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Abstract

The effect of glucosamine on phenotypic mixing between vesicular stomatitis virus (VSV)
and avian sarcoma virus (ASV) was studied. Phenotypic mixing decreased with increase in glu-
cosamine concentration, and, in the presence of 20 mM glucosamine, was no longer detectable. In
the presence of 20 mM glucosamine, cells still produced 10(2)-10(3) focus forming units (FFU) of
ASV and 10(6) plaque forming units (PFU) of VSV per milliliter. These results suggest that cells
producing a relatively large amount of ASV (more than 10(3) FFU/ml) are essential for phenotypic
mixing of VSV with ASV.
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Abstract. The effect of glucosamine on phenotypic mixing between
vesicular stomatitis virus (VSV) and avian sarcoma virus (ASV) was
studied. Phenotypic mixing decreased with increase in glucosamine
concentration, and, in the presence of 20 mM glucosamine, was no longer
detectable. In the presence of 20 mM glucosamine, cells still produced
10%-10% focus forming units (FFU) of ASV and 10° plaque forming units
(PFU) of VSV per milliliter. These results suggest that cells producing
a relatively large amount of ASV (more than 10° FFU/ml) are essential
for phenotypic mixing of VSV with ASV.

Key words : glucosamine, phenotopic mixing, vesicular stomatitis
virus, avian sarcoma virus.

VSV mixes phenotypically not only with avian retrovirus envelope (1),
but also with chick helper factor (cif), a product of the envelope gene of endo-
genous virus present in avian cells (2). This phenomenon has been utilized to
detect expression of the viral envelope gene in avian cells (2-4). To utilize this
phenomenon widely, however, it is necessary to know its sensitivity. Glucos-
amine blocks retrovirus replication, but hardly affects replication of VSV (5-8).
Therefore, in the present study, we investigated the effect of glucosamine on
the phenotypic mixing of VSV with ASV and estimated the sensitivity of the
phenotypic mixing assay for the detection of envelope gene product of avian
retrovirus.

MATERIALS AND METHODS

Viruses. The Bratislava 77 strain of ASV (ASV B77) was obtained from Dr.
R.R. Friis, Giessen, West Germany. The mutant ¢/-17 of VSV (VSV ¢l-17) was
obtained from Dr. J.Zavada, Bratislava, Czechoslovakia, and imported with the
permission of the Ministry of Agriculture of Japan. VSV #/-17 has thermolabile
envelope components, and its infectivity rapidly decreases when incubated at
45°C (1). Chick embryo cells (GEC) were inoculated with VSV ¢I-17 at room
temperature for 30 min, washed twice with phosphate-buffered saline (PBS) to
remove non-adsorbed virus, and then incubated at 32°G {permissive temperature
for VSV §l-17) for about 18 h till the appearance of cytopathogenic effects (GPE).
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The culture supernatants were stored at —80°C and thawed before use.

Chick embryo cells. The primary CEC were prepared from 11-day-old C/B
phenotype, ¢hf negative chick embryos obtained from the Research Institute for
Microbial Diseases of Osaka University, Kanonji, Japan. The cultures were
maintained in Eagle’s minimum essential medium (MEM) supplemented with
10% tryptose phosphate broth and 5% heat-inactivated calf serum.

ASV B77-transformed cells. CEC were transformed in vitro by ASV B77 and
maintained in the same way as CEC. These ASV B77-transformed cells pro-
duced a largc amount of ASV,

Glucoscmine treatment. Glucosamine (Katayama Kagaku, Japan) solution
was neutralized with sodium hydroxide, and added at 32°C for 6h to 1) ASV
B77-transformed CEC, 2) normal CEC after inoculation of VSV ¢/-17 and 3)
ASV B77-transformed CEC after inoculation of VSV ¢/-17 at a multiplicity of 2
PFU per cell.  Then the cultures were washed three times with PBS to remove
virus produced during the initial 6h, and fresh medium containing the same
amount of glucosamine was added and further incubated at 32°C. When CPE
appeared in VSV ¢l-17-inoculated cultures, the culture supernatants were har-
vested. About the same time, the culture supernatants of glucosamine-treated
ASV B7l-transformed CEC were also harvested.

Titration of viruses. FFU of ASV B77 and PFU of VSV ¢[-17 were deter-
mined by routine methods on CEC (5, 8).

