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A FBERFRL, FHO CLoTex b vy w0l
NTBIAALARTH B EPNLUDTHRE I h, B
BOKBEBRED —DTH ol K 4 v 22, BN
TP L) BRICEIMERT 5 & £ 05912 FLORE
HEAMEE ORI K S ELRITTE R TED,
PR BREEE SUE (HA) 23 R o Bk G R R
BFIE X, EbDTEVRHMRESREIR TV B,

A4 FHEFER Y A LA (RSY) BT Tkl Ooh
SORBITF 03 Shicd®, O maize stripe virus
(MSV) w H3FELOR TR R RSV Ll & F R B
Gl BD & OWMENDH B,

il

— %, Enzyme-linked immunosorbent assay
(ELISA) 13, #OMBRREDF VT &b, HHEEL

O 4 AR FIR S b s e fnole B,
RSV @ owCit, WEEY O ifEnh s TE
AN

A1z, RSV © ELISA ka8 &, HA &
OBEREOHE L, RSV ORTFHEEMBRIGED
BAfR, B IO MSV LomEHFPEFR 2V THRE
T 5,

APEEToS D, RRBRECHE 25 dbihE
ST e B EAEE, MSVHn#E &S5 T

551

E o7 Gingery {4 BE#T %,

EBHHRUTE

edEE B TR U R A 2B v A
NAPRELT, b £ Y vh Laodelphax striatellus
PRI E e (A (SR CEELAESeR
LOEFERCH G, HB\0ik, B HESCRERKL
oA R L D AISREDHED T A L ARKIUL Uiz, #
b A A A% FRES L, 1l 128 £ oftm i 2 15 1c.

DA R M EREHE R S, KR - B okt
UCiTlnote RELE Y CRMERIT VA=Y vEEL
TbORAGY, & v= vERILWEBK, ftr-re7y v
wRAE S TR ERMER M Uiz HUROFHU
<m - ARHEKE Y FIEELE Y 1Y% M A REK
THV, KGRT 7 ARBE R Ty, 4°C T 1K
BEERHE L, T

ELISA #i% CLARK and ADAMS D5 i # U
THKotke 477V — MR EIRRT-I T
VDR 10 ug/ml, FEREETIANL 100 HFR %
Ao, PUEAERE, 0.05% Tween-20 &, 0.85% NaCl
4T 0.02 M BEFSIEHENE, pH 7.4, (PBS-Tween) %
W, RIGOHGEL, R 405 nm & B0 W EEH SR
A0 2 f L EOMEE R L DR RIS & L.

#ibw 4 L AL, 2% uranyl acetate (UA) @, %
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74 TREXFTH - T, JEM 100-B FFHEME THI%E
L7z

HEEER (IEM) 279 » VRt b5 » 7Lkt
A A MSV Mg (60 f5F]R) % 73 RSV M
Lot Lic -7 r 7Y v (Lmg/mé) ZFILERT,
2% UA Zefs L CBIZE Lic,

1 PR OEREE S h AR, X BT
BLELALFRILY, BolBdTascs+bdhb, £
DibA FENSEHEH L RHTREP R T
Vo AEBRTI, B AR (v/w) OREEIA N X R
BEFEWE E UTRERER TR L,

ERER

1. HA & ELISA O

BRI AYIE & Lz ELISA & HA ol
BEOKE 21T - . B X vERE L2 RSV BRE
cHEED 100 {Z 8 O PBS-Tween % % CHERL,
3,000 rpm, 15 4[] DR Ly BERE O B3 250 IR B K

o——0 Infected

] ——» Healthy

Ao

Antigen  Dilution

Fig. 1. Enzyme-linked immunosorbent assay
(ELISA) of rice stripe virus in crude
extract of rice plant. Both infected
and healthy leaf extracts were diluted
in PBS-tween. Arrows indicate dilu-
tion end points determined by hemag-
glutination (HA), ELISA, and bioassay
(BA).

