Papaya Ringspot Virus and Cucumber Mosaic Virus
Associated with a Severe Mosaic in Melon®

ABSTRACT

Severe mosaicdisease was observedin several melon fields
in Costa Rica during the period 1987-1991. Two viruses,
papaya ringspot virus (PRSV) and cucumber mosaic virus
(CMV} were associated in single and mixed infections with
the mosaic disease. These viruses were partially charac-
terized on the basis of the type of cytoplasmic inclusions
observed by light microscopy, the size and moerphology of the
virus particles by electron microscopy, and the serologieal
relationships with members of the potyviruses and
cucumovirases groups wsing immunodiffusion and fm-
munoelecirophoeretic transfer of profeins. This is the first
report of PRSY and CMYV occurring on cucurbits in Costa
Rica.

Key words: Identification, partial characterization, cucurbit
viruses, potyvirus, cucumovirus.

INTRODUCTION

n the last five years, within a new program of
agricultural diversification, melon has become an
imporiant economical export crop in Costa Rica.
To provide a continuous supply for the export market,
which is open only between November and April (dry
season), growers plant melons successively at one- and
two-week intervals during this scason. This situation
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COMPENDIO

Los virus mancha anular dela papaya o "papayaringspot
virus" (PRSV)} y mosaico del pepine o "cucumber mosaic
virus? (CMV) fueron asociados con un mosalee severo en el
caso de infecciones simples y mixtas en plantas de meldn en
Costa Rica, durante el periodo 1987-1991. Estos virus fueron
identificados y parcialmente caracterizados con base en los
tipos de inclusiones citoplasmiticas, observadas por
microscopia de luz, en la morfologia y tamaho de las
particulas virales, por microscopia clectrdnica, y on sus
relaciones seroldgicas con miembros de fos grupos potyvirus
¥ cucumovirus mediante inmunodifusién y transferencia
inmunocicctroforética de protefnas. Esta es la primera vez
que se informa sobre la presencia en cucurbiticeas del virus
de la mancha anular de la papaya y del viras del mosaico def
pepino en plantas de meldn en Costa Riea.

Palabrasclaves: [dentificacién, caracterizacion parcial, virus
en cucurbiticeas, potyvirus, cucumovirus.

favors the spread of virus by aphid veciors. A severe
mosaic was observed in several melon fields in Costa
Rica during the period 1987-1991. The incidence of
mosaic symptoms was 1.5% - 73.5%, causing scvere
losses (Rivera et al., unpublished data).

The watermelon mosaic virus-I (WMV-1), reclas-
sified recently as papaya ringspot virns (PRSV) (213,
and cucumber mosaic virus (9) are known to infect
cucurbit crops all over the world causing severc losses
in crop yield (5, 6, 7, 8, 13, 16, 18, 19). Both viruses
are transmitted mechanically and by many species of
aphids in a non-persistent manner.

PRSV is a member of the potyvirus group, with
flexuous, filamentous particles about 780 nm long.
This virus induces cylindrical (pinwheels) inclusions in
the cyloplasm of host cells (2). The viral particles
contain a single-stranded RNA of positive polarity and
a single type ol capside protein that has an apparent
molecular weight of 36 K (21).

Cucumber mosaic virus (CMV) is the type member
of the cucumovirus group (9). The viral particles are
isometrical with a diameter of about 29 am, buikt from
identical protein sub-units of a molecnlar weight of
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about 26 K (11). The genome of CMV is composed of
three single-stranded RNA molecules and subgenomic
encapsidated molecule (15). This virus induces an-
gular crystalline inclusions in the cytoplasm of host
cells (2},

This study was carried out to identify and partially
characterize the viruses associated with (he severe
mosaic disease observed in the field by different
analyses: cytoplasmic inclusions by light microscopy;
particle morphology and size by electron microscopy;
serological relationships by immunodiffusion; and im-
munoelectrophoretic transfer of proteins,

MATERIALS AND METHODS

Naturally-infected melon leaves with severe mosaic
disease were collected in commercial ficlds during the
growing seasons in Costa Rica. Virus identification by
light microscopy of viral inclusions, electron micros-
copy of partially purified virus particles and im-
munodiffusion tests were carried out on field-coliected
samples.

