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ABSTRACT
A series of experiments were conducted to determine optimal
conditions for extracting tobacco stunt virus (TSV) from infected ~

tomato leaves (Lycopersicon esculentum Mill. cv Trip-L) in different

buffer systems. For virus purification the sap was extracted in
>

glycine buffer pH 7.6, ontaining 0.0l M NapSO3 and 0.002 M MgClj.

The extract, mixed with 4 mgAbentonite/g of leaf and clarified by

centrifugation, was treated with 2X Triton X-100. TSV, precipitated

with 82X polyethylene glycol 6000, was subjectéd\ to a cycle of
differential centrifugatEgn. The estimated average yield was 3 mg of
virus/100 g of tomato leaf tissue. TSV.particles‘Qe}e rod-shaped, 20,
nm in diameter and 200-375 nm in length when negatively stained with
/

2% uranyl acetate and examined in the electron microscope.

RNA isolated from TSV by extraction with phenol-ahloroform was
separated into three bands with apparent moleculft weights of 4.2 x‘
106,;1.8 x 10% .and 1.2 x 100 when subjected to 6% polyacrylamide gel

electrophoresis. The estimation of the molecular weight of the three

) speéies of TSV-RNA by electron microscopy was 3.9 x 106,‘1.9 x 100

iand 1.4 x 102, respectively.

The mixture of all three fractlons}of TSV-RNA from sucrose den- ‘

sity gradient centrifugation was infectious when tested on Chenopo-

dium amaranticolor Coste & Ryne. TSV-RNAs were resistant to RNase at.

high salt concentrations, and sensitive at low salt concentrations.
& ) ’
Total TSV-RNA had a Tm of 75°C in 0.1 x SSC and 62°C in 0.0l x SSC.

iv
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These observations suggest that TSV-RNA 1is .- at least mosty double
stranded.
/ RN

In ultrastructural 1nvesg{gatidhs of TSV-infected cells of C.

amaranticolor, aggregates of TSV particles, érranged in a side-by-

side fashion, were found in the cytoplasm of leaf mesophyll cells.
TSV-antisera, with titers qﬂ up to 1/512 in homologous reac-
tions in a ring precipitin test, were produced in rabbits by intra-
muscular injections of purified TSV emulsified in Freund's complete
adjuvant. In serological tests with lettuce big-vein virus (LBVV),
which resembles TSV 1in many features, \TSV-antiserum reacted posi-
tively with LBVV antigen up to a dilution of 1/256, {m the ring
precipitin aésa;, indicating a close serological relétionship betweep
the two viruses. Baéed on these studies it is suggested that TSV is
a representatinze of a previously unrecognized virus group, and that

LBVV is another possible member.
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CHAPTER I
GENERAL INTRODUCTION

Tobacco stunt virus (TSV) 1is _one of the classical soil-borne

viruses that is transmftted by a chytrid fungus, Olpidium brassicae
r
(Wor.) Dang.,' and causes severe stunting in certain cultivars of

tobacco plants (Nicotiana tabacum L.). The assoclation between the

fungus and the virus has been well studied (Hidaka, 1960; Hidaka et
al., 1962, Hiruki, 1964, 1965, 1975; Alderson, 1975). However, our
understanding of the nature of infectious TSV has been limited, main-
ly due to its instability 1in plant sap, althpugh the virus infectiv-—-
{ty remains viable in its fungal vector for ag long as 20 years
(Hiruki, 1987). ~The" infectivity appears to be maintained as long as
the fungus s viable since virus infectivity has been recové;;d from
the same stock of the fungus when resting spores were allowed to
geruinate to infect tobacco and tomato seedlings.

In this study, the virus isolate was obtained from TSV-carrying
resting sporangla of 0. brassicae. | The 0. bras:icae resting spor-
angia preparation from a stock studied previously (Hiruki, 1964)
gerved” as sourée material.

Earlier studies (Hiruk;, 1964, 1965, 1975) showed that the addi-
tion of some' chelating agents, particularly l-phenylthiosemicarbazide

(1-PTC) or 4-PTC (Hiruki, 1975), can stabilize the virus to allow

mechanical transmission.



It was shown also that Chenopodium amaranticolor Coste & Reyn.

is a suitable local lesion host for TSV (Hiruki,

ly, the occurrence of virus-bike
sections of leaf mesophyll cells
(Kuwata and Kubo, 1981). However,

not been studied in detail.
\ .

The objectives of this study were:

1964). More recent-

particles was reported {in thin
\

of TSV-infected tobacco plants

the properties of the virus have

(e}

l: To evaluate different buffer systems and select a buffer

N

suitable for the extraction of TSV;

2. To develop a practical method for purification of TSV; and

3. To investigate physical,

ties of purified TSV.

chemical and serological proper-

4, To study the relationship between the virus and {ts vector.

5. To study the properties of the nucleic acid {solated from

\_ the virus.



CHAPTER II

LITERATUORE REVIEW
¢

A. Soil-Borne Viruses

A virus is soil borne i{f it infects plants via the roots (Hiruki
and Teakle, 12§7). This could occur by mechanical penetration
through wounds (a typical example 1is tobacco mosaic virus (TMV)), or
through a motile biological vector. The veetors that transmit
viruses 14‘3011 are nematodes and fungil (Cadman; 1963a; Grogan and

Campbell, 1966; Hiruki and Teakle, 1987). This review will deal with

fungus transmitted viruses.

B. Fungus Transmitted Viruses

Two known classes of virus-transmitting fungi are Chytridiomy-

cetes, which 1includes Olpidium spp. and Plasmodiomycetes, which

contains Polymyxa spp. and Spongospora subterranea.

The virus-transmitting fungl may carry viruses externally or
internally. The externally carried viruses can be eliminated by air
drying for 30 dayg or by mild acid treatment for 1 hr (Campbell and
Fry, 1966). Viruses that are carried internally by fungus zoospores
can persist in the resting spores for long periods of time. For

example, TSV can persist as long as 20 years (Hiruki, 1987). In the
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resting spores of 0. brassicae, lettuce big-vein virus can resist
air-drying for a month, or mild acid treatment for 1 hr (Campbell and
Fry, 1966). The internally carrled viruses can be divided into three
groups. |

There are 17 virus and virus—like agents that can be transmitted

I

by fungi belongin to 4 groups (Table 1).

(\E;j Isometric particles

The viruses {in this group inglude tobacco necrosis virus (TNV),
cucumber necrosis virus (CNV) and tellite viruses of TNV.

TNV, first described by Smith and Bald (1935), has a wide host
range with a world-wide distribution. Virus particles are normally
restricted to the infected roots, but in some cases the virus can
spread systemically causing a severe disease 1in tulips (Augusta
disease; Mowat, 1970) and French beans (Behncken; 1968). It can
infect certain plant species without inducing visible symptoms (Gama
et al., 1982). The TNV virion is a small icosahedral particle, 30 nm
in diameter, which contéins a single-stranded RNA genome of molecular
weight ranging from 1.3-1.6 x 106 (Uyemoto, 1981). There are several
strains of TNV which are related or unrelated serologically (Uyemoto
and Grogan, 1969), and more than seven serotypes of TNV are known
(Uyemoto et al., 1968). In nature, TNV occurs as a stable virus but
may, in some cas%s,~be found as an ;nstable variant where the coat
protein is present in a soluble form (Babos and Kassanis, 1962;

-

Kassanis and Welkie, 1963). TNV, in its stable form, was shown to be

N
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Table l.'F
v~‘_‘ .

