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Summary. — The rate of the synthesis of tick-borne encephalitis 
(TBE) virus-specified proteins at high multiplicity of infection 
(MOI of 100 PFU per cell) was the highest by 8—14 hr post-infec­
tion (p.i.) as compared to the lower MOI of 4 PFU per cell (14 to 
17 hr p.i.). The first virus-specific proteins appeared in cells from 
2 to 5 hr p.i.
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Introduction
The following virus-specific proteins are synthesized in flavivirus-infected 

cells: p98 (NV5), P71 (NV4), p51 (V3, E), p44 (NV3), p21 (NV21/2), pl9 
(NV2), pl4 (NV 1 1/2), an analogue ofvirion protein V2 (C) and plO (NV1) 
(Westaway et al., 1980). In addition to proteins V3 and V2, the protein p8 
(VI, M) has also been detected in virions. In TBE virus-infected cells, the 
synthesis of an additional virus-specific protein p79 (NV4x/2) has been 
observed (Svitkin et al., 1978; Lyapustin et al., 1980).

The synthesis of flavivirus-specific proteins was studied at late post 
infection intervals from 24 to 48 hr p.i. in cell culture (Shapiro et al., 1971; 
Trent and Quereshi, 1971; Westaway, 1973; Westaway et al., 1977; Heinz 
and Kunz, 1982), i.e. for longer than a single reproduction cycle which lasts 
up to 25 hr. The present paper deals with the analysis of proteins synthesized 
in TBE virus-infected cells during a single reproduction cycle, i.e. since the 
moment of adsorption to the release of the majority of infectious virions 
from infected cells.

Materials and Methods
TBE virus (strain Sofy in) was passaged in newborn albino mice. The reproduction of contin­

uous cell culture of swine embryo kidney (SEK) and its infection with virus-containing suspension 
of the mouse brain was described earlier (Lyapustin et al1983).

TBE virus-specific proteins were labelled with a mixture of 14C-amino acids (740 MBq — 1.48 
OBq/ml, Amersham) added to the maintenance medium. Before introduction of radioactive
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amino acids, the cells were pretreated with 5 pg/ml of Actinomycin D (Lyapustin et al., 1980). 
After the labelling had been finished, the maintenance medium was removed, the cells were 
washed, lysed and analysed in 10 and 15 % polyacrylamide gel using a discontinuous buffer 
system (Laemmli, 1970). Gel fluorography has been conducted as described by Bonner and Laskey 
(1974). Virion proteins were prepared as described earlier (Lyapustin et al., 1980).

Injectivity of TBE virus was estimated by means of plaque method in SEK cell culture (Dzhi- 
vanyan et al., 1974).

Results

Fig. 1 shows the electrophoregrams of proteins synthesized in TBE virus- 
-infected SEK cells at different intervals (from 8 to 23 hr p.i.) and at different 
MOI (4 PFU and 100 PFU per cell, respectively). The following'virus-specific 
proteins were clearly seen in 15% polyacrylamide gel: p93 (NV5), p79 
(NV41/2), p69 (NV4). p53 (V3, E), p21 (NV21/2), pl8 (NV2), P13 (NVD/2) 
and pl2 (NVl). During the analysis of cell lysates in 10% polyacrylamide 
gel the protein p81 indistinguishable from protein p79 in 15% polyacrylamide 
gel was detected (Fig. 2). In infected cells, the virus-specific proteins p24 
and pl5 were also found. Protein p24 could be differentiated from a cellular 
protein (which has a somewhat higher mobility) in cell lysates infected at 
high MOI (100 PFU per cell). At a lower MOI this cellular protein was 
synthesized even more actively, thus masking the presence of virus-specific 
p24 protein.

The intensity of the synthesis of virus-specific proteins during a single 
virus reproduction cycle depended on the infectious dose. At high MOI 
of 100 PFU per cell the synthesis of virus-specific proteins culminated from 
8 to 14 hr p.i. Later on, the rate of protein synthesis was significantly decre­
ased (Fig. 1, lanes 2—6). At lower MOI of 20 PFU per cell, the synthesis of 
virus-specific proteins exhibited the same pattern, but the intensity of the 
protein synthesis was somewhat lower after inoculation of 100 PFU per cell, 
the period of active synthesis of virus-specific proteins lasting up to hr 17 p.i. 
At lower MOI of 4 PFU per cell, small amounts of virus-specific proteins 
were synthesized from 8 to 11 hr p.i., but their synthesis culminated from 
14 to 17 hr p.i. (Fig. 1, lane 9). Later on the intensity of synthesis of the 
proteins p83, p79, p69, and p53 increased while that of proteins pl3 and pl2 
remained unchanged and that of proteins p21, pl8, and pl5 decreased.

