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BHEY) - A] M ESEEENAE E AR - YR E RIS BEAE
FE R RE BRMEEEINE - R mEAHLOEE CRA
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RAMEARIIZ) I3 o HIFRAER MG & KRS 2
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#H s DUREE J) R UJIEA SRR BUZ ALRE RN E &2 il
AR > A 0.02 M potassium phosphate buffer (pH
7.1) LIFFFREE » FHRRAEESOE RO A S 2 £
#2 (Chenopodium amaranticolor) 3EFr1% » B RIRERE
5 28°C ZIR=EESIRBEIUBN o 7Rl Mt BB
& AT =R EBET B 0 P LU = o7 B (DL AR RS
Hu) BB R ERE R (C. quinoa) ; 1% 7T K
PRIBEA R ElohE o st 2 ZBFNEE » (RIERS -80°C il
- BIRTE S hay et e < el R sl b 2 o1
Bl -

PN R EERE

AR » 1A 0.02 M potassium phosphate buffer
(pH 7.1) RS » DIy iE s 6 B 19 ffErAEY)
(£ —) EFEHEB (Amaranthaceae) ~ B\ 1l 1€ £}
(Balsaminaceae) ~ Il A\ ERl (Cactaceae) ~ # & B}
(Cucurbitaceae) ~ T ¥t (Leguminosae) k& jfi ¥}
(Solanaceae) » Wi[AlHEZEHE R ALEERE A (HEHBHS
KEZEA B Inu $20t) o B iY)IE iSRS E 75 28°C
IR » MBS RO SRR R AR ETE o

CoRR (TEH R

F&Yt (negative staining) {#FR4E Christie er al. ' 275
BT o IR A PEEUREUZ RLRE RN E SO EHREE -
A 0.02 M potassium phosphate buffer (pH 7.1) ffFfE#% » Ik
HIE G s A R o A Al (grid) » BRE S S8tk - LA
FBETKBRARARTE > %8 2% uranyl acetate [EY% > LI%E
B T HEMEE JOEL JEM-1200 EX 1) #ER AL 7.2
RIRE ; HERMLRS 2N Eth 2R ERDBSEI T G K
T RAER IS -

i EpliAL

SR AL B 22 % Attathom er al.D.Z )7 EHELT  HL
100 g ZEFER 55 » INRRE RUHERICHY AR > DA R fE#EAE
sodium citrate buffer (0.5 M sodium citrate, pH 7.0, A& 11.4
mM ascorbic acid, 15.8 mM sodium sulfite, & 1% /3 -
mercaptoethanol) {R& H95)1% - LAVURG #OTmENE o fEFTHL
SEZIEBMA 6% n-butanol {EEIZ) » FHHE 12,000 g HEL
20 srdEf% o USEE RIS UERS 4°C @R o BRI L
WLL 12,000 ¢ 0 20 43 > YEE BYEWR 0 IIA 4%
polyethylene glycol (PEG 8000) % 3% NaCl LIBGiE e
#% > LL 10,000 g B0 15 578 o YURVILLEH 0.5 M [RE
Z 0.02 M potassium phosphate buffer (pH 7.0) %22 »
AR EEL (11,000 g, 15 538%) > A5 HiEaREN )t
bIR#E o WL S bR RRE A TRESCHE (AT Z RS BRRE (10
~40%) » L) 75,000 g @0 1.5 /N - ICERIR ARG -

L1 0.02 M potassium phosphate buffer 31 T:EAT » BIA {5
AR

& 0] P PRI (Immunodiffusion)