PARTICLE s?&

(group) ‘Ai:‘

Isometric "2

VIRUS

"Cucumber necrosis

{ " -%atellite

Straight
tubular

Soil-borne
wheat
mosaic
virus

Tobacco
stunt virus

Filamentous

Barley
yellow
mosaic
virus

PODacco necrosis

Soil-borne wheat
mosaic
Potato mop-top

Broadbean necrosis

Beet necrotic
yellow vein

Oat golden stripé

Rice stripe
necrosgis

Peanut clump

Hypdchoefts mosaic

Nicotiana velutina

tobacco stunt
Lettuce big vein

Barley yellow
mosalic

Oat mosaic

Rice necrosis
mosalic

Whe¢at spindle
streak mosaic

Wheat yellow
mosalic

<

ﬁ0n$65 traosmitted viruses and their vectors.
S :

VECTOR

Olpidium radicale
0. brassicae

0. brassicae

Polymyxa graminis

Sgongosgora

subterranea

?(Polymyxa spp.)

" P. betae

P. graminis
P. graminis

BL graminis

0. brassicae
9; brassicae

P, graminis .

P, graminis
P. graminis

EL graminis
P. graminis(?)

VIRUS-VECTOR
RELATION

Nonpersistent
Nonpersistent
Nonpersistent
Persistent
Persistent
Persistent(?)

Persistent

Persistent (?)
Persistent(?)

Persistent(?)

Persistent
Persistent

Persistent

Persistent
Persistent

Persistent

Persisteft(#)

o

Note: This {s a revis{on of the table prepared by Hiruki and Teakle

(1987).



transmitted by O. brassicae zoospores (Teakle, 1960). Teakle and
Gold (1963) found that TNV was not Inactivated by adding antisera to
the mixture of the zoospores and TNV, suggesting that TNV was carrcied
fnternally by the zoospores. However, thisg result was refuted by
Kassanis and Macfarlane (1964) when they found that the virus can be
fnactivated by properly adding concentrated TNV antiserum to the
zoospore suspension. This conclusion was supported by other workers
(Campbell and Fry, 1966) who showed that numerous TNV particles were
found to be adsorbed to the outer membrane of the zoospores when the

0. brassicae zoospores were fixed and negatively stained. On the

other hand, only a few particles were found adsorbed to the surface
of nontransmitting strains of O. brassicae (Temmink et al., 1970).
The virus particles adsorbed to the axonemal sheath were considered
to be more important in virus transmission, because the flagellum
appeared to be retracted into the cytoplasm along with the adsorbed
virus particles (Temmink and Campbell, 1969b).

CNV shares certain similar physical properties with TNV but is
serologically unrelated to TNV (Tgemaine, 1972). While CNV {8 not
;ransmitted by O. brassicae it 1is readily transmitted by 0. cucurbit-
acearum (Dias, 1970a; 1970b). Lange anJ Insunza (1977) reclassified
this fungus as o. radicale; Even though CNV-RNA was transmitted
mechanically to the leabe;'of cucumber plants; the fungusefailed to
transmit free CNV-RNA to the roots of the cucumber plants. There-

fore, it was concluded that the coé&.p;etein was an essential factor

to the binding of the virus to the plasma membrane of the zoospores



(Stobbe et al., 1982). Salt co&centrations high enough to destroy
the zoospores inhibit the transmission of CNV, yet the addition of
some chemicals like NaNOj will reduce the transmission of CNV by O.
radicale zoospores without {nhibiting the mechanical transmission of?
CNV and without 1inhibiting zoospore {nfection of cucumber roots
(Stobbs et al., 1982).

The satellite viruses are also carried externally gnd transmit-
ted by O. brassicae zoospores (Teakle, 1962; Kassanis, 1964). They
are small icosahedral particles of 17-18 nm in diameter and original-
ly were belfeved to be defective TNV particles (Bawden and Pirie,
1950). However, Kassanis and Nixon (1960) and Kassanis (1962) estab-
lished that these particles are serologically unrelated to TNV or CNV
but depend upon them for their multiplication due to insufficient
coding capacity in their RNA genome. Because of its genetic depend-
ence on TNV, this small virus wasAdesignated as TNV satellite virus

“a
(SV) (Kassanis, 1962). There have been three SV serotypes isolated
in the U.S.A., designated as A, B, and C (Uyemoto et al., 1968). The
European strains were grouped by Kassanis and Macfarlane (1968) as
SVy, SV; and SV3.

SV can only be activated by TNV (Kassanis and Nixon, 1961).
Activation requires proper matching, between TNV and its SV in an
unknown mechanisp. Since the unstable form of TNV can activate SV,
it follows that the RNA, not the coat protein, is responsible for the

A
activation pracess (Babos and Kassanis, 1962). SV, like TNV, is sel-

ectively traasmitted by the'fungus vector (Kassanis and Macfarlane,

1964).
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2. Strafight tubular particles

There are three viruses belonging to th&'s, group, nampely beet
necrotic_yellow veln virus (BNYVV) which causes rhizomania disease of
sugar beets and is transmitted by P. betae (Tamada et al., 1972),
sofl-borne wheat mosalc virus (SWMV) which {s transmitted by P.
graminis, and potato mop-top virus which is transmitted by S. subo
terranea. :

Rhizomania disease was first reported in Italy by Canova (1959).
The disease was first thought to be caused by a combination of two
viruses, namely a TNV strain as a contaminant associated with P.
_lle_ta_g. Tamada - (1970) isolated a rod-shaped virus from rhizomania
infected sugar beets in Japan. The disease was later found in France
(Putz and Vuittenez, 1974) and in Germany (Tamada, 1975).

Tamada (1975) proved that the disease is caused by a rod-shaped
virus with particles of different sizes which is transmitted by P.
betae. The Japanese isolate of the virus consisted of particles of
three different sizes which were 65-105 nm, 270 nm and.390 nmn in
length and 20 nm in width kamada, 1975). The French {solate con-
tained particles of four dis;inct lengths of 85 nm, 100 no, 265 nm
and 390 nm (Putz, 1977). Recent studies have shown that all isolates
contain four RNA segments. RNA} with 7100 bases, RNA; of 4800 bases,
RNA3 of a size that ranges between 1500 and 1880 bases, and RNA4 of
1150 to 1400 bases (Richards et al., 1985, Bouzoubaa, et al., 1985;

Ziegler et al., 1985). Based ons,northern blot hybridization experi-

- 1

ments with cDNA, it was found that the virus from root extracts

.
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contalned uniform RNA patterns, while the virus extracted from leaves
of sugar beets of mechanically infected leaves of C. quinoa contain

RNA of different sizes (Koenig et. al, 1986). Based on nucleotide

sequence analysis 1t was found that RNA3 and RNA, have extensive
nucleot ide homology (Bouzoubaa et al., 1986).

In the precipitin-ring test, antiserum against BNYVV with a
titer of 1/1,024 did not react with SWMV, tobacco rattle virus or TMV
(Tamada and Baba, 1973). Putz (1977) found that the antiserum
against the French isolate reacted strongly with the Japanese 1iso-
late. There was no serological reaction between BNYVV and SWMV,
potato mop-top virus or.TMV (Putz, 1977). Based on other serologi-
cal, mo;\'phological and Biological pro;;ertigs, the BNYVV {s believed
to be distantly relat.ed to TMV and has been classified as a member of
the tobamovirus group (Harrison, 1977). Virus-like particles occur
{n the cytoplasm of P. betae zoospores, and virus infectivity per-
sists in the resting spores of P__ betae after air drying (Tamada,
1979). However, this 1is not supported by recent investigation
(Langenberg and Giunchedi, 1982). Recently there is another study
showing virus particles in the resting zoospores (Abe, 1987).