(5% &L, LTS fEEHEEasRsTey, FRERORE
BRFREE RO, *OfEE ELISA T3 58 #1,
T BEEED 39,062,500 5 (v/w) % CHRERILI RS
bLhteowrstl, HA T3 55 @Efo 312,500 4%) ¥ ©
RIS Lt (Fig. 1), ZoBa, BEpEsHEc X540
TRIEHH R O iR O FRF RS 53 (FEE o 12500
&) Th ot

WNGRED DX CHUL Licy 1 4 AR R R
& L7y Tid, ODggo=0.1 PR & T5 ~ELISA
T ODageo=1.2x10-6 (57 ) * Ci # LB Hh, HA
T, ODps=1.6x10-* (5f%) * CRIGIEMTH »1-
(Fig. 2),

— Purified Virus
------ PBS-Tween
30 A
820 -
<
1.0 A
HA ELIS[,A
v
0 Luf

53 54 55 56 &7

Antigen  Dilution

Fig. 2. Enzyme-linked immunosorbent assay
(ELISA) of purified rice stripe virus.
Arrows indicate dilution end points
determined by hamagglutination (HA)
and ELISA.

2. [RFRO ELISA BF

1 ARERH A v ADBRETIE, BABRe 2 by
v OEGHRERENEECH S, 2 C¢ELISA &
XHEBRRERYRAL, EWREC X HEBEOID
Hhtod 13 (# 0.5 mg) = 0.02M PBS 100 x4 %%,
RBREPCHIABZ I VERL, Fhe5EERLE
L OERHFEFERE U TRRFRE L RDI, LRRHRE
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RE RS W
o—o0 Infective
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Antigen Dilution

Fig. 3. Enzyme-linked immunosorbent assay
(ELISA) of rice stripe virus-infective
planthopper. Arrows indicate dilution
end points determined by hemagglu-
tination (HA) and ELISA.

Lcge 2ty vakRvie, TOFBRRERTI
534z, R 1IAOHE SO 125000 £ ¥ CHERIEHED
Stz (Fig. 3), —JRBRC T » 7 HA T35 5 (9
5000 f) % CRIG L7c. Wik, HA L olc
FORHBYHAN, |EOL £ bEY VA 1I~2HH
% RSV Btk EC3 BEARIT s, 2HRBES/
FECEE Lictk, BERAx (EER) w3 HREEm
B, ERERTHRER U ELISA &, HA ft
KL, EfEE, 28°C OERE THR LEROFEYH
L7, HUEIH 15 0.02M PBS 100 pf % i 2. C
BEPR U, PBS-Tween (ELISA) 78Rk (HA) ¢
5 AR UCIESL Lico ool & Ucfitedr v o,
ZORER, HHRE T 50 8 P 3 BHicAENEDLR,
HA i5cik No. 12 @ b BERIGATRED b Ivie, —JF
ELISA it ki 4 Hofbic 381 (No. 3, 8, 31) ki
RiEngdbhk (Table 1), LUk X v EWRE CRE
OFEDL AL, HIEREC X » TBERGER L
Fohs, BELTCOWEBLEN Lith s hlidib T, &
W E TRENORDL R e BD 5B, HA &
ELISA Ci#k# 7% L= (No. 3, 8, 12, 31) &, ELISA

Table 1. Detection of rice stripe virus infective
planthoppers by biossay, Hemagglutina-
tion (HA) and enzyme-linked immuno-
sorbent assay (ELISA)

Insect No. | Bioassay HA ELISA
1 - — —{0.093)2)
2 — — —(0.053)
3 - + +(2.562)
4 — —(0.121)
5 - - —(0.075)
6 - - —(0.046)
7 —(0.049)
8 - +(1.774)
9 - - —(0.083)

10 - —(0.059)
11 - - —(0.049)
12 - + +(2.754)
13 - - +(0.226)
14 — — —(0.102)
15 - - —(0.162)
16 - - —(0.123)
17 - - —(0.065)
18 —(0.050)
19 —(0.042)
20 - - —(0.101)
21 - - —(0.051)
22 - - —(0.046)
23 + + +(1592)
24 - - —(0.046)
2 - - —(0.036)
26 - - —(0.036)
27 - —(0.061)
28 - —(0.023)
29 - - —(0.028)
30 - - —(0.042)
31 -~ + +(1.933)
32 - - +(0.364)
33 - - Z(0.053)
34 - —(0.055)
35 — —(0.062)
36 - - —(0.047)
37 - - (0.061)
38 - - —(0.060)
39 - - —(0.055)
40 + + +-(3.909)
41 - - ~(0.057)
42 - - —(0.047)
43 - - —(0.048)
44 - — —(0.047)
45 - - —(0.045)
46 - — —(0.046)
47 - - +(0.315)
48 - - Z(0.108)
49 - - —(0.062)
50 + + +(3.243)