TRZE Y S - B2 Dijkstra and Jagar 2 2 J5 i3
17+ LL1X phosphate-buffered saline (2 mM KH,POu, 10
mM Na,HPO4, 2.7 mM KCl, 137 mM NaCl; PBS) Fc% 1%
WhE o FIAER 9 em 285 Z I BERSTE AO8AE Pk - 5
LAERE 0.6 cm ZFTFLERFTA (FhoL— - FF RIS R /S
) o EEFTEERIRE - AL FLIRMIALL 1X PBS fiff S 2
25 s TERL VR O [EFLIE R 23 BIADAEE S4B 6U% =
(Bamboo mosaic virus, BaMV, Fr 8K E2 {2218 22 E
# ~ CVX (HaH Jeffrge Betiatamft sepn bk A i 42t -
KRINERALIR A (Papaya mosaic virus, PapMV; provided by
Dr. G. A. Mackie, University of British Columbia, Canada)
JeALRE SRR 2R Hu P8R Z BT IMEE » BaERE R
TEA TR FE - SR B (U Z TR T

ALHE A B2 7 EEER Hu Hiii s & B b

LU 1T ml S8 & EY 100 21 ZLAEE] (TiterMax®,
CytRx® Corporation, California,USA) Kz 100 x1 JiEZEAEIRHE
(1 mg/ml) » FEAEMEIEEREELLLL S E) - BT HEPERE
KEGRABEAMN > BRI —K > R o BT %W
FWHETH RN - DIZERNTE ARG TR SR
5% (ring interface test) » DL P ERHTREAEAIEIE » WS Ohid2
PRIMAT— & WHEEI—H] » A PUME 2 IE - $Rif#
FelF 2 IMAE RS 37 °C 30 77 » HREEDERER 5 X
L1 10,000 g 0 15 73 - ArlicsE < EIGHREN Rl AE S0
FEOTHER Hu ZPUMIE » 248 Hu §U88 (SRR ) il
{bF 22 Lister 'Y 2 JiZ517 -

AL A iR Hu HisS- st 2 i%0s (alkaline
phosphatase) #% & e B4

HY 0.9 ml CVX-Hu JRFEMRPTEE » MIA 0.1 ml @izt Ak
FEWFZAR (Roche, Germany) % » 7EZIRLL 1 X PBS &7 =
Ros FER 4 /N o 21 » MIA 60 1125% glutaraldehyde »
A LL0.5X PBS FAZEIRGENT LR » FER 2~4 /N » et
A 1% Bovie Serum Albumin (BSA) #&/#1572)1% » Bl ¥15
Hu HTfs- g 2R WEes & » nTER(F 4°C (iR
ZH e

SDS- NG Mg B ik (polyacrylamide gel
electrophoresis; SDS-PAGE) i y4 77 i i 53 br
(Western blot analysis)
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SE 250 (Amersham Biosciences) ° SDS-PAGE (& 5%
stacking gel & 12% separating gel) LL 40 V FHEE 10 57
% MARBEARAI LL60 V BT 15 778 » FFERAEA
separating gel » B[SFeEERAZN S /5 120 V F i 80 7084 : IR H
BEFTIAEUERE Ll coomassie blue METTHL (0 o TEHL fR
BE AR » B 20wl #ALREEWR > A S«
sample buffer (50 mM Tris-Cl, pH 6.8, 100 mM dithiothreitol,
2% SDS, 0.1% bromophenol blue, 10% glycerol) » /* 100°C
HIERS sy » BIAHEITER YK THT -

75 /5 {838 47 £ B2 % Gooderham"? 2 /5 - 52k
SDS-PAGE 43#fi1% » 4 FH Multiphor II Electrophoresis
Unit (Amersham Biosciences) f$&EZ .2 k75 LA semi-
dry 75 & » PVDF JEE (Micron Separations Inc.,
Massachusetts, USA) ° Z{&HIA LL TBST (20 mM Tris-Cl,
pH 7.5, 50 mM NaCl, 0.05% Tween-20) & 2,000 %2 Hu
PRS-l 2 el Wi & #SEH 2 /Nf > SIELL 4-nitroblue
tetrazolium chloride (NBT)/ 5-bromo-4-chloro-3-indolyl
phosphate (BCIP) (Roche, Germany) 317 52 {t1 5 [ ©

