Purification of Curly Top Virus
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ABSTRACT

Curly top virus was purified from *Turkish’ tobacco.
Extracts were clarified with chloroform and butanol. The virus
was concentrated, either by precipitation with polyethylene
glycol and NaCl, or by ultrafiltration. Clarified virus was par-
tially purified on sucrose-density gradients, then further purified
by gel chromatography, using agarose. Purified preparations

had max ultraviolet-light absorption at 260 nm and min absorp-
tion at 240 nm and contained isometric particles ca. 20 nm
in diameter. The virus was followed through the purification
procedure by a plant-infectivity bioassay in which the insect
vector fed on the infectious preparations.
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There are few published reports of attempts to purify
curly top virus (CTV). A brief report (12) in 1956 indicated
that rod-shaped particles had been observed in partially
purified extracts from sugarbeet leaves. Bennett mentioned
(2) unpublished results in which small spherical bodies were
observed when phloem exudate was passed through mem-
branes having a pore size of about 25 nm. The absence
of an efficient method of mechanically transmitting CTV
and the lack of any known local lesion host have discour-
aged attempts at purification.
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Utilizing a plant-infectivity bioassay accomplished by
allowing the insect vector Circulifer tenellus Baker to feed
on infectious solutions, the virus was followed through a
purification procedure that is believed to have yielded
nearly pure virus particles. A description of this procedure
and an electron micrograph of the resulting particles are
presented here.

METHODS AND RESULTS.— A virulent isolate (66-
10) of CTV (7) was used throughout this investigation.
The virus was maintained in a susceptible cultivar of sugar-
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beet Beta vulgaris L. ‘US 33", The source plant for virus
extraction was tobacco Nicotiana tabacum L. *Turkish’.
Tobacco was chosen instead of sugarbeet because it was
suspected that sugarbeet contained many substances that
were potential inhibitors during virus extraction. Initial tests
indicated that crude extracts from infected tobacco were
more infective than similar extracts from either roots or
leaves of sugarbeet.

Eight- to 9-wk-old tobacco plants were inoculated by
caging five to ten viruliferous beet leafhoppers on each plant
for 5 days. These leafhoppers had acquired CTV by feeding
on infected sugarbeets for 7 days. Fourteen to 21 days after
inoculation, the entire top half of each plant, which showed
severe symptoms, was harvested and extracted.

Bioassay — The bioassay for CTV consisted of allowing
leafhopper vectors to feed on virus preparations (3), and
using these leafhoppers for inoculations in a plant-
infectivity test. Preparations to be assayed were diluted
10, 102, and 10" in 10% sucrose solution containing
0.007 M Na citrate (4). About 0.3 ml of each dilution
was placed between two layers of Parafilm (9) stretched
over a small cage containing 8 to 12 nonviruliferous
leafhoppers. The leafhoppers were allowed to feed on the
preparations through the membrane overnight under fluores-
cent light. These leafhoppers were then used to inoculate
17- to 18-day-old seedlings of highly susceptible inbred
EL 31 sugarbeets. Two leafhoppers were caged for 6 days
on a cotyledon of each of four seedlings per dilution.
Beginning 5 days after inoculation, the number of seedlings
showing symptoms was determined periodically, with the
last determination being at 14 days. An infectivity index
was calculated for each preparation, based on the time
required for symptoms to appear and the number of plants
infected at each of the dilutions (8). An illustration of how
the infectivity index was obtained is shown in Table 1.

Extraction, clarification, and concentration — Figure 1
outlines the procedures used to purify CTV. All procedures
were done at room temperature except centrifugation,
which was done at 5 C. The virus was extracted by
homogenizing diseased tobacco tissue with 0.01 M
phosphate buffer (KH2PO4-NazHPO4) (pH 7.0) containing
0.01 M Na2SO3 and 0.001 M ethylenediaminetetraacetic
acid (EDTA) at the rate of 2 ml/g of tissue. Pulp and
coarse plant fragments were removed by squeezing
homogenate through four layers of cheesecloth and cen-

TABLE 1. Determination of the infectivity index of a virus
preparation based on time of infection and dilution of virus

Infectivity
Days after
Dilution inoculation
5 7 1114 Suma Multiplex®  Product
101 e 2 4 4 11 1 11
107 0 1 23 6 2 12
10°% 0 011 2 3 6
Infectivity Index 29

“Sum of all plants showing symptoms at all dates for each
dilution.

b Negative log of the dilution.

