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SUMMARY

The morphological characteristics of particles of rice stripe virus (RSV) were
examined. Each of four components (M1, M2, B and nB) of RSV, isolated by repeated
cycles of sucrose density gradient centrifugation, contained circular filaments; the
modal lengths were 510 nm for the M1 component, 610 nm for the M2 component,
840 nm for the B component and 2110 nm for the nB component. Each component was
associated with a single-stranded species and a double-stranded species of RNA
although a fifth component (the T component) did not form a distinct band after the
density gradient centrifugation and was associated with circular filaments of 290 nm in
length and a ssRNA species.

Rice stripe virus (RSV), maize stripe virus (MStV), rice grassy stunt virus (RGSV) and rice
hoja blanca virus form the tenuivirus group (Gingery, 1987). They have filamentous particles,
infect plants of the family Gramineae and are transmitted by planthoppers (Koganezawa, 1977;
Gingery et al., 1981; Toriyama, 1982; Morales & Niessen, 1983; Hibino et af., 1985).

MStV was reported to be associated with five single-stranded and five double-stranded RNAs
(Falk & Tsai, 1984). RSV is associated with four ss- and four dsRNAs (Toriyama & Watanabe,
1989; Ishikawa et al., 1989), and RGSV is associated with four ssRNAs (Toriyama, 1987).
Particles of RSV and RGSV were found to be circular filaments (Hibino ez al., 1985) of 100 to
1200 nm in length for RSV and 200 to 2400 nm for RGSV. In this paper the shapes and RNA
constituents of five isolated components of RSV are described.

The components of RSV were purified following the methods described previously (Ishikawa
et al., 1989) and after 10 to 409, sucrose density gradient centrifugation at 88000 g for 3-5h,
three bands (designated M, B and nB in order from top to bottom) were obtained (Toriyama,
1982; Ishikawa et al., 1989). Electrophoresis in composite gels (2-0%; acrylamide, 0-59; agarose)
(Ishikawa et al., 1989) revealed that each band contained three or four sets of ss- and dsRNAs as
reported by Toriyama & Watanabe (1989). Three or four cycles of centrifugation through
sucrose gradients yielded four components (M1, M2, B and nB), as described previously
(Ishikawa et al., 1989). After the last centrifugation, each component was recovered from the
centre of each band, suspended in 0-1 M-potassium phosphate buffer pH 7-0 and subjected to an
additional cycle of density gradient centrifugation. Electrophoresis in a composite gel showed
that particles of each of these highly purified components contained only one set of ss- and
dsRNAs, which were then used in further experiments. The M, values of respective RNAs were
reported previously (Table 1) (Ishikawa et al., 1989).

A particle fraction obtained from just above the M band after the first density gradient
centrifugation was found to contain an RNA species, smaller than the M1 component and was
shown to be single-stranded by incubation with RNase A (10 ug/mi) in 0-3 M-NaCl, 0-03 M-
sodium citrate for 1 h at 37 °C. After more than three cycles of density gradient centrifugation
this particle fraction was obtained as the top fraction (T). The M, value of ssRNA in the T
fraction was estimated as 0-58 x 10¢ (Fig. 1).

Purified component particles (T, M1, M2, B and nB) were mounted on grids and stained with
4% uranyl acetate for electron microscopy (Hibino et al., 1985). Purified particles were also
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R 555 Fig. 1. Electrophoresis of RSV RNAs in a
composite gel. The RNAs in lane 1 are 238 and
16S ribosomal RNA of Escherichia coli, the RNA
in lane 2 was extracted from T component and the
RNAs in lane 3 were extracted from the mixture
of M1, M2, B and nB components. ss-1 to -5 and
ds-1 to -4 indicate the ssRNAs and dsRNAs
associated with RSV, respectively.

Table 1. Relationship between RNA M, and length for each component particle

Component particle
—_—A

4 Al
T Mi M2 B nB
Length of particle (nm) 290 510 610 840 2110
Size of RNA (M, x 1079)
ssSRNA 0-58 1-0% 1-2% 1-5% 31t
dsRNA ND} 1-7% 2-1% 2-8t 50t
Value of ratio (x 10-3)*
ssRNA 2:0 2-0 20 1-8 1-5
dsRNA - 33 34 33 24

* Value of ratio indicates RNA molecular mass per unit length (nm) in each component.
T RNA M, values from Ishikawa er al. (1989).
{ ND, Not detected.

mounted on grids and treated with gold-conjugated antibody for labelling, following the method
described by Pares & Whitecross (1982). Grids were examined using a JEM-1200 EX electron
microscope (JEOL) and the sizes of particles determined on prints at 160000-fold magnification
with a graphic calculator. The modal length of tobacco mosaic virus (300 nm) was used as a
standard for calibration of the electron microscope. Circular filamentous particles approxi-
mately 8 nm in width, as found previously (Ishikawa et al., 1989), were observed in the T, M1,
M2, B and nB components (Fig.2 to 6) but linear filaments were rarely seen in these
preparations. The particle lengths of circular filaments in each component are shown in
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Fig. 2 to 6. Circular filamentous particles observed in each component of RSV (T, M1, M2, B and nB
respectively), stained with 4% uranyl acetate. the bar markers represent 100 nm.