To maintain the virus isolates in the greenhouse,
mechanical inoculation onto carborundum-dusted zuc-
chini {(Cucurbita pepo L.) was undertaken using crude
extracts of melon field planis with single viral infec-
tions. The inoculum was prepared in a 0.01 M sodium
phosphate buffer, pH 7.2, These greenhouse isolates
were used for purification and immunoelectirophoretic
transfer of viral proteins,

Light microscopy
of viral inclusions

Epidermal stripes and thick tissue picces of
symptomatic field melon leaves and greenhouse heal-
thy melon leaves were stained with Azure A and Cal-
comine Orange-Luxol Brilliant Green BL (OG-stain)
techniques and mounted in a drop of Euparal (Carolina
Biological Supply) on a glass slide, as described pre-
viously (3). The preparations were examined with a
Zeiss Standard 19 light microscope. Light micrographs
of the observed inclusions were carried out with a Zeiss
M 35 camara.

Electron microscopy
of viral particles

Partially purified virus preparations from field-in-
fected melon leaves were negatively stained with 1%
uranyl acetate, as described previously (4), and ex-
amined under a Hitachi 12 A electron microscope. The
average diameter of isometric particles and the length

distribution of filamentous particles were determined
by measuring directly from electron micrograph posi-
tives.

Immunodiffusion

Discasced melon plants were tested for the presence
of CMYV and squash mosgic viras (SqMV) using the
immunodi{fusion medium of 0.8% agarose in 0.1 M
borate-0.05 M cthylenediaminctetraacetic {EDTA)
buffer, pH 9, containing 0.5% Triton X-100 and 0.01
M sodium thioglycolale as previous described (1),
Double-diffusion tests were also conducted in sodinm
dodecyl sulfate (SDS), agar gel (0.8% fonagar) contain-
ing 0.5% SDS as reported by Purcifull and Batchelor
(20) for testing the presence of WMV-1, watermelon
mosaic virus-2 (WMV-2), and zucchini yellow mosaic
virus (ZYMV), Rabbit policlonal antisera against the
four viruses were used.

Purification
of PRSV and CMV

Sixteen days after inoculation with PRSV, green-
house zucchini leaves were harvested and purified ac-
cording to the method of Leiser and Richter {14). Tis-
suc was first frozen and then homogenized in one
volume of a solation containing of 0.5 M sodium
citrate, 0.005 M EDTA, 0.015 M Na-diethyldithiocar-
bamate (DIECA), pH 7.4. After centrifugation at
3800 g for 15 min, 3% vol/vol Triton X-100 was added
1o the aqueous phase and stirred for 30 min at4°C. The
virus was recovered by ultracentrifugation at 81 400 g
for two hours. The pellet was suspended in 0.010 M
Cirate buffer, pH 74, containing 1 M urea, 0.1%
vol/val mercaptoethanol and Ieft ovemight at 4°C,
After clarification at 16 800 g the supernatant was
subjected to one cycle of centrifugation in a sucrose
cushion of 30% vol/vol in 0.05 M sodium-potassium
phosphate buffer, pH 7.2,001 MEDTA a1 65100 g for
three hours. The virus in the pellet was suspended in
0.003 M borate buffer, pH 8, containing (.03 M NaCL
and 0.063 M sodium cimrate, and clarified at 1900 ¢ for
five minutes.

CMV was purified from zucchini plants 10 days
after inoculation according to the following method:
infected tissue was homogenized in two volumes of 0.5
M citrate buffer pH 6.5 containing 0.005 M EDTA
sodium salt, 0.5% thioglycollic acid. The filtrate was
emulsi{ied with 1/20 volume of cold chloroform, and
after centrifugation at 4000 g for 5 min, the virus was
recovered from the aqueous phase by 2 cycles of
precipitation using 8% polyethylene glycol 6000
(PEG), 0.3 m NaCl. The pellet was resuspended in 0.5
M citrate buffer, pH 6.5, and subject 1o one cycle of
centrifugation in a sucrose cushion of 30% vol/vol in
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0.5 M citrate sodium buffer, pH 6.5, at 65 100 g for
threc hours. The virus racovered from the pelict was
suspended in the citrate buffer.