It should be noted that the decrease of intensity of virus-specific protein 
synthesis observed from 17 to 23 hr p.i. at high MOI was also associated with 
a higher inhibition of cellular protein synthesis than during active synthesis 
of virus-specific proteins, i.e. from 8 to 17 hr p.i. (Figs 1, 2).

When following the proteosynthesis in TBE virus-infected SEK cells at 
intervals earlier then 8 to 11 hr p.i., the protein p69 was first detected 
(2—5 hr p.i.) in small quantities (Fig. 2). During the next 3 hr, proteins p93, 
p69 and p53 were synthesized in noticeable amount. In the course of pro­
longed electrophoresis in 10% gel, the protein band p53 became divided but 
the position of each of the two bands coincided with the position of the 
broad band of p53 virion protein (V3, E) in the gel. It is most likely that the 
protein p53 is produced in 2 forms which do not differ in the length of their
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polypeptide chain but in the extent of glycosylation, which is responsible 
for their different electrophoretic mobility. Proteins p81 and p79 were 
synthesized in low quantities from 5 to 8 hr p.i., later on their synthesis was 
better expressed. During the analysis of cell lysates in 15% gel no synthesis 
of low molecular virus-specific proteins was revealed at 3—5 hr and at 5 to 
8 hr p.i., respectively.

Discussion
The set of high-molecular virus-specific proteins of TBE virus found in 

SEK cells is similar with respect to quantity and molecular mass to the set 
of proteins found in the chick fibroblast cells (Heinz and Kunz, 1982). 
Protein p47 (NV3) is well seen in chick fibroblast cells, whereas in SEK cells 
it can be detected only after treatment of cells with hypertonic Nad solution 
(Lyapustin et al., 1980). Low-molecular proteins differ significantly. In chick 
fibroblasts infected with TBE virus, the synthesis of virus-specific proteins 
p24 —25, pl5 (V2, C), and pl4.5 (NVD/2) was observed, but the proteins 
p21, pi 8, and pi2 synthesized in infected SEK cells together with p24 and pl3 
(У2, C) were not detected (Fig. 1). Probably, the production of low-molecular 
mass virus-specific proteins is different in mammalian cells (SEK) as compared 
to avian ones (chick fibroblasts). These differences may be due to the action 
of cellular proteases of different specificities participating in the cleavage of 
supposed precursors of the low-molecular virus-specific flavivirus proteins.

Basic characteristics of single reproduction cycle have been studied for 
flaviviruses Kunjin, West Nile, dengue-2, Saint-Louis encephalitis, Japanese 
encephalitis and Uganda S, both in the cell cultures of vertebrates (Stollar 
et al., 1967; Trent et al., 1969; Shapiro et al., 1971; Fukui, 1973; Westaway, 
1973; Wengler et al., 1978) and in mosquitoe cell cultures (Wengler et al., 1978; 
Ng and Westaway, 1979). Latent period of infection was about 13 hr and the 
time of release of the bulk of infectious viral particles was 23 to 27 hr. The 
production of infectious TBE virus particles in vertebrate cells (Andzha- 
paridze and Bogomolova, 1962; Avakyan et al., 1963; Heinz and Kunz, 1977), 
as well as in the body of natural tick carrier (Chunikhin and Kurenkov, 
1980) meets the same regularities as of the mosquito-borne flaviviruses. 
Synthesis of virus-specific RNAs of flaviviruses, TBE virus including, is most 
active during the period from 12 to 20 hr p.i. (Stollar et al., 1967; Trent et al., 
1969; Soloviev et al., 1971; Fukui, 1973; Boulton and Westaway, 1977). 
Data on synthesis of virus-specific proteins at early intervals of reproduction 
cycle, to our knowledge, are not available in literature, thus the presented 
work was the first research dealing with this problem.

