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ABSTRACT

Eun, A. J.-C., and Wong, S.-M. 1999. Detection of cymbidium mosaic
potexvirus and odontoglossum ringspot tobamovirus using immuno-cap-
illary zone electrophoresis. Phytopathology 89:522-528.

Immuno-capillary zone electrophoresis (I-CZE) is a technique that com-
bines the specificity afforded by serological assays with the sensitivity,
rapidity, and automation in detection provided by capillary zone electro-
phoresis. Cymbidium mosaic potexvirus (CymMYV) and odontoglossum
ringspot tobamovirus (ORSV) were detected in their purified forms as well
as in the crude saps of infected Nicotiana benthamiana leaves and On-
cidium orchid flowers. The two orchid virus-antibody complexes were
resolved via the combined actions of electrophoretic migration and electro-

osmotic flow along a buffer-filled, uncoated fused-silica capillary. The |-
CZE fractions collected from both CymMV- and ORSV-antibody complex
peaks, as well as the RNA purified from them, retained their infectivity
upon inoculation onto Chenopodium quinoa. 1-CZE assays were able to
detect as little as 10 fg each of both CymMV and ORSV in their purified
forms as well as in the crude saps of infected N. benthamiana and On-
cidium orchid. As multiple samples can be analyzed rapidly, I-CZE offers
anideal diagnostic technique for routine mass-indexing programs such as
virus-free certification, breeding for virus-resistant cultivars, plant quaran-
tine, and germ plasm screening. This is the first report of the application
of |-CZE for the detection of plant viruses.

The Orchidaceae is the largest and most diverse plant family,
consisting of more than 25,000 species in approximately 900 gen-
era. Equally large numbers of orchid hybrids exist, many of which
are multigenic (26). From a commercia standpoint, the most im-
portant orchids are those grown for cut flowers, which include
species and hybrids of Arachnis, Aranda, Asocentrum, Cattleya,
Cymbidium, Dendrobium, Laelia, Oncidium, Paphiopedilum, Pha-
lenopsis, Renanthera, and Vanda. Annually, US$ 35 million worth
of orchid cut flowers are produced and exported by Thailand (34).

significantly higher than that of ORSV infection alone (4.0%). A
relatively high percentage of orchids (14.2%) are coinfected with
both viruses (30).

Capillary zone electrophoresis (CZE) is a relatively new ana-
lytical technique first developed by Mikkers and his coworkers in
1979 (20). CZE involves the application of a voltage across a
hollow capillary filled with a uniform electrolyte solution. Sepa-
rations in CZE are achieved as a result of the unequal rates of
migration of different components in a sample under the influence

Singapore, being the world’s second largest exporter of orchid cof an externally applied electric field via the combined actions of
flowers, exports US$ 24 million worth of cut flowers annually (34).electrophoretic migration and electro-osmotic flow (1,20). Elec-

Dendrobium orchid hybrids, one of the most economicathpor-

trophoretic migration is defined as the steady state velocity per

tant cut and potted floricultural crops grown in Hawaii, commandedinit of field strength, while electro-osmotic flow refers to the bulk

a wholesale value of US$ 6.3 million in 1990 (9).

flow of liquid due to the effect of the applied electric field on

Orchids are affected by more virus disease problems than mosbunterions adjacent to the negatively charged capillary wall. The