a) ELISA absorbance value.
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Table 2. Reindexing by enzyme-linked immuno-
: sorbent assay (ELISA) of rice plants
used for the bioassay of insects positive
for rice stripe virus by ELISA or He-

magglutination tests

Dilution of gy19A value (Agos)®)

rice leaf
Insect No. extract 50b) 51
Ne) 0.141 0.067

3

o 0.059 0.066
8 N 0.063 0.056
, O 0.077 0.082
12 N 0,316 0.054
O 0.052 0.056
a1 N 0.064 0.053
O 0.054 0.052
49 N 0.055 0.066
o O 0.105 0.085
47 N 0.067 0.071
(0} 0.077 0.065

a) Healthy controls had Ays of <0.1
b) 100 m#é/1 g tissue

c). New leaves

d) Old leaves

o—o[nfected
0.8 - +—eHealthy
0.6
8
-~
Lo4 |
02 2
0 . : ,
50 s gh g6 B
Antigen  Dilution

Fig. 4. Enzyme-linked immunosorbent assay of
tobacco mosaic virus in leaf extract of
Nicotiana tobacum cv. White barley.
An arrow indicates dilution end point.

T+ Thotelt (No. 32, 47) v CEME LA 27
o\ T ELISA BE % 7 - 7o 8, No. 12 % s
T AT TH -7 (Table 2),
3. TMV, RDV @ ELISA &EDE

ELISA iz L % RSV ofgii, Hinlio X 9 c#EED
39,062,500 f% % TR Lz 4 FEEOBAHHILIZ &
AERETET, ERoRTx EEHRELS L
oy BRSO T B LT b H B o THREERIZE
B HLELTHELTWS, OB DOFRER,
DY A4 VACHENTED X 5 BRI D, &3
2L 7y A LA (TMV) &4 2557 4 L2 (RDV)
TOWTHB L, TOFKER, Fig. 4 5ernT ik
TMV, RDV ki 3E D 100 x 55=312,500 {£C % - 72,
CRICHAB & RSV OEHRERL, 122 EFE,

o——o [nfected

1 o—-+ Healthy

ALos

52 53 54 55 56 57 58

Antigen  Dilution

Fig. 5. Enzyme-linked immunosorbent assay
of rice dwarf virus in leaf extract of
rice plant. An arrow indicates dilu-

tion end point.
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4. #i{t RSV HF® ELISA

RIETR LIRSV 0B ERER SN ED L 5 el
RIC X5 b DOhist Ui, .

REED k5L RSV BRA A H B e s pEY Y
MCTES LI O O FRBEIL 2x 100 ThH B, Th
12 RDV B # 0 RIREE L i21ER UG, RSV 43k
SEBREC A X AT D E3ELDRIg,

D X5 BRR RSV Ol THECBER1H 505
Lhis &%, Mt RSV o5 hRT & o BIRKT
oL, EOHFMAY ELISA G/,

INEIRED DY THiL LicKis T (Plate I-1)
%, 0.02M 1}y R§EEW —1 M NaCl, pH 7.2 $5\»
1190, BWCHBE LI L Z A, H50~90% A BIRET
& ot (Plate 1-2), UA 448 C% DK X3 400~1100
x7nm, & <2 700~900 nm © & DA D -7, NaCl
ABBIRKTF &, RABR T (W Fhd Aw=001) ©
ELISA Of58.43 Fig. 6 iR Lice ThbBlED Aws
REMNI L, WTThd 28=256 f5 % TRIGHARS bhic,
5. MSV #im#E< RSV ORIE