Within the first 5 hr p.i. no noticeable synthesis of virus-specific proteins 
was observed except for low synthesis of the protein p69. Furthermore, 
noticeable amounts of proteins p93, p69, and p53 were synthesized. At high 
MOI these and other virus-specific proteins were most efficiently synthesized 
within 8 to 14 hr p.i., i.e. at the end of latent period and during the release 
of the first newly formed infectious particles from the cells. Later on, i.e. 
during active release of infectious particles from the cell, the synthesis of
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virus-specific proteins was decreased. In the course of lower MOI of 4 PFU 
per cell, the synthesis of virus-specific proteins was essentially different. 
The period of their highest synthesis was’ shifted to 14—17 hr p.i., the 
rate of synthesis of individual proteins varying at different intervals.

The data of Trent et al. (1969) are important for interpretation of 
the differences in the synthesis of virus-specific proteins of TBE virus 
depending on the infectious dose. These authors have shown that the 
quantity of cells primarily infected with Saint-Louis encephalitis virus 
is about 90% at any multiplicity ranging from 5 to 90 PFU per cell. 
The method of infective centres used by these authors did not allow them 
to estimate the number of infectious particles entering a separate cell at 
different infectious doses or the extent of development of pathological 
processes in the cell as related to the infectious dose, whereas electrophoretic 
analysis of the proteins allows to register the dose-dependent differences in 
the course of infection.

It is most likely that at high MOI a large quantity of viral particles enter 
the cell, and after genomic RNA is released from them, virus-specific proteins 
are synthesized. Upon infection at a MOI of 4 PFU per cell, several viral 
particles seem to penetrate into some cells, and the low synthesis of virus- 
-specific proteins observed at earlier times (8—11 hr) is caused by translation 
of proteins with RNAs released from virion particles, i.e. the proteins of these 
cells are produced in the same way as in cells infected at 100 PFU per cell. 
At MOI of 4 PFU per cell the majority of cells are likely to be penetrated 
by 1 infectious virus particle, the formation of virus-specific proteins in these 
cells takes the time needed for the synthesis of adequate amounts of viral 
RNA copies required for an efficient translation. The studies of the kinetics 
of the release of infective particles from the cells infected at different MOI 
can hardly provide experimental evidence for our suggestions, because of 
reinfection of cells by viral particles released from some cells after the latent 
period, as well as because of difficulties involved with washing residual virus 
from cells after infection using high doses. It cannot be excluded that com­
parative study of the qualitative composition of virus-specific RNAs of 
tiaviviruses synthesized in the cells within a single reproduction cycle would 
provide an explanation of the cause of differences in the synthesis of virus- 
specific proteins in the cells infected at high and low MOI, respectively.

References

Andshaparidze, O. G., and Bogomolova, N. N. (1962): Influence of TBE virus on susceptible cells 
in vitro. IV. Stages of virus reproduction in cell monolayers (in Russian). Vop. Virus. 7, 
36-39.

Avakyan, A. A., Altshtein, A. D., and Yan Zhu Si (1963): Studies on acute and chronic infections 
by tick-borne encephalitis virus in tissue culture. II. Dynamics of antigen accumulation and 
of its distribution (in Russian). Vop. Virus. 8, 713 — 719.

Bonner, W. M., and Laskey, R. A. (1974): A film detection method for tritium-labeled proteins 
and nucleic acids in polyacrylamide gels. Európ. J. Biochem. 46, 83 — 88.

Boulton, R. W., and Westaway, E. G. (1977): Togavirus RNA: reversible effect of urea on genomes 
and absence of subgenomic viral RNA in Kunjin virus-infected cells. Arch. Virol. 53, 201 — 208.



TBE VIRUS-SPECIFIED PROTEINS 293

Chunikhin, S. P., and Kurenkov, V. B. (1980): Studies on the dynamics of tick-borne encephalitis 
virus reproduction in Hyalomma plumbeum ticks (in Russian). Med. Parazit. (Моек.) 1980 (2), 
26-27.

Dzhivanyan, T. I., Lashkevich, V. A., Bannova, G. G., Sarmanova, E. S., Chuprinskaya, M. V., 
Vesenjak-Hirjan, J., and Vince, V. (1974): On the possible association of the DS-marker of 
tick-borne encephalitis virus strains with species of tick vector. Arch. ges. Virusforsch. 54, 
209-214.

