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ABSTRACT : Odontoglossum ringspot virus (ORSV) was finally purified from ORSV-infected orchid
plants by diethylaminoethyl (DEAE) cellulose anion exchange column chromatography. The virus was
reliably eluted by potassium chloride at the concentration from 0.1 M to 0.13 M. Partial purification
was done by solubilization with Triton X-100 (alkylphenoxypolyethoxy ethanol) and precipitation with
polyethylene glycol PEG; MWS8,000). The finally purified ORSV represented one distinct homogeneous
band and the molecular weight of its capsid protein was about 17,500 Dalton in electrophoretic analysis.
Electron microscopy showed not only intact particles ranged from 280 nm to 340 nm in length, but also
segmented particles ranged from 140 nm to 220 nm and even disks. Enzyme-linked immunosorbent
assay (ELISA) showed that final yield was 12 mg/100 g of the infected leaves. Bioassay demonstrated
that the purified ORSV had the normal infectivity to orchid plants and Nicotiana glutinosa. Based on
these data, anion exchange column chromatography could be efficiently applied to the purification of
ORSYV and other viruses similar to ORSYV.
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Odontoglossum tingspot virus (ORSV), one of the most
prevalent orchid viruses, causes the reduction of plant
vigor and flower quality in a wide genera of orchid
plants, which affects economic value of cultivated orchid
plants (7, 10). The method of reliable and rapid puri-
fication of ORSV is very important for the production
and certification of virus-free orchid stocks (1, 5, 12).
Up to now, although several procedures for purifying
ORSV have been reported in many previous works,
these have many troubles such as insolubilization, loss
of viral infectivity, and contamination with host plant
proteins, routinely encountered in purifying plant viruses
(2, 4, 9). Furthermore, the usual purification procedure
such as differential centrifugation imposes considerable
stress on the integrity of virus particles and may lead to
disruption of the native structure with subsequent loss
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- of biological activity. Chromatographic methods, mainly

used for protein and animal virus purification, have
been thought to be one of the alternatives for purifying
plant viruses and recently a few applications to plant
virus purification have been reported (11). On the other
hand, Triton X-100 (alkylphenoxypolyethoxy ethanol)
has been used for the purification of many plant viruses
(3, 6, 8), because of its high capability of solubilizing
virus particles from plant tissues. )
In this communication, we reported a new method
for the reliable and rapid purification of ORSV from
the intact orchid plants. Triton X-100 was applied to
the clarification step and final purification was carried
out by anion exchange column chromatography. The
final yield and viral quantities at each purification step
were determined by ELISA and spectrophotometry,
respectively and physicochemical and biological proper-
ties of the finally purified virus were also examined.
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MATERIALS AND METHODS

Plant sources and anti-ORSV antibodies. Tissue-
cultured or ORSV-infected Cymbidium orchid plants,
were kindly given by Dr. Geol-Bo Sim, professor of
Yeonam College of Livestocks and Horticulture, Chung-
cheong Nam-Do, Korea and assayed immediately through
agar gel double diffusion test. The assayed plant leaves
were segmemted into small parts and stored at -20°C
prior to use. Anti-ORSV antibodies were purchased from
American Type Culture Collection (ATCC, Rockville,
MD).

Purification of ORSV. The assayed plant leaves
were homogenized with sap presser in equal volume of
0.1 M sodium-phosphate buffer (pH 7.4) containing 1%
(w/v) sodium sulfite. The homogenate was filtered through
several layers of cheesecloth and treated with 2% Triton
X-100 with continuous stirring and then incubated for 2
hr at 4°C. This solution was centrifuged at 8,000 rpm
and the supernatant was harvested. After the addition
of polyethylene glycol (PEG; MWS8,000) and sodium
chloride to the supernatant with the final concentration
of 6% and 2%, respectively, the solution was incubated
for 1hr at 4°C with continuous stirring. The pellets
saved after centrifugation at 12,000 rpm for 20 min
were resuspended with one-hundred volume of the cold
same buffer and incubated at 4°C overnight. After the
removal of insoluble materials by the centrifugation at
5,000 rpm for 5 min, proper volume of the same buffer
was added to the supernatant and reprecipitated with
PEG as before. The resultant was applied to DEAE cel-
lulose column (1X15 cm) equilibrated with 100 mM
sodium phosphate buffer (pH 7.4) and eluted with
potassium chloride in the same buffer. Each eluate was
concentrated by ultrafiltration over PD10 filter, scanned
by UV spectrophotometer and then active fractions were
pooled.

Enzyme-linked immunosorbent assay and immuno-
diffusion analysis. The anti-ORSV IgG was purified
from anti-ORSV antisera by protein-A Sepharose CL-
4B (Goding, J.W.) affinity column chromatography
according to manufacture's recommendations and used
for ELISA. The viral solution and antibodies were ap-
propriately diluted with phosphate buffered saline (PBS)-
tween buffer. Immunodiffusion analysis and ELISA were
carried out by the method of Ouchterlony (1955) and
Hu et. al. (5), respectively.

Sodium dodecyl sulfate polyacrylamide electro-
phoresis and electron microscopy. The viral solution
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and the molecular weight marker proteins were quanti-
tated by the method of Bradford (1976) with bovine
serum albumin (Bio-rad Laboratories Inc., Richmond,
CA) as a standard. Protein constituents were analyzed
on 12.5% polyacylamide gel by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) accor-
ding to the method of Laemmli. The molecular weight
marker proteins were purchased from Sigma Chemical
Co. (St., Louis, Missouri) and the molecular weight of
ORSYV capsid protein subunit was determined from the
logarithmic plots of them. Finally purified virus prepara-
tions were negatively stained with 2.0% neutral sodium
phosphotungstate and examined by electron microscope
(Hitachi H-800, Hitachi Ltd., Co., Japan).

