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ABSTRACT

Potato virus A (PVA) was partially purified em-
ploying three different buffer systems (borate, ci-
trate, and phosphate). During initial extraction,
0.01 M 2-mercaptoethanol plus 0.01 M ascorbic acid
in 0.05 M phosphate buffer pH 7 followed by dial-
ysis against the same buffer stabilized the virus.
Aluminum oxide added before the grinding of the
tissues also gave a high degree of stabilization.
These results show that an oxidative degradation of
PVA may be at work during the first steps in puri-
fication. Carbon tetrachloride was used for clarifica-
tion in a 1:1 sap solvent ratio. Infectivity of the

preparations was best maintained when borate buf-
fer was used for resuspension. Density-gradient cen-
trifugation in a borate buffer system did not pro-
duce infectious fractions in the sucrose gradients.
but gave infectious pellets of PVA at the bottom of
the gradient tubes. Electron microscopy showed
that degradation and loss of protein from the virus
particles may account for the loss of PVA infec-
tivity. An antiserum against PVA was produced
with a homologous titer of %512 and a heterologous
titer against a PVY isolate of 4. Phytopathology
60:1415-1421.

Purification of labile viruses presents a special prob-
lem, since initial clarification and concn usually re-
quires several hr, during which time much of the
infectivity is destroyed.

Many labile viruses have been stabilized by using
reducing agents like sodium sulfite (3), cysteine alone
(17) or in combination with sodium cyanide (12), 2-
mercaptoethanol (13, 19), ascorbic acid (3), dithio-
threitol (19), thioglycollic acid (27), and others.

Polyphenoloxidase inhibitors like DIECA (13, 14,
15, 16, 20), sodium cyanide (14), and phenylthiourea
(14) are known to stabilize some viruses. Substances
that combine with tannins, like caffeine (10) and
alumina (8), have also been employed in stabilization
of viruses.

Potato virus A is a labile virus that belongs in the
potato virus Y group according to Brandes’ (6) system
of classification. There is no report of its purification,
although the size of its particle has been measured by
Brandes & Paul (7), and antiserum has been prepared
by Roland (22) and Bartels (1).

Most of the procedures used for the purification of
viruses in this group involve differential centrifugation
and differ mainly in the process of clarification of the
extracts. Wetter (29) used ether and carbon tetrachlo-
ride to purify potato virus Y, bean common mosaic,
and bean yellow mosaic. Tomlinson (27), Shepherd &
Pound (24), and Purcifull (21) purified lettuce mosaic,
turnip mosaic, and tobacco etch, respectively, by using
n-butanol, Shepherd (23) and Delgado-Sanchez & Gro-
gan (9) used chloroform alone to purify sugar cane
mosaic and potato virus Y, respectively.

The present study reports the stabilization of potato
virus A in sap and its partial purification by differen-
tial centrifugation, using carbon tetrachloride to clarify
the extracts.

MATERIALS AND METHODS.—Source of virus—The
isolate of potato virus A (PVA) used in this study was
obtained from a single local lesion produced on the test
plant Solanum demissum X Solanmum tuberosum “A6”
(18) by inoculation with the original isolate supplied
by Robert Akeley, USDA, Beltsville, via H. Darling.
The host range and physical properties of this isolate
were similar to those reported in the literature (4, 25)
for PVA.

Greenhouse handling of the plants used in the study.
—The local lesion host “A6” was used for assaying the
virus, and PVA was purified from Nicotiana debueyi.
Both were grown in a greenhouse at 20-24 C.

“A6" plants were propagated using stolons grown in
6-inch pots filled with a muck soil. They were fertilized
every 2-3 weeks with 1.4 g of a 10:10:10 NPK ferti-
lizer. To prevent early flowering, the seasonal light
regime was augmented with 100 w of artificial light to
make a day length of 18 hr. Only one plant was al-
lowed to grow in each pot, and after most of the
leaves had been used, the stem was cut at its base and
a new stolen allowed to grow.

