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The in vitro transcription reaction of bluetongue virus (BTV) is characterized by a core-mediated, tempera-

ture-dependent inhibition at high core concentrations and temperatures (Van Dijk &

uismans, 1980; Huismans,

Van Dijk & Els, 1987a). It has been found that this inhibition is reversible and that an inactivated transcriptase

reaction mixture can be reactivated by lowering the temperature of the reaction from 37 °C to 28 °C. In the same

way it is possible to inactivate a reaction by increasing the incubation temperature from 28 °C to 37 °C. It was also
found that the inhibition is counteracted by the addition of sucrose or glycerol. At relatively low core concentra-

tions and in the presence of sucrose it is possible to obtain conditions under which transcription at 37 °C is more

efficient than at 28 °C. The latter conditions probably reflect much better the in vivo temperature optimum for the

BTV transcriptase than the in vitro conditions at very high core concentrations.

INTRODUCTION

During transcription the 10 double-stranded (ds) RNA
genome segments of bluetongue virus (BTV) are individ-
ually transcribed into 10 rnlgNA species. Activation of
transcriptase activity requires the conversion of BTV
virions to core particles. This involves the removal of the
2 mz%or outer C?gESid proteins, P2 and P5 (Verwoerd,
Els, De Villiers & Huismans, 1972). The resulting core
particles are composed of 5 proteins of which P7 and P3
are the 2 major structural polypeptides. The different
dsRNA segments of BTV are not all transcribed at a
constant rate of chain elongation. It has been found that
segment 5 is transcribed at at least double the expected
frequency, whereas others, such as segment 10, are
transcribed at less than half the predicted rate (Huismans
& Verwoerd, 1973). The same result was observed in the
case of other orbiviruses, such as the epizootic haemor-
rhagic disease virus (Huismans, Bremer & Barber,
1979), and this transcription pattern is probably a com-
mon characteristic of the Orbivirinae. Differential rates
of transcription have also been reported in the case of
bovine rotavirus (Bernstein & Hruska, 1981). However,
the reovirus dsRNA segments are transcribed in molar
amounts inversely proportional to their molecular mass
(Skehel & Joklik, 1969).

Another characteristic that distinguishes the BTV
transcriptase from that of other Reoviridae is a low tem-
perature optimum at 28 °C, which is in contrast to the
47-52 °C optimum reported for reovirus (Kapuler, 1970)
and rotavirus (Cohen, 1977). It has been suggested that a
low temperature optimum for in vitro transcription might
be characteristic for viruses which replicate alternatively
or exclusively in poikilothermic organisms (Nuss,
1984). The inhibition of the transcriptase activity at high
core concentrations is another characteristic feature of
the in vitro transcription reaction of BTV (Van Dijk &
Huismans, 1980). This inhibition is temperature depen-
dent (Huismans ez al., 1987a).

We have investigated different factors that affect inhi-
bition of the BTV transcriptase. Evidence will be pre-
sented that the core-mediated inhibition of the transcrip-
tase reaction is reversible and that it can be counteracted
by includini compounds, such as sucrose in the reaction
mixture, or by a reduction in temperature.

MATERIALS AND METHODS
Cells and virus

BHK- and LF-cells were maintained, as described by
Huismans et al. (1987a). An attenuated strain of BTV

(nr\

serotype 10 was used in the investigation. The virus was
propagated in BHK-cells and punified as described by
Huismans, Van der Walt, Cloete & Erasmus (1987b).

In vitro and in vivo preparation of BTV core particles

Core particles were prepared in vitro either bl):[ the
chymotr;gsin magnesium method of Van Dlllk & Huis-
mans (1980) or by a method based on the solubilization
of the BTV outer capsid protein layer in the presence of
MgC1, (Huismans er al., 1987b). Briefly, the latter
method involves the following: Purified BTV virions
were resuspended in 2 mM Tris-HC1, pH 8,0 at a con-
centration of 2 mg/m¢, followed by the addition of an
equal volume of 2’ M MgCl,. After 30 min at 4 °C, the
core particles were collected by centrifugation at
100 X g for 120 min at 4 °C through a 40 % sucrose
layer. The pellet was resuspended in 2 mM Tris-HCI,
pl?’[ 8,0 and purified by CsCl density centrifugation, as
described by Van Dijk & Huismans (1980).

