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Purification end Serology of an Isolate of
Zucchini Yellow Moszic Virus'

C. H. Huang, S. H. Hseu and Y. J. Chao’®

v Abstract: An‘ isolate of zilcchini yellow mbsaic Virus, ZYMV-1, was purified and 1.
its antiserum produced. Systemic leaves frpm inoculated zﬁcchini plants taken 9-10
days after inoculétion had the highest virus concentration, and were used in virus
purification. Yiélds of purified virus estimated by spectropliotometer were 18-22
mg/100g leaf tissues. The O. D. ratio of A260/280 from several separate prepara-
tions ranged from 1.27 to 1.31. The purified virus preparation obtained from the
first isopycnic centrifugation in cesium sulfate was found contaminated with host
proteins, however, the contaminated materidls could be removed by a second
isopycnic centrifugation. The reciprocal titers of antiserum against homologous
antigens in crude leaf extracts and purified virus preparations were 2048 and
4096, respectively, in ring interface precipitin tests. The titer of this antiserum
against crude sap antigens was 16'in SDS-immunodiffusion tests. Antisera collected
at several bleedings reacted with host constituents weakly, but the addition of
2% bovine serum albumin to the antisera or to agar medium completely removed
the non-specific reactions in SDS-gel diffusion tests. Antiserum to ZYMV-7
produéed preciﬁitin bands with all IO ZYMYV isolates, i. e., ZYMV-1 to ZYMV-9
from Taiwan, and ZYMV-FL from Florida. There were no serological relation—
ships of ZYMV-1 with WMV-1 and WMV-2 (Florida isolate). However, an
antiserum to WMV-2, obtained from University of Florida, reacted with ZYMV
isolates strongly but formed definite spurs with WMV-2 in SDS-gel diffusion
tests, indicating that ZYMV isolates from Taiwan are different from WMV-2
Florida isolate but have some serological relations to certain types of WMV-2.
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Introduction

More than 25 viruses, including at least 7 belonging to potyvirus group, are found
naturally in cucurbits (16,22). Among them zucchini yellow mosaic virus (ZYMV) first
described by Lisa et al. in 1981 from Italy is a relatively new potyvirus (15). The virus
has also been reported to occur in France (11), the United States (19,22) and Lebanon
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(13). In Taiwan, cucumber mosaic virus(CMV) (4,27), watermelon mosaic virus type-
1 (WMV-1) (12), cucumber green mottle mosaic virus (CGMMYV) (26) and Loofah
mosaic virus (LoMV) (3) have been reported infecting cucurbitaceous plants. In 1982,
we observed a disease which produced severe mosaic and rugose symptoms on leaves
and distortion and malformation of fruits of cucumber plants. On the basis of symptoms,
host range and serological relationships, we proposed that zucchini yellow mosaic
virus is the cause of the disease (9). Recently, in screening of 54 cucumber cultivars/
lines for resistance to cucurbit viruses, Yang (27) found that ZYMYV is the most
destructive to cucumber crops.

Lisa et al. (15) have characterized and purified ZYMV. Recently, Provvidenti et al.
(19) have also purified the cytoplasmic inclusion proteins from ZYMV infected plants.
Howevér, because of the tendency of the virus to aggregate, difficulties are often
encoungfered in purifying the virus, especially for a high yield. In comparative studies,
Huangf‘“and Hseu (10) found that different ZYMV isolates greatly influenced the virus
yield urider same purification procedure, although these isolates displayed serological
iden.tityf in SDS-immunodiffusion tests (9). This paper deals with a selected ZYMYV isolate
which vs}e purified and consistently gave high yields of purified virus by the procedure
of Gongsalves and Ishii with some modifications (8).

Materials and Methods

Source and maintenance of the virus isolate: The ZYMV isolate used mostly in this
study referred to as ZYMV-7 (9) was originally obtained from leaves of infected
cucumber plants grown in the experimental field of Taiwan Agricultural Research
Instituté. It had passed through three serial transfers from a local lesion host, Cheno-
podium amaranticolor, to zucchini plants. The isolate produced severe mosaic and leaf
distortion on zucchini, and latent infection on Pisum sativum ‘Alaska’. It was generally
maintained and propagated on zucchini plants through this study.