o Jer i G % 53t (DAS-ELISA)
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CVX-Hu Ji5 ZPEH1HE LL coating buffer (15 mM sodium
carbonate, 35 mM sodium bicarbonate, 3 mM sodium azide,
pH 9.6) #ifE 2,000 1% » HL 100 w1 773EH2 96 JX{8 &
i JRESS 4°C @R o BRI G2 S5 PRE RS
YEIRLSE > A 10 58854 Z extraction buffer (10.3 mM
sodium sulfite, 2% polyvinylpyrrolidone (MW 24-40,000), 3
mM sodium azide, 0.2% powdered egg albumin, 2% Tween-
20 in 1X PBS) ffHEESZ)1% » L 5,000g Ef0 5 7y » HOH
W » VER DAS-ELISA ZHUR o fEEWHURZAT > 5
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B EEE Ve AR R - S ALLECTARE K (0.2% BSA,
2% polyvinylpyrrolidone (MW 24-40,000), 3 mM sodium
azide in 1X PBST) Fif¥ 2,000 5 Z Hiis- st 2 B EeAS &
T8 (BE7X 100 1) » HUERS 37°C YEA 2 /N o Il i RaT
SDERIE vE iR AR - B 100 1] BEREEE IR
(nitrophenyl phosphate, 1mg/ml) AREFR 37°C BECAEF 5
IRFfE] > 3 AR SR Sef%e ot ELEDAIE (7 (Spectra MAX 340,
Molecular Devices Co., California, USA) #H|& 405 nm 2k
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Fig. 1. Symptoms caused by Hu isolate of Cactus virus X on
Hylocereus undatus and Chenopodium amaranticolor. A:
mottle symptom on a trigonal stem of H. undatus, B: local
lesions developed on an inoculated C. amaranticolor leaf.
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Table 1.Symptoms on indicator plants after inoculation of the
virus strain Hu isolated from Hylocereus undatus

Indicator plants Symptom'

Amaranthaceae

Celosia cristata L,S

Gomphrena globosa L
Balsaminaceae

Impatiens balsamina —
Chenopodiaceae

Chenopodium amaranticolor L

Chenopodium quinoa L
Cucurbitaceae

Cucumis sativus —
Cactaceae

Epiphyllum oxypetalum —

Hylocereus undatus M

Opuntia ficus-indica —

Zygocactus truncates —
Leguminosae

Cassia occidentalis —

Phaseolus vulgaris —
Solanaceae

Datura suaveolens —

Nicotiana benthamiana —

Nicotiana debneyii —

Nicotiana glutinosa —

Nicotiana rustica —

Nicotiana tabacum var. barley —

Nicotiana tabacum var. samsum —

Nicotiana tabacum var. TTS —

Solanum lycopersicon —

'L local lesion, M: mottle, S: systemic infection, —:
symptomless.

JEHAREE - (B A H B2 MY - i NE R 22T
(Epiphyllum oxypetalum) ~ FIFERERYII A% (Opuntia ficus-
indica) FUERETRE (Zygocactus truncates) RI{EHERE 14 Ki%
RSN TR o A8 » DIk B S B 22880 5Eny
S 7 A [l R ZALRE R E AL - (FR R 14
K ATAERLEE SR = A SOl B S0 Al S 2 DRBR 1L - (R IE
W7 Hu JrBERRIE RS SR AL RE SR = A S B B L2 i

s A L B - S 38 B 5%

SRR Hu Sy Btk EERE BB a0 - P ASRENERS
R ORI L FRIS BRI R - DU T-RAEREIERT » nl &2
KEMARIR R (8 ) » s HA 100 BRFEHL &
JERFE SRR - HIRIE + SIS 480~520 nm Z[H] - B2
Potexvirus JBIRE R T2 RIEMHERFERY LI JoeEst
MBS AR = 190-320 nm [ 20 SIS » 38 BAE