N. debneyi was transplanted to 4-inch pots contain-
ing a mixture of 2:1:1; soil:peat moss:sand. After they
were established and after inoculation they were fer-
tilized with approximately 0.7 g of the same fertilizer
used for the “A6” plants. Three weeks after trans-
planting, the apex was cut and only the three middle
leaves allowed to grow until they were between 18-22
cm long; they were then dusted with Carborundum and
inoculated with potato virus A. The inoculum was
prepared by grinding infected N. debmeyi leaves in
0.03 M phosphate buffer, pH 8. New inoculum was used
after 6 to 8 plants had been inoculated.

Assay.—For assaying, the leaves of “A6” were de-
tached (28) and placed in petri dishes containing
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damp filter paper. Leaves were dusted with Carborun-
dum and inoculated using a glass spatula. The plates
were then put in polyethylene bags and placed under
artificial light (1,000 lux) at a temp of 24 C.

To minimize variability, only the fully expanded
leaves were selected for experimentation. Unless other-
wise stated, they were distributed in such a way that
all the treatments had four leaves and the same num-
ber of leaves of the same age. Lesion counts are ex-
pressed as number of lesions per unit area, a parameter
which is found by the formula:

Total no. of lesions per leaf (2).

length X width in cm

Centrifugation—High-speed centrifugation was exe-
cuted in a Spinco Model L ultracentrifuge using No.
30 (90min at 30,000 rpm) and No. 40 (45 min at
40,000 rpm) rotors. Low-speed centrifugation for clari-
fication of the homogenates or resuspended pellets was
done in the GSA rotor of the Servall RC-2 refrigerated
centrifuge (20 min at 5,000 rpm) or in the No. 30 or
40 rotor (20 min at 8,000 rpm), respectively.

Density-gradient centrifugation was used to study
the partially purified preparation. Linear gradients con-
sisting of 7 to 309% buffered sucrose were prepared
using a modification of the method described by Stace-
Smith (26). One ml of the virus preparation with an
OD of 10-30 units (at a wavelength of 260 mp) was
floated on top of the gradients and subsequently cen-
trifuged in the SW 25.1 rotor at 25,000 rpm for 2 hr.
Fractions were collected by means of an ISCO density-
gradient fractionator (5).

Infectivity assays were carried out after each step
in the purification.

Sedimentation coefficients were determined from
partially purified PVA preparations using a Spinco
Model E analytical centrifuge.

For electron microscopy, partially purified prepara-
tions or the collected fractions from the density gra-
dient were used. A small drop was placed on grids,
allowed to dry, and a mixture of carbon and platinum
was evaporated under acute angles over the specimen.
The specimens were subsequently examined in the
JEMY7 electron microscope.

Preparation of antiserum to Nicotiana debneyi pro-
tein—An antiserum to N. debneyi protein was pre-
pared following a modification of the method described
by Purcifull (21). Tissue was homogenized in 0.1 M
Tris| tris(hydroxymethyl) aminomethane]-HCI pH 7.2
and 0.1 m MgSO, in proportion of 2:1, w/v. Two-hun-
dredth M 2-mercaptoethanol and 0.03 m ascorbic acid
were added immediately before processing the tissue.
The homogenate was filtered through cheesecloth and
centrifuged at 3,000 rpm for 20 min. The supernatant
was centrifuged at 30,000 rpm for 3 hr, and the resulting
pellets were resuspended in distilled water. The high-
speed supernatant was made up to 609 saturation with
ammonium sulfate. The precipitate formed was pel-
leted by centrifugation, resuspended in distilled water,
and dialyzed against distilled water for 48 hr. After
dialysis and low-speed centrifugation, the supernatant

PHYTOPATHOLOGY

[Vol. 60

was reprecipitated with ammonium sulfate and resus-
pended with distilled water % of the preceding volume.
The suspension was dialyzed again to free the prepara-
tion of the salt and then mixed with the resuspended
pellets. The pH of the final preparation was raised to
9 with 0.5 m NaOH to solubilize all the protein, which
was dispensed in small test tubes and stored frozen.

Rabbits were injected intramuscularly every 3 days
with 1ml of the protein preparation (E.g, ca. 36)
emulsified in Freund’s incomplete adjuvant. After 12
injections, antiserum diluted 1:256 precipitated appro-
priately diluted protein. The gamma globulin was pre-
cipitated from the antiserum with 409, sat. ammonium
sulfate. The precipitate was resuspended and centri-
fuged twice in fresh ammonium sulfate, dissolved in
saline equal to one-fourth of the original volume, and
stored frozen in 2-ml lots,

Serology —Antisera prepared during the course of
this study were tested for their homologous and
heterologous titers in microprecipitin tests under min-
eral oil.

