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Ahstract  According to the differential pH precipitation of proteins, two methods were established for
purification of disease-specific protein {SP) in rice plants infected by rice stripe virus {RSV), a member
of Teauivirus. The yields obtained by the 1wo methnds were 0.8 and 2.0 mg SP per g of infected tis-
sues, respectively. After separation by SDS-PAGE, further purified SP was obtained. The Mr of SP 1
20.1 kDa. Antisera against the erude and further purified SP were prepared with the titer of 51 200 and
6 400, respectively. The antiserum against the further purified SP was proved to be highly specific, with
which the serological relationships between RSV-SP and RSV-CP, CP and SP of rice grassy stunt wvirus
(RGSV}, another member of Tenuivirus were studied. Using PAS-ELISA, 1t was found that RSV-SP
antiserum did not react with RSV-CP and RGSV-CP, hut weakly reacted with RGSV-SP. No serologi-
cal relationship existed between RSV-SP and the antisera raised against RSV-CP, RGSV-5F and RGSV-
CP, respectively. These results confirmed that there is evolutionary relationshup between RSV and ;
RGSV.
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Rice stripe virus (RSV) has cansed great decreases to rice yields in sixteen provinces in Chi-
nal'l. It also made severe damage to rice production in Japan, Korea and USSR[?1. A large quan-
tity of specific protein accumulated in infected rice tissnes was found. The amount of this protein
was proportional to the degree of severity of symptom and resistance of rice varieties, so the pro-

] The other members of

tein is designated as disease-speciflic protein [ S-protein or SP)
Tenuivirus, rice grassy stunt virus (RGSV), rice hoja blanca virus (RHBV) and maize stripe
virus (MStV), and the tentative members, Echinochloa hoja blanca virus (EHBV) and winter
wheat striate mosaic virus (WWMV) also induce the accomulation of large amounts of SP in in-
fected plants/* 3.

Analysis of the complete nucleatide sequence of RSV genome showed that SP is encoded by

(9181 However, the role of SP remains unknown. Therefare, fur-

the viral-sense RINA4 segment
ther studies on the protein are necessary. Here, we report the purification and serological charac-

teristics of SP.

1 Materials and methods

1 Maintenance of vectors, plants and virus RSV isolated from Yunnan province was mamtamed and propagated
in rice seedlings ()aponica variety, Hexi 28) by transmission with viruliferous small brown planthopper { Laodef-
phar siriatetius Fallen). The plants with typical stripe symptoms were collected and uscd for purification.

2 Purification of SP We used two methods modified from those for MStV-SPH *) and RGSV-SPI'Y Method I
fifteen grams RSV-infected leaves were ground in liguid nitrogen. The nssue powder was mixed with a phosphate-
citrate buffer, pH 5.0 (I g tissue/3 ml. buffer). Phosphate-currate huffers of vanious pH's werc prepared by com-
bining 0.2 mal/L Na% — 2HPQO, and 0.1 moal/L curic acid. The mixture was squeezed through three-layers cheesc-
¢ th and kept for 30 min at 4 T, then centrifuged at 15 000 g for 10 min [ Beckeman JA-20 rotor). The peller was
. suspended with phosphate-citrare, pH 7.0 (1 ml./g tissue), then cenrrifuged at 27 000 g for 30 min. The pH of
the supernatant was then lowered by adding an equal volume of phosphate-citrate, pH 3.0 and kept overnight at 4
T . After centrifugation ar 12 000 g for 5 min, the pellet was rcsuspended with 20 mL phosphate-citrate. pH 7.0,
then centrifuged at 142 000 g for 3 h{Beckman Tyl 80 rotor). The supernatant was added with an equal volume of
phesphate-citrate, pH 3.0 and held overnight ar 4 T . During the night crystallization occurred. Crystals were pel-
leted at 12 000 g for 10 mun and dissolved in 2 mL phosphate-citrate, pH 7. 0. That was the crude purified SP
preparation. Method I: Firstly, Difteen grams RSVoinfected leaves were alwo ground in liquid nitregen, then muxed
with phosphate-citrate, pH 7.0 {1 g/2 ml. Luffer). The extract was squeezed and centriluged ac 12 000 g for 10
min. Twenty percent CCly was added into the supernatant and sorred for 5 mum. then centrifuged at 27 000 g for 20
min. The aqueous phase was separated. The next procedures were the same as methed 1.