Immunoelectrophoretic transfer
of proteins

Viral proteins from purified viruses and healthy
plant proteins were dissociated and electrophoresed in
a 15% gel SDS-PAGE with a ratio o acrylamide to
bis-acrylamide of 30:1, using the Laemmli buffer sys-
tern (12). The fractionated proteins were electroblotted
to nitroceliulose sheets (24) by applying a2 constant
voltage density of 2.5 v/cm” in a mini-trans-blot system
{Bio-Rad Laboratories). Immunological detection was
carried out according 10 the method of J. Hammond an
R. L. Jordan (personal communication). The remain-
ing protein binding site on the nitrocellulose membrane
were blocked it buffer 0.02 M Tris, 0.15 M saline,
(TBS) pH 7.5 conaining 1% dry milk, 0.3% bovine
serum albumin for 30 min ai room temperature. The
membranes werg incubated separately for two hours
with different primary antibodies (rabbit policlonal
anti-CMV and anti-PRSV, and potyvirus-specific
mouse monoclonal). Following three successive 10
min washes in TBS, the membrancs were incubated
with sccond antibodics labeled with alkaline phos-
phatase (goat anti-rabbit immunogiobuling for rabbit
polyclonal antisera or goat anti-mouse im-
nunoglobulins for mouse monoclonal antibodies) for
two hours at room lemperaturc.

The nitrocellulose membranes were again washed
three times, 10 min each in TBS, before immersion in
a substrate solution containing 14 mg nitroblue
tetrazolium and 7 mg of 5-bromo-4-chioro-3-indolyl
phosphate in 40 ml substrate buffer of 0.01 M Tris, 0.1
M NaCl, 5 mm MgCi2, pH 9.5.

The molecular weight of viral proteins was deter-
mined using SDS-PAGE molecular weight standards.

RESULTS
Sympfom description

Naturally-infected melons showed a severe mosaic
formed by chlorotic arcas and green vein-banding
(Fig. 1).

Liglt microscopy
of viral inclusions

Cylindrical inclusions, simiiar to those reported for
the potyvirus group (2) were detected in the epidermal
cytoplasm when stained with OG (Fig. 2a). Aggregates

Fig. 1. Scveremosaieobserved in naturally Geld-infected melon
plants

of crystals in cytoplasm of epidermis and mesophyl,
densely stained only with Azure A similar to those
reporled for cucamovirus (2) were also observed (Fig.
2b). Both types ol inclusions were observed either in
the same plant or scparately in different plants,

Electron microscopy
of viral particles

Flexuous filamentous particles (Fig. 3a), and/or
isometric particles of about 29 nm (Fig. 3b}), were
consistently observed in partially purified samples
from naturaliy-infected melon plants, which are found
in single and mixed infection.

From the frequency length distribution of filamen-
tous particles, in 4 1 mu-pariicle-size groupings (Fig. 4)
the mode range of 761-802 was taken as representative
of the favored length for this virus with a normal length
of 781.5 nm (bascd on 39% of particles measured).

Immunodiffusion

No reaction was obtained between the ficld samples
and WMV-H, XYMV and SqgMV antisera when crude
extracts of nawrally-infected melon were used in im-
munodiffusion reactions. Precipitine lines were 0b-
served only when the samples were fested against
PRSV and CMV antiscra.
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Fig. 2. Lightmicrographs of infected epidermal and mesophile tissues showing cytoplasmic inclusions. (a) Epidermal stripes stained with O-G,
arrows point to typical masses of cylindrical inclusions; bar represents 3 um; (b) mesophile cells stained with Azure A, arrows point to

densely stained aggregates of crystals; bar represents 5 um.

:

= i

Fig. 3. Electron micrographs of viral particles observed in partially-purified preparations from naturally-infected melon. (a) Flexuous filamen-
tous particles; bar represents 800 nm; (b) isometric particles; bar represents 100 nm.
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number of particles

656 696 837 €79 720 761 803 844 885 927
595 636 €78 719 760 802 843 884 926 1967

length of particles (n m)

Fig. 4. Frequency distribution of length of flexuous filamentous
particles.

Immunoelectrophoretic transfer
of proteins

One predominant band of 36 K and a minor protein
band of 33 K were observed after the immunodetection
with both the policlonal ante-WMV-1 and monoclonal
PTY 1 (Fig.5). Inboth cases the observed viral specific
bands corresponded to the expected molecular weight
of the coat protein of potyviruses (23).

CP » —36K

—29 K

—20K

Fig. 5. Immunoelectrophoretic transfer of PRSV proteins from
15% polyacrylamide gel onto nitrocellulose sheets.
Lanes 1 and 2, proteins of purified PRSW and healthy
plant proteins respectively, after immunostaining with
PTY-1 monoclonal antibody. Lanes 3 and 4, proteins of
purified PRSV and healthy plant proteins respectively,
after immunostaining with policlonal antiserum. Lane 5,
protein molecular weight markers.