REsuLTs.—Rate of virus increase—To determine
the conditions under which directly inoculated leaves
produce the highest concn of virus, two plants of N.
debneyi were trimmed to three leaves each and inocu-
lated heavily with PVA using a glass spatula. The
leaves, then, were divided into 4 equal areas, and one
disc was removed from each using a cork-borer. A
composite sample totalling 0.7 g was ground in 2 ml
of 0.03 M phosphate buffer, pH 8.2, and inoculated to
4 leaves of “A6” every 2 days starting from the 2nd
day after inoculation of N. debneyi plants.

The log;, of the number of local lesions per unit
area obtained on “A6” leaves was plotted as a function
of time after inoculation (Fig. 1). The infectivity
showed a logarithmic increase until the 10th day, and
decreased following the same pattern. On the basis of
these results, inoculated leaves were harvested for
virus purification 8-12 days after inoculation,

Stability of PVA in extracts—Since the infectivity
of PVA is lost in undiluted plant extracts in a few hr,
a number of chemicals were tested for their ability to
stabilize this virus.

Extracts were prepared by grinding 2 g of infected
tissue in 10ml of 0.05 M potassium phosphate buffer,
pH 7. To get a uniform inoculum, the infected leaves
were cut in small squares and these were randomized
before weighing. Chemicals were dissolved or sus-
pended in the buffer immediately before the tissue was
ground. Inoculations were made to four leaves of “A6”
immediately after the tissue was ground, and again 4
hr later. Leaves were not rinsed after inoculation.

Infectivity was best stabilized by 2-mercaptoethanol
plus ascorbic acid followed by dialysis of the extract
for 1 hr in the same buffer (Table 1), although com-
plete stabilization was not possible. Use of aluminum
cxide was preferred since it did not involve the time-
consuming process of dialysis. Although at the end of
4 hr there is still a fairly high percentage of infectivity
in most of the treatments, it should be mentioned that
this is not the case in undiluted plant extracts.

Clarification of extracts—Infected tissue was ground
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Fig. 1. Rate of PVA increase in directly inoculated

leaves of Nicotiana debneyi at 20-24 C.

TasLe 1. Effect of various chemicals on the infectivity
of PVA in crude extracts on Nicotiana debneyit

Avg of
2 trials
%
Lesions/unit area Infectivity
————————  retained
Chemical and conen 0 hr 4 hr for 4 hr
Distilled water 49 20 41
0.05 m K phosphate buffer,
pH 7 47 22 45
Na sulfite 0.01 ™ 46 26 56
2-mercaptoethanol 0.01 m 42 24 58
Cysteine HCI 0.01 ™ 55 22 41
Ascorbic acid 0.01 M -+t 30 70
2-mercaptoethanol 0.01 m
- ascorbic acid 0.01 m 23 11 48
2-mercaptoethanol 0.01 M
-}-ascorbic acid 0.01 M
followed by dialysis of
extract in same buffer 28 23 51
Caffeine 0.01 ™ 27 15 54
Sodium diethyldithiocarbamate
0.01 m 28 19 68
Polyvinyl pyrrolidone? 23 13 57
Aluminum oxide 21 24 78
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a Comparisons between treatments cannot be made be-
cause of difference in age of “A6” leaves. All the chemicals
were in 0.05 M phosphate buffer, pH 7, except where noted
otherwise.

b Tnsoluble materials tested at the proportion of 10% of
wt of tissue.
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with 0.05 m potassium phosphate buliter pH 7 in the
proportion of 100 g of tissue to 100 ml of buffer. Be-
fore grinding, aluminum oxide was added at the rate
of 10g Al,04/100g of tissue. The ground pulp was
squeezed through cheesecloth and divided into four
parts. Two solvents (chloroform and carbon tetra-
chloride) in two concentrations were compared for
their ability to clarify the plant extracts containing
PVA. Each aliquot was shaken in a separatory funnel
with the appropriate solvent in a 1:1 or 1:5 solvent
sap ratio. The mixtures were then centrifuged at 5,000
rpm for 20 min. The supernatants were left at room
temp for 4 hr and inoculated to four leaves of “A6".