SP obtained from differential pH precipiration was further purified by preparative gel elecirophoresiz. Samples
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were loaded without heating. After electropboresis, the protein band was visualized by scaking the gel in 0 2 mol/
L. KCl sotution for 5 — 15 min. The piece of gel contaming the SP was excised and homogenized m phosphate-citrate
buffer, pH 7.0 with a mortar and pestle to extract the SP. Protan was precipitated by dufferentiat pH, saturated
ammonium sulfate precipitation and centrifugation. Protein was also recovered from gel by using electro-elution,
with procedures performed following the instruetion manual {}i0-Rad model 422 electro-eluter ). The reeovered
huffer was added with 2.5 volumes of metbanol containing .1 mol/L ammomum acetate, stored in — 20 T for 2
b, then centrifuged at 13 000 g for 10 min. The pellet was suspended 1n 0.01 mol/L PBS, pH 7.2, and dialyzed
overnight against the same buffer.

3 Analysis of SP by sodium dodecyl suifale-polyacrylamide gel elecirophoresis {SDS-PAGE}  One mucroliter for
each of crude and further purified SP preparation was mixed with 4 gl leading buffer {1 % SDS, 0.5% 2-mer-cap-
toethanal, 2 mmal/L EDTA, 4% glycero) and 0. 5% bromephenal blue). Samples were alzo made from the ex-
tracts prepared by griding infected leaves in 10 times loading buffer { w/v) and eentrifugation at 15 (W0 g for 3 mm.
All the samples were beated at 100 T for 3 min, and then electrophoresed The standard molecular weights of
matkers were 7.4, 66.2, 43.0, 31.0, 20.1 and 14.4 kDa.

4 Preparation of antiserum against SP Rabbits were immunized with the crude and further purified SP. Five in-
tramuscular injections into the leg were given ar weekly intervals with 0.7 mg crude SP and 0.2 mg further purified
SP respectively, emulsified with an equal volume of incomplete Freund’s adjuvant. Ten days after the last intramus-
cular injeetion 2.8 mg crude SP and 0.5 mg {urther punified SP were injected mto the car vein. Ten days after the
intravenous injection, the antisera were collected, mixed with 20% ghycerol and stored at 4 C .

5 Protein A sandwich-enzyme linked immunosorbent assay { PAS-ELISA) The procedures were to {ollow the
methad described by Lu et af {1990}%], The titers of antisera and the serclogical relationships between RSV-SP
and RSV-CP, RGSV-SP and RGSV-CP were all determined by this methed,

2 Results

1 Purification of SP

When the crystallized SP after first overnight storage was resuspended and centrifuged to e-
liminate impurities, four combinations of centrifuged speed and time were tested: 63 000 g for S0
min, 112 000 g for 100 min, 112 000 g for 180 min and 142 000 g for 180 min. The results
showed that centrifugation at 142 000 g for 180 min, set in accordance with the sedimentation co-
efficiency of the smallest RSV component and the least time necessary for precipitation, was most
effective even though there was still a small amount of plant protein in the preparation (Fig.1).
Under the three other conditions, a faint CP band and a plant protein band were found to be asso-
ciated with SP. The impurity bands disappeared after further purification (Fig.1). Two minor
bands were also Iound in the gel, which were considered to be the degraded parts of the major
one. When the minor bands were recovered from the gel and tested by ELISA with the antizerum
against RSV-SP, the result confirmed our consideration (data not shown).

The crude and further purified SP all had a tvpical ultraviolet absorption spectrum. Here, we
showed the spectrum of further purified protein (Fig.2), which had a maximum absorbance at
276 nm, and a minimum absorbance at 255 nm. The 260/280 ratioc was about 0. 8. Using both
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Fig.| Electrophoretic analysis of punified SP. Lane I: Further punfied SP; lane 2 - 3 petlet and SP after centrifugation
at 112 000 g for 180 min; lane 4 — S; peller and SP after 112 000 g for 100 min; Jane 6~ 7. pelfet and SP after 142 000
& . 180 mm; lane B; SP afrer 63 000 g, 100 nwin; lane 9; infected sap; tane 10: bealthy sap. SP1 and 2: the proteins
degraded from SP; PP: plant proteins CP: capsid proweius.