i N

B ~ LIgsE R R s L 2 RLRE RN A Hu 7y
BRI AL © #RMGE - 125 nm ©

Fig. 2. Electron micrograph of purified particles of Hu isolate
of Cactus virus X stained with 2 % uranyl acetate. Bar: 125

nm.
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Fig. 3. Analysis of the viral coat protein prepared from the
purified virus particles of Hu isolate of Cactus sirus X by
12% SDS-polyacrylamide gel electrophoresis, followed by
coomassie blue staining (lane 1), and western blot analysis
(lane 2). M: protein molecular weight markers.



BEPD ~ FE I 1 Sl BSOS FE AT RLRE Y 7 Hu SRR
BdHAth Potexvirus @R Z MG EERATR o LLE ZE2820MHERT
#i{t.Z Hu JREERLF (M) 73 BIEH NS EE Z HUMTS SEE1 T8
I RO © Hu (5 1 B2 2), CVX (3), BaMV (4),
K PapMV (5) 5 (6) FftiF T HUERTH R~ AR 15 ZIME ©
Fig. 4. Serological analysis of the viral isolate obtained from
Hylocereus undatus by double immunodiffusion test. Virus
particles purified from Chenopodium quinoa (M) was tested
with antisera raised against the following viruses: CVX-Hu
(No. 1 and 2), CVX (3), BaMV (4), and PapMV (5); (6): the
pre-immune serum from rabbit.
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Dilution of CVX-Hu antibody-alkaline
phosphatase conjugate (x 103)

BF - DAkl sa s oo e oA A D AN 2 X o DU
JRALRESRAI TR (O) SR ERALEE AT (1) P - &
Fi Hu P88 (FRFERTEL 1: 2000) Az Hu HTHE- fgE 25 ki
FEEHE (FFERSEL 1: 500, 1000, 2000, 3000, 4000 X 5000)
AT ARSI S S S R T 5 (o) ¢ LUAEHUAR & R 1 T
LI JE -

Fig. 5. Detection of CVX by DAS-ELISA. Samples
extracted from diseased (O) or healthy (1) Hylocereus
undatus were analyzed by DAS-ELISA, using CVX-Hu
antiblodies (dilution at 1:2000) and CVX-Hu antibody-
alkaline phosphatase conjugates (dilution at 1: 500, 1000,
2000, 3000, 4000, or 5000); ( A): reaction with extraction
buffer alone.
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260 nm Jz 240 nm 73 B BE K (Amax) BB/ NIROEAIE
(Amin) * H Ao S Asso ZLUAEES 1.20 » tLE Potato virus X
(1.20) Kz CVX (1.26) 2 Asso/Asgo LLAERRESFEE O 12 o

Jo e R 11 20 - R B iR B

H b & AT 20 2 2 H LL SDS-PAGE 317 7047 »
FFHE coomassie blue Hethf% nEHZLE| 6 FGRNY - fH%T
T8RS 26 K 22 kDa ([E = ~lane 1) » {HLL Hu 73
PRBUBSEE AT 78 75§80 43 M I SLUEH B AH #1001 2= 5 26
kDa 2 F{6F ([8 = ~ lane 2) » HERHA: Hu 70k 2
PREN -

68 1 SR RS

B 1o S R OB < B Bt SRR - SRR T
16 /IR > RLEE Y% 7 Hu 77 APk ELZ BaMV HLIMYE ~
PapMV HLIMN{H K AR SiFTHUR A< o i &f A & fE - (2
FHESHY - WTEE Hu S)@rk s k CVX Pl L H e
PUE - T LS R A e R A (B - BRH
RLAEF AT 70l < Hu JEPREL CVX (ZIMYE RERKBR (AR £
FHAT

AR Jir i 35 Wit A% 73 Mt (DAS-ELISA)