—31K
CP >
—21 K

—14K

Fig. 6. Immunoelectrophoretic transfer of CMV proteins from
15% polyacrylamide gel onto nitrocellulose sheets.
Lanes 1 and 2, proteins of healthy plant and purified
CMYV respectively, stained with Coomassie Blue. Lane
3 and 4, proteins of healthy plant and purified CMV
respectively, after immunostaining. Lane 5, protein
molecular weight markers.

Fig. 6 shows the immunodetected protein pattern of
purifies CMV. From this pattern, a unique band of 24
K was observed. This virus-specific band showed a
molecular weight lower than the molecular weight
reported for the coat protein of CMV (9, 11).

DISCUSSION

Two distinct aphid-style-borne transmissible
viruses were associated with a severe mosaic disease in
field melons in Costa Rica. Based upon the type of
induced cellular inclusions, morphology and size of
particles, inmunodifusion and immunoelectrophoretic
transfer of protein results, the melon viruses were iden-
tified as PRSV and CMV.

The observation of different types of cytoplasmic
inclusions (Fig. 2a and Fig. 2b) was the first evidence
of single and mixed infections of potyvirus and
cucumovirus associated with the severe mosaic showed
in Fig. 1.

Partially purified, filamentous particles exhibit the

typical morphology and size for potyvirus. The normal
length of 781.5 nm for PRSV obtained in this work was
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slightly different from the normal length reporied for
WMV-1 by Miine and Grogan (17). The authors indi-
cated that a number of variables could affect normal
length determination of long flexuous rod-shaped
viruses, and they therefore concluded that differences
of 30 nm were within the range of experimental error
with the electron microscopy techniques.

The isometrical particles of 29 nm observed in Fig.
3b were similar to those reported for CMV by Francki
etal (10).

The immunodiffusion resulls identified PRSV asthe
potyvirusand CMV asthe cucumovirus involved in thig
disease.

Proteins from several potyviruses have been found
1o migrate as two bands on SDS-PAGE with apparent
molecular weights of 32 - 34 K (23). The coat protcin
pattern of PRSV in this report revealed two bands with
apparent molecular weights of 33 - 36 K by policlonal
and monoclonal antibodics (Fig 5). There have been
numercus reports on the heterogeneity of the coat
protein of potyviruses (23).

The CMYV capside protein of 24 K molecular weight
here described is slightly different from some other
isolates reported (9, 11). Rybicki and Von Wechmar
(22) have reported apparent coat protein size differen-
ces between different CMV isolates,

Although CMV and PRSV have been reporied pre-
viously in many countries around the world (5, 6, 7, 8,
13, 16, 18, 19), this is the first time they are reported in
melons in Costa Rica.

Because of the widespread occurrence of CMV and
PRSV and the severe symptoms observed associated
with them, these viruses may become a mayor threat o
commercial melon fields in Costa Rica  Current
studies are concerned with the epidemiology of these
viruses in order to design control strategics for these
diseascs.

~ Due to the similar symptomatology observed cither
in CMV, PRESV and mixed infected plants, the iden-
tification based on symptoms was unrcliable.

LITERATURE CITED

1. AHMAB, LB; SCOTT, HA 1984 An improved im-
murodiffusion test for the detection of intlagt cucumber

mosaic virus in crude tobacco sa Phytopatholog
74:1007-1100 ’ vor i

2 CHRISTIE, RG; EDWARDSON, IR 1977 Light dnd
clectran microscopy of plant virus inclusions. Fla. Agric.
Exp. Stn. Mongr. Ser no. §.

3 CHRISTIE, R.G.: EDWARDSON, LR 1986 Light micro-
scopic techniques for detection of plant virus inclusions,
Plant Discase 70:273-279.

4 CHRISTIE, S.R; PURCIFULL, D.E; CRAWEFORD, WE.;
AHMED, N.A_ 1987, Electron microscopy of negatively
stained clarified viral concentrates obtained from small
tissue sarmples with appendice on negative staining tech-
nigues  Gainesville, University of Fionida, Inst. Food
Agric. Sci Technical Builetin Agricultural Experiment
Sution no. 872. 4 p.