crops (34), reducing their commercial values considerably. Orchiohner walls of the capillary are negatively charged under most pH
viruses are widespread in cultivated orchids (2,35), with cymbidiunsonditions (pH= 2.0), resulting in the buildup of positive counter-
mosaic potexvirus (CymMV) and odontoglossum ringspot tobamaoions in the buffer solution adjacent to the capillary wall, termed
virus (ORSV) being the most prevalent (16,30,32,34). Neither viruthe electrical double layer. When an electric field is applied, this
is known to be transmitted via seed or insect vectors (23). Thelayer of positive charge is drawn towards the cathode, resulting in
high incidence in cultivated orchids has been attributed to the stthe bulk flow of buffer towards it. Protein molecules are separated
bility and ease of transmission of these two viruses through culturbbsed on their net charge-to-mass ratios (Fig. 1). CZE is now an
practices (16,29). important and widely used technique for routine analytical sepa-
CymMYV induces floral and foliar necrosis (7,33). ORSV causesation of a wide variety of analytes such as amino acids, peptides,
ring spots on leaves and color breaking on flowers (14). Mixed inproteins, and deoxyribonucleic acids (8).
fections of both viruses can cause blossom brown necrotic streakimmuno-capillary zone electrophoresis (I-CZE) is a technique
(27). The viruses also reduce plant vigor and lower flower qualitythat combines the specificity afforded by serological assays with
which affect their economic value (21,22). In Singapore, the incithe sensitive, rapid, and fully automated detection capability of
dence of CymMYV infection alone (54.6%) in cultivated orchids isCZE. Here, we report the application of I-CZE to detect CymMV
and ORSV in crude saps of infectBitotiana benthamiana and
Oncidium orchid species. CZE provides a means of detecting the
antigen-antibody complexes in real time. This combination of
antibody, which confers specificity, and CZE, which provides en-
hanced sensitivity, speed, and automation, offers a new technique
for plant virus detection.
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MATERIALSAND METHODS fused-silica capillary with an internal diameter of 75 um housed in
a temperature-regulated cartridge was used. The temperature within
Virus propagation. CymMV-infected N. benthamiana leaves  the capillary was maintained at 25°C throughout all CZE runs.
(1 g) were ground in 1 ml of 0.1 M sodium phosphate buffer, pH The capillary was conditioned before the first run of the day by
7.5, and used as inoculum. A sterile cotton bud applicator was ~ successive rinsing with 0.1 M hydrochloric acid (HCI) for 5 min,
used to apply the CymMV inoculum onto healthy leaves of N. 0.1 M sodium hydroxide (NaOH) for 10 min, and deionized water
benthamiana previously dusted with Carborundum powder. The  for 5 min. For each run of the day, prerun rinsing was performed
inoculated plants were rinsed with distilled water and I€eft in the with 50 mM sodium borate buffer, pH 9.7, for 2 min, while post-
dark overnight. The inoculated plants were maintained at 25°C wittun rinsing was performed by successive rinsing with 0.1 M NaOH
a 12-h photoperiod. The same procedures were applied to progmd deionized water for 2 min each. Samples were injected pneu-
gate ORSV. CymMV- and ORSV-infected leaves were harvestexhatically at 3.45 kPa for 5 s. The components within the sample
25 days after inoculation for virus purification. migrated at different rates through the capillary under the influence
CymMYV purification. CymMV was purified according to Wong of high voltages applied across either end. The running buffer
and his coworkers (31). Fresh CymMV-infectidd benthamiana used for all CZE runs was 50 mM sodium borate buffer, pH 9.7.
leaves (100 g) were homogenized in a Waring blender (Warings the separated components passed a glass window situated close
Products, New Hartford, CT) for 5 min with 500 ml of extractionto the outlet of the capillary, they were detected by a wavelength-
buffer (0.1%B-mercaptoethanol, 0.01 M EDTA, and 0.1 M sodium selectable UV detector system comprised of a deuterium lamp,
phosphate buffer, pH 7.5). The extract was clarified with 100 minirrors, wavelength-selectable UV filters, and a photomultiplier
of chloroform and centrifuged at 8,000y¥or 10 min at 4°C. The tube. The detection absorbance was set at 280 nm for all CZE runs.
supernatant was filtered through cheesecloth before sodium chihis UV detector system was linked to a computer that plotted the
ride (NaCl) and polyethylene glycol (molecular weight 8,000) weresignal graphically in the form of an electropherogram (relative
added to concentrations of 0.25 and 4%, respectively. The mixtusbsorbance against elution time). After each CZE separation, the
was centrifuged at 8,000g<for 20 min at 4°C. The pellet was re- major peaks in the electropherograms were identified and their
suspended in 5 ml of resuspension buffer (1% Triton X-100 andlution times recorded. Fifty successive CZE runs were performed
0.1 M sodium borate buffer, pH 8.0) and stirred slowly for 12 h ato elute each identified peak. All pooled fractions from each peak
4°C. The suspension was centrifuged at low speed (8,@p@oxe-  were stored at 4°C for subsequent analyses via transmission elec-
move debris, and the supernatant was subsequently centrifugedtrain microscopy (TEM) to ascertain their identity.
90,000 xg for 2.5 h at 4°C. The pellet was resuspended in 2 ml of CZE analyses. CZE analyses were performed on CymMV poly-
0.01 M sodium borate buffer, pH 7.5, and stored at —20°C. clonal antiserum; ORSV polyclonal antiserum; purified CymMV;
ORSV purification. ORSV was purified according to Chng and purified ORSV; healthy, CymMV-infected, or ORSV-infectiid
her coworkers (4). Fresh ORSV-infectld benthamiana leaves  benthamiana leaf crude saps; and CymMV and ORSV mix-in-
(100 g) were homogenized for 5 min with 200 ml of extractionfectedOncidium orchid flower crude sap.
buffer (0.17% diethyldithiocarbamic acid and 0.005 M EDTA, pH |-CZE analyses. Serial dilutions (1:10, 1:100, 1:200, 1:400,
7.5). A 1:1 chloroform/butanol mixture was added to clarify the1:600, 1:800, and 1:1,000 in 50 mM sodium borate buffer, pH 9.7)
extract. After low-speed centrifugation at 9,00Q for 10 min at  of virus polyclonal antibodies and appropriate amounts of purified
4°C, the supernatant was filtered through cheesecloth and centviruses were incubated for 10, 20, 30, and 50 min. Similar serial
fuged at 90,000 x for 2.5 h at 4°C. The pellet was resuspendedilutions of healthy, CymMV-infected, or ORSV-infectdd ben-
in 5 ml of 0.2 M sodium borate buffer, pH 7.2, and the suspensiothamiana leaf crude saps and CymMV and ORSV mix-infected
dialyzed in 1 liter of deionized water for 12 h at 4°C. The susper©Oncidium flower crude sap were each incubated for the same time
sion was centrifuged at low speed (8,00@)xo remove debris

