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Introduction: Mouse polyomavirus (MPyV) and simian vacuolating virus 40 (SV40) are small non-enveloped tumorgenic DNA viruses. Only little information about
interactions of polyomaviruses and cell proteasomal system is known. It is not clear whether polyomaviruses exploit proteasomal system for their profit or whether the
degradation system is part of cell defense. We have studied influence of proteasomal system on early steps of MPyV and SV40 infection, using reversible (MG-132) and
irreversible (epoxomicin) proteasomal inhibitors. To determine influence of proteasomal inhibition to viral infectivity, we compared percentage of early viral protein large T
(LT) - positive nuclei in cells treated with proteasomal inhibitor in different times prior and post infection and in untreated control cells. Then, we stained viral VP1 capsid
protein and 20S proteasomes using specific antibodies in infected cells and analyzed their co-localization by confocal microscopy. To find if proteasomal inhibitor affects
replication of MPyV, we stained viral DNA by fluorescence in situ hybridization (FISH) in different times post infection in cells treated and untreated with MG-132
proteasomal inhibitor.
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Reversible inhibitor of proteasomes applied for indicated
intervals of the early phase of infection slightly increased
percentage of cells expressing viral early LT antigen.
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Synchronized SV40 cells were incubated
with 20μM proteasomal inhibitor, MG-132.
The inhibitor was added 1.5 h prior SV40
infection or 2 and 4 h.p.i. and washed out
in different times p.i. Cells were fixed 24
h.p.i., stained for early LT antigen and
measured by flow cytometry.
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The upper graph shows the highest
increase of percentage of LT positive Vero
cells in the presence of the reversibile
proteasomal inhibitor in the interval -1.5
till 4 h post SV40 infection. The lower
graph shows, that the most dramatic
increase occurs during the first 2 h.p.i.
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Irreversible inhibition of proteasomes markedly reduced
percentage of cells positive for LT antigen.
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Synchronized 3T6 cells were incubated with 5μM
proteasomal inhibitor, epoxomicin. The inhibitor was added
1 h prior MPyV infection and washed out 18 h.p.i. Cells
were fixed 18 h.p.i., stained for early LT antigen and
measured by flow cytometry.
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Synchronized 3T6 cells were incubated
with 20μM proteasomal inhibitor, MG-132
(dissolved in DMSO). The inhibitor was
added 1 or 2 h prior MPyV infection and
washed out 2 or 4 hours post infection
(h.p.i.). Cells were fixed 24 h.p.i., stained
for early LT antigen and percentage of
infected cells was measured by flow
cytometry.

The highest increase of SV40 LT positive cells in the
presence of reversible proteasomal inhibitor was
observed during first 2 h.p.i.
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Conclusion 1: The increase of cells positive for the early viral antigen, LT, in cells treated with the reversibile inhibitor of proteasomes for the interval when
virions traffic from the cell mebrane towards the cell nucleus (interval of the first 2 h.p.i.) suggests that polyomaviruses do not require proteasome degradation for
the delivery of their genomes to the cell nucleus for their expression. Irreversible inhibition of proteasomes leads to inhibition of virus infectivity in later stages of
virus infection.

Partially co-localization of MPyV VP1 or SV40 VP1 and 20S proteasomes could be found 4 h.p.i.
Representant confocal microscopy images of infected (MPyV) 3T6 mouse fibroblasts treated
with MG-132 proteasomal inhibitor added 1 h prior infection (A) and control cells treated with
DMSO only (B). Cells were fixed 4 h.p.i.
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Representant images from confocal microscope of infected (SV40) Vero cells treated with
proteasomal inhibitor MG-132 added 1 h before infection (A) and control cells treated with
DMSO only (B). Cells were fixed 4 h.p.i.
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Method of calculation of co-localizations in immunoflurescent experiments: The major capsid protein, VP1 (red) and 20S proteasomes (green) were stained with specific
antibodies. White spots show partially co-localization between both structures. These white spots represent situation where a signal of proteasome is around VP1 signal in semi-diameter 125
nm and simultaneously, rate of their intensities is larger than 10%. Calculation was computed with 15 cells.
Results: 12.6% of MPyV VP1 and 13.9% of SV40 VP1 co-localized with 20S proteasomes in cells treated with MG-132 inhibitor and 10.3% of MPyV VP1 and 9.2% of SV40 VP1 colocalized
in control cells (treated with DMSO only).

No DNA of MPyV in cells treated with MG-132 proteasomal inhibitor for the
interval -1 till 16 h.p.i. was detected in 3T6 mouse fibroblasts.
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Fluorescence in-situ hybridization with synchronized mouse 3T6 cells infected by MPyV treated with proteasomal inhibitor MG132 (A) or control cells treated with DMSO only (B1-B3). Cell nuclei were stained with DAPI (blue), green fluorescence
represents MPyV genomic DNA. MG-132 was added 1 h prior infection and cells were fixed 16 h.p.i. Biotinylated DNA probe
was labelled with specific antibody. No cells with viral DNA (of 1000 cells) were detected in sample treated with proteasomal
inhibitor MG-132.

Conclusion 2:
Observations by confocal microscope showed
approximately 10% co-localization between VP1
protein and 20S proteasomes regadless the
presence of MG-132. Another approaches of
detection of proteasomal degradation of virions
travelling to the cell nucleus are in progress.
In situ hybridization of cells showed that
proteasomal
inhibition
negatively
affects
replication of polyomavirus genomes.
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