Maize stripe virus & RSV O§fRicoWTiz, +T
¥ GINGERY &%), [T & X viEHIhTv5,

GINGERY 23 ;3 MSV i3#fi{bic X » ’é%ﬂiﬁxb%:{kﬁ
FrBoh, EEEAEKbRBZEERE LTV, &
& RSV % GINGERY &0 HE: Tt Liz & = 5, Plate
II-1 © X 3z & A EBREGhRTF bR, MSV O
X5 eCRIT Skl b e ot

wic RSV & MSV %~ % 7%, GINGERY

Table 3.

i & v AR R odi MSV i 3 % B\ micropreci-
pitin test L4 B BHEY 1T/ -7, microprecipitin
test ¢, fifb RSV ek LT, $i RSV fi# &4 MSV
M, Wit 3245 & TRIEAER® b ik (Table 3),
FEEEE ¢, NaCl AEBRN T L, HiMSV @
BERRIG Lo £ORISIH RSV Mo S Uik &
£ B ey (Plate 11-2, 3, 4, 5),

oo Treated with 1M NaCl
1.0 ©—0 No treatment ‘
-=- Buffer control
08 1
306
~r
< s
04
02 b L 8 o
0 : . . T v y
26 27 28 29 210 211 212
Antgen Dilution
Fig. 6. Comparison of antigenecity between

purified rice stripe virus treated with
and without 1M NaCl by enzyme-
linked immunosorbent assay.

Microprecipitin tests of rice stripe virus

Reciprocals of antisera dilution

Reciprocal of
antigen dilution®)

rice stripe virus antiserum

maize stripe virus antiserum

4 8 16 32 64 128 PB» 4 8 16 32 64 128 PB
+# 4+ + - - - = # o+ o+ - = -
# + + + - - = # # # + £ - -
# 4+ + + - - = L - -
16 + o+ o+ - -+ o+ o+ o+ o =
32 + 4+ o+ o+ - =+ 4+ o+ x = -
PB — _ — _ — —_ — — — — — _ — —
a) Purified rice stripe virus: undiluted sample had A of 0.6.
b) 0.01 M phosphate buffer.
100 EMRHBREL B <, I REFROMBET L ORH D

RS KU
L EoEREEN D, RSV o HA & ELISA # b
5 &, ERRE MIby AL R3, ELISA 0JdMy

WS RS TH D, Tibb, ELISA 3Aw
A A ADRHI XD TERRTETH S, Ui LASE
BTz, RSV ORKFERMGHS, TMV 2 RDV O k
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5 I B 7 A L AR R EAET B b DI THB
CRIGHERFZFENEVERIEOLTIRES e TE
7)"97‘:0 '

GINGERY &3 ¢ MSV {zxf3 % extinction coeffici-
ent % RSV @B LT, BEA5E T2 &, Table 4
DM ied, kX b RSV, RDV, TMV o # H
ELHE+5E Table 5 DX swcin, “hi THRE
EhiciEh A AOBRBEE oW T, CLARK &
ADAMS? = L A MLy AL ATEE L% 1~30ng
Th b (Table 6), Fic b - OHD 314 v vEHE
WA 2% A VAT 5ng/mf, TAMADA & HARRISON®
Yy HARELEYA LA T 0ng/mé EHE L Tw
%, RDV & TMV 13, = 0OfBPRICH B, RSV i3
0.1 ng/mé ¥ TR T, BAICHEERR Lk, £0
BRI, #0ORENTHEEFBEELTW3
7y BB CRES T RRIGD S0 E Il R
SR TR ST AR THEP KT S ot
212, BIRRIFOBATH LD titer WL <,
BoMCTERb o, 20X 5 KEVRHMERL CMV

IRV THREDNH B,

BIRRFowTR, HREREST, X741 120
EARE IO E 5 h, SERBS MT T ERd o
oo FHERCTRWT, 1M NaCl #3FHc X 5 T

Relation between the dilution factor
and concentration of rice stripe virus

Table 4.

