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Purification and Some Properties
of Oat Mosaic Virus

Tomio Usucr* and Yasuo Sarto*
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Oat mosaic virus (OMV), with its flexuous, rod-shaped particles about 600-750 nm
long and 12-14 nm wide!®®, is transmitted through soil by the fungus, Polymyxa
graminis®. The virus is mechanically transmissible, but with some difficulties. Host
range of the virus is restricted to Avena species®. Virus-infected mesophyll cells contain
cylindrical inclusions with pinwheels and bundles or parallel aggregates of virus particles®.
In oat sap, thermal inactivation point is at 44-46 C for 10 minutes, longevity in vitro
is between 24-48 hours at 20 C, and the dilution end-point is between 1/100 and 1/1,000
when tested infectivities by the rubbing method®. These reported properties of
OMV are similar to those of wheat spindle streak mosaic virus (WSSMV)®, wheat
yellow mosaic virus (WYMV)"®, barley yellow mosaic virus (BYMV)® and rice necrosis
mosaic virus (RNMV)%10 However, purification of OMV and preparation of antiserum
against OMV has not been reported. As the details of the properties of OMYV are
lacking, the relationship between OMYV and other viruses with similar properties is still
uncertain. This paper describes the results of purification, serology and electron microscopy
of this virus.

OMYV used in this study was kindly supplied by Dr. T.T. Hebert, North Carolina
State University, U.S. A. (import permit number, 49-Y-1191). The virus was maintained,
propagated and assaSred in the oat variety Taiho by mechanical inoculation. Mechanical
inoculations were made by grinding young leaves in 0.1 M phosphate buffer pH7.0
containing 0.001 M KCN, and rubbing leaves of the test plants at one- to two-leaf stage
with the extracts containing carborundum. After inoculation, all the plants were
placed in a growth chamber at 10-15C.

Infected oat plants were ground with a mortar and a pestle in 0.1 M phosphate buffer
pH7.0 containing 0.001 M KCN. The juice was squeezed through one layer of gauze.
One volume of organic solvent was added to four volumes of the leaf extract and the
mixture was stirred for 15 min. The emulsion was centrifuged at about 10,000x g for
15 min, then the aqueous phase was used for inoculation to oat plants. The infectivity
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Table 1. Effects of organic solvents on
the infectivity of OMV

Infectivity
Treatments .
Experiment 1 Experiment 2

Chloroform 3/17% 16/19
Butanol 0/18 —
Carbon tetrachloride 5/21 17/19
Ethanol 2/24

Control 5/12 22/23

a) No. of infected plants/No. of inoculated plé}{ts
b) Not tested

_zone 1 Fig. 1. Photograph of an equilibrium
density—gradient in cesium

chloride into which a partially
zone T purified preparation of OMV
4 has been centrifuged

zone 1 of the extract was lost after butanol

treatment, but after the other
solvent treatments the infectivity

was preserved. Particularly, in the
L‘j\ preparations treated by carbon tetra-

L
0 10 20 chloride or chloroform, the infec-
Fraction number

tivity was well preserved and good
clarification was obtained (Table 1).
Purification of OMV was per-

Fig. 2. Scanning profile at 254 nm (ISCO density-
gradient fractionator) of an equilibrium

density-gradient in cesium chloride .
formed according to the method of

Usugi and Saito (1976)'®. Inocu-
lated oat plants were harvested 5-7 days after the first symptoms appeared. The plants
were ground in 3ml of 0.1 M citrate buffer pH7.0 per gram of leaves with a small
meat grinder. The sap was expressed through one layer of gauze to remove the fibers.
The preparation was kept cold during this procedure and the subsequent steps. One
volume of carbon tetrachloride was added to four volumes of the extract and stirred
vigourously for 15 min. The emulsion was centrifuged at about 3,000 x g for 15 min.
The top aqueous phase was centrifuged at about 10,000 x g for 15 min. The supernatant
was centrifuged at 70,000 or 100,000 x g for 60 min. The precipitate was resuspended
in the same buffer, then centrifuged at about 10,000 x g for 15min. The supernatant
was subjected to 3-4 cycles of differential centrifugation. The final supernatant was
designated as the partially purified preparation.

Equilibrium density—gradient centrifugations were made in cesium chloride in a
Hitachi SW 40 rotor as follows: 1.33 g of CsCl was added to 4 ml of the partially purified
preparation and dissolved. The tubes were centrifuged for 20 hours at 36,000 rpm at 4 C.