and the purified virus suspension stored at —20°C.
Antisera production. Purified CymMV virions (1 mg), sus- Bulk Flow >
pended in 1 ml of 0.02 M sodium phosphate buffer, pH 7.0, wer , B
emulsified with an equal volume of Freund’s incomplete adjuvan ™" PP PO OODOLYDHOVLDEYLOL
(Sigma-Aldrich Corp., St. Louis) by vortexing for 1 min. The re- © _ 8
sulting emulsion was injected intramuscularly into the hind legs 0 5 o
a New Zealand White rabbit. Boost injections of 1 mg each wer 2 -‘EG
administered 14, 21, and 28 days after the first injection. Befor <
each boost injection was administered, 10 ml of blood was draw @ﬂD ©
from the ear of the rabbit. The antiserum collected was aliquote EE\EE\GE
into fresh 1.5-ml centrifuge tubes for storage at 4°C. The sam Vs a2, Capillary
protocol was used for the production of ORSV antiserum. Wall
Crude extract preparation. Fresh plant tissue (0.5 g) was ground O/Ab
in 1 ml of 0.01 M sodium borate buffer, pH 7.5. The homogenatt ©
was centrifuged at low speed (8,00@)<to remove plant debris e
and the supernatant stored at 4°C for analysis. Flower samples o 8 C/Ab
CymMV and ORSV mix-infecte@dncidium as well as leaf sam- £ o HP2
ples of healthyN. benthamiana, CymMV-infectedN. benthamiana, ° 2 HP4
ORSV-infected N. benthamiana, CymMV-infected Chenopodium ¥ < HP3
quinoa, and ORSV-infecte€. quinoa were prepared. A

CZE. CZE analyses were performed on the Beckman P/ACE Time (min)
System 2100 (Beckman Coulter Inc., Fullerton, CA) under normau
polarity conditions at which the anode was at the capillary inleEig. 1. A schematic diagram showing capillary electrophoresis of protein mo-
and the cathode at the capillary outlet. Crude saps of plant tissuggules and their corresponding positions detected in an electropherogram.