Fig. 7(a) to (e). The modal lengths of T, M1, M2, B and nB component particles were 280, 510,
610, 840 and 2110 nm, respectively.

T component filaments reacted with monoclonal antibodies against RSV in ELISA (Omura
et al., 1986) and, like the M1, M2, B and nB component filaments, they reacted in a gold-
conjugated antibody labelling test (Fig. 8).

The relationship between RNA M, and particle length of each component was analysed to
assess the structural uniformity of the five components. The ratio was approximately 2-0 x 103
for ssRNAs in the T, M1, M2 and B components and 3-3 x 103 for dsSRNAsinthe M1, M2and B
components (Table 1); thus, the ratios for both ss- and dsRNAs were consistent except for nB.
This inconsistency is unlikely to be due to structural heterogeneity of the components, as they
appeared to be similar in their morphology and have the same buoyant density (Toriyama,
1983). Assuming the ratio of RNA M, and the particle length is constant the M, of ss- and
dsRNA in the nB component is calculated as 4.2 x 10° and 7-1 x 10° which are slightly larger
values than those determined previously by electrophoresis (Table 1) ( Ishikawa ez al., 1989).

RSV is serologically related to MStV (Gingery ef al., 1983), which is associated with five sets
of ss- and dsRNAs (Falk & Tsai, 1984) and probably also with five components. Association of
five component particles with RSV further supports the relationship of the two viruses. This
suggests that tenuiviruses are characterized by having five component particles, which are
circular filaments of different lengths.
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Fig. 7. Length distribution of circular filamentous particles in the (a) T, (b) M1, (c) M2, (d) B and (¢) nB
components of RSV, observed by electron microscopy after staining with 4% uranyl acetate.

Fig. 8. Deposition of gold-conjugated RSV monoclonal antibody on a circular filament of T component.
The bar marker represents 100 nm.

REFERENCES

FALK, B. W. & TSAI J. H. (1984). Identification of single- and double-stranded RN As associated with maize stripe
virus. Phytopathology 74, 909-915.

GINGERY, R. E. (1987). The rice stripe virus group. In The Plant Viruses, vol. 4, pp. 297-329. Edited by R. G. Milne.
New York: Plenum Press.

GINGERY, R. E., NAULT, L. R. & BRADFUTE, 0. E. (1981). Maize stripe virus: characteristics of a member of a new
virus class. Virology 112, 99-108.

GINGERY, R. E., NAULT, L. R. & YAMASHITA, 8. (1983). Relationship between maize stripe virus and rice stripe virus.
Journal of General Virology 64, 1765-1770.

HIBINO, H., USUGI, T., OMURA, T., TSUCHIZAKI, T., SHOHARA, K. & IWASAKI, M. (1985). Rice grassy stunt virus: a
planthopper-borne circular filament. Phytopathology 75, 894-899.

ISHIKAWA, K., OMURA, T. & TSUCHIZAKI, T. (1989). Association of double- and single-stranded RNAs with each four
components of rice stripe virus. Annals of the Phytopathological Society of Japan (in press).

KOGANEZAWA, H. {1977). Purification and properties of rice stripe virus. In Symposium on Virus Diseases of Tropical
Crops, Tropical Agriculture Research Series no. 10, pp. 151-154. Tropical Agriculture Research Center,
Ministry of Agriculture and Forestry, Japan.

MORALES, F. J. & NIESSEN, A. I. (1983). Association of spiral filamentous viruslike particles with rice hoja blanca.
Phytopathology 73, 971-974.

OMURA, T., TAKAHASHI, Y., SHOHARA, K., MINOBE, Y., TSUCHIZAKI, T. & NOZU, Y. (1986). Production of monoclonal
antibodies against rice stripe virus for the detection of virus antigen in infected plants and viruliferous insects.
Annals of the Phytopathological Society of Japan 52, 270-277.

PARES, R. D. & WHITECROSS, M. 1. (1982). Gold-labelled antibody decoration (GLAD) in the diagnosis of plant
viruses by immuno-electron microscopy. Journal of Immunological Methods 51, 23-28.

TORIYAMA, S. (1982). Characterization of rice stripe virus: a heavy component carrying infectivity. Journal of
General Virology 61, 187-195.

TORIYAMA, S. (1983). Rice stripe virus. CMI/AAB Descriptions of Plant Viruses, no. 269.

TORIYAMA, s. (1987). Ribonucleic acid polymerase activity in filamentous nucleoproteins of rice grassy stunt virus.
Journal of General Virology 68, 925-929.

TORIYAMA, S. & WATANABE, Y. (1989). Characterization of single- and double-stranded RNAs in particles of rice
stripe virus. Journal of General Virology 70, 505-511.

(Received 17 April 1989)