SWMV, another example of a classical soil-borne virus, was stud-
ied 1n1g1;11y by McKinney and co-worker (1957) ;who suggested the
necessity of a soll-borne vec o; for its transmission. The virus was
later shown to be traﬁsmittéd by P. graminis (Estes and Brakke,
1966). Virus transmission was not prevented by the addition of con-
:centrated antisera to the zoospore suspension. It was also found

that the virus was not affected by treating the viruliferous resting



spores with 0.1 N NaOH or with 0.1 N HC1 fér 1 hr (Rao and Brakke,
1969). The virus {s rod-shaped with a width of 20 nm and two dis-
ttnct‘lengths(of 110-160 nm and 300 nm (Brakke, 1971b; Gumpf, 1971).
A Japanese strain was found to have short rods of about 110-150 nm
and the lgng ones 300 nm (Tsuchizaki et al., 1972). The nucleic acid
consists of bipartite, single-stranded RNA genomes of molecular mass
of 1.84 % 106 and 0.95 x 10® daltons contained in the long and short
partiéles respectively. Various lengths found in the smaller segment
were due to deletion mutation during successive mechanical transmis-
sion; this resufts in a virus that causes severe symptoms in {nfected
plants (Shirako and Brakke, 1984a, 1984b). Using a cell-free trans-
lation system, the smaller RNA Was found to contain the coding
sequence for the ;irus coat protein of ﬁ: 19,700 (Hsu and Brakke,
1985; Shirako and Ehara, 1986).

The two particles are required for infection (Hibino et al.,
1981). In complementation tests of four isolates, the short parti-
cles controlled particle length, serotype, coat protein, and inclu-
sion bodies while the long particles controlled infectivity and virus
concentration (Tsuchizaki et al., 1975). Based on serological evi-
denqe, this virus is distantly related to TMV and potaéo mop-top
virus (Kassanis aq§ White, 1971; Powell, 1976; Randles et al., 1976).

Potato mop-top 18 another rod-shaped soil-borne virus and 1is
transmitted by S. subterranea. This virus is carried internally by
the zoospores of the fungus (Jones and Harrison, 1969). Once inside

the reswing spores, the virus can withstand air drying for more than
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a year (Jones and Harrison, 1569). The virus is rod-shaped with-a
width of 20 nm and two distinct lengths of 125 nm and 275 nm.
Kassanis and White (1977) found that the virus 1s serologically
related to TMV and SWMV. Based on thesey findings it was classified
as a member of the tobamovirus group (Van/Regenmortel, 1981).

)

3. Filamentous particles

This group includes five othe;/viruses that 4re carried intern-

ally by zoospores of the fungus P. graminjs. They are wheat yellow '

mosaﬁf virus (WYMV), barley yellp& mosajc virus (BYMV), rice necrosis
mosaic virus (RNMV), wheat spindle streak virus (WSSV) and oat mosalc
virus (OMV). These viruses are filamentous particles ranging from
275-1000 nm and.are known to produce pinwheel inclusions (Holiings
and Brunt, 1981, Hibino et al., 1981). Based on the occurrence of
the inclusion bodies, Haﬁfisdn (1977) cl;ssified this group of
viruses as potyviruses. .Howeve;,:Hollings and Brunt (1981) rejécted
“this classification because of the ‘differences in morphological and
serological properties.

WYMV, BYMV and RNMV occur only in Japan and share a common
antigen (Inouye, 1968, 1974; Hibino et al., 1981). These viruses are
transmitted by P. graminis (Inouye .and Fujii, 1977, Kusaba and
Ngkata, 1975; Inouye ana Saito, 19?5). They are flexuqus particles
of tw; predominant lengths of 275 and 550 nm, and a width of 11-14

nm. - No reports have been published regarding the properties of their

nucleic acid or coat protein. o
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OMV is found in North Am;erica and England (Catherall- And Hayes,
1970). It is a flexuous particle of‘ 650 x 11 nm (Usugi et al.,
1981). The virus is a very poor antigen and serologically related to
al}l the flexuous viruses that are tfansmitted by P. graminis. s The
OMV has not yet been further characterized. |

WSSMV {s also transmitted by P. graminis and 1s found only {in

~North America (Barr and Slykhuis, 1969; Slykhuis, 1970;.w1ese and

Hooper, 1971; Brakke, 1971b; Hooper and Weise, 1972}). 4 A similar

virus, WYMV, which is fqund in Japan, possesses morphological and

serological characteristics similar to those of WSSMV. The particles
L4

are flexuous ;ods 700 x 15 nm—%ﬁgksrt and Panzio, 1975; Hooper and

Wiese, 1972). The -virus was fouﬁd to be serologically distantly

related to the other soil-borne viruses that produce pinwheel inclu-

sions (Usugi et al., }981).

4, Unclassified virus-like agents

‘.Viruses of this. group are carried internally By zoospores‘ of
fung‘i are the disease-causing agents of lettuce big vein (LBV) and
tobacco stunt (TSV). LBV was believed once td be caused by some
toxin released by O. brassicae (Fry, 1958;_ Grogan et al., 1958).

' I . ‘
However, this claim was later rejected and ‘it was su’ggésted that the

disease was caused by an infectious, grafttransmissible agent which

.produced virus-like symptoms (Campbell, 1962; Campbell and Gyogan,
1963; Campbell, 1980). Campbell (1962) demonstrated that the virus-

like agent was carried withlin the resting spores of 0. brassicae on



e
the basis of {ts resistance to strong cﬁemical’treatments. Also,
alr-drying of contaminated soil for up to 5 months did no? prevent
the transmission of the LBV agent (Lim et al., 1970; Campbell,
1979). It was later shown that air-drying for 39 months did not

- affect the transmission of the agent (Campbell and Fry, 1966). This
!

virus-1ike agent was also found to be carried internally by zoo-
spores, since washing of the viruliferous zooépores did not prevent
the transmission of the virus-like agent (Campbell and Grogan, 1964).
Haeske (1958) and Chod et al. (1976) reported rod-shaped virus-—

like particles in the roots of {nfected plan%s. Recently, similar
virus-like particles were “ound in negatively-stained leaf-dip prep-
arations obtained from infected lettuce leaves (Kuwata et al., 1983).
| Tobacco stunt disease was first discovered in Japan in 1943

(Nakamura and Tsumagari, 1943), and by 1956 the disease was wide-
spread, causing severe damage to tobacco seedlings (Hidaka et al.,
1956). The disease was reported to be sofl—Sdrne as it did not occur
after steam-sterilization of infested soil (Hidaka et al., 1956).
The causal agent in the infested soil was reported to withstand air
drying and oxygen treatment for 40 days (Hidaka et al., 1956). This
suggested that the virus is present inside a resistant vector. The
presumptive‘vector was believed to be a fungus since infectivity was

seﬂg}tive to certain fungicides (Hidaka et al., 1956). Furthermore,

there was a good correlation between the occurrence of the disease

and the presence of 0. brassicae in the 1nfeste§ soil (Hidaka, 1960).

The disease agent was also transmitted to tobacco seedlings by means
. A :
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of a suspension of zoospores from resting sporangla of O. brassicae
obtained from stunt-infested soil, proving the assoclation between
TSV and its vector (Hiruki, 1965; Hidaka and Tagawa, 1965).