5437 DAS-ELISA $iffi » 1% Hu 3 BERRTTEE K bifs-
Wi 25 B IG5 5 00 I FE 500X ~ 1000X ~ 2000X -
3000X ~ 4000X Jz 5000X 1% FH A7 Bt 1 7 Ak i == o o0
FEIE - (& FU AR —fHE B EEREE R - LI [FIFG
FEEHLZ Hu HTRS- s 25 BRI RS it o0 B 1 5] E R
Z Hu P1#E (7% 2000 %) 317 DAS-ELISA IKf » EHI& Z
PR B0 2000 HRPA S8 15 AoAdablze SR Bed: o LLBLAGR3EE
17 DAS-ELISA LU#t& Il CVX {F1E1E TEIE » B LIS AR
TERR B P SR R R AL 1 T 5 il 5 2 7 SR A 53 1]
7% 0.145 2 0.19 - fHRLEE R MR RTINS 2 TR0 fiE
0.575 » B R RERREC 25 BURERIR Al S 2 Wk S qil 2 a8
FFER o [K] HE —PE A n] A ARSI | RCRL EE SR B
2 CVX 58 °

wf il

SR i SR (BT R St (BN
FIR RN T IAHRBRIF T Bk - AIFZE E M HLAE
A SN AR (Hu) 1 THS Az ey - 283
HOPT AL AR ~ 428~ T HALEFEE /L - 8l Attathom et
al.® 5k CVX FTHES 7.2 i i el Ba S A e — 280> M
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Opuntia vulgaris ~ Z{t& (Epiphyllum spp.) K% &
(Zygocactus spp.) SFINN FERMEY) » FAFILIZAL ~ EIEERE
TRAN N B e B T T A 2 R IR B - fEERE (R 14
KA > P LI Y& T DAS-ELISA IS
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5 HE 4232 55 2 i 7 PR 05t [ml 2 R AL e SR AR
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HEATIME 2t 285 REER - W& 7Bk Hu £
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ith > DL SDS-PAGE 73 M7k 7 58 I » R 19 7 8 H
of o SR=HEL S —EE S - HERD BAEDL Hu JrErk
PURSHET TP 7R IR AN & (R - FEAS SN A
EEZ R FEY) » TELHEE AT RESS 8 At LB (F 2 AP
D%

IRA% ICTV RYERIECHL - 7D ERMEYI P25
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CVX Wl HItsetm ~ Ieds SAEY) BLREY) 2 [RIAH A B
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ABSTRACT

Liou, M. R., Hung, C. L., and Liou, R. F!. 2004. Characterization of a Cactus virus X infecting Hylocereus
undatus and its detection by DAS-ELISA. Plant Pathol. Bull. 13: 27-34. (Department of Plant Pathology
and Microbiology, National Taiwan University, Taipei, Taiwan; 'Corresponding author, E-mail:
rfliou@ntu.edu.tw, Fax: +886-2-2362- 0271)

Hylocereus undatus Britt. & Rose belongs to Cactaceae. It produces delicious fruits and has recently
become a fruit crop of economic importance in Taiwan. In 1999, H. undatus grown in Kuan Shi (Hsin Chu,
Taiwan) was found to display systemic mild mottlings on the trigonal stems. Preliminary analysis by
electron microscopy of the sap prepared from diseased plants revealed the presence of flexuous rod-shaped
virus particles. A viral strain was isolated from diseased H. undatus and established by three successive
single lesion transfers on leaves of C. amaranticolor. Host range studies and serological analysis of purified
virus indicate that the pathogen causing mottle disease on Hylocereus undatus is a strain of Cactus virus X
(CVX). A procedure using antisera prepared against virus was established for detection of CVX by DAS-
ELISA. Since H. undatus reproduces asexually, rapid and specific detection of the virus by DAS-ELISA

will help to implement a sound control of the disease caused by CVX in H. undatus.

Key words : Cactus virus X, CVX antiserum, DAS-ELISA, Hylocerus undatus, viral detection