; ; ; e interactions among host proteins and virus-antibody complexes influence
were added into separate holders and placed in the inlet tray. T %bulk flow of the liquid in the capillary. Protein molecules are separated

fully autpmat_ed analytical process consisted of. capillary rinsingycq upon their net charge-to-mass ratios. C/Ab = Cymbidium mosaic potex-
Sample Injection, Sample separation and detection, and data Prefrus-antibody complex, O/Ab = odontoglossum ringspot tobamovirus-antibody
essing and generation of electropherograms. An uncoated 57-@inplex, HP1 = host protein 1, HP2 = host protein 2, and HP3 = host protein 3.
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intervals with either CymMV or ORSV antisera. CZE was per-
formed to determine the optimum dilution of virus-specific anti-
sera and crude saps to produce a distinct virus-antibody complex
peak. The crude saps of healthy plants served as negative controls.
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Fig. 2. Capillary zone electrophoresis (CZE) electropherograms of A, purified
cymbidium mosaic potexvirus (CymMV) virions; B, purified CymMV virions
incubated with CymMV polyclonal antiserum; C, purified odontoglossum
ringspot tobamovirus (ORSV) virions; and D, purified ORSV virions
incubated with ORSV polyclonal antiserum. Experimental conditions: nor-
ma polarity; pneumatic injection (5 s, 3.45 kPa); uncoated capillary (57 cm x

Purified CymMV and ORSV virions were used as positive con-
trols. The specificity of the CymMV and ORSV polyclona anti-
sera was tested by incubating CymMV-infected N. benthamiana
with ORSV polyclonal antisera and ORSV-infected N. benthamiana
with CymMV polyclona antisera. Each set of experiments was
repeated at least three times.

Viral RNA extraction. The fraction containing the virus-anti-
body complex was vortexed for 10 min with 290 pl of 0.01 M so-
dium borate buffer, pH 7.5; 300 pl of VEBA (20% Tris, 20% NacCl,
10% sodium dodecyl sulfate, and 0.4% EDTA); and 600 pl of water-
saturated phenol/chloroform (1:1) mixture. After low-speed cen-
trifugation at 13,000 g for 10 min at 4°C, the aqueous phase was
reextracted with phenol/chloroform and subsequently with 300 pl
of chloroform. The agueous phase was collected and the RNA pre-
cipitated with ethanol. The purified RNA was stored at —-80°C.

Bioassay. Leaves ofC. quinoa were sprayed with Carborundum
powder. A sterile cotton bud applicator was used to apply the in-
ocula onto the leaves. The leaf surfaces were rinsed with distilled
water 5 min after inoculation and the inoculated plants kept in
the dark overnight. The plants were maintained in a 20°C growth
chamber with a 12-h photoperiod. The inocula used were frac-
tions containing CymMV- and ORSV-antibody complexes, viral
RNA extracted from the respective virus-antibody complex frac-
tions, purified virions of CymMV or ORSV as a positive con-
trol, and sterile deionized water as a negative control for mock
inoculation.

TEM. An 8-pl aliquot from each of the I-CZE fractions was
loaded onto a Formvar- and carbon-coated copper grid. After a 1-min
incubation, excess liquid was removed with filter paper and 8 pl of
2% uranyl acetate was loaded onto the grid. Excess stain was re-
moved with filter paper after a 1-min incubation and the grid was
air-dried. All specimens were examined in a Philips CM-10 TEM
(Philips Electronics, Amsterdam, the Netherlands). TEM analyses
were performed to confirm the identities of the major peaks ob-
served in the electropherograms as well as the presence of CymMV
and ORSV virions irC. quinoa.

RESULTS

Virus propagation and purification. The CymMV- and ORSV-
inoculatedN. benthamiana exhibited leaf vein chlorosis and mosaic
25 days after infection. Both viral purification protocols yielded
approximately 5 mg of virus per 100 g of infected leaves. Antisera
reactive against CymMV and ORSV were obtained from the im-
munized rabbits.

CZE analyses. The optimum antiserum dilutions to produce dis-
tinct CymMV- and ORSV-antibody complexes were determined to
be 1:800. Both CymMV and ORSV polyclonal antisera yielded
five distinct peaks that correspondedyglobulin, B-globulin, a,
globulin, a; globulin, and albumin. This result is consistent with
that reported in the literature (3,5,6,12,13,15,17,28). The appro-
priate amounts of purified CymMV and ORSV required to gen-
erate discernible peaks were 14 and 38 ug, respectively. Purified
CymMYV virion suspension yielded two distinct peaks: peak C and
peak CA (Fig. 2A). Based on the TEM viewing of the correspond-
ing eluted fractions, peak C was found to contain monodispersed
CymMV virions, while peak CA was observed to possess CymMV
virion aggregates (data not shown). Similarly, purified ORSYV virion
suspension yielded two distinct peaks: peak O and peak OA (Fig.
2C), which also contained monodispersed virions and virion aggre-
gates, respectively (data not shown). The injected volume per CZE
analysis was 5 nl, as determined by the Poiseuille equation (11).