Tﬁe causal agent of the disease was believed to bd a spherical
virus 25 nm in diameter (Hidaka, 1954). However, this finding was
later refuted and the virus was.suggested to be 18 nm in dliameter and
to be transmitted by grafting only (Hidaka et éiL' 1956f. TSV was
found to be unrelated to TNV on the basis of host range, serglogy,
symptomology and cross protection tests (Hiruki, 1975). The disease

r’)was suggested to be caused by a virus with a loose protein coat that
encapsidates the viral RNA (Alderson, 1975). In addition to trans-
mission by O. brassicae vector, the VZ;EE could be mechanically

transmitted if some chelating agents were added to the extractling

buffer (Hiruki, 1964). C. amaranticolor is a suitable local lesfon

host (Hiruki, 1964) and has been used as an assay host (Hiruki, 1964,
i965, 1967, 1975, Hiruki et al., K975, Alderson, &975).

The acquisition of ESV by zoospor;s of 0. brassicae occurs only
in vivo (Hiruki, 1965). Attempts to transmit TSV by mixing O.
brassicae zoospores with sap suspension, obtained by grinding in-
fected leaves in phosphaté buffer containing 1-PTC, failed ﬁHirgki,

1964). - ‘

Alderson (1975) found that 200-400 zoospores/ml of water were
necessary for inoculation, whereas Hidaka and Tagawa (1965) reported

800 spores/ml were needed for successful transmission. When the

zoospores penetrated the host cell, their cytoplasm became separated

14



from the host cytoplasm by a single membrane. This stage of infec-
v

tion s probaply the time when acquisitifon of the virus could take

place (Alderson, 1975). However, this observation has not been con-

firmed.

In nature, the occurrence of TSV has been reported on tobacco
plants only. The ;Lverity of the discase varied with the variety of
tobacco (Hidaka g£~§1;, 1956). Under experimental conditions, it was
possible to tr;nsmit TSV using O. brassicae zoospores to thirty-five

plant species in thirteen families (Hiruki, 1967). By mechanical

transmission, it was possible to extend the host range to forty-one
species in nine fa&ilie; (Hiruki, 1975). *

Antiserum against partially purified TSV ‘was obtainéd with a
final titer of 1/1024 in the ring-precipicin test.(Hiruki, 19}SL
Kiriyama (1975) was able to isolated antibody against TSV using
ascitic fluid in mice with a final titer of 1/218. It was also pos-
sible to sero-diagnose naturally infected plants (Kiriyama, 1975).
Infectious nucleic-acid was produced from TSV—infected‘blénts (Hiruki
et al., 1974). Thé nucfeic acid was believed to be RNA as it was
selectively susceptible to ribonucleases,. and it was stabilized by
adding yeast RNA to the phoéphate buffer prior to TSV exthaction
(Alderson, 1975).

\
. C. Isolation of Uhstable Plant Viruses

There are a number of plant viruses that are "difficult to

I8



purify. This is particularly so with those that are filamentous or
rod-shaped particles. In some cases the difficulty is believed to be
due, 1{n part, to a low concentration in the plant tissue or to the
loss of virus particles caused by aggregation (Till and Shepherd,
1967; Bar-Joseph and Loebenstein, 1970; Clark and iister, 1971).

To improve the yleld and the quality of virus preparations in
purification of plant viruses, several methods have been developed.

-

First, for virus extraction, a wmortar and pestle was found to be
useful for gentle extraction of virus from ;ﬁall quantities of leaf
tissue (Plerpolint, 1966). It is also possible to use glass tissue
homogenizers f;} this purpose (Steere, 1959). For 1aréer quantities
of leaf tissué, however, meat grin&ers of various types are used. In
recent years the Waring blendér has been‘preferred for extracting
virus from leaf tissue because of ease of opergzioni st%filtzation
and its efficient extracting power. However, {t was found that some
viruses, filament;us viruses 1in particular, were saheared during ex-
traction in a blender (Bar-Joseph and Hull, 1974; Till and Shepherd,
1967). At the early stage of extraction many plant enzymes are usu-
ally liberated from lysozymes of plant cells, some of which may
inactivate plant viruses (Steere, 1959). To prevent oxidation, a
varlety of reducing and chelating agents have been incorporated into
extracting media (Pierpoint: 1966; Steere, 1959; Cornuet, 1960;
Hirukil, 1964, 1975). To clarify the sap, several methods -have been
used successfully. Organic solvents have been emnloyed as a means of

v

clarifying plant sap and to precipitate some plant organelles and
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ribosdmes (Steere, 1956). However, certain plant viruses, membrane-
bound viruses in particular, are not stable in organic solvents iike
the tomato spotted wilt virus (Luisoni et al., 1979; Best, 1968).
For some viruses, it 18 possible to use other additives in order to
clarify the plant sap prior to separation of virus particles by dif-
ferential centrifugation. For example, Dunn and Hitchborn (1965)
~used magnesium bentonite during virus purification to precipitate
ribosomes, 18 S pfotein particles and other green material 1like
chlorophyl. This method has been used successfully by other workers
to purify certain unstable plant viruses (Lister et al., 1965;
de Sequira and Lister, 1969; Lister and Hadidi, 1971; Uyemoto and
Gilmer, 1971). Benn and Murant (1979) found that the addition of
Mg*t to the bentonite reduces infectivity of some viruses. Bentonite
degraded certain stable plant viruses such as TMV and brome mosaic
virus (BMV) by selective adsorp’tion of viral coat pro;ein" (Brakke,
»
1971). Bentonite, with or without Mg++, was also found to precipi-
tate TSV (Alderson, 1975). The amount of bentonite needed to clarify
plant sap varies with each preparation (Bar-Joseph sE_gi;, 1979).
‘FolLowing clarification, plant viruses can be concentrated by a
number of methods. Ammonium sulphate was used to precipitate plant
viruses (Bawden and Pirie, 1942). The procedure was found to be time
consuming, and other plant préteins may be precip1Catedralong with
the viruses (Markham, 1959). Centrifugation at high speed has been
used extensively to precipitate different viruses (Stanley and

Wyckoff, 1937; Sharp, 1953; Steere, 1959). The high speed centrifu-
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gation produces physical shearing of rod-shaped viruses ag well as
insoluble aggregates (Long et al., 1976; Polson and Stannard, 1970;
Tremaine et al., 1976). During resuspension of the pelleted virus,
more breakage of vi}us particles may occur, resulting in additional
losses in infectious v.irus yleld (McNaughton and Matthews, 1971).
Polyethylene glycol (PEG), whiich 1s a linear polymer and chemi-
cally 1inert detergent, can be used to concentrate plant viruses., It
was found that®PEG 2400 at 20Z (w/v) can preciplitate ultraviolet-
absorbing material such as nucleo-protein (McClendon, 1954). PEG
6000, along with sodium chloride, has been used extensively for puri-
fication of ' plant viruses (Hebert, 1963). The amount of PEG needed
depends upon the virus that is to be precipitated. For example,
Steere (1959) found that spherical viruses were precipitated using 4%
while filamentous plant viruses ‘required 6% (w/v) PEG 6000. Other
workers found that 6Z PEG gave 90% recovery of squash mosalc virus, ;
spherical virus, while at 4% there was only 70X recovery (Lastra and
Munz, 1969). The concentration of PEG required for maximum virus
precipitation depends upon the concentration of NaCl (Hebert, 1963).
Séme plant viruses will form aggregates during precipitation or
centrifugation. If these are firmly bound together, the infectivity

of the virus preparation can be reduced substantially (Tremaine et

al., 1976). Certain detergents, such as Triton X-100 (ethylphenoxy,

‘s
polyethoxyethanol), have been used for isolating polysomes (Kiho,

1968), TMV (Nozu and Yamaura, 1971), and plum pox virus (Van Oosten,

1972). 1In a stud¥ oJ the barley yellow mosalc necrosis virus Inouye

\
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and Safto (1972) found that the concentration of Triton X-100 can be
as low as 0.2% when used In conjunction with high speed centrifuga-
tton. In*this procedure the pelleted virus was easlly resuspended,

and the yfeld and fufectivity of the virus remalned relatively high

as a result of reduced aggregation of wilrus particles.