¢ Number of seedlings infected of four inoculated.
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Diseased tissue

f--Homogenize in 0,01 M phosphate, pH 7.0,
containing 0.01 H Na, 503 +0.001 M
EOTA (2 ml/g tissue)®

f==Remove pulp with cheesecloth; clarify

5000 rpm, 15 min

----- Suparnatant
Peﬁlel
---Add chloroform = butanol (131 mixture)
(1 vol CHCL,:BuOH/2 vol sup.) Stir §
min, centrifuge 5000 rpm, 15 min.

¥ - Aquecus phase

Solvent phase Innrihase

---Bring to 109 polyethylene glycol
+ 19 Nac!, centrifuge 10,000

rpm, 15 min

*—.Pgne(

Supernatant
Resuspend in 0,001 M

containing 0.001 M EDTA at the rate

of 10 ml/100 g original host tissue

homogenized, Overnight at 5 C

Three cycles of low speed centrifugation
sach time thoroughly resuspending the
pellet and saving the supernatants,
(Clarified virus)

Clarified virus

l-==Low speed centrifugation and
concentration by precipitation using
PEG + MaCl

Clarified virus concentrate

~==Centrifugation on 10-404 sucrose
density gradient at 30,000 rpm, & hr,
Virus band removed,

---Dialyzed and concentrated by
ultrafiltration, (Partially purified
wirus).

Partially purified virus

(-==Gel chromatography on agarose &
(Protein exclusion limits=4o X 10%)
Included virus fraction concentrated
by ultrafiltration.

Virus preparation

Fig. 1. Procedure for purification of curly top virus from
infested tobacco tissue

trifuging the filtrate at 5,000 rpm for 15 min. All low-speed
centrifugations were done in a Sorvall SS-3 by using a
type GSA rotor.

One volume of a mixture of cold chloroform: butanol
(1:1, v/v) was slowly added, with vigorous stirring, to two
volumes of extracted juice (10). The mixture was stirred
an additional 5 min, then centrifuged at 5,000 rpm for 15
min. A clear brown aqueous phase containing most of the
infectivity was collected from the top of each tube. The
virus was precipitated by bringing the aqueous phase to
10% with polyethylene glycol 6,000 (PEG) and 1% with
NaCl (6) and centrifuging at 10,000 rpm for 15 min. All
detectable infectivity was present in the pellet. The pellet
was resuspended in 0.001 M phosphate buffer, containing
0.001 M EDTA, at the rate of 10 ml/100 g of original
host tissue. After sitting overnight at 5 C, the preparation
had accumulated considerable sediment, so it was cen-
trifuged at 5,000 rpm for 15 min. The supernatant was
saved, and the pellet was washed three times by thorough
resuspension in 0.001 M phosphate-EDTA buffer and low-
speed centrifugation. The three supernatants containing
virus recovered by the washings were combined with the
original, and the preparation was designated *‘clarified
virus.”” The preparation could be stored at 5 C for several
wk without detectable loss of infectivity. Before using this
preparation on density gradients, it was centrifuged at low
speed to remove sediment and concentrated by re-
precipitation, using the same conc of PEG+NaCl used
earlier. The final volume was adjusted to 2 ml/100 g of
original host tissue.

Density-gradient centrifugation.— Sucrose gradients
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at a wave length of 254 nm. Ultraviolet-light absorbance
} == Absorbance ldiseased) i ER profiles showed two zones of absorbance in diseased prep-
o f:l‘_’":’_"_"ij',““""""’ | arations that were not present in comparable healthy prep-
arations (Fig. 2). Highest infectivity was associated with
the lower zone, which was 6 cm below the meniscus, and
E indicated the virus was concentrated in this zone. Fractions
i ' containing the virus zone from several (usually six) density-
gradient tubes were combined. Sucrose was removed and
the virus was concentrated, using an Amicon ultrafiltration
cell with an XM 100 Diaflo membrane. The preparation
was usually reduced to a 2-ml sample, which was purified
by gel chromatography. The preparation at this stage was
designated partially purified virus.