RESULTS

Effect of glucosamine on the production of ASV B77 and VSV tl-17. In the
presence of glucosamine, the replication of ASV B77 in ASV-transformed GEC
decreased with increase in the concentration of glucosamine (Fig, 1). The pro-
duction of ASV B77 in the absence of glucosamine was 10® FFU/ml, while
that in the prezence of 20 mM glucosamine was 10%-10° FFU/ml. The pro-
duction of VSV #-17 in the absence of glucosamine was 10" PFU/ml and in
the presence of 20 mM glucosamine was 1-4 x 10 PFU/ml. The production of
VSV #l-17 was slightly inhibited by the addition of glucosamine (Fig. 1).

Effect of glucosamine on the phenotypic mixing of VSV with ASV. As shown
in Fig. 2, VSV #-17 propagated in normal CEC in either the absence of glucos-
amine or the presence of 20 mM glucosamine was strongly inactivated by heating
at 45°C for 60 min. VSV #-17 propagated in ASV B77-transformed CEC in the
presence of 20mM glucosamine was also strongly inactivated by heating at 45°C
for 60 min (Fig. 2). However, VSV #l-17 propagated in ASV B77-transformed
CEC in the absence of glucosamine was rather heat-stable and was only weakly
inactivated by heating at 45°C for 60 min (Fig. 2). The production of heat-
stable virions of VSV #-17 in ASV B77-transformed CEC decreased with in-
crease in the added glucosamine (Table 1).
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Fig. 1. Effect of glucosamine on the production of ASV B77 and VSV #-17. Glucosamine
was added to normal CEC inoculated with VSV /-17 and to ASV B77-transformed CEC.
About 18 h later, the titers of VSV ¢/-17 and ASV B77 were determined.

O—0Q VS8V #-17

@®—@ ASV B77

Fig. 2. Thermal inactivation kinetics of VSV #-17 propagated in normal and ASV B77-
transformed CEC in the presence and absence of 20 mM glucosamine. Virus fluids were
diluted to 1:10 with MEM (pH 7.6), heated at 45°C for 60 min and titrated.

O—@ VSV tl-17 harvested from normal CEC without glucosamine.

O—0O VSV #-17 harvested from normal CEC with 20 mM glucosamine.

O—A VSV tl-17 harvested from ASV B77-transformed GEC without glucosamine.

O—A VSV tl-17 harvested from ASV B77-transformed CEC with 20 mM glucosaminc.

TaABLE 1. EFFECT OF GLUGOSAMINE ON THE PRODUCTION OF
HEAT-STABLE VSV T1L-17%

Glucosamine concentration {(mM) Log titer reduction’
0 1.5
5 2.9
10 3.2
15 3.5
20 4.3

a VSV tl-17 was inoculated on to ASV B77-transformed CEC in the presence of
various concentrations of glucosamine, and the harvests were heated at 45°C

for 60 min.
b The log titer reduction in PFU after heating was listed.
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DISCUSSION

It has been reported that glucosamine inhibits the replication of ASV by
blocking the synthesis of viral glycoproteins, whereas VSV has a different path-
way for synthesis of viral glycoprotein and its replication is only weakly in-
hibited by glucosamine (5-10). In the present study also, 20 mM glucosamine
decreased the replication of ASV B77 from 10® FFU to 102-10° FFU/ml, but had
little effect on the replication of VSV #-17.

When ASV B77-transformed CEC were infected with heat-labile VSV #l-
17, VSV harvested was heat-resistant, indicating that the virions of VSV #-17
produced were phenotypically mixed with ASV B77. In the same experiment
done in the presence of 20 mM glucosamine, however, only heat-labile VSV was
harvested, indicating that phenotypic mixing between VSV #-17 and ASV B77
was only weakly induced, or not induced at all. As described above, 20 mM
glucosamine showed little effect on the replication of VSV #-17, but decreased
the production of ASV B77 to a level of 10°-10° FFU/ml. Therefore, it is sug-
gested that, in cells producing a small amount of ASV, VSV #-17 dose not mix
phenotypically with ASV.

Phenotypic mixing assay with VSV has been used recently for detection of
the production of ASV or chf expressed on the surface of CEC (1-4, 11), How-
ever, the results of the present study suggest that this method is applicable only
to cells producing a large amount of either retrovirus or its envelope glycopro-
teins.
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