D. Plant vl(gﬁggA!}th doubl¢¥§traqggg_gﬂé

The only characterized plant or animal viruses that contaln

double strandod\RNA (dsRNA) are reoviridae (Matthews, 1982). These
\ 4 ’

viruses have f{cosahedral shells which are 60-80 nm in diameter.

Thelr dsRNA consists of ten to twelve segments, and an RNA-dependent

N

polymerase 1is an integral component of thé virionb (Ikegami and
Franckltll976). This enzyme functions as a transcriptase that trans-
"~ ctibes the ds genome segments into single-stranded messenger RNAs
(Joklik, 1981). The plant virus members of this family differ from
Fhe animal reoviruses {in their ability to wmultiply within their
‘insect vectors, the number 6f segments comprising their RNA genomes,
and certgin details of virus particle structure (Joklik, 1981).
These viruses belong to two major subgroups.

In the first subgroup, tﬁere are two viruses, namely wound tumor
virus (WTV) and ricﬁidwarf virus (RDV). Both viruses have a twelve
segmefit- RNA genbme, ;nd both are transmitted by leafhoppers (Black,
1964; Black and Knight; 1970). RDV 1is the only reo-like plant virus

x

which {8 not tumorigenic (Shikata and Maramorosch, 1369).
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In the second grnup; there are nine known viruses which arce
characterized by having ten segments {n their RNA genome (Table 2).
These tnclude maize rough dwarf virus (MRDV), rice black-streak dwarf
virtus (RBSDV), sugarcane Fi{ji{ disease virus (SFDV), oat sterile dis-
ease virus (0OSHV), pangola stunt virus (PSV), Lolium enation disease
virus (LEDV), rice ragged stunt virus (RRSV), rice gall dwarf virus
(RGDV) and cereal tillering disease virus (CTDV). All of these vl;
ruses are transmitted by and capable of multiplying in the plant hop-
pers (delphacids) (Milne and Luisoni, 1977b; Bogcnrdo et al., 1979).

¢

Even though there are difterences between the two subgroups of
reo—like plant viruses, they do exhibit some common properties. All
such viruses have a wide host range {nfecting monocotyledon(')us
plants, with the exception of WTV which infects dicotyledenous plants
(Black, 1964).

The in vitro properties, such as longevity, thermal inactivation
point and dilution end point, have not been studied {in detall for
some viruses. Available data, however, show that the longevity of
RBDV 1{s only a few hours at room temperature and 7 days at 4°C
(Shikata, 1974). . MRDV in frozen leaves kept at -20°C remained
undiminished in {nfectivity for at least 10 years‘(Milne and Luisoni,
1977a). The survival of the antfgenic components of the same virus

%
was also found to be unimpaired by various conditions such as heat-
ing, freezing, or pH changes (Wetter and Luisoni, 1969). It was

found, however, that there.were some morphological changes under the

conditions mentioned above such as dissociation of the outer membrane
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Table 2.
ENUE VIRUSES:
G RnP
1 Wound tumor
virus
Rice dwarf
virus >

Sugarcane
Fijif disecase
‘virus

-

Rite ragged
stunt virus

Rice black-
streak dwarf
virus

Maize rough
dwarf virus

'

Cereal tiller-
{ng disease
virus

Pangola stunt
virus

Oat sterile
disease
virus

Rice gall
drawf
virus

Lolium enation
disease virus

SIJE

70

75

70

63

70

70

65

65

65

70

nm

nm

nm

nm

nm

nm

nm

nm

nm

nm

nm

PARTICLE

NO. OF RNA

Plant reoviruses and thefir vectors.

SEGMENTS

12

12

10

10

10

10

10

10

10

" 10

21

VECTORS

Agglliq constricta
A. quadripunctata
Agalliogsis novella
N
Nephotettix cincticeps

N. nigripictus
Recillia dorsalis

Perkinsiella
saccharicida
P. vastatrix

Nilaparvata lugens

Laodelphax striatellus
Unkanodes albifascia

U. sapporona \{

L. striatellus
Delphacodes propinqua
Javesella pellucfda
Sogatella vibrix

Li striatellus
Dicranotropis hamata

§L>furcifera

J. pellucida
dubia

J. obscurella
hamata

J. dubia
discolor

: pellucida

Unknown
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of the Virion producing B-splked cores (M{ lne gnd Luisoni, 1977b).
RBSDV was also found to be stable in frozen leaves, and infectivity
remained for 7 days in rice sap at 4°C (Shikata, 1981; Kitagawa and
Shikata, \}V73). The thermal {nactivation point was found to be
55-60°C for WIV and MRDV (Milne, 1977), whereas it was 60°C‘for RBSDV
(Shikata et al., 1976). The dilution end point of RBSDV was 1074 tn
a sap preparation(from rice leaves and (72 {q plant hopper extract
(Shikata et al., 1976).

The polypeptides of the capsid proteins of group 1l plant reo-
viruses have been studied in detail. It was found that the viral
core contains chree protein components ranging in molecular weight
from 50,000 €o 160,000 (Shikata, 1981). The capsomere (subunit visi-
ble in the electron microscope) contains two polypeptides ranging in
molecular weight from 36,000 to 96,000, while the amorphous outer
layer contains ‘two polypeptides ranging in molecular welght from
96,000 to 152,000 (Shikata, 1981; Nakata et al., 1978; Milne and
Luisoni, 1977a). '

RNA from WTV was found to have aibase composition i{n which guan-
ine and cytosine were in equal amounts and together comprised 44X of
the total number of nucleotides (Blaqk and Markham, 1963; Tomita and
Rich, 1964). - The same base composition was found in RNA extracted
from RDV (Miura et al., 1966). The RNA genomes of both viruseg com-

prised twelve segments, with a combined molecular weight of 16-16.6 x

10% daltons. These segments contained three genomes of the same

molecular weights (Reddy et al., 1974). 1In detailed studies on WIV-

ro
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RNA, some of the RNA segments were not required for the multiplica-
tion of the virus inside tl;e plént host (Reddy and Black, {1974).
When infected clover plants were propagated from cuttings for several
generations, the virus lost 1its ability to multiply inside the leaf-

hopper vector. It was found that RNAS5 and RNA7 were missing from

such mutants (Redolf et al., 1973; Ikegami and Francki, 1975; Reddy

\
)

et al., 1975; Reddy et al., 1976). /‘

In the second subgroup, the RNA genome is divided into ten seg-
ments. RBSDV and MRDV have eight segments of the sam@molecular
weight and FDV and MRDV have three segments of the same molecular
weight (Redolfi et al., 1973; Ikegami and Francki, 1975; Reddy et
al., 1975; Boccardo et al., 1978)s The RNA was found to be double
stranded on the basis of the thermal denaturation kinetics, resist-
ance to RNase at high salt c'onf:entration, and a buoyant density of
1.60 g/ml in Cs,80, (lkegami ana Ffancki,\l975).

Serologically, reo-like plant‘viruses possess two kinds of anti-
gens. The first is the dsRNA which elicitg the production of anti-
bodies of low titer and broad specificity (Francki and Jackson, 1972;
Stoller, 1973; Moffitt and Lister, 1975). The second antigen is the
coat protein. The titer of antisera produced against the coat
protein can range between 1/5]2 to 1/8192 in a precipitin-ring test.
The test usually results in higher titers than a gel-diffusion test
(Milne and Luisoni, 1977a). There is no serological cross-reaction
between the capsid proteins of'WTA and RDV (Shikata, 1981). MRDV,
RBSDV, PSV, and CTDV are serologicallf related in both the inner

capsid and the B-spikes, whereas FDV did not react with thep (Milne

23
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and Lutisoni, 1977b). It was found that in subgroup 11 there are at

least three serological groups (Milne and Luisoni, 1977b).

