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Recent reports have shown that rat hepatitis E virus (HEV) is capable of infecting
humans. Rat HEV is also successfully propagated into human PLC/PRF/5 cells, raising the
possibility of a similar mechanism shared by human HEV and rat HEV. It has previously
been reported that human HEV recruited tumor susceptibility gene 101 (Tsgl01) via its
PSAP motif in open reading frame 3 (ORF3) protein and that it required multivesicular body
(MVB) sorting for virion egress. However, rat HEV ORF3 has the PXYPMP motif instead of
the PSAP motif. This proline-rich sequence is indispensable for rat HEV release, although
the release mechanism and the host factors involved remain unclear.
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Morphological analysis of rat HEV particles was performed by transmission electron
microscopy (TEM), followed by immune electron microscopy (IEM). To study the
utilization of MVB sorting for rat HEV release, | used dominant-negative (DN) mutants of
vacuolar protein sorting (Vps)4A or Vps4B and small interfering RNA (siRNA) targeting
either Tsg101 or apoptosis-linked gene 2-interacting protein X (Alix) or neural precursor cell
expressed developmentally down-regulated protein 4 (Nedd4), in comparison with human
HEV. In addition, | used DN mutant of Nedd4. To study the utilization of exosomal pathway
for rat HEV egress, | used siRNA targeting Ras-associated binding 27A (Rab27A) or
hepatocyte growth factor-regulated tyrosine kinase substrate (Hrs); or the accelerator of
exosome release [Bafilomycin Al (Baf-Al)] or inhibitor of exosome release (GW4869). |
performed immunofluorescence assays (IFA) to detect the co-localization of rat HEV ORF3
protein with Tsg101, Alix, Rab27A or Hrs; or rat HEV ORF2 and ORF3 with CD63, an

MVB and exosome marker protein. Immunoprecipitation (IP) assays were performed to




study the direct interaction of rat HEV ORF3 protein with host factors Tsg101, Alix or
Nedd4. To examine other host proteins that bind to rat HEV ORF3, I constructed FLAG
(N-terminal)- or Myc (C-terminal)-tagged rat HEV ORF3 wild-type or its mutant with three
proline to leucine substitutions (PQYPMP to LQYLML) in the proline-rich region of ORF3,
then subjected them to co-IP assay with anti-FLAG or anti-Myc mouse mAb, followed by
gel electrophoresis and silver staining.
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TEM images and IEM showed that rat HEV particles in the exosome fraction of
culture supernatant are membrane-associated. Following treatment with detergent and
protease, the particles lost their membranes and became membrane-unassociated, suggesting
that the capsids of rat HEV particles are individually covered by lipid membrane. The
overexpression of DN mutant of Vps4A or Vps4B decreased rat HEV release to 23.9% and
18.0%, respectively, indicating that the enzymatic activities of Vps4A and Vps4B are
necessary for rat HEV egress. The release of rat HEV was decreased to 8.3% in
Tsg101-depleted cells and to 31.5% in Alix-depleted cells. Similarly, specific depletion of
Tsgl01 or Alix significantly decreased the human HEV release to 12.8% and 30.9%,
respectively. These results indicated that Tsg101 is important for rat HEV release; and that
Alix is necessary for the release of both rat HEV and human HEV. In addition, rat HEV
ORF3 protein was co-localized with either Tsg101 or Alix. However, the release of both rat
HEV and human HEV in Nedd4-depleted cells increased to 507.9% and 436.3%,
respectively; while the RNA levels of rat or human HEV in cells transfected with DN mutant
of Nedd4 did not differ markedly from that of empty vector, indicating that Nedd4 is not
essential for the release of both rat HEV and human HEV.

Rat HEV release was also decreased in Ras-associated binding 27A (Rab27A)- or
hepatocyte growth factor-regulated tyrosine kinase substrate (Hrs)-depleted cells (to 20.1%
and 18.5%, respectively). Furthermore, rat HEV ORF3 was co-localized with either Rab27A
or Hrs. The extracellular rat HEV levels in the infected PLC/PRF/5 cells were increased after
treatment with Baf-Aland decreased after treatment with GW4869. These results indicated
that rat HEV utilizes MVB sorting for its release and that the exosomal pathway is required
for rat HEV egress. Furthermore, triple staining showed that the rat HEV ORF2 and ORF3
proteins are co-localized in the cytoplasm, suggesting that membrane-associated rat HEV
particles are present within the MVB.