5 COHEN, S; NITZANY, FE 1983 Ideatity of viruses
affecting cucurbits in Isracl. Phytopathology 53:193-196

6. DAVIS, R F.; MIZUKI, M. 1987 Detection of cucurbit
viruses in New Jersey. Plam Discase Reporter 71:40-44,

7. DODDS, LA, LEE, 1 G NAMETH, 5 T; LAEMMLEN, 5.
1984 Aphid and whitefly-transmitted viruses in Irmperial
County, California. Phytopathology 74:221-225

8 FISHER, HU; LOCKHART, BEL. 1974 Scrious losses
incucurbits caused by watermelon mosaic virus in Moroc-
co. Plant Discase Reporter 58:143-146

9 FRANCKI, RLB; MOSSOP, DW,; HATTA, 1. 1979,
Cucumber mosaic virus. CMI/AAB Descriptions of plaat
viruses no. 213, :

10 FRANCKI, R1B; MILNE, R.G; HATTA, T 1987
Cucumo virus group. In Atlas of plant viruses. Boca
Raton, Fia,, CRC Press Inc. v.2, p. 284,

11 GOULD, AR; SYMONS, R H. 1982 Cucumber mosaic
virus RNA 3: Determination of the nucleotide sequence
provides the amino acid sequences of protein 3A and viral
coat protein  European Journal of Biochemistry 126:217-
226,

12 LAEMLI UK. 1970, Cleavage of structural proteins during
the assembly of the head of bacteriophage T-4. Nature
227:680-683.

3 LASTRA, R 1986, Occurrence of cucurbit viruses in
Venezucla. Plant Discase Reporter 52:171-174.

14 LEESER R M. RICHTER, I 1978, Purification and some
charactenistic of potato virus Y. Arch. Phylopathel PR-
Schutz 14:337

15 LOT, H; KAPER, I M. 1976. Physical and chemical dif-
ferentiation of three strains of cucumber mosaic virus and
peanul stunt virus.  Virology 74:209-222

16. MAKKOUK, K M.; LESEMANN, DE. 1980. A severe
mosaic of cucubers in Lebanon caused by watermelon
mosaie virug-l. Plant Discase 64:799-801

17.MILNE, K§; GROGAN, RG. 1969 Characterization of
watecrmelon mosaic virus strains by serology and otiier

properties  Phytopathology 59:809-818,



RIVERA ET AL.: SEVERE MOSAIC IN MELON 443

18 MILNE, K. 8, GROGAN,R.G; KIMBLE, K.A. 1969 Iden-
tification of viruses infecting cucurbits in California.
Phytopathelogy 59:819-828

19.NAMETH, S; DORDS, LA, PAULUS, A LAEMMLEN,
F.F. 1986 Cucurbit viruses of California. Plant Diseasc
70:8-11

20.PURCIFULL, D E; BATCHELOR, DL. 1977. Immuno-
diffusion tests with sodism dodecyl sulfate (SDS)-ireated
plant viruses and plant viral inclusions. Gainesville,
University of Florida, Inst. Food Apric. Sci. Technical
Bulletin. Agricultsral Experiment Station no. 788. 39 p.

21 PURCIFULL, D.E; EDWARDSON, JR; HIEBERT, Eg
GONSALVES, . 1984, Papaya ringspot virus.
CMI/AAB. Description of Plant Viruses no. 292

22 RYBICKI, EP; VON WECHMAR, M.B. 1985, Serclogy
and immunochemistrty  In The plamt viruses. RILB.
Francki (Ed.) New York, Plenum Press. v .1, p. 309,

23. SHUKLA, D D.; WARD, C.W. 1989, Structure of potyvirus
coal proteins and its applications in the taxenomy of the
potyvirus group. Advances in Virus Research 36:273-
34

24. TOWBIN, H; STAEHELIN, T; GORDOR, J. 1978
Electrophoretic transfer of proteins from polyacrylamide
gels to nitroceliulose sheets. PNAS 76:4350-4354.

LIBRO
RECOMENDADO

KE
1J5%8.50

Elementos de Disefio del Tractor y Herramientas de Labranza J.
Ashburner; B. 8ims. 1984, 474 p. ISBN 92-9039-056 1.

Su objetivo es servir de guia para la capacitacion universitaria de
pregrado y posgrado, mediante fa presentacion de los elementos
basicos de ingenieria de suelos y su aplicacién al analisis del
comportamiento del tractor y sus herramientas de labranza. Se
incluye el estudio de casos concretos y numerosas ilustraciones
graficas de gran utitidad para la comprension del tema.

Ver lista de publicaciones disponibles para fa venta
y boleta de solicitud en fa iitima seccidn de la revista Turrialba.

Turrialba Vol. 41, No. 3, 1991, pp. 437-443