Determination of virus concentration in zucchini: To determine the time required
for the virus to reach highest concentration in systemically infected leaves of zucchini
plants, leaves were sampled from three inoculated plants at 2-day intervals. About six
discs (0.5cm in diameter) were taken from each leaf by a cork borer. Then, the leaf
discs were pooled, weighed, and ground in 10 volumes of 0.05M potassium phosphate
buffer, pH 7.5, (w/v). The crude extract was inoculated to two C. amaranticolor plants
for producing local lesions. The relative: virus concentration in systemically infected
leaves was estimated by counting the number of lesions 10-14 days after inoculation.

" Purification: The purification procedure for ZYMV was a modification of that
described by Gonsalves and Ishii (8) for purifying papaya ring-spot virus. Systemically
infected leaves were harvested from greenhouse-grown zucchini plants 9-10 days after
inoculation with ZYMV. The leaf tissue was homogenized with a Waring blendor (Model
31BL42) in 0.25M potassium phosphate buffer (2ml/g tissue), containing 0.01M disodium
ethylenediaminetetraacetate (EDTA) and 0.1% Na,SO;, pH 7.5. Chloroform and carbon
tetréch_l_oride, each at 0.5ml/g tissue, were added slowly as the tissues were being
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ground. The homogenate was centrifuged at 5,000 rpm (Hitachi RPR-12) for 5 min, and
the supernatant centrifuged again at 8,000 rpm for 15 min in same rotor. PEG (poly-
ethylene glycol, M. W. 6,000) was added to the supernatant at the rate of 8g/100ml. The
mixture was stirred for 1-2 hr and was centr‘ifuged at 10,000g for 20 min in a Hitachi
RPR-16 rotor. The resulting pellets were resuspended in 0.1M potassium phosphate
buffer plus 0.01M E DTA, pH 7.5, and stirred for another hour. Before the second PEG
treatment (5% PEG and 0.3M NaCl), the resuspended virus was centrifuged at 4,000-
5,000 rpm for 10 min to remove the host constituents. The virus was precipitated after
second PEG treatment, and the pellets were finally resuspended in 0.05M potassium
phosphate buffer, pH 7.5, and stirred overnight.

Upon isopycnic centrifugation, the virus suspension was mixed with 26% cesium
sulfate (w/w), or with 30% cesium chloride. Centrifugation was performed at 38,000
rpm for 22-24 hr at 6°C in a Hitachi RP-65T rotor (w?=1.28x10'? rad?/s). After
centrifugation, the virus zone was collected by a small pipet. The purified virus was diluted
to five times its volume with phosphate buffer, and again centrifuged at 10,000g for
10 min. The virus preparation was dialyzed overnight against 0.05M phosphate buffer
to remove Cs salt for spectrophotometry, or it was given another cycle of isopycnic
centrifugation.

The purity and quantity of the purified virus preparations were determined by a
Hitachi spectrophotometer (Model 220S). In one trial, the absorption profile was measured
at 254 nm with UV monitor (Gilson LC detector, Model 111) coupled with- Gilson
CRP fractionator for virus sample from the second cycle of isopycnic centrifugation in
Cs,S0,. ;

Production of antiserum: All antisera to ZYMV-7 were produced in one rabbit by
injecting virus purified after one cycle of isopycnic centrifugation. The rabbit was given
a series of four intramuscular injections at weekly intervals, and a booster at 6 wk
after the final injection. The immunized rabbit was bled weekly, starting 1wk after the
last injection. Antibodies reacting with host proteins were removed by adding 2% of
bovine serum albumin (BSA) (Sigma Co.) to the sera, and usually incubating the
mixture overnight at 4°C. All sera were stored in the presence of 0.02% sodium azide at
—20°C.

Serology: The titer of antiera was determined either by ring interface precipitin
test (2), and or by SDS-immunodiffusion test (14,20) against homologous virus. Sero-
logical reactions were determined among the following ZYMYV isolates: ZYMV -1 to
ZYMV-9 from Taiwan (9), and ZYMV-FL (FC1119) from Florida. In addition, WMV-1
and WMV-2 (Florida isolate) were also included for the purpose of comparisons. Both
ZYMV-FL and WMV-2 were kindly provided by Dr. D. E. Purcifull, University of
Florida. The agar medium for immunodiffusion tests consisted of 0.8% Noble agar, 1%
sodium azide and 0.3% dodecyl sulfate sodium (SDS) (14,22). In some cases 2% bovine
serum albumin was incorporated into the medium to remove the non-specific reaction
(4,20,23). Crude antigens were prepared from fresh leaves of inoculated zucchini
plants by grinding 1ml/g tissue in distilled water, followed by adding 1ml of 3% SDS,
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and filtered through cheesecloth. Generally, the whole procedure was completed within

one hour.
Results

Virus concentration in zucchini: Leaf extracts prepared from systemic leaves of
inoculated zucchini plants were assayed for virus concentration by inoculation to Cheno-
podium amaranticolor. The local lesions produced on C. amaranticolor showed that virus
content increased gradually in zucchini during the first 6 days, and then it increased
rapidly. A peak virus concentration was reached in systemically infected plants about
8-10 days after inoculation under the growth chamber conditions (25°C) (Fig."1).
Therefore, leaves were usually harvested at this time and used for virus purification and

serological studies.