Core particles were prepared in vivo by infecting an
LF-cell suspension culture with purified BTV, as
described by Huismans et al. (1987a).

In vitro transcription reaction

Transcriptase activity was assayed in the standard
transcription reaction mixture described by Van Dijk
Huismans (1980). The final concentration of reagents
the transcription mixture was: 1,7 mM each of A’
GTP and gTP; 100 mM Tris-HC1, pH 8,0; 6 1
MgC1,;, 7,5 mM phospho-enol pyruvate; 0,1 mg/m¢
pyruvate kinase; 2 mM MnCl,; 0,25 mM S-adenosyl-L-
methionine; 0,5 mg/m¢ bentonite; 40 wCi *H-UTP (spe-
cific activity 23 mCi/mmole); and BTV core particles at
0,5 Ay-units/m€ unless indicated otherwise. Incubation
temperatures are indicated in the text. Sucrose was also
added to the reaction mixtures as indicated in the text.
Reactions were assayed for time-dependent incorpora-
tion of *H-UMP into RNA by spotting a small sample of
the reaction mixture onto Whatman 3MM filter paper
discs (2 cm in diameter) and determining the amount of
*H-cpm incorporated into acid-insoluble material accord-
ing to the method of Bergmann & Lodish (1979).

RESULTS
Transcriptase activity of in vivo-prepared core particles

The first evidence that sucrose could affect the trans-
criptase activity of BTV was obtained from an investiga-
tion of the transcriptase activity of in vivo-prepared core
particles. A 500 m¢€ suspension of L-cells was infected
with BTV, as described by Huismans et al. (1987a).
After 2 h the cells were harvested and the in vivo pre-
pared core particles purified in a sucrose gradient, as
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FIG. 1 Sucrose gradient sedimentation analysis (A), and in vitro transcription assay (B) of in vivo pre
suspension culture of mouse LF-cells (5 X 10° cells/m¢) was infected with 12 mg of purified BPT
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ared BTV core particles. A: A 500 m{
virions. After 2 h at 37 °C the cells were

harvested. Cytoplasmic extracts were prepared and viral particles were recovered from these extracts by centrifugation at 100 000 x g for
120 min at 4 °C through a 40 % sucrose layer. The pellets were resuspended in 2 mM Tris-HC1 pH 8,8 and layered on a 440 % sucrose
gradient in 2 mM Tris. Centrifugation was at 4 °C for 60 min at 100 000 % g. The gradient was fractionated from the bottor and the optical
density of each fraction was determined at 260 nm. B: In vitro transcriptase activity of in vivo prepared BTV core particles in fraction 11 of
the sucrose gradient in (A), assayed at 28 °C (®—e), and at 37 °C (®--9),

described in the legend to Fig. 1. The optical density
profile of the fractionated gradient (Fig. 1A) indicates
the presence of 2 particles with S values of 550S and
4708 respectively. The fractions were analysed by SDS-
PAGE and the results (not shown) confirmed that the
5508 peak consisted of virus particles, whereas the 470S
peak contained typical core particles.

. Transcriptase activity in the sucrose gradient fractions
in the region of the 470S peak was determined at both 28
°C and 37 °C. The reaction mixtures were composed of a
200 € sample of each sucrose gradient fraction and an
equal volume of a double concentration transcription re-
action mixture. The results obtained with fraction 11 are
shown in Fig. 1B. It is evident that the transcriptase
activity at 37 °C was slightly higher than at 28 °C. This
result seemingly contradicted previous observations on
the temperature preference of the BTV-transcriptase
(Van Dijk & Huismans, 1982). One possible difference
between the current and previous experiments was that
the reaction mixtures used in the experiment described in
Fig. 1B contained a small amount of sucrose. This obser-
vation initiated a more detailed study of the effect of
sucrose on the transcription reaction.