75 um internal diameter, 50 cm to detector); temperature = 25°C; runnin@alculated from the injection volume, the CZE detection sensi-
buffer = 50 mM sodium borate buffer, pH 9.7; voltage = 20.0 kV (350 Vitivity for CymMV and ORSV was determined to be 10 fg each.

cnm?); and detection wavelength = 280 nm. Note the detected peaks of the mono-
dispersed CymMV virions (C), the monodispersed ORSV virions (O), the
CymMV aggregated virions (CA), the ORSV aggregated virions (OA), the
CymMV-antibody complex (C/Ab), and the ORSV-antibody complex (O/Ab).
A to D, Electropherograms were plotted on the same scale.
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No distinct peaks were observed in the electropherograms of healthy
(Fig. 3A), CymMV-infected (Fig. 3B), or ORSV-infected (Fig. 3E)

N. benthamiana leaf crude saps. For the flower crude sap of the
Oncidium orchid, 12 distinct peaks were observed (Fig. 3H).



I-CZE analyses of purified viruses. Upon incubation of puri- increase in their intensities thereafter. A distinct C/Ab peak was
fied CymMV with its polyclonal antiserum, several pesks were  fractionated and identified as the CymMV-antibody complex via
observed between the C and CA peaks (Fig. 2B). The peak inten- TEM. Similar results were obtained with ORSV (Fig. 2D), except
sities reached maximum after 20 min of incubation, with no further that peak intensities reached maximum after only 10 min of in-
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Fig. 3. Capillary zone electrophoresis (CZE) electropherograms of leaf crude saps of A, healthy Nicotiana benthamiana; B, cymbidium mosaic potexvirus (CymMV)-
infected N. benthamiana; C, CymMV-infected N. benthamiana incubated with odontoglossum ringspot tobamovirus (ORSV) polyclona antiserum; D, CymMV-
infected N. benthamiana incubated with CymMYV polyclonal antiserum; E, ORSV-infected N. benthamiana; F, ORSV-infected N. benthamiana incubated with
CymMYV poalyclona antiserum; G, ORSV-infected N. benthamiana incubated with ORSV polyclonal antiserum; and flower crude saps of H, CymMV and ORSV
mix-infected Oncidium orchid; and |, CymMV and ORSV mix-infected Oncidium orchid incubated with CymMV and ORSV polyclonal antisera. Experimental
conditions: normal polarity; pneumatic injection (5 s, 3.45 kPa); uncoated capillary (57 cm x 75 pm internal diameter, &€&extoth temperature = 25°C;
running buffer = 50 mM sodium borate buffer, pH 9.7; voltage = 20.0 kV (350-Y;and detection wavelength = 280 nm. The number of detected peaks in the
mix-infected Oncidium orchid flower corresponded with those incubated with CymMV and ORSV polyclonal antisera. Two virus-antibody complex peaks C/Ab
and O/Ab were formed. A to G, Electropherograms were plotted on the same scale. H and |, A larger scale was used to plot electropherograms.
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cubation. The highest peak, O/Ab, was observed to contain alarge
amount of ORSV-antibody complex under the TEM. The optimum
antiserum dilutions were determined to be 1:800 in 50 mM sodium
borate buffer, pH 9.7.

I-CZE analyses of N. benthamiana crude saps. The optimum
leaf crude sap dilution was determined to be 1:100 in 50 MM so-
dium borate buffer, pH 9.7. Upon incubation of CymMV-infected
N. benthamiana leaf crude sap with the CymMV polyclonal anti-
serum, a distinct peak, C/Ab, was observed (Fig. 3D). The peak
intensities reached maximum after 10 min of incubation. Such peaks
were not observed in leaf crude saps of healthy (Fig. 3A) or
CymMV-infected (Fig. 3B) N. benthamiana. Incubation of CymMV -
infected N. benthamiana leaf crude sap with ORSV polyclonal