Unlike human HEV ORF3 protein, rat HEV ORF3 protein did not interact with
Tsg101, and neither rat HEV ORF3 nor human HEV ORF3 protein interacted with Alix nor



Nedd4 as indicated by co-IP assays. A host cellular protein at an approximate size of 90 kDa
was seen to bind to either FLAG- or Myc-tagged wild-type rat HEV ORF3 but not to the
ORF3 mutant (LQYLML). This host protein could be an alternative to Tsg101 that can bind
to rat HEV ORF3.
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The present morphological analysis by TEM revealed that rat HEV particles are
membrane-associated in culture supernatants and became membrane-unassociated particles
of a smaller size after treatment with detergent and protease to remove the membranes. This
is in agreement with the findings in human HEV, and suggests that the capsids of rat HEV
particles are individually covered by a lipid membrane.

Many enveloped viruses acquire their membrane by hijacking the host cells’
endosomal sorting complexes required for transport (ESCRT) machinery to facilitate the
final stages of virion release such as for HIV, Ebola virus, or quasi-enveloped virus such as
hepatitis A virus (HAV). In human HEV and avian HEV, the ESCRT components or
ESCRT-related components involved in this event are Tsgl01 and Vps4A/B. In the present
study, rat HEV release was revealed to be ESCRT-dependent as the overexpression of DN
mutants of Vps4A/B inhibited the rat HEV release, and the depletion of endogenous Tsg101
reduced the release efficiency of rat HEV. | also found that depletion of endogenous Alix
decreased the virus release of not only rat HEV but human HEV as well. These results
support the notion that the release of rat HEV is ESCRT-dependent with components such as
Tsg101, Alix and Vps4A/B.

The rat HEV release was indeed inhibited by the depletion of endogenous Rab27A or
Hrs, components required for exosomal secretion. In addition, rat HEV ORF3 protein was
co-localized with either Rab27A or Hrs. | also showed that treatment of rat HEV-infected
cells with Baf-Al significantly increased the extracellular rat HEV RNA in a dose-dependent
manner, while treatment with GW4869 decreased the extracellular rat HEV RNA, further
supporting the notion that rat HEV utilizes the exosomal pathway for its egress, similar to
other viruses, such as hepatitis C virus (HCV) and human herpes virus 6 (HHV-6). Taken
together, my present findings indicated that rat HEV utilizes MVB sorting and the exosomal
pathway to support its egress from infected cells.

As described above, the results from siRNA assays and IFA indicated that both Tsg101
and Alix are associated with rat HEV egress. However, rat HEV ORF3 did not bind to either
protein. PXYPMP motif in rat HEV ORF3 protein was suggested to be associated with its
egress in a previous study where the substitution of leucine for proline (PQYPMP into



LQYLML) was associated with disrupted membrane formation, and thus decreased virus
release. The present analysis suggested that one host cellular protein at an approximate size
of 90 kDa was bound to both FLAG- and Myc-tagged rat HEV ORF3 wild-type but not to
the LQYLML mutant, therefore, it might be a candidate alternative to Tsgl01, which is
known to bind to the ESCRT-related motif in human and avian HEV ORF3, PSAP.
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The present study showed that rat HEV utilizes MVB sorting and the exosomal
pathway to support its egress from infected cells. While the results from siRNA assays and
IFA indicated that both Tsg101 and Alix are associated with rat HEV release, rat HEV ORF3
did not bind to either protein. | detected one host cellular protein at an approximate size of
90 kDa that bound to rat HEV ORF3 and might be a candidate alternative to Tsg101,
associated with virion egress (or with other ORF3-related functions). The exploration of host
cellular factors that bind to rat HEV ORF3 to support virion egress warrants further study.
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