Transcriptase activity of BTV-cores in the presence of
sucrose

BTV core particles were prepared in vitro. The effect
of sucrose on the transcriptase activity was investigated
by including different concentrations of sucrose in 400

' transcription reaction mixtures. The experiments
were carried out at 3 different incubation temperatures
(28 °C, 37 °C and 41 °C) and at 2 core concentrations (1,5
Ajgrumits/m€ and 0,25 A, -units/m€). The reactions
were assayed by spotting 25 € samples of the reaction
mixtures on filter paper discs every 30 min over a 6 h
period and determining the *H-UMP incorporation. The
results are shown in Fig. 2.

At the lower core concentration sucrose had no effect
on the reaction at 28 °C (Fig. 2A) but it stimulated the
reaction at both 37 °C and 41 °C (Fig. 2B & 2C). At the
high core concentrations the presence of sucrose stimu-
lated the transcription reaction at all 3 incubation tempe-
ratures (Fig. 2D, E & F). An increase in the sucrose
concentration resulted in higher levels of stimulation.
However, sucrose only had an effect on reactions where
inhibition was evident and not when the reaction rate was
constant over a 6 h period (Fig. 2A). Since the strongest
inhibition was observed at high temperatures in combi-
nation with high core concentrations (Fig. 2C, E & F),
the largest effect of sucrose was observed under these
reaction conditions. It was not determined if sucrose
concentrations above 15 % would further enhance *H-
UMP incorporation. It is clear from the result in Fig. 2A
and B, however, that at a low core concentration of 0,25
Aj-units BTV cores/m{ the presence of 15 % sucrose
enhances the reaction to such an extent that it proceeds
more efficiently at 37 °C than at 28 °C. This observation

-is in agreement with the results illustrated in Fig. 1.
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However, at high core concentrations (1,5 Ayy-
units/mf), the presence of 15 % sucrose is not sufficient
to counteract the strong inhibition at 37 °C (Fig. 2E) and
the reaction proceeds better at the lower temperature of
28 °C (Fig. 2D) under these conditions.

The stimulatory effect on the in vitro transcription
reaction does not appear to be unique to sucrose and
similar results were obtained when the experiment in
Fig. 2 was repeated with glycerol (results not shown).

The effect of a temperature-shift on the in vitro transcrip-
tion reaction

There are at least 2 possible explanations for the inhi-
bition of the in vitro transcription reaction at high core
concentrations and temperatures. One is that the core
particles are unstable under these conditions and that
they disintegrate. Alternatively, a reversible inactivation
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FIG. 2 The effect of varying amounts of sucrose (%) and incubation temperature on the in virro transcription reaction of in vitro prepared BTV core

particles.
(A), (B), (C): 0,25 Asg-units BTV cores/m€
(D), (E), (F): 1,50 Ayg-units BTV cores/m¢