Infectivity was best maintained by using chloroform
in a 1:5 solvent:sap ratio (Table 2) or by carbon tet-
rachloride in either proportion, but carbon tetrachlo-
ride was preferred since relatively more normal host
material was removed without appreciable loss of in-
fectivity using this solvent in a 1:1 solvent:sap ratio.

Resuspending media—PVA-containing sap, extracted
from infected tissues using phosphate buffer, aluminum
oxide, and carbon tetrachloride clarification was cen-
trifuged. The resulting pellets were resuspended in
0.02 M, pH7 borate, citrate, and phosphate bulffers,
respectively. The resuspension was faster in the citrate
buffer than in the phosphate or borate buffers, but the
infectivity after 1 week of storage at 2 C expressed in
number of local lesions per unit area was 29 for borate,
13 for citrate, and 12 for phosphate. The infectivity of
clarified extracts diluted %65 was 3 (lesions per unit
area in “A6”), while the infectivity after the second
high-speed centrifugation and resuspension in borate
buffer of a similarly diluted sample was 9. This indi-
cated that a concn of the infective agent was obtained.
On the basis of these results, the use of borate was
preferred.

Analysis of the tubes subjected to density-gradient
centrifugation in the ISCO fractionator showed strong
absorption only in the meniscus in the case of pellets
resuspended in citrate buffer. Absorption (254 mp)
peaks were present below the meniscus in the cases
where borate and phosphate were used.

Resuspended pellets obtained after the first high-
speed centrifugation using borate or phosphate buffers
were put through a second cycle of high- and low-speed
centrifugation using the same buffers as resuspension
media. These suspensions were analyzed as before on
sucrose-density gradients. In all cases, a small pellet

Tasre 2. Infectivity of PVA after clarification with two
different solvents

No. lesions/unit area,

Solvent avg of two trials
Chloroform

1 Vol/sap 1 vol 19
Chloroform

1 Vol/sap 5 vol 30
Carbon tetrachloride

1 Vol/sap 1 vol 29
Carbon tetrachloride

1 Vol/sap 5 vol 25
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Taste 3. Scheme for the purification of potato virus A
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—Tissue ground in 0.05 am phosphate
buffer pH 7 in proportion of 1:1,
w/v, 4+ 10% w/w aluminum oxide

—homogenization for 15 sec

—filtration through cheesecloth

—+ CCI, 1:1
—shaking in sep. funnel for 2 min
—centrifugation at 5,000 rpm for 20 min

Filtrate

Supernatant

—centrifugation at 30,000 rpm for 90 min

—resuspension in 1 cc of 0.02 M

borate buffer pH 7
Pellet
—centrifugation for 15 min at
8,000 rpm

Supernatant

—centrifugation at 40,000

rpm for 45 min

—resuspension in 1 ce of
0.02 M borate buffer, pH 7

Pellet

—rcentrifugation for 15 min
at 8,000 rpm

partially purified virus

was formed at the bottom of the density-gradient tubes
after centrifugation, indicating probable aggregation of
the virus. Two peaks were present where phosphate
was used, and only one in the case of borate.

High absorption in the meniscus and the absence of
a peak in the citrate system and the presence of two
peaks, both containing rodlike particles of small sizes,
in the case where phosphate was used, indicated break-
down of the virus. i

On the basis of the initial infectivity studies and the
appearance of a single absorption peak when borate
was used, it was decided to analyze this system further.
Using the Spinco analytical centrifuge Model E with
ultraviolet optics, we found that the sedimentation
coefficient of the band in the borate system was 33 S.
Potato virus Y (PVY) has been reported (25) to have
a sedimentation coefficient of 2008, and since PVA
and PVY are similar in shape and size, a similar sedi-
mentation coefficient was expected for PVA. Concen-
trated collected peaks gave a typical nucleoprotein ab-
sorption spectrum with an Euqy:Eqg, of 1.46, but as
already expected from the analytical centrifuge data,
no infectivity was present in these preparations. Obser-
vations in the electron microscope showed the presence
of broken and degraded rods with exposed RNA cores
(Fig. 2-B, D, E).