Gel chromatography.— Two ml of partially purified
virus was allowed to flow through a 2.5 X 34 cm agarose-gel
column (Sepharose 2B, approximate exclusion limits,
40% 10° MW; Pharmacia Fine Chemicals) and eluted
with 0.001 M phosphate buffer (pH 7.0). The void volume
of the column was determined by using blue dextran 2,000
at a flow rate of 14 ml/h regulated by a peristaltic pump.
Effluent from the column was monitored continuously with
an ultraviolet analyzer at a wave-length of 254 nm.

v d 'F , (1o} Chromatography elution profiles of preparations from dis-
faeriene i eased tissue had three absorbance peaks (A, B, C), while
Fig. 2. Differences between absorbance profiles from density-  those from healthy tissue had only two (A, C) (Fig. 3).

gradient centrifugation of preparations from healthy and diseased Peak A from the diseased preparation was excluded from
tissue. Note association of infectivity with absorbance from dis- the gel, and some infectivity (infectivity index of 3) was
eased preparation. associated with this peak. Highest infectivity (infectivity

index of 29), however, was associated with peak B, repre-
senting particles that had been included in the gel and eluted
after the void volume. A similar peak was not present in
preparations from healthy tissue (Fig. 3). A small amount
of infectivity (infectivity index of 2) was also associated
with peak C from diseased preparations.

Electron microscopy.— Those fractions eluted from the
gel column that included the major peak B from diseased
preparations were combined and concentrated by

radient centrifugation was done in an International B-50 : ;
& £ ultrafiltration. Comparable fractions from healthy prepara-
tions were also combined and concentrated. Both kinds of

ultracentrifuge, using a type SB-283 swinging-bucket rotor.
After centrifugation, gradient-tube contents were frac- preparations. were: stained ‘with 0:5% urany) acetate: (pH
tionated into 1-ml fractions through an ultraviolet analyzer 4.8) and examired with a'Zeiss: EM 952 alectron imiar-
scope. Isometric particles 18 to 22 nm in diam were ob-
0.20 served (Fig. 4) in fractions from diseased preparations, but
: not in fractions from healthy preparations.
.- DISCUSSION.— Many different methods were tried
sweHaslthy during attempts to purify CTV. Only in the method pre-
sented, was it possible to get the virus to form a distinct
zone during density-gradient centrifugation. In all other
attempts, the virus was distributed through the density-
gradient tube. Even in the procedure presented here, the
partially purified virus obtained from density-gradient cen-
trifugation was not sufficiently pure to permit satisfactory
examination with the electron microscope.

Agarose-gel chromatography separated the virus from
two other ultraviolet-absorbing components. This proce-
dure was believed to yield nearly pure particles of CTV;
however, some difficulty was still encountered in obtaining

.44‘ 'LL electron micrographs. The possibility that a breakdown

a4 68 0 a1 1 e 1 20 a1 2« Material from the virus was interfering with microscope
Fractions (4 ml) observation is postulated.

Fig. 3. Differences between absorbance profiles as healthy and Particles of CTV are similar in shape b!-" smaller in size

than two other leathopper-transmitted viruses. Oat blue

diseased preparations were eluted from gel columns. Most infectiv-
ity was associated with peak B from the diseased preparation. dwarf virus was reported to be a small spherical particle

b,
14,

0.25
|

L
L

28

L
Infectivity Index

Absorbance (254 nm)

005 L

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

i
2
3

. S S ——
LT TP PR A T
L 1 n 1 1 1 L 1 L L e

7 ] L LR LI S F |

were prepared in 0.001 M phosphate buffer containing
0.001 M EDTA. A 10 to 40% gradient was formed in
14-ml tubes 96 mm long, using a gravity-flow gradient
former. One ml of clarified virus concentrate was layered
on each gradient immediately after forming and centrifuged
at 30,000 rpm for 4 hr at a temperature of 10 C. Density-
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Fig. 4. Electron micrograph of curly top virus particles (18 to 22 nm in diam). Most particles are in groups of two or more. Single

particles are indicated by arrows.

28 to 30 nm in diam (1), and rice tungro virus was re-
ported to be 30 to 33 nm in diam (5). The surface struc-
ture of CTV particles appeared to have *‘knobs’ (Fig. 4)
similar to those noted by Steere (11) on particles of turnip
yellow mosaic virus examined in crystals by the frozen-
replica method.
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