Bioassay. The test plants and orchid plants were
cultivated in growth chamber temperature-controlled at
25°C. The finally purified ORSV was used as an ino-
culum at a concentration of 50 ug/ml. The inoculum
was applied on the upper phase of the leaves and the
symptoms were examined 7 days after inoculation.

RESULTS AND DISCUSSION

Purification of ORSY. To purify ORSV from ORSV-
infected orchid plants, DEAE cellulose column chro-
matography, combined to solubilization with Triton X-
100 and PEG precipitation, was carried out. Table 1
represented the proportionally increased viral quantity,
as the purification step proceeded, which was coincident
with the results of SDS-PAGE (Fig. 1). The virus was
reliably eluted with potassium chloride at the concentra-
tion from 0.1 M to 0.13 M. As shown in Fig. 1, the
putative band of ORSV was shown in each purification
step. Consequently, 12 mg of ORSV was finally purified
from the crude extract of 100 g of ORSV-infected leaves
over 11.6 fold with 11% vyield, as represented in Table 1.
The yield was much more less than that of 1 g from 1

Table 1. Purification of Odontoglossum ringspot virus from
the leaves of Cymbidium orchids

Specific viral ~ Total viral Yield
quantity’ (mg/ml) quantity (mg) (%)

Purification step

Crude extraction® 1.04 110.2 100

PEG precipitation 6.03 62.4 56.6

DEAE cellulose column 12.1 12.1 11.0
chromatography

*Homogenizing 100 g of ORSV-infected Cymbidium orchid
leaves in an equal volume of 0.1 M sodium phosphate buffer
and solubilized with 2% Triton X-100.

® Analyzed by ELISA.
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Fig. 1. SDS-PAGE analysis of purification intermediate. TMV,
capsid protein of tobacco mosaic virus as molecular weight
marker; CE, crude extract of ORSV-infected Cymbidium or-
chid plant; PEG, polyethylene glycol precipitate; IEC, ORSV
preparation finally purified by DEAE cellulose column chro-
matography.

liter of sap of Nicotiana tabacum cv. Samsun inoculated
with the virus by Paul et. al. (9). Such difference in
yield was thought to be due to that of total amount of
the virus in starting material, considering that the viral
preparation, finally purified in this work, contained not
only intact particles, but also segmented particles and
even disks (Fig. 2).

Physical characteristics of purified ORSV. To ex-
amine physical properties of the finally purified ORSYV,
SDS-PAGE and electron microscopy were carried out.
The ORSV preparation obtained from the final step,
DEAE cellulose column chromatography, represented

Fig. 2. Electron microscopy of ORSV preparation. A) eluate
from DEAE celulose column, B) suspended pellet after 30%
sucrose cushion centrifugation. V designates virus particle
and the bar represents 100 nm.

one distinct homogeneous band and the molecular
weight of its capsid protein was estimated to be about
17,500 Dalton in electrophoretic analysis (Fig. 1), which
was almost equal to that of CMI or the other previous
reports. Electron microscopy revealed that the virus particle
was rod-shaped and 300X 18 nm in average size (Fig.
2). Especially, the finally purified ORSV preparation,
compared to that of 30% sucrose cushion (Fig. 2B),
contained not only intact particles ranged from 280 nm
to 340 nm in length, but also segmented particles ranged
from 140 nm to 220 nm and even disks (Fig. 2A), which
means that DEAE cellulose column chromatography,
the final purification step used in this work, is able to
purify even the virus being assembled.

Biological and immunological activity of purified
ORSV. To examine the biological and immunologi-
cal activity of the finally purified ORSV, immunodiffusion
and infectivity assay were performed. Immunodiffusion
analysis demonstrated that anti-ORSV antibody remarkably
cross-reacted with crude extract of Nicotiana glutinosa and
other test plants inoculated with the finally purified ORSV
(Table 2). Furthermore, bioassay showed typical symptoms
on both the test plant, Nicotiana glutinosa and Cymbidium
orchid plants (Fig. 3). These facts mean that the finally
purified ORSV has normal integrity.

It has been generally accepted that effective control
of viral infection in orchid plants depends on the selec-
tion and propagation of virus-free plants or eradication
of diseased specimens and therefore an accurate diagnosis
is the first requisite for disease management. ELISA

Table 2. Biological and serological activity of the finally pu-
rified Odontoglossum ringspot virus

Plant tested Symptom® Serolqgm:ll
reaction
Cassia occidentalis - -
Chenopodium amaranticolor LN +
C. quinoa LN +
Datura stramonium - -
Gomphrena globosa LN +
Nicotiana glutinosa LN +
N. tabacum cv. Barley 21 - -
N. tabacum cv. nc-82 - -
N. tabacum cv. Xanthi-nc LN +
Phaseolus vulgaris - -

Tetragonia expansa LN +
Vigna sinensis - -

*Observed within one or two weeks after inoculation. LN, lo-
calized necrosis; —, uninfected.

*Each crude extract reacted with anti-ORSV antibody at the
concentration of 50 ug/ml. +, positively reacted; —, negatively
reacted.
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Fig. 3. Typical local lesions on Nicotiana glutinosa (A) and
necrotic spots on Cymbidium orchid plants (B), inoculated
with finally purified ORSV.

has been widely accepted as one of the most reliable
techniques for such purpose. There is no exception to
ORSV. In this point of view, the rapid and reliable
purification of ORSV was essential for the production
of remarkable and high-titer antibodies. Especially, con-
sidering that DEAE cellulose column chromatography,
the final step used in this work could purify the virus
being assembled, the purification method used in this
work has been thought to be very effective for the puri-
fication of ORSV and other viruses similar to ORSV.
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