Fig. 2.

Resuspensions of the pellets found in the density-
gradient tubes, when the borate system was employed,
resulted in preparations with E.g,:E.g, ratios of 1.2.
When the optical densities of these preparations were
adjusted to that of the material originally layered on
the sucrose gradients and subsequently tested for in-
fectivity, it was found that no increase of infectivity
over the original material was obtained.

For maintenance of max infectivity it was, there-
fore, decided not to use the density-gradient centrifu-
gation but to follow the procedure of purification
shown in Table 3.

Serology.—TFor preparation of antiserum, the citrate
buffer was used since the virus pellets resuspended
readily in this buffer and produced suspensions with
a high absorption at 260mp (=70 OD units/ml)
after the second cycle of differential centrifugation if
compared with similar pellets resuspended in the other
buffers. Infectivity of the preparations was not in-
creased during repeated cycles of centrifugation as in
the case of borate.

Removal of host protein from the viral preparations
was achieved by absorbing the resuspended second
high-speed pellets with our antibody preparation
against N. debneyi protein. Initial addition of anti-
serum resulted in clouding of the preparations. After

A) An aged virus suspension prepared from a first high-speed centrifugation showed virus aggregates (<14,200).

B) Virus collected from bands in density-gradient tubes. The borate system was employed. Note protein loss and breaks
in particles as observed in the shadows (arrows) (3¢56,000). C) Virus particles in association with viral protein in a
solution used for antiserum preparation. Unaggregated viral protein is seen in the background. Note the protein loss of the
virus particles (arrows) (356,000). D) PVA prepared using the borate system after density-gradient centrifugation and
collection of the virus fraction. Note the strands of viral RNA (arrows) (56,000). E) A close-up of an RNA strand from
a similar preparation as in Fig. 2-D. Note the protein still attached to the RNA (arrows) (3X120,000).
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30-60 min of incubation, the preparations were centri-
fuged for 15 min at 8,000 rpm. A pellet was formed
and the supernatant was placed in another tube, and
more of the antibody preparation was added. The
process was repeated until no pellet was formed.
Electron microscopy of these preparations showed the
presence of extraneous materials (Fig. 2-C) which
were believed to be of viral nature since they were
not removed by the antiserum treatment. Besides
particles of normal length as reported by Brandes (6),
particle fragments could be observed as well as end
to end aggregated particles and particles in the process
of breakdown (loss of protein). After removal of pre-
cipitated host protein, the preparations were injected
into the rabbit without separating virus from extra-
neous rabbit gamma globulin. One ml of a virus prepa-
ration with an E.g, value of 10 OD units/ml was
emulsified with 1 ml of Freund's incomplete adjuvant
and injected intramuscularly. After the first injection,
1ml of a preparation with the same OD or higher,
without adjuvant, was injected intravenously every 3
days. After 10 injections, the rabbit was bled. The
titer of the antiserum was 1512 using as antigen par-
tially purified PVA (E.g, =75 OD units/ml) in a
microprecipitin test. In a similar test, there was no
reaction of the antiserum against normal host protein
(Eggp = 36 OD units/ml). When the PVA antiserum
was tested against purified PVY, the titer was 164;
however, there was no reaction when antiserum pre-
pared to this PVY isolate with a homologous titer of
125 was tested against partially purified PVA.

Discussion.—One of the main problems in the
purification of PVA is its low concn in systemically
infected plants. It has been shown, however, that the
concn of PVY (9) and a number of other viruses is
higher in directly inoculated leaves than in those sys-
temically invaded after inoculation. It was, therefore,
decided that only directly inoculated leaves would be
used for purification purposes. The large increase of
PVA in a 10-day period in these directly inoculated
leaves and the high OD wvalues of the final virus prepa-
rations indicate that a sizable virus concn was reached
during this time.