Dilution factor Agg Concentration (ng/mé)

50 0.1 4104
51 0.02 8,7x103
52 0.004 17X108
53 0.0008 3.4x102
54 0.00016 69
55 0.000032 14
56 0.0000064 2.8
57 0,00000128 0.56
58 0.000000256 0.112
59 0.0000000512 0.0224

Table 5. Comparison of minimum concentration detected between rice
stripe, rice dwarf, and tobacco mosaic viruses
Enzyme-linked immunosorbent assay Hemagglutination
Virus Dilution end point Detection Detection
in leaf extract limit fimit

Rice stripe virus 4510 0.1 ng/m¢ 14 ng/mé¢
Rice nwarf virus 4x57 14 ng/mé 70 ng/mé
Tobacco mosaic virus 4x57 14 ng/m¥4 nt2)

a) Not tested.

Table 6. Detectability of plant viruses by enzyme-linked immunosorbent assay
. Detectability

Virus Purified virus (ng/m#) leaf extract (dilution factor)
Alfalfa mosaiv virus? 30 10000
Raspberry ringspot virus? 10 10000
Apple mosaic virus? — 10000
Plum pox virus? 1 100000
Hop mosaic virus? 10 50000
Apple stem grooving virus? — 1000
Cucumber mosaic virusV 0.025-0.25 10000
Potato leafroll virus® 10 100

Bean yellow mosaic virus!'l 10 25600 (Fresh tissue)

6400. (Frozen tissue)
Rice stripe virus 0.5 39062500
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Fedt, ORGP RRT IR 15y o7

A4 AL MSV LoBfE, T TREHIA T
%H8518), KPR $4Cd, microprecipitin test ¥
X ORI X » TIEFHEGRSHIL S i, L
7L GINGERY @iz X B#fibic X » TH ohhl F23%
EBLRIT Eid, T A A RORTFHEECES 05k
WAABHBD TR LB b,

1 -3

A ZREERY 4 LA (RSV) OmMEFHHEEY WL
e Liz. BBy hoE i onT, Bk
DB TIMZ oo HRYBHTH LADOEDY TH b,

1) $esk RSV oic v S 1 TR e TR EAR I
FREERE (HA) &, enzyme linked immunosorbent
assay (ELISA) o HREE A RUTRK E#Mife” 1 2+ A% [
WTH#E Lic & 25, ELISA 07523100 5Ll BgEh T
A% A

2) R#Emo ELISA © XaBEXRAC LT A, #E
ko HA X a2 g U ORIBRBE A R Tu i,
7¢35 ELISA ¢ RSV M S hTh, EHRE Tl
NOBEDLRIEVE S H -,

3) A LR A A AORTHFRO ELISA X%
BEFIREBUL, FERETNPEY Y A L ADF TR E
WA NADLDTHBAFERHF Y 4 LA (RDV) 4
HKaxFEL 7944 A (TMV) X b 100 {51 FEVEE
T Lo b A4 A A% F1- ELISA OfERML, %
DERE, BEiWER T RSV o, RDV 2 TMV
I b 100 f£E\ 0 Tit7s <, RSV OB AR Y H DK
IMEHFIE S 01 ng/mé &, RDV £ TMV o 14ng/
mé X h 100 kA eI B0 EBbhis,

4) LEo RSV oBWHERZEH T DK, K
ShkFa 1M NaCl CBRKF1I2 LT, ELISA TH
B I Ul & 2 AT ERIFED Lo T,

5) GINGERY DJji: CHi{b L7 RSV i3, sl
F L LTCENEh, maize stripe virus (MSV) Z D X
5 7RI TR e B o 7,

6) RSV 3, microprecipitine test &% ¥ T BHLE
-« MSV ¥ifiiE & G L, 17 4 42D MiESERBERY
TR L7,

5 B X #

1. ABDULLAH, G., LOEBENSTEIN, G. and RACCAH,
B.: Detection of cucumber mosaic virus in
viruliferous aphids by enzyme-linked immuno-

sorbent assay, Virology, 86: 542-545. 1978

2. CLARK, M. F. and ApaMs, A. M.: Charac-
teristics of microplate method of enzyme-
linked immunosorbent assay for the detection
of plant viruses, J. Gen. Virol, 34: 474-483.
1977

3. GINERY, R. E,, NAULT, L. R. and BRADFUTE,
O. E.: Maize stripe virus: characteristics of
a member of a new virus class, Virology, 112:
99-108. 1981