To date there have not been described plant viruses with a rod-

shaped morphology which contain ds RNA.
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CHAPTER II1

GENERAL MATERIALS AND METHODS

A. Virus

TSV infection was established by 1inoculating seedlings of

N. tabacum cv Bright Yellow or L. esculentum cv Trip-L with O.

brassicae which was originally obtained from a single isolate from

tobacco infected with TSV. TSV-free O. brassicae was originally
obtained by culturing a fleld 1isolate of 0. brassicae on roots of

cowpea, Vigna unguiculata (L.) Walp cv Early Ramshorn, for several

generations (Hiruki, 1965). .

B. Olpidium brassicae

Initial infection of tobacco seedlings with 0. brassicae was
esgablished by sowing Bright Yellow tobacco seeds onto moistened
quartz ‘'sand that had been mixed with rescin_g spores of the fungus

.

from the air-dried tobacco roots. Zoosporangia were formed approxi-

mately 3 to 4 weeks later at 18°C. Further tnoculation with 0.
brassicae was done by dipping roots of up to 50 tobacco or tomato

seedlings less than ‘a month-old into a 100 ml suspension of O.

brasgicae zoospores (25,000 spores/ml) for 2 hr. The plants were

. : - []
watered with Hoagland solution (Hoagland and Arnon, 1950) or with

25



Hyponex (10 g/1) and kept incubated at 18°C % 1°C until harvest.
Ao'isolate 0. brassicae zoospores for virus extraction, tobacco
plants were removed from sand and the roots were washed in cold run-
ning water. The clean roots were immersed in waCer(-{or 10 minutes at
. )
20°C. The resulting zoospore suspens{on was passed through Whatman
No. 4 filter paper to remove sand particles br.plant debris. The
suspension was' then centrifuged at 5,000 g for 10 min (Sorvall
RC-2B) with GSA rotor at 4°C. The pelleted zoospores were suspended
in 0.01 M Tris-HCl (pH 7.5), containing 0.01 M Na,;SO3, or in 0.05 M
glycine (pH 7.5), containing 0.02 M Na,S0O,, and frozen by dipping the
test tube into acetone cooled by dry ice. The frozen material was
then stored at -60°C. The roots of the plants were placed in
Hoagland solution for 2 hr immediately after zoospore isolation.
'They were then washed 1in running‘water for'19 min, wrapped In wet
cheesecloth, placed in 15 cm Petri plates})and covered with Elascic
bags. The plants were incubated at 20°C and zoosp;r;s.were obtained

from the same plants at daily intervals for 21 daya.

C. Host Plants for Virus Propagation

Tobacco and tomato plants were grown in plastic trays (20 cm x
12 cm x 6 cm deep) containing acid-washed and steam-sterilized quartz

sand. The plants 1noculate;“ith resting spores of Q. brassicae that

‘'were known to carry TSV (hereafter referred to as TSV-Olpidium) were.
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kept at 18°C 1in temperature-controlled growth cabinets. After 2
weeks, the seedlings were transplanted into steril{zed plastic pots
12 cm in diameter containing an autoclaved soil mixture (3 parts
loam:2 parts peat:l part sand) in a greenhouse at 18°C * 2°C. In the
summer months, the walls and roof were painted with 5X white Oarland
shading compound to reduce heat and light intensity.

All:hougﬁ‘l TSV-infected Brigl’lx\; Yellow tobacco produced typical
stunt symptoms, it was rather difficult to maintain infected tobacco
seedlings for an extended period of time due to severe stem and leaf
necrosis. In contrast, tomato plants infected with TSV developed
only veinclearing, chlorosis and yellow mottling (Plate 1). They
were therefore moée suitable asC virus propagation host than tobacco
plants. Infected tomato plants were maintained by renewing them by
cuttings or by sap-inocula.tion of young seedlings. l-lyponex solution
(5 g/1) was applied to the potted plants twice a week. Leaves were
harvested repeatedly for TSV extragtion when fully matured.

Id

D. Assay Plants

Seeds of C. amaranticolor, a useful local lesion host for TSV

(Hiruki, 1964, 1965, 1968, 1975), were germinated according to the
method described by Alderson (1975). Seeds were washed in running
water af room temperature for 24 hr, and germinated on wet filter
paper in’ aA’ri plate for 3 days. Germinated seeds were trans-

planted into plastic ‘crays containing the autoclaved soil-mix and
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Plate 1.

Systemic symptoms produced on a tomato leaf after root

inoculation of seedlings with Opidium brassicae carrying -
tobacco stunt virus.
» »

Left: Leaf fromauhinoculhted‘plant:

Right: Leaf from inoculated plant.



grown in a greenhouse at 23°C * 2°C with supplementary fluorescent
and incandescent light, providing a daily 16 hr light period and a
light {ntensity of about 20,000 lux. After 10 days the seedlings
were transplanted into 12 cm autoclaved clay pots containing.che same
soil mix and gro;n under the same conditions until they reached the
4-6 leaf stage, which was approximately 25 days after transgi@nting.
Plants were {noculated with a cotton swab dipped in 1noc;1um by
gentle and uniform stroking of leaves that had been uniformly dusted

with Carborundum (600 mesh). Local lesions developed on inoculated

leaves of C. amaranticolor in 7-14 days. (Plate 2).

Tomato seedlings were gfp%ﬁgfpa??toclaved soid mix in a green-—
house at 20°C * 2°C. Six :;é&“;ld plants were inoculated with sap
extracted from TSV-infected leaves. Three weeks .later, the infected
plants showed typical TSV sy&ptomsi : . .

)

For bloassay on tobacco, 4 week-old Bright Yellow tobacco plants

were used.

Primary leaves of Red Kidney beans (Phaseolus vulgaris L.) were

used to test for tobacco necrosis virus (INV) contamination. Bean
seeds were planted in University of Califqrnia soll mix (hereafter
referred to as U.C. mix) (Baker, 1957) in 12 cm autoclaved clay pots
and grown at 25°C. Seven to 10-day-old seedlings with two primary

leaves were selected and inoculated. o
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Plate 2. Local lesions on a Chenopodium amaranticolor leaf 14 days

after 1inoculation with purified virus preparation from

tomato leaves infected with tobacco stumt virus.
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CHARTER IV

INFECTIVITY OF TSV IN LEAF SAP

A. Introduction

~

Infectious particles of TSV have not been isolated or character-

fzed since the first comprehensive description of the disease
(Hidaka, et al., 1956).* This may well be due to Ehe instability of
TSV in crude plant extracts, and/or to unsuitable buffer systémq used

during the course of purification. In order to improve the buffer

system, systematic studles are required of the composition of

-~

extracting buffer, the molarity and pH of the buffer solution, and\

buffer additives such as antioxidants and chelating agents.

~
s

B. Materials and Methofis L

1. Extracting buffer

Systemically infected tomato leaves showing typical TSV symp-
. R R _
/
toms were harvested and cut into small pleces (about 2 mm?). They

were mixed, divided into 0.5 g portions and chilled at -60°C for 1

hr. - The plant material was ground in 0.5 ml and ! ml each of the

~ -

. ' ( P’
»

* During preparation of this thesis, a manuscript describing TSV
was published Qy Kuwata and Kubo (1986).
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different buffers, with or without additives, in a chf@led mortar.

The extract was applied to C. amaranticolor leaves for biloassay.