12) Usugi, T. and Saito, Y. (1976). Ann. Phytopath. Soc. Japan 42: 12-20.
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After centrifugation, the partially purified preparations formed three bands in CsCl
gradients (Fig. 1). These bands were designated as zone I, zone II and zone III. Zone
I was a prominent opalescent band, zone II was a faint opalescent one at 1-2 mm above
zone I and zone III was a broad and faintly brownish band. Zone II and zone III were
observed when preparations from both healthy and diseased plants has been subjected to
centrifugation. However, zone I was observed in preparations from diseased plants but
not from healthy ones. The buoyant density for zone I was 1.30g/ml (in cesium
chloride in 0.1 M citrate buffer). The absorbancy profile obtained with an ISCO density—
gradient fractionator showed three peaks (Fig.2). Zone I was removed from the density-
gradient tubes by withdrawing samples with hypodermic syringes. But it was difficult
to remove zone I without bringing along contamination from zone II because of the
close buoyant densities of the two zones. Zone I was diluted with the buffer and then
centrifuged at 135,000x g for 60 min. Virus pellets were resuspended in citrate buffer
or phosphate buffered saline. These virus preparations were designated as the purified
preparation. '

A small amount of the purified preparation suspended in citrate buffer was inoculated
to oat plants. Ten or fourteen days after inoculation, 25 of the 45 plants inoculated
showed the typical symptoms of OMV.

The purified preparations were shadowed with chromium, and examined with a
Hitachi H-500 electron microscope. The electron micrographs showed that the virus
particles were markedly flexuous rods and the particle length was quite variable (Fig.
3). The histogram of particle length distribution of a partially purified preparation
showed that the majority of the particles were 250-550 nm long and a few particles
were 550-1,000 nm long (Fig. 4). The virus particles were degraded in 1 % sodium
phosphotungstate at pH7.0 unless the preparations were previously fixed with 3.5 %
formaldehyde. However, in the preparations stained with 2 % ammonium molybdate
or 1 9 uranyl acetate, intact virus particles could be observed without fixation by

Fig. 3. Electron micrograph of purified preparation of OMV.,
Bar represents 100 nm.
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Fig. 4. Particle length distribution of OMV

in partially purified preparation
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Fig. 5. Particle length distribution of OMYV in

leaf-dip and SSEM preparations

formaldehyde.

Normal length determinations were
made in samples prepared by the dip
method and serologically specific elec-
tron microscopy (SSEM), using TMV
as a standard of 300 nm. The SSEM
method was applied according to Derrick
and Brlansky (1976)'®. Anti-OMV
serum prepared in this study was diluted
1:1,000 with tris buffer (0.05M, pH
7.2), and the virus extract was diluted
1: 50 with tris buffer (0.05 M, pH7.2)
containing 0.15 M NaCl. After allowing
the reaction to stand for 1 hour, the
grids were shadowed with chromium.
The distribution of the particle length
is shown in Fig. 5. These results
indicate that the normal length of OMV
ranges between 650 and 750 nm which
differs from that of WYMV, WSSMV,
BYMV and RNMV.

An antiserum was prepared by inject-
ing purified preparations into a rabbit.
The rabbit was injected intramuscularly
twice with the purified preparations
emulsified with Freund’s complete adju-
vant and then intravenously once with
the purified preparation. The antiserum
had an antibody titer of 1/320 against
OMYV and 1/160 against the host con-
stituents in the complement—fixation
test. Serological relationships among

Table 2, Serological relationship among OMV, WYMYV,
WSSMYV and BYMV

Titer® obtained with antisera for the virus indicated

Virus
oMV WYMV WSSMV BYMV
oMV 320 20 10 80
WYMV 80 1280 320 80
WSSMV 80 640 320 80
BYMV 80 320 80 320
Healthy component 0 0 0 0

a) Figures are reciprocals of the dilution end points of the antisera in

complement-fixation tests.

13) Derrick, K. S. and Brlansky, R. H. (1976). Phytopathology 66 : 815-820.
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OMV, WYMV, WSSMV and BYMYV were investigated using these viruses and the
antisera against the viruses. WSSMV was kindly supplied by Dr. J. T. Slykhuis (import
permit number, 49-Y-1211). To absorb host constituent antigenic components, all the
antisera used were mixed with healthy wheat sap concentrated by 1 cycle of differential
centrifugation before use. All the virus antigens were partially purified according to
the same method described this paper. Serological tests were performed by complement—
fixation test. As a result, in all kinds of the combinations of viruses and antisera,
positive reactions were observed. Homologous reactions had higher dilution end points
than heterologous reactions (Table 2). These results suggest that the viruses are
serologically related but distinct from each other.

In view of the results so far obtained, it appears that the soil-borne filamentous
viruses belong to the same group. However, OMYV is slightly different from the other
viruses especially in its particle morphology.
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