¥
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antiserum yielded a CZE profile similar to that of the leaf crude
sap of a CymMV-infected plant alone (Fig. 3C). The highest peak,
C/Ab, was identified as the CymMV-antibody complex via TEM.
A similar peak, O/Ab, was also observed 10 min after incuba-
tion of ORSV-infected N. benthamiana leaf crude sap with the
ORSV polyclonal antiserum (Fig. 3G). This peak was not ob-
served in healthy (Fig. 3A) and ORSV-infected (Fig. 3E) N.
benthamiana crude saps. Incubation of ORSV-infected N. ben-
thamiana leaf crude sap with CymMV polyclonal antiserum yielded
a CZE profile similar to that of the leaf crude sap of ORSV-in-
fected plants (Fig. 3F).

I-CZE analyses of Oncidium crude saps. The CZE peak pro-
files of CymMV and ORSV mix-infected Oncidium orchid flower
crude sap prior to and after incubation with CymMV and ORSV
polyclonal antisera corresponded nicely, except for the enhanced
C/Ab and O/Ab peaks, as expected (Fig. 3H and I). TEM analysis
of the fractions identified peak 1 as the CymMV-antibody com-
plex C/Ab and peak 7 as the ORSV-antibody complex O/Ab (Figs.
3l and 4A and B). The C/Ab and O/Ab peak intensities reached
maximum after 50 and 20 min of incubation, respectively. Thein-
cubation time required for maximal virus-antibody peak intensities
for the purified virion suspension, the leaf crude sap of CymMV-
or ORSV-infected N. benthamiana, and the flower crude sap of
CymMV and ORSV mix-infected Oncidium orchid were sum-
marized in Table 1.

Bioassay. Chlorotic lesions were observed on C. quinoa leaves
inoculated with CZE-fractionated CymMV and ORSV virions from
the mix-infected Oncidium orchid flower crude sap. The RNA
purified from the CZE-fractionated CymMV and ORSV virions
also caused similar chlorotic lesions. Results were identica to those
of the positive controls using purified CymMV or ORSV virions
as inoculum. No vira symptoms were observed in the mock-inoc-
ulated plants. TEM analysis of the crude saps of CymMV- and
ORSV-infected C. quinoa leaves confirmed the presence of both
viruses.

DISCUSSION

Current immunoassays employ either an antibody or an antigen
immobilized on a solid support. Commonly, the support is a mi-
crotiter plate, a glass fiber surface, or an inner surface of a plastic
test tube. Detection is accomplished by measuring the activity of
an enzyme conjugated to the antibody, as in an enzyme-linked im-
munosorbent assay, or by using radio-labeled antigen or antibody
in aradio-immunoassay (24). Such attachments of one of the reac-
tants to the solid phase is relatively slow. CZE-based immuno-
assays analyze antigen-antibody reaction in free solution in real time
without the need for antigen or antibody immobilization. It re-
quires only up to 50 min of incubation time for both CymMV and
ORSV in mix-infected Oncidium orchid to reach equilibrium in

Fig. 4. Transmission electron microscopy of peak fractions corresponding tg)indj ng to their antibodies and to be detected (Table 1). It offers
A, cymbidium mosaic potexvirus (CymMV)-antibody complex C/Ab (arrows) : cased speed i P ;

andB, odontoglossum ringspot tobamovirus (ORSV)-antibody complex O/AbI ner diti d and p;lec;son,attf)}us eltljmmat'gg tl?;l:" need tg. If.l nd
after incubation of CymMV and ORSV mix-infect€hcidium orchid with C_0n 't'ons_ an ! meater| _S or stable and repro UC' € iImmonilize-
either CymMV or ORSV polyclonal antiserum. Samples were negativelytion of antibodies or antigens. CZE has three additional advantages:

stained with 2% uranyl acetate. Bar = 0.5 um. (i) it requires only a small amount of test material; (ii) it is highly

TABLE 1. Effect of incubation time of antibody to antigen on detection sensitivity of purified cymbidium mosaic potexvirus (CymMV) and odontoglossum
ringspot tobamovirus (ORSV) virions, leaf crude saps of CymMV- and ORSV-infected Nicotiana benthamiana, and flower crude sap of Oncidium species via
immuno-capillary zone electrophoresis (1-CZE)

Antibody incubation time (min)

10 20 30 50
1-CZE samples CymMV ORSV CymMV ORSV CymMV ORSV CymMV ORSV
Purified virions -2 + + + + + + +
Nicotiana benthamiana + + + + + + + +
Oncidium orchid - - - - - + + +

2 + = Detected; and — = not detected.
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reproducible, as an antibody-virus peak is present in the same place
for the same virus-infected plant sample; and (iii) its heat dissipa-
tion is enhanced due to the utilization of a capillary. This affords
an extremely large surface area-to-volume ratio, permitting the use
of high voltage potentials to separate charged molecules. The use
of high-potential fields leads to extremely efficient separation of
molecules within minutes.