Fukui, K. (1973: Characteristics of Japanese encephalitis virus-specific RNA synthesized in 
BHK-21 cells. Kobe J. med. Sci. 19, 23 — 38.

Heinz, F., and Kunz, Ch. (1977): Concentration and purification of tick-borne encephalitis virus 
grown in suspensions of chick embryo cells. Acta virol. 21, 301 — 307.

Heinz, F. X., and Kunz, C. (1982): Molecular epidemiology of tick-borne encephalitis virus: 
peptide mapping of large non-structural proteins of european isolates and comparison with 
other flaviviruses. J. gen. Virol. 82, 271 — 285.

Laemmli, U. K. (1970): Cleavage of structural proteins during the assembly of the head of 
bacteriophage T4. Nature (Lond.) 227, 680—685.

Lyapustin, V. N., Svitkin, Yu. V., and Lashkevich, V. A. (1980): Synthesis of virus-specific 
proteins in tick-borne encephalitis virus-infected pig embryo kidney cells. Acta virol. 24, 305 — 
310.

Lyapustin, V. N., Zhankov, A. I., Dzhivanyan, T. I., and Lashkevich, V. A. (1983): Characteriza­
tion of low molecular non-virion (“soluble”) antigen of tick-borne encephalitis virus (in 
Russian). Vop. Virus. 28, 200 — 207.

Ng, M. L., and Westaway, E. G. (1979): Proteins specified by togavirus in infected Aedes albo- 
pictus (Singh) mosquito cells. J. gen. Virol. 43, 91 — 101.

Shapiro, D., Brand, W. E., Cardiff, R. D., and Russel, P. K. (1971): The proteins of Japanese 
encephalitis virus. Virology 44, 108—124.

Solovyev, G. Ya., Bogomolova, N. N., and Andzhaparidze, O. G. (1971): Studies on the synthesis 
of tick-borne encephalitis virus RNA in cell culture (in Russian). Vop. Virus. 16, 305 — 308.

Stollar, V., Schlesinger, R. W., and Stevens, T. M. (1967): Studies on the nature of dengue viruses. 
III. RNA synthesis in cells infected with type 2 dengue virus. Virology 33, 650—658.

Svitkin, Y. V., Lyapustin, V. N., Lashkevich, V. A., and Agol, V. I. (1978): A comparative study 
on translation of flavivirus and picornavirus RNAs in vitro. FEES Letters 96. 211 — 215.

Trent, D. W., Swensen, C. C., and Qureshi, A. A. (1979): Synthesis of Saint Louis encephalitis 
virus ribonucleic acid in BHK cells. J. Virol. 3, 385—394.

Trent, D., and Qureshi, A. (1971): Structural and nonstructural proteins of Saint Louis encepha­
litis virus. J. Virol. 7, 379 — 388.

Wengler, G., Wengler, G., and Gross, H. G. (1978): Studies on virus-specific nucleic acids synthe­
sized in vertebrate and mosquito cells infected with flaviviruses. Virology 89, 423 — 427.

Westaway, E. G. (1973): Proteins specified by group В togaviruses in mammalian cells during 
productive infections. Virology 51, 454 — 465.

Westaway, E. G., McKimm, J. L., and McLeod, L. G. (1977): Heterogeneity among flavivirus 
proteins separated in slab gels. Arch. Virol. 53, 305 — 312.

Westaway, E. G., Schlesinger, R. W., Dalrimple, J. M., and Trent, D. W. (1980): Nomenclature 
of flavivirus-specified proteins. Intervirology 14, 114—117.

Explanation to Figures (Plates XXVIII —XXIX):

Fig. 1. Electrophoretic analysis of the proteins synthesized in uninfected SEK cells (lane 1) 
and those infected with TBE virus (lanes 2—10) in 15 % PAG. The cells were infected at a 
MOI of 100 PFU per cell (lanes 2 — 6) and of 4 PFU per cell (lanes 7—11), respectively; the 
label was introduced at indicated intervals p.i.
Here and in Fig. 2 the digits above indicate intervals p.i. in hr; the lanes are marked below 
and the designation of protein band is on either side.

Fig. 2. Electrophoretic analysis of the proteins synthesized in uninfected SEK cells (lane 8) and 
those infected with TBE virus (lanes 1 — 7) in 10 % PAG. SEK cells were infected at a MOI 
of 100 PFU per cell. Lane 9 shows purified virion proteins.