The first of a number of processes involved in the
loss of infectivity and the breakdown of PVA in virus
preparations can be recognized and inhibited during
the initial virus extraction from infected tissues. The
high degree of stabilization of PVA during virus ex-
traction using antioxidants followed immediately by
dialysis of the crude sap suggests that virus inactiva-
tion in crude sap is, at least in part, due to oxidation
of polyphenols, as has been shown for cucumber mo-
saic virus (CMV) by Harrison & Pierpoint (16),
who found evidence that when polyphenol oxidase is
inhibited in plant sap by DIECA and the extract is
subsequently dialyzed to remove polyphenol oxidase
substrates, a high degree of wvirus stabilization is
achieved. The importance of the removal of poly-
phenol oxidase substrates in the initial step of PVA
purification is confirmed by the fact that aluminum
oxide, which is known to bind polyphenols and tannins,
also stabilizes this virus.
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Irreversible aggregation of PVA in suspension (Fig.
2-A) of the virus pellets can be considered the second
process contributing to the loss of infectivity during
purification.

When infectious virus in borate was subjected to
density-gradient centrifugation, no infectivity was ob-
served in the collected peaks. Electron microscopy
from these preparations gave evidence of the third
process that contributes to PVA inactivation. From
Fig. 2-B, D, and E, it is seen that the loss of protein
from intact particles exposes the RNA core of the
particles which results in particle breakage. Sometimes
RNA strands can be visualized (Fig. 2-D, E, arrows).
Protein loss from flexuous rods as a mechanism of
inactivation has been reported earlier for maize dwarf
mosaic virus (11). The high Eugy: Eog, ratios of our
preparations indicated that an excess of RNA was
present in the virus suspensions.

The possible explanation for the partial loss of in-
fectivity in a density-gradient system containing borate
may be found in the fact that dislodged viral protein
is separated from the particles. When the protein in
the fully assembled particle is in equilibrium with the
dislodged viral protein in solution, the removal of this
protein from the solution during density-gradient cen-
trifugation tends to dislodge more protein from the
particles resulting in increased breakdown of PVA.
Therefore, density-gradient centrifugation may be self-
defeating where PVA is concerned.

Pellets always appearing in density-gradient centri-
fugation would tend to show that aggregation of PVA
has taken place. The infectivity per OD unit of the
pellets formed in the sucrose gradients compared with
the infectivity per OD unit of the material originally
layered on these gradients did not increase. Infectivity,
therefore, must have been lost during the density-
gradient centrifugation.

Electron microscopy showed that the citrate buffer
removes protein from the PVA particle (Fig. 2-C),
seemingly in discrete aggregates that do not reaggre-
gate. Since citrate has a chelating effect, it seems
appropriate to assume that a metal plays a role in
stabilizing the PVA particle. This matter needs more
attention before conclusions can be drawn.

The relationship between PVA and PVY described
earlier by Bartels (1) was confirmed. Our PVA anti-
serum reacted with a PVY isolate from a Peruvian
potato wvariety.

It has been shown that PVA can be purified, and
that antisera can be produced from these partially
purified preparations. The breakdown of PVA con-
stitutes an interesting phenomenon in plant virus inac-
tivation. This type of wviral breakdown, resulting in
the loss of infectivity, may constitute a general pat-
tern of inactivation of the labile viruses in the group
of the flexuous rods.

LITERATURE CITED

1. Barters, R. 1963/1964. Untersuchungen iiber serolo-
gische Beziechungen zwischen Viren der “Tobacco-
etch-Virus-Gruppe”. Phytopathol. Ztschr. 49:257-265.

2. Bercks, S, & E. R. Kerrer. 1968, Uber die Beein-
flussung des A6-Abreibetestes durch Anzuchtmethode,



October 1970]

e

10.

11.

12,

13.

14,

15.

Diingung und Alter der Testpflanzen. Europe Potato
J. 11:117-133.

Best, R. J., & G. SamuEL, 1936, The effect of various
chemical treatments on the activity of the viruses
of tomato spotted wilt and tobacco mosaic. Ann.
Appl. Biol. 23:759-780.

Bope, 0. 1960. Die Virosen der Kartoffel und des
Tabaks. In M. Klinkowski [ed.] Pflanzliche Virologie.
Band 2 p. 8. Akademie Verlig, Berlin. 393 p.

Brakxe, M. K. 1963. Photometric scanning of centri-
fuged density-gradient columns. Anal. Biochem.
5:271-283.