2. Buffer additives

Different chelating agents and anti-oxidants were singly added
to the extraction buffer in an attempt to stabilize TSV infectivity.
~These additives included: -

a. Chelating agents: 10 mM ethylenediaminetetraacetate (EDTA,

disodium salt), 10 mM sodium diethyl-dithiocarbamate (sodium DIECA),
and 10 mM 4-phenyl-thiosemicarbazide (4-PTC). -

b. Reducing agents: 1Z sodium thioglycolate, 0.5% 2-mercapto-

ethanol, 0.0l M Na,5Q5 and 0.01 M sodium cyanide.

C. Nuclease inhibitors: Leaf samples collected and weighed as

above: were chilled and ground 1in 0.01 M Tris-HCl buffer pH 7.6
containing 0.01 M Na,50,, and ‘different nuclease inhibitors, namely
heparin, disodium salt (Sigma) at a concgnnration of 150 gntté ml,
purified bepitonite at a concentration of 4 mg/ml, and a combination
of bentonite and heparin (4 mg bentonite and 150 unitqiheparin/ml of

" buffer). The material was then applied to C. amaranticolor leaves to

test TSV infectivity. In some experiments, the virus was precipi-

tated with 8% PEG 6000, or centrifuged at 100,000 g for 90 min. The

pelleted material was then suspended in Tris-HCl buffer and applied

to C, amaranticolor leaves.
The above mentioned agents were added 1individually to “the

extracting buffer immediately before use. Buffers without additives
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were used as a control. The final pfM of the inocula were adjusted to

7.6 prior to applying them to C. amaranticolor.

3. Buffer molarity

Tomato leaves showing TSV symptoms were sliced and welghed as
before. The samples were then chilled at -60°C for | hr, then ground
{n 0.5 ml Tris-HCl buffer pH 7.6, with different molarity ranging
from 0.001l M to 0.5 M, containing 0.01 M Na,80j3. The extract was

then applied to C. amaranticolor leaves for infectivity assay:-

4, Buffer pH

-

Tomato leaves with TSV symptoms were sliced and weighed as
before. The samples were then ground in 0.5 ml of 0.01 M Tris-HC1
buffer containing 0.01 M Na,S504. The buffer pH tested ranged from

5.0 to 9.0. The sap samples were tested on C., amaranticolor.

5. Recovery of TSV infectivity

Local lesions from C. amaranticolor leaves were cut, and divided

into 3 portions of 0.5 g each. 0.5 ml 0.01 M Tris-HCl buffer, pH 7,6

©

containing 0.0. M NaSOj was added to each portionm, then 1.5 nig of
purified bentonite was added to the first portion before grinding in

a mortar kept on ice at 4°C. The sap extracts obtained from the

remaining two portions were centrifuged at 7,000 g for 10 min. To

the extract from the second portion, 1.5 mg of bentonite was added.

-

The third portion, containing no bentonite, served as a control. The
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portions were centrifuged again at 7,000 g for 10 min. The sap

extract from each portion was then applied to C. amaranticolor leaves

¢

by the half-leaf method and to four-week ¢ld tobacco plants to test
{nfectivity.

]

6. Effect of Triton X—IQQ

TSV-infected leaves were harvested and chilled as before. Two g
of leaves were ground in a chilled mortar in 0.01 M Tris-HCl buffer
pH 7.6 containing NaZEOJ. The sap was then squeezed through a double
layer of cheesecloth and centrifuged at 8,000 g for 10 wmin. A 20%
Triton X-100 solution in the* same buffer was added to the sap to glve
final concentrations of 1%, 2%, 3%, 4%, 5%, 6%,.7% and 8%. The solu-
tions were stirred on ice for 10 min. The mixture of sap and Triton
X-100 was then centrifuged at 8,000 g for 90 min (Spinco L5-75, Rotor
30). The pelleted material was resuspended {n Tris-HCl buffer and
kept at 4°C for 30 min. The material was then centrifuged at 8,000 g

for 10 min. The supernatant liquid was collected and applied to E;

amaranticolor leaves for infectivity test.

. /

C. . Results

.

1. Effect of extracting buffers on the extraction of TSV from leaf

tissue

N The infectivity of TSV was greatly affected by the kind of

buffer solution used at the time of sap extraction. The infectivity



-

of the leaf extract in 0.0l M phosphate buffer (pH 7.6), was lower

-

than that in 0.0l M Tris-HCl (pH 7.6), while those in 0.0l M cltrate

buffer (pH 7.6) and {n water were not f{nfectious at all (Fig. 1).

-

The TSV infectivity was not greatly affected when the rafio of the

volume of the extracting buffers to the weight of the leaf sample

\

{ncreased fourfold (Fig. 2.

‘ e

2. Effect of buffer additives on the extraction of TSV from leaf
tissue
a. Chelating agents: The addition of some chelating agents

such as 4-phenylthiosemicarbazide (4-PTC) to Tris—-HCl buffer (Fig. 3)
and phosphate buffer (Fig. 4) significantly stabilized TSV infectiv-
ity. The use of 4-PTC did not stabilize virus infectivity in cltrate
buffer.

b. Reducing agents: Sodium thioglycolate moderately stabil-

{zed TSV infectivity only with Tris-HCl buffer (Fig. 3). On the
other hand, Na;SO3 and 4-PTC were very effective in sta?ilizing TSV
infectivity in both buffers (Figs. 3 and 4). Mercaptoethanbl and
sodium cyanide did not have any positive effect on TSV infectivity
(Figs. 3 and 4).

C. Nuclease inhibitors: Heparin appeared to be an effective

nuclease 1inhibitor to stabilize TSV infectivity. However, when
heparin was removed by PEG-6000 precipitation or differential centri-

fugation, TSV infectivity was only partially recovered.

Bentonite alone‘appeared.to stabilize TSV infectivity whef it
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was added to leaf tissue at a ratio of 4 ml/g prior to grinding.
When applied to tomato sap it precipitated green host material, and a
pale yellowish supernatant 1liquid was obtained after low speed
centrifugation. Héparin alone or in combination with bemtonite did

not significantly stabilize TSV infectivity (Figs. 5, 6 and 7).

3. Effect of buffer molarity on the extraction of TSV from leaf

tissue

The highest infectivity was obtained when 0.01 M Tris-HCl (pH
7.6) was used as an‘exfracting buffer. At lower buffer concentra-
tions TSV infectivity was gradually reduced (Fig. 8). At a buffer
molarity range over 0.0l M, the higher the buffer molarity the lower

the TSV infectivity, and infectivity was abolished at 0.5 M (Fig. 8).

4. Effect of buffer pH on the extraction of TSV from leaf tissue

The highest TSV i;fectivity was’obgﬁined at a pH range of 7.0 to
8.0. Lowering buffer pH reduced TSV infectivity and it was lost at
pH 6.0 and lower. At the same time, at a buffer pH exceeding 8.0,
TSV infectivity was lowered, and it was completely lost at a pH of

>

9.0 (Fig. 9).

5. Recovery of TSV infectivity .

When bentonite was added to the extracttion buffer immediately

before grinding ‘the C. amaranticolor leaf bearing local lesions 11 to

14 days after indculation, there was good recovery- of TSV infectivity
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on €. amaranticolor. Over 50% of the 1inoculated tobacco plants

showed typical TSV symptoms 41 days after inoculation. TSV {nfectiv-
ity was also recovered from local lesions when the extracted sdp was

further clarified by adding bentonite. No local lesions appeared on

C. amaranticolor and no stunt symptoms developed on tobacco plants

when bentonite was not used.

