
1.51 4-

0 *% *% d, 3-

g, 1.0' g’ s *k

P P

o c 2 ns

© ©

o) 0.5 o 1

o
[
o

» Deletion of 11 aa in GtA reduced dramatically the amounts of intra/extracellular LHBs.
» Fusion of 11 aa (GtA) to GtD increased significantly the amount of intra/extracellular LHBs.
» Fusion of 10 aa (GtE) to GtD did not change the amount of intra/extracellular LHBs.
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The N-terminal 11 aa of the PreS1 domain affect the subcellular

distribution of LHBs

CLSM analysis using the LHBs-specific serum MA18/7 and a core-specific serum (Dako).
GtA AMaa GtD (+)11aa(GtA) (+)10aa(GtE)

Nucleus

LHBs S

Core

Merge Ko

GtA GtD
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Summary IV
N-terminal 11 aa (GtA)

» Increase intracellular LHBs » have no impact on
« GtA-like distribution pattern * core protein
(significant dot-like accumulation of
LHBs ) * released viral genome

» Increase extracellular LHBs » the viral particle size
* higher filament/virion ratio
 long filaments




Characterization of factors affecting egress of Hepatitis B virus

HBV: DNA, env.

HBV genome HDV genome
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Characterization of a PreS1-deletion mutant isolated from a patient suffering

from chronic hepatitis B infection
MAB18/7 HBO01

envelope protein | ..o preS2

(HBsAg)

_ SHBs

AB18/7. preS/S ORF of preS1_del mutant

Jl MHBs ™ SHBs

HB01
391

15 aa ( A25 39)
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Transcomplementation of a defective HBV genome from integrated HBV-DNA

Western blot analysis of the cell culture Western blot analysis of serum samples
supernatant derived from cells derived from patients chronically
expressing the defective genome infected with HBV deletion mutants
S/S ORF of preS1_del mutant S/S ORF of preS1_del mutant
% pre of preS1_del mutan . \%3/7 pre of preS1_del mutan —_—
1 109 164 391 1 109 164 391
[ BRST| pres2 * [ ST pres2 *
LHBQ MHBs ™ SHBs LHBQ MHBs ™ SHBs
15 aa 15 aa
ref. genome preS-del. ref. genome preS-del.
| | gLHBs
gLHBs — .~ LHBs
Transferrin — ~ ‘ - —— — Transferrin




Transcomplementation of a defective HBV genome from integrated HBV-DNA

Transfection exp. cell culture

Defective virions with def.
genome (HBsAg)

¢ -,
Nucelocaps. with def.
genome (HBsAg)

Defective HBsAg

Chronically infected patient

Intact virions with def.
genome (HBsAg)

D e
/ Nucelocaps. with def. T ss
genome (HBsAg) »

Intact HBsAg

Chromos. DNA

def. genome (HBsAg)

Integrate encoding
intact HBsAg
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Shorter HBV filaments are released from cells expressing the PreS1 deletion
mutant Aaa25-39
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Cells expressing the PreS1 deletion mutant Aaa25-39 release significant

amounts of semi-enveloped HBYV virions

LHBs-rich fractions (F22) concentrated from supernatant of reference construct-or a preS1_Aaa25-39
mutant-transfected cells were analyzed by electron microscopy after negative staining.
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Summary V

» Transcomplementation of a defective HBV genome from Intact virions with def

» Cells overexpressing preS1 del. mutant Aaa25-39 - - -
. . . Nucelocaps. with def.
release higher amounts of shorter filaments and semi

. . genome (HBsAg)
enveloped viral particles. _—
Intact HBsAg

» The semi-enveloped viral particles were confirmed by
immunogold EM and native agarose gel electrophoresis.

» The 15aa deletion (25F-N39) doesn’t alter the subcellular
distributions and release pathways of viral and subviral
particles.
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Characterization of factors affecting egress of Hepatitis B virus

HBV: DNA, env.

HBV genome HDV genome
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7 @ 42 nm (HBV) filamentous

R @ 32 nm (HDV)

HSPGs NTCP

Morphogenesis and
release of viral and
subviral particles

Viral factors controlling
formation of HBsAg

The N-terminus of the PreS1
Taxilin is crucial for the MVB-

domain affects amount and
distribution of LHBs

dependent release of HBV and
filaments

Chronic infection-
Exosomal release of
HBV

Infection of non-permissive

sources of HBsAg

Transcomplementation of a
defective HBV genome by
HBsAg from an integrate

cells (HepG2) by exosomal
HBV
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