4 RS B URER ORBEE: 1 xB/EMY L
ACBT BT L CKREly A v A, HEFOY A
A ADEERER S OCCHMBOREC>VT, ME
HESREE ) 27 18-48. 1974

5 NGRER-LBEE-HER H: 4 AREKYA
A AL, ATERE, 41: 148-154. 1975

6. FEHEM: MRERFOBRRIcAIEY VAL
DRI X T, fEE, 18: 565-571, 1931

7. B #H-5R H-PIHWEX: A XBEMYA
AMADE A b EY voH KN, BIiERR, 34: 255
262, 1968

8 W M: MEEMWRELL A rEy VAL RT D
BONMEY, HEEFE (BE), 18: 169. 1954

9. TAMADA, T. and HARRISON B. D.: Factors
affecting the detection of potato leafroll virus
in potato foliage by enzyme-linked immuno-
sorbent assay, Ann. Appl. Biol, 95: 209-219.
1980

10, ®EWHM - LE—B - MFENE: 1 FBEREY A
A~ ELISA, HBi#FA# GHE) 46: 101. 1980

11, EE—E-PUFREMNEE: A vy vEBEF A 794
A A enzyme-linked immunosorbent assay
L 2%, HiHFE, 46: 556-558. 1980

12, 14E F-WEAFE: RREMFEOe A tET VR
DU & B EGacEivC, BRES GRE), 18: 169.
1954

13, ITFE— HFERE-2ER_-FR B: 138
FHEY A A A ORI RSP BT R 7 b UN maize stripe
virus & O I FMESENEER, BER GE), 47:
136-137. 1981

14, 2R f-WIEEBE: o FREREY A ARBR
DI X BHE, EHY%E, 17 5-8. 1963

Summary

Serological properties of rice stripe virus (RSV)
were investigated. Enzyme-linked immunosorbent
assay (ELISA) of RSV was found to be 100 times
more sensitive than the conventional serological
diagnosis by hemagglutination (HA). The virus
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was detected in the crude extract diluted up to
39,062,500 folds (v/w) and 312,500 folds (v/w) by
ELISA and HA, respectively. Individual viruli-
ferous insect could also easily be detected by
ELISA and it was more sensitive than HA. Sev-
eral insects shown to contain the virus by ELISA
did not transmit the virus by the bioassay.

The dilution end point of RSV in the crude
extract by ELISA was more than 100 times higher
than those of tobacco mosaic virus (TMV) and
rice dwarf virus (RDV). From the experiments
using the purified virus it was calculated that 0.1
ng/m¥é of RSV could be detected by ELISA where-
as only 14 ng/m¢ of RDV and TMV could be done.
These results suggested that the high dilution end
point of RSV in the crude extract was not due to
the high concentration of the virus in the extract
but to the high reactivity of the viral antigen by

ELISA.

In order to investigate the relationships of the
particle morphology and the high reactivity by
the ELISA, following experiments were made.
Purified RSV whose morphology was a branched
filamentous particle became an open circle when
it was treated with 1M NaCl. However, the anti-
genecity of the NaCl-treated particles were not
different from those without.

Rice stripe virus purified by the method of
GINGERY was a branched filamentous particle on
the contrary to a fine-stranded, filamentous parti-
cles of maize stripe virus (MSV), suggesting some
structural or chemical differences between the
two viruses. Using a microprecipitin test and im-
mune electron microscopy, serological relationship
between RSV and MSV was confirmed.

Explanation of plates

Plate 1.

1. Purified rice stripe virus after rate zonal sucrose density gradient centrifugation. The

virus was stained with 2% uranyl acetate.

Bar represents 100 nm.

2. Purified rice stripe virus treated with 1M NaCl. The virus was stained with 2% uranyl

acetate. Bar represents 100 nm.

Plate II.

1. Rice stripe virus purified by the method of GINGERY et. al. The virus was stained with

2% uranyl acetate. Bar represents 100 nm.

2 and 3. Immune electron micrograph of rice stripe virus treated with antiserum to homo-

logous rice stripe virus.
represents 100 nm.

The virus was stained with 2% uranyl acetate. Bar

4 and 5. Immune electron micrograph of rice stripe virus treated with antiserum to maize

stripe virus. The virus was stained with 2% uranyl acetate. Bar represents 100

nm.
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