of the transcriptase reaction could be involved. To inves-
tigate this latter possibility, the following temperature-
shift experiment was carried out: One half of a 2,4 m¢
transcription mixture, (core concentration of 0,56 Ay~
units/m€) was incubated at 28 °C, while the other half
was incubated at 37 °C. After 165 min a 300 u€ sample of
the 28 °C reaction mixture was removed and incubated at
37 °C. A similar sample from the 37 °C reaction mixture
was incubated at the lower (28 °C) temperature. The
remainder of the 2 mixtures were left at the original
temperatures. After another 60 min the procedure was
repeated. A portion of each of the original mixtures was
removed and incubated at the new temperature.
Throughout the experiment, 30 uf samples of the differ-
ent reaction mixtures were taken, spotted on Whatman 3
MM filter paper and assayed for the incorporation of *H-
TTR AT ™M™ 1. 1 " Fig' 3.
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During the first 3U min of the reaction the rate of
transcription at 37 °C was the same as that at 28 °C. At 90
min, however, the reaction at 37 °C was already severely
inhibited and after 1~ min no further incorporation of
*H-UMP was obser. 1. The reaction at 28 °C on the
other hand continued at its original rate for at least
another 4 h. The first shift to a higher temperature after a
165 min incubation period caused an immediate decline
in the rate of transcription, and after 1 h very little further
*H-UMP incoryoration was observed. On the other hand,
the shift to 28 °C in the 37 °C reaction mixture resulted in
a very marked reacti tion of the transcriptase reaction.
The rate of transcript.. 1 after the shift was almost identi-
cal to that of the mixture that was kept at the low tempe-
rature throughout the incubation period. The same
results were obtaine: /ith the temperature shifts at 225
min after the start of ____ reaction.
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FIG. 3 The effect of a temperature-shift on the in vitro transcription
reaction of BTV.
(®—@) reaction at 28 °C
(0—o0) reaction at 37 °C

(®--@) reaction upshifted to 37 °C
(0--0) reaction downshifted to 28 °C
The arrows indicate when the temperature shifts occurred

DISCUSSION

The results presented in this paper confirmed the
results of Huismans er al. (1987a) that the transcriptase
activity of in vitro and in vivo prepared core particles is
indistinguishable with respect to temperature require-
ment. At low core concentrations and in the presence of
polyhydroxylic compounds, such as sucrose or glycerol,
the transcription reaction at 37 °C yroceeded at a slightly
higher rate than the reaction at 28 °C. Under these condi-
tions linear incorporation of *H-UMP was observed over
a period of at least 5 h. These reaction conditions are
probably much closer to the in vivo conditions in infected
cells than conditions of very high core concentrations.

The low temperature optimum of the BTV transcrip-
tion reaction therefore applies only to the artificial in
vitro conditions. The results presented in this paper indi-
cate that the inhibition observed for the in vitro condi-
tions can be counteracted by compounds such as sucrose
and glycerol.

The stimulatory effect of sucrose on the in vitro trans-
cription reaction was observed irrespective of the incuba-
tion temperature but applied only to reaction conditions
where inhibition of transcription was evident. This
seems to suggest that these compounds merely coun-
teracted the inhibition and did not stimulate transcription
as such. Polyanions which could overcome a similar
inhibition of vesicular stomatitis virus and Sendai virus
transcriptases (Carrol & Wagner, 1978; Stone &
Kingsbury, 1973) had no effect on the BTV transcriptase
(result not shown). Polyhydroxylic compounds, such as
sucrose, are known to stabilize proteins and enzyme pre-
parations (Fransler & Loeb, 1874; Valeri, 1975). I'I"he
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The reversibility of the core-mediated, temperature-
dependent inhibition of the transcriptase reaction was
also investigated. It was found that the inhibition is com-
pletely reversible. This would exclude physical break-
down of the core particles as a cause of the inhibition.

The possibility that aggregation of core particles plays
a role in the inhibition also needs to be considered. It has
been observed (A. A. van Dijk & H. Huismans, unpub-
lished observations, that at high core concentrations the
BTV core particles tend to aggregate strongly. The for-
mation of precipitated complexes could perhaps preclude
the Ehysical access of reagents to enter the core particle
or the extrusion of newly synthesized mRNA. Such a
situation would be similar to the loss of reovirus spikes
(White & Zweerink, 1976), or to that in which the core
particles are still covered by the outer capsid layer. Ag-
gregation of core particles may be enhanced by elevating
the incubation temperature, and it may be reduced by
including viscose substances, such as sucrose and glyc-
erol. However, as little is known about the reversibility
of core aggregation and even less about the effect of
temperature on such aggregates, all explanations can
only be speculative.