M1 RSP MMk, 18R SP2—3. 112 000 g B L 180 min 5 MIALEEH SPi34—5:112 000 g, 100 min
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Fig.2 Ueaviclet absorption spectrum of
further purified SP
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methads, a large quantity of SP were produced. The yield obtained by method 1 was about 2.0
mg/g tissue, and that of method IT was about 0.8 mg/g tissue. However, the SP prepared from
the latter was purer than that from the former by analysis of ultravicler absorption {data not
shown). Additionally, the method of electro-elution was proved to be efficient 1o separate protein

from polyacrylamide gel with a recovery efficiency of about 80% .
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2 SDS-PAGE analysis of purified SP

After electrophoresis, the SP directly extracted from the infected leaves sap appeared as a
single band in the gel with molecular weight of 20.1 kida. However, the purified SP showed as a
major band and a minor band with the size of 20. 1 kDa and 18.9 kDa. No corresponding band
appeared in the lane of healthy leaves sap (Fig.3), which indicated that the purified protein was
exactly the disease-specific protein. It seemed that SP is readily degraded, as shown in figure 1.

The minor band must be the smaller peptide degraded from the major band during purification,

Fig.3 Elecurophorenc analysis of SP
Lane 1, 2.3; nfecled sap; lane 4; marker;
- wp - lane 5: puniied SP; lane 6: healthy sap.
M3 $806SPOORRA. 1. 2.3: M4 RS T &
S R SPGB HE

3 Serological characteristics

The titer of antiserum raised against crude SP was 51 200, with an optimal working concen-
tration at 5 000 — 10 000 dilution. However, the antiserum could nonspecifically react with
healthy tissue because of the antigen's containing a certain degree of plant protein, especially re-
acted at the working concentration of 800 dilution and lower. The antiserum against the further
purified SP was highiy specific with a titer of 6 400. The optimal working concentration was 300
— L 000. With the highly specific antiserum, we investigated the serclogical relationship. The re-
sults showed that RSV-SP antiserum had wealdy reaction with RGSV-5P, and no serological re-
action with RSV-CP and RGSV-CP. However, no positive reactions were detected between RSV-
SP and the antisera of RGSV-SP, RGSV-CP and RSV-CP (data not shown}. These results con-
firmed rhat there is evolutionary relationship berween RSV and RGSV.

3 Discussion

The method for purification of disease-specific protein of RSV acrording to the principle of
precipitation of protein by saturated ammonium sulfate has already been reported by Kiso ez af
(197334 However, the procedures were much complicated and the effect was not ideal in prac-

tice. Here, we established two methods mainly according to the principle that protein dissolves in
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buffer of pIH 7.0 and crystallizes in the buffer of low pH. The crude preparation contained no CP
impurity and only a bit of plant protein whose molecular weight is close to that of SP. However,
we do not precisely understand why the vield of method I1 was much lower but purer than that of
method I. One reason may be that a large quantity of non-erystallized and indisscluble SP lost
during centrifugation, the evidence was that much SP was found in the pellet (Fig.1) In the
four combination of centrifuge speed and time, centrifugation at 42 000 g for 180 min showed best
effect to discard virus particles. However, the Mr of SP is only about 201, 1 kDa, it 1s difficult w0
non-polluted by a kind of plant protein of 14 kDa. The further purified methods, separating pro-
teins by polyacrylamide gel electrophoresis and recovering by differential pH method and electro-e-
lution, were successful in discarding all the impurities.

The amounts of SP in the leaves were reported to be proportional to the degree of severity of
[i4]

. , | i
symptom and the resistance of rice varieties-> ',

wluch was confirmed by our experiments
SP also had a readiy degraded nature!®!. Therefore, for successfully purification and more yield
achievement, three factors should be paid artention to: { I ) The plant tissue used for purification
should be fresh leaves with typical stripe symptoms of susceptible varieties; ( [I ) All the proce-
dures should be performed at low temperature; { [l ) The time taken for resuspension and crystal-
lization should be sufficient.