Puri fication: In our earlier puri-
fication attempts, virus suspension was
mixed with 30% Cs,SO, for isopycnic
centrifugation, the virus zone appeared
at about 1.5cm below the meniscus after
centrifugation for 22-24 hr using Hitachi
RP-65T rotor tubes. It was close to the
host green components and needed a
great care to collect it by a small pipet.
Later, the virus suspension was mixed
with 26% Cs,S0,. After isopycnic run
the virus zone was located just below : - K

4
the middle of the tube and was well 9 4 6 6 10 12 14
separate from the green materials. The Days after inoculation
purified virus was easily collected from Fig. 1. Virus concentration of zucchini yellow
Cs salt gradient mosaic virus in relation to the time
— . ) . . of infection in zucchini plants under
The purity and quantity of the purified the constant temperature at 25°C The
relative virus concentration was estimated

virus preparations were analyzed .
by spectrophotometer. Virus recovered i’i g;::;;‘;gdl:: ;Zf;;ai::;?jr produced
from the first isopycnic centrifugation

was found contaminated with host proteins.
centrifugation yielded highly purified virus (Fig. 2). The absorption of several separate
preparations of the purified virus was lowest at 246-247 nm and highest at 260 nm,
and the O. D. ratio of A260/280 ranged from 1.27 to 1.31 (uncorrected for light

scattering). Assuming Eoéégﬁzz.él (21), vield of the purified virus was estimated to be
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However, a second cycle of isopycnic

18-22mg/100g leaf tissues.
In one additional trial for comparing virus stability in cesium sulfate and cesium

chloride solutions, the virus suspension was mixed with Cs salts. After isopycnic
cantrifugation, virus preparations from both Cs salts were inoculated to C. amaranticolor
after dialysis. At O. D.;5=0.593, th= purified virus from CsCl gradient produczd 1835
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lesions/leaf, and at O. D.,,=0.528, that from Cs,SO, gradient produced 1378 lesions/leaf.
These results indicated that ZYMV-7
is stable in both Cs salts.

Serology: In ring interface precipitin
tests the reciprocal titers of antiserum, :

taken from the third bleeding, were i
2048 and 4096 against homologous antigen

in crude leaf extracts and purified § "‘

preparations, respectively. This anti- o ' {

serum reacted with healthy plant extracts g :

at 1:4 dilution. Reacting with crude g Il
<

antigen in SDS-immunodiffusion gel, the
antiserum had a titer of 16, There were

no precipitin band formation when it
was tested against healthy plant extracts.

However, antisera collected from several j \

. . . / \_’_’/
bleedings reacted with host proteins
weakly (Fig. 3, b). Generally, we Top Bottom

added 2% BSA into the agar medium to Fig. 2. Absorption profile of the purified
zucchini yellow mosaic virus from the
second cycle of isopycnic centrifugation
3, a). in CsySOy.

remove the nonspecific reactions (Fig.

Fig. 8. Serological reactions of zucchini yellow mosaic virus (ZYMV), watermelon
mosaic virus-1 (WMV-1), and watermelon mosaic virus-2 (Florida isolate)
with antiserum to ZYMV-7.

The central wells (A-4) contained antiserum to ZYMV-7 collected 4 wlk

after the last injection. The peripheral wells contained SDS-treated antigens:
1t ZYMV-4; 2: ZYMV-FL (Florida isolate): 3: ZYMV-7; 4: WMV
-2 (Florida isolate); 5: WMV-1; 6: leaf extracts from healthy zucchini
plants.