REFERENCES

BERGMANN, J. E. & LODISH, H. F., 1979. Translation of capped and
uncapped vesicular stomatitis virus and reovirus mRNAs. Journal of
Biological Chemistry, 254, 459-468.

BERNSTEI, J. & HRUSKA, J., 1981. Characterization of RNA polyme-
rase products of Nebraska calf diarrhea virus and SA 11 rotavirus.
Journal of Virology, 37, 1071-1074.

CARROL, A. R. & WAGNER, R. R., 1978. Reversal by certain poly-
anions of an endogenous inhibitor of vesicular stomatitis virus asso-
ciated trascriptase. Journal of Biological Chemistry, 253,
3361-3363.

COHEN, J., 1977. Ribonucleic acid polymerase activity associated with
purified calf rotavirus. Journal o_rpgeneral Virology, 36, 395-402.

FRANSLER, B. S. & LOEB, L. A., 1974. Sea urchin nuclear DNA
polymerase. In; COLOWICK, S. P. & NATHAN, O. (eds). Methods in
enzymology, XXIX Part E, 53-70. New York. Academic Press.

HUISMANS, H. & VERWOERD, D. W., 1973. Control of transcription
during the expression of the bluetongue virus genome. Virology, 52,
81-88.

HUISMANS, H., BREMER, C. W. & BARBER, T. L., 1979. The nucleic
acid and proteins of epizootic haemorrhagic disease virus. Onderste-
poort Journal of Veterinary Research, 46, 95-104.

HUISMANS, H., VAN DDK, A. A. & ELs, H. J., 1987a. Uncoating of
parental bluetongue virus to core and subcore particles in infected L-
cells. Virology, 157, 180-188.

HUISMANS, H., VAN DER WALT, N. T., CLOETE, M. & ERASMUS,
B. J., 1987b. Isolation of a capsid protein of bluetongue virus that

induces a protective immune response in sheep. Virology, 157,
172-179.

KAPULER, A. M., 1970. An extraordinary temperature dependence of
the reovirus transcriptase. Biochemistry, 9, 4453-4457.

Nuss, D. L., 1984. Molecular biology of wound tumor virus. In:
LAUFFER, M. A. & MARAMOROSCH, K. (eds). Advances in virus
research, 57-93. New York. Academic Press.

SKEHEL, J. J. & JOKLIK, W. K., 1969. Studies on the in vifro transcrip-
tsxgzn _g?f, reovirus RNA catalized by reovirus cores. Virology, 39,
1.

STONE, H. O. & KINGSBURY, D. W., 1973. Stimulation of Sendai
;?"234 9transcriptase by polyanions. Journal of Virology, 11,

VALERI, C. R., 1975. Simplification of the methods for adding and
removing glycerol during freeze preservation of human red blood
cells with the high or low glycerol methods: biochemical modifica-
tion prior to freezing. Transfusion, 15, 195-218.




VAN DER WALT, N. T., 1980. A haemagglutination and haemaggluti-
nation inhibition test for bluetongue virus. Onderstepoort Journal of
Veterinary Research, 47, 113-117.

VAN DIK, A. A. & HUISMANS, H., 1980. The in vitro activation and
further characterization of the bluetongue virus-associated transcrip-
tase. Virology, 104, 347-356.

VAN DK, A. A. & HUISMANS, H., 1982. The effect of temperature on
the in vitro transcriptase reaction of bluetongue virus, epizootic hae-

633

ALBERDINA A. VAN DIJK & H. HUISMANS

morrhagic disease virus and African horsesickness virus. Onderste-
poort Journal of Veterinary Research, 49, 227-232.

VERWOERD, D. W., ELS, H. J., DE VILLIERS, E-M. & HUISMANS, H.,
1972. Structure of the bluetongue virus capsid. Journal of Virology,
10, 783-794.

WHITE, C. K. & ZWEERINK, H. J., 1976. Studies on the structure of

reovirus cores: selective removal of polypeptide A 2. Virology, 70,
171-180.