The titer of the antiserum raised against the crude SP was very high, even though it could
nonspecifically react with healthy plant sap, thus the new antiserum can be used for diagnosis, i-
dentification and epidemiological forecast of rice stripe disease. In comparison with the antiserum
against nucleoprotein, this new way has three advantages: { I J A large quantity of antigen were
very ecasy to prepare, the yvield of SP was 0.8 — 2.0 mg/g tissue, and that of RSV nucleoprotein
was only roughly 10 mg/kg tissue; ( I ) The procedures for purification of SP is rather simple
while that of RSV nucleoprotein is complicated and time-consuming; (I} The expenditure for
purification of SP is much lower than that of RSV nucleoprotein.

The antiserum of the further purified SP in our experiment owned a low titer, but a high
specificity, which can be applied for serological relationship investigation and molecular biological
researches. No serological relationship was detected between RSV-SP and the antisera of RGSV-
SP, RSV-CP and RGSV-SP. However, the antiserum of RSV-5P could weakly react with
RGSV-SP, which was identical to the result of Miranda e af (1995)"). This result confirmed
that RGSV and RSV are evolutionarily related and SP and CP maybe originated {from completely
different ancestors. Analysis of amino acid composition also showed that the RSV nucleoprotein
and SP were distinet! %), There was also no serological reaction between MStV CP antiserum and
MStV SP or MStV-SP antiserum and MStV-CP either!*). However, Torivama { 1986) reparted
that antiserum raised against SP reacted moderately with RSV-CP in the ring interface test, al-
though RSV-CP antiserum did not react with SP'®1. As mentioned above, the RSV-SP used for
preparation of antiserum was purified by saturated ammonium sulfate method and contained much

impurities including virus particles and plant proteins. So the antiserum was also not pure, to-
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gether with the plant proteins including in the purified virus preparation. we suggested that the
reaction between SP and CFP was pseudo-positive reaction.

RSV-SP has serclogical relationship with RGSV-SP even though the amino acid identity be-
tween their sequences is only 2B.0% . The identities between MStV-SP and RSV-SP, RHBV-SP
at amino acid level is 76.8% and 56.9% ., respectively!¥!. However, no serological reaction were
investigated between MStV-SP and RSV-SP, RHBV-SPI*7! | S whether there is serological re-
action hetween two proteins naot only depend con sequence identity at amino acid level, but also
may be related to secondary conformation of proteins.

Analysis of complete nucleotide sequence of RSV genome indicates that SP is encoded by vi-

ral-sense RNA4 segment™ 191

. However, the function of this protein is unknown. When the de-
duced SP sequence was compared with the sequences in the NBRF protein data bank, no signifi-
cant homologies were detected. A hydropathy plot of the SP sequence did not reveal any cluster of
changed amino acids or any significant hydrophobic region typical to transmembrane proteins' 71
The evidence that the non-viruliferous insect vectars could transmit virus after injection of purified

virus into the abdomen!® ¥

showed that SP of Tenuivirus is not necessary for infectivity. Re-
cently, Shimizu ez af/*®! reported that there is a nonviral sequence in the 5 -termini of mRNAs of
RSV-RNA3 and RNA4. Combining with the facts that the content of SP was in proportien to the
degree of severity of symptom and the resistance of rice varieties, we suggested that the expres-
sion of SP is regulated and controlled by host genes, and SP may be one kind of pathogenetic pro-
teins which disturb the function of chloroplast by unknown mechanisms. Additionally, SP gene of
Tenwivirus was reported to share 27% — 35% nucleotide identity with aphid transmitted helper
gene found in cauliflower mosaic virus, which suggested that SP may be also involved in vector
transmission!>!!. Recently, we found that SP was localized in chloroplast by immunogoeld tech-
nique and that two RSV isolates with 100 % sequence identity of CP gene and 99% sequence iden-
tity of SP gene at amino acid level caused significant different infected occurrence on rice varieties,
which suggested that SP was related to cholorotic symptoms and vector recognition { unpublished
data}. However, to accurately identify the functions of SP, a fully infective cDNA clone of RSV
must be constructed. Rice protoplast and insect cell infective systems and a series of delete mu-

tants of SP gene are also required.
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