CZE is a highly resolving el ectrophoretic method, enabling dis-
tinct separation of the components in a sample based on their mo-
lecular mass as well as their charge-to-mass ratio. Thus, the viral
aggregates (peaks CA and OA), due to their larger mass, migrated
at slower rates in comparison to the monodispersed viruses (peaks
C and O) (Fig. 2A and C). Based on this fact, it can be postulated
that ORSV virions are more likely to form aggregates in a suspen-
sion than are CymMV virions. Virion morphology could have
played a role in virus aggregation. The straight and rigid ORSV
virions probably aggregate more readily than do the flexuous
CymMV virions. The time required for CZE detection of CymMV
and ORSV in mix-infected Oncidium orchid is less than 4 min
(Fig. 3l). Dueto its high resolving power, this CZE technique may
be applied to the detection of plant viruses with low titers in in-
fected tissues. Plant virus titers in infected plants can also be
quantified using CZE, as the quantity of each separated compo-
nent can be estimated by the area under its associated peak (15).

It isinteresting that the virus-antibody complex is resolved into
asingle peak. We hypothesize that this distinct peak contains mono-
dispersed virions bound with equal valency of antibody molecules,
thus forming individual stable virus-antibody complexes. Each C/Ab
(Fig. 2B) and O/Ab (Fig. 2D) peak represents a pool of such stable
complexes that travels at the same rate in the capillary due to its
overall mass and net charge. The migration of such stable com-
plexes are interfered by the presence of different host proteins. As
aresult, the CymMV- and ORSV-antibody complexes resolved at
different time intervals from purified virion suspension (Fig. 2B
and D), virus-infected N. benthamiana (Fig. 3D and G), and On-
cidium orchid (Fig. 3I). Both CymMV and ORSV virions could
maintain particle integrity (Fig. 4A and B) and infectivity after
subjected to 20 kV of CZE. This suggests that both viruses are
highly stable.

The CZE profiles of hedthy (Fig. 3A), CymMV-infected (Fig.
3B), and ORSV-infected (Fig. 3E) N. benthamiana leaf crude saps
differ from each other. It is known that host- and pathogen-related
proteins are altered in diseased plants (19). The physiological and
biochemical changesin virus-infected plants may involve a decrease
in the photosynthetic enzyme ribul ose-bisphosphate carboxylase
oxygenase and an increase in certain enzymes such as the poly-
phenoloxidases. These proteins and other plant proteins vary among
different host plants and give rise to different protein profiles
observed in the eectropherograms. The overdl interactions among
these proteins and the virus-antibody complexes influence the bulk
flow of the liquid in the capillary (Fig. 1), thus affecting the se-
quence of pesaks detected. This explains why the detection of the
O/Ab complex peak precedes the C/Ab complex peak in leaf crude
sap of virus-infected N. benthamiana (Fig. 3D and G); whereas
the reverse sequence of peak appearance occurs in flower crude
sap of mixed-infected Oncidium orchid (Fig. 31).

I-CZE offers an ideal diagnostic technique for routine mass-in-
dexing programs such as virus-free certification, breeding, plant
quarantine, and germ plasm screening. Crude saps of plant tissues
are incubated with virus-specific antibodies in sample vias and
automatically injected into the capillary after a minimal incuba
tion period of 10 to 50 min. Up to 30 test samples can be analyzed
automatically. Results can be recorded in a computer for further
analysis. It provides an dternative to the recent application of poly-
merase chain reaction (18,25) or digoxigenin-labeled cRNA probes
(20) to detect CymMV and ORSV in orchids. In summary, |-CZE
is a specific, sensitive, and rapid diagnostic technique for plant virus
detection.
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