The medium for pattern (b) consisted of 0.8% Noble agar, 0.3% SDS, and
1% NaNj;, whereas medium for pattern (a) consisted of the above
constituents plus 2% BSA. The non-specific reaction was observed in (h),

however, it disappeared in (a).
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ZYMV-1 to ZYMV-9, and ZYMV-FL appeared to be serologically identical in SDS-
gel diffusion tests. Except that ZYMV-2 sometimes formed a weak precipitin line, they
formed strong precipitin bands without spur reaction when tested against antiserum to
ZYMV-7 (Fig. 4, a, b) or antiserum to ZYMV-Italy (Fig. 4, c) (provided by Dr.
V. Lisa, Italy). There were no serological relations between ZYMV-7 and WMV-1 or
WMV-2 (Florida isolate) (Fig. 3). However, an antiserum to WMV-2 obtained from Dr.
D. E. Purcifull which reacted with WMV-2 Florida isolate strongly, also produced
precipitin bands when tested against ZYMV-4, ZYMV-7 and ZYMV-FL (Fig. 4, d).
These results indicate that ZYMV isolates from Taiwan were serologically related to
certain types of WMV-2.

Fig. 4. Serological comparisons of zucchini yellow mosaic virus isolates and watermelon mosaic
virus-2 (Florida isolate) in SDS-immunodiffusion tests.
The central wells (A) contained antiserum to ZYMV-7, (B) antiserum to ZYMV-Italy
(kindly provided by Dr. V. Lisa), and (C) antiserum to WMV-2 (kindly provided by Dr.
D. E. Purcifull). The peripheral wells contained SDS-treatedl antigens from zucchini leaves
infected with: ZYMV isolates Nos. 1-9 from Taiwan; 10=ZYMV-FL (Florida isolate); 11 :
WMV-2 (Florida isolate); 12=healthy zucchini squash leaves.

Discussion

Aggregation of virus particles during purification has been considered a limiting
factor in obtaining higher yields of purified virus in the PVY group (8, 15, 17, 24, 25).
ZYMYV, a potyvirus recently reported by Lisa et al. (15), is no exception. The use of
chloroform for clarification or of high molarity buffers for resuspension did not improve
the yields of the virus (15). In our initial purification attempts, an isolate designated
ZYMV-4 (9 was selected and the yield of purified virus was low, probably due to the
losses of virus from aggregation during purification; however, when ZYMV-7 was
proceeded through the same procedure, a relative high yield of purified virus was
obtained, suggesting that different ZYMV isolates greatly affect the yield of virus in
purification (10).

The addition of EDTA to extraction or resuspending buffers to reduce virus aggre~
' gation had been proposed (5, 8, 24, 25). Deigado-Sanchez and Grogan (5) obtained an
UV absorption spectrum typical of nucleoprotein for purified virus resuspended in borate
buffer plus 0.01M EDTA. Our initial experiments showed that the addition of Na-EDTA
at 0.01M in purified virus preparations changed the UV spectra. It also affected the
value of O. D.ze/25. Therefore, while EDTA was used to prevent virus aggregation,
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its effect on spectrophotometric measurement should be taken into account.

The purified virus preparations from either the first or the second isopycnic
centrifugation gave an identical UV absorption curve; however, the virus preparations from
one isopycnic cenfrifugation were still contaminated with host proteins as previously
observed by others (1, 8, 24). The value of Asg 2 ranging from 1.27 to 1.31 in our
studies was a little high, presumably due to contamination with host nucleic acids by
the use of phosphate buffer (6, 21), but it fitted into the range of 1.2-1.37 reported for
other potyviruses (7, 18).

Our ZYMYV isolates and the Florida isolate ZYMV-FL appeared to belong to the
same serogroup in SDS-immunodiffusion tests. They were not serologically related to
WMV-1 or WMV-2 (Florida isolate). Lisa et al. (15) found that ZYMYV reacted with two
antisera against Italian isolates of WMV-2. Purcifull et al. (22) pointed out that
antiserum to WMV-2 collected at late bleedings could reacted with ZYMV (Florida isolate
1119) antigen. In our studies, an antiserum to WMV-2, provided by Dr. D. E. Purcifull,
reacted with our ZYMYV isolates but formed spur reactions. This result confirmed that
ZYMV isolates were serologically, but distinctly, related to certain isolates of WMV-2
as reported previously (15, 22). ’

Since ZYMV has not been extensively investigated in Taiwan, the collection of more
ZYMV isolates from different crops and study of their serological relationships to
WMV-2 are necessary. ZYMV has been reported to be the most destructive virus to
cucumber plants (27); breeding programs designed to develop ZYMV-resistant varieties
should evaluate cross progenies against a wide range of ZYMV isolates.
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