Branpes, J. 1964. Identifizierung wvon gestreckten
pflanzenpathogenen Viren auf morfologischer Grund-
lage. Mitt. Biol. Bundesanstalt Land-Forstwirtsch.
Berlin-Dahlem 110:5-130,

Branpes, J., & H, L. Paur. 1957. Das Electronen-
mikroskop als Hilfsmittel bei der Diagnose pflanz-
licher Virosen. Betrachtungen zur Vermessung
faden-und Stibchenformiger Virusteilchen, Arch,
Mikrobiol. 26:358-368.

Capman, C. H. 1959. Some properties of an inhibitor
of virus infection from leaves of raspberry. J. Gen.
Microbiol. 20:113-128.

Deccapo-Sancuez, S, & R. G. Grocan. 1966. Puri-
fication and properties of potato virus Y. Phyto-
pathology 56:1397-1404.

Diexer, T. O, & M. L. Weaver. 1959, A caffeine
additive to aid mechanical transmission of necrotic
ring spot virus from fruit trees to cucumber. Phyto-
pathology 49:321-322.

Forp, R. E. 1966. Nonlinear degradation of maize
dwarf mosaic virus. Phytopathology 56:878.

Furron, R. W. 1957. Properties of certain mechani-
cally transmitted viruses of Prunus. Phytopathology
47:683-687.

Furron, R. W. 1966. Mechanical transmission of
tatter leal virus from cowpea to citrus. Phytopa-
thology 56:575.

Hamrron, R, E, & R. W. Furron, 1959. Factors
responsible for the instability of some labile plant
viruses. Phytopathology 49:540.

Hamrron, R, E, & R, W. Furron. 1961, The relation
of the polyphenol oxidase to instability in vitro of

FRIBOURG AND DE ZOETEN.

16.

17.

18,

20.

21.

22,

23,

24,

26.

27.
28.

POTATO VIRUS A 1421

prune dwarf and sour cherry necrotic ring spot
viruses. Virology 13:44-52.

Harrison, B. D, & W. S. Pierroint, 1963. The re-
lation of polyphenol oxidase in leaf extracts to the
instability of cucumber mosaic and other plant
viruses. J. Gen. Microbiol. 32:417-427.

Houcas, R. W. 1951. Factors affecting sap transmis-
sion of the potato vellow-dwarl virus. Phytopa-
thology 41:483-493,

Konrer, E. 1953. Der
“A6” als testpflanze
Ziichter 23:173-176.

Pavrsen, AveLiva Q., & R. W. Furron. 1968, Hosts
and properties of a plum line pattern virus. Phyto-
pathology 58:766-772.

Pierreomwt, W. S, & B. D. Harrisox, 1963. Copper-
dependent and iron-dependent inactivations of cu-
cumber mosaic virus by polyphenols. J. Gen.
Microbiol. 32:429-440.

Purcrrurrn, D. E. 1966. Some properties of tobacco
etch virus and its alkaline degradation products.
Virology 29:8-14.

Roranp, G. 1956, Sur lidentification du virus A.
Parasitica 12:125-128.

SmepHERD, R. J. 1965. Propertics of a mosaic virus
of corn and Johnson grass and its relation to the
sugar cane mosaic virus. Phytopathology 55:1250-
1256.

Smeenerp, R. J., & G. 8. Pounn, 1960. Purification
of turnip mosaic virus. Phytopathology 50:797-803.

SommEREYNS, G. 1967. Les Virus des Vegetaux. Deux-
ieme Ed. J. Duculot, S. A. Gembloux. 345 p.

Stace-Smira, R. 1965. A simple apparatus for pre-
paring sucrose density-gradient tubes. Phytlopa-
thology 53:1031.

Tomrinson, J. A. 1964, Purification and properties
of lettuce mosaic virus. Ann. Appl. Biol. 53:95-102.

Wenzr, H. 1965. Zur Unterscheidung von Y- und
A-Virus im Abreibeverfahren (Schalentest) auf
Solanum demissum A6. PiSchBer. 30:161-172.

WerteEr, C. 1960. Partielle Reinigung einiger ge-
streckter Pflanzenviren und ihre Verwendung als
Antigene bei der Immunisierung mittels Freund-
schem Adjuvans. Arch, Mikrobiol, 37:278-202.

Bastard
Mosaikviren.

Solanum demissum
verschiedener