6. Effect of Triton X-100

When Triton X-100 was fhtroduced to plant sap, TSV infectivity
was Increased with the increase of Triton concentrationd to reach a
maximum level at 3% (Fig. 10). With the increase of Triton concen-
tration above 3%, the infectivity of TSV preparations decreased to

zero at levels of 77 - 8% (Fig. 10).

D. Discussion

Plant virus infectivity is usually measured by the number of
local lesions produced on a test plant, or by the number of plants
that show typical disease symptoms. To transmit the virus mechanic-
ally to a test plant, the plant tissue should be ground, and the $
virus particles should be released in an active form. The activity
of the released virus in the plant sap is greatly affected by the
buffer system, buffer pH and buffer additives. The buffer system

affects the virus activity either directly or {indirectly. For

example, some virus 1inhibitors can be precipitated by different .
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butfers such as Tris-HCl or phosphate bufter. The results of ths'
study suggest that a preSumptive inhibitor(s) {s released with the
virus in plant sap (Fig. 1 & 2). When the virus was diluted, the

number of local lesions were not reduced proportionately, indicating

a dilution of thé {nhibitor(s) (Simon et E}f' 1963). Since the
stabil{ty of the virus {in plant sap is Influenced by this presumptive
{nhibitor(s), a method of preventing 1{ts action 1s essential.
Assuming that this inhibitor {s enzymic in nature, the removal of the
metal {fous that act as co-enzymes should greatly reduce the enzymic
- activity of this inhibitor which, in turn, increases the activity of
the virus. For example, 4-PTC {s a specific chelating agent for the
Cu*t ions, which could be needed for the activity of the inhibi-
tor(s). However, EDTA, which is a strong chelating agent, precipi-
tates more metal 1ons, including some cations needed to hold the

virus particles together. This result agrees with previous findings

of other workers (Hiruki, 1964; Alderson, 1975). On the other hand,

some anti-oxidants such as sodium sulfite can prevent the action of
some phenolic compounds, thus preventing their action on the virus
particles. In this study the addition of Na,S04 g;eatly stabil{zed
the infectivity of TSV in both Tris-HCl buffer as well as phosphate
buffer. Kuwata and Kubo (1986) independently reached the samerggn-
clusioé, but it was not in agreement witﬂ the finding of Alderson
(1975), who used a relatively high concentration of NaS03 (0.1 M) in

preparing TSV inoculum.

The infectivity of TSV was also found to be affected by the
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buffer pH. This 1{s not a surprising fact since some stable plant
viruses like bromoviruses are greatly affected by the buffer pH.
Such vi-rus particles will swell and become senslittve to RNase at pH
higher than 6.0 (Lane, 1974).. On the other hand, sone unstable plant
viruses like cAloeteroviruses can withstand changes in pH ranging from
4.0 - 8.0, as long as other conditions such as molarity and anti-
oxidanté‘are-kept unchanged (Bar-Joseph et al., 1979).
‘. TSV 1nfectivibty was also stabilized by the addition of Triton
X-100. The effect of the Tric0‘n is not on the virus {tself, but
could be as the result of enhancemed release of the virus from plant
cells. Therefore, in the presence of Triton, cell organelles will
rupfture, releasing virus particles and preventing adsorption of‘virus
particles to cell debris. However, Triton at higher concentrations
could be toxic to plant cells resulting in the death of the finocu-
lated leaf (Fig. 10).

TSV infectivity was stabilized by the addition of bentonite.
Bentonite was also effective in recovering TSV infectivity from Iocal

-

lesions that were produced on the leaves of C. amaranticolor; the

infectivity from such local lesions could not be recovered in the

absence of bentonite. C. amaranticolor is known to contain inhibi-

tors that prevent or -reduce the infectivity of plant viruses (Simon

et al., 1963; Brakke, 1971a). This may mean bentonite is capable of
precipitating such an inhibitor. When bentonite was added, the sap
was clarified to ylield a supernatant liquid slightly yellowish in

color and made further purification of TSV much easier. The abrasive
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effect of bentonite was not a factor {n obtalning high local lesion
numbers on assay plants, since its removal by centrifugatiaqn did not
affect infectivity. )

The results obtained {n this s8tudy are {mprovements over the
previous work (Alderson, 1975), in which the infectivity was reduced
after the addition of 20 mg/g bentonite/g of %eaf tissue. While the
exact mechanism of virus stabilization by addition of bentonite has
yet to be studied, the extent of the effectiveness of bentonite in
stabilizing TSV infectivity could be {nfluenced by the source, or by

,‘\
the amount of bentonite used in combination with the kind of buffer
»
system used. In this chapter, a buffer system, namely 0.0l M Tris-
HC1 pH 7.6 containing 0.01 M Na,S03, was found suitable to stabilize

TSV particles, which could be used to further purify the virus.
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- CHAPTER. V

PURIFICATION OF TSV ’

"A. Introduction

Tobacco stunt virus was shown to be mechanically transmitted {if
certaln chelating agents such as f—PTC and 4-PTC were added to
phosphate buffer (Hiruki, 1964, 1975). Further attempts to isolate
i{nfectious virus particles in sufficient quantity for characteriza-
tion of the virus were not successful, probably due to its instabil-
ity in vitro (Alderson, 1975). In the present study, attempts were
made to develop procedures for purification of the virus. These
. fncluded precipitation of the virus with PEG 6000, differential
centrifugation, or a combination of both.

/

B. Materials and Methods

i. Purification of TSV using polyethylene glycol precipitation

All experiments were dbne in a cold room at 4°C. Infected
leaves from tomato or tobacco plames were chilled for at least 2 hr
at -60°C before use. The leaves were then subjected to extraction in

a Waring blender with 2 ml 0.0l M Tris-HC1l (pH 7.6) containing 0.0l M

Na,504/g of frozen leaves. In some expetiments, leaf tissue was
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ground with a chilled mortar and pestle, The sap was then squeezed
through a double layer of cheesecloth. The pulp was reground in | ml
buffer/g of original leaf material. The sap was squeezed through
che-zecloth and combined with the original sap, then centrifuged at
8,000 g for 10 min in a Sorvall RC2-B centrifuge. The supernatant

was then stirred on ice and 4 mg bentonite/g of leaf was added slow-

~ly, according to the method previously described (Benn and Murant,

1979). The mixture was then centrifuged for 5 min at 8,000 g The
virus in the supernatant liquid was precipitated by adding 8% PEG
6000 (Fisher Sctentific, New Jersey). The solution was stirred until
the PEG was completely dissolved, then it was left {in the cold room
for 30-45 min before being cc;ntrifuged at 10,000 g for 20 min. The
pelleted material was ‘resuspended in Tris-HC1 buffer in 1% of the
original volume, recentrifuged, and the supernatant was collected.
The infectivity of both the supernatant and pelleted qaterial was
/

tested on C. amaranticolor leaves after each centrifugation step.

2. ‘Purification of TSV using differential centrifugation

TSV-infected leaves were harvested, chilled and subjected to
extraction in a Waring blender. Tha sap, clarified with bentonite as
described above, was subjected to‘centrifutgation at 8,000 g, followeci
by centrifugation at 100,000 g for 90 min (Spinco L5-65, Rotor 30).
The pelleted material was r;suspended in 1% of the original volume of
buffer, and centrifuged at 8,000 g for 10‘ min. The pellet;. and super-

natant from this ex‘peri.ment were uséd as inocula for bioassay on
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C. amaranticolor leaves. The final supernatant, which contained the

virus, was also used for electron microscopic observations.

3. Purification of TSV using ultrafiltration

Bentonite—-clarified sap obtained from TSV-infected plants was
filtered through a 1.2 um Millipore filter using a 50 ml glass
syringe. The clarified sap was then concentrated using a Millipore
immersible CS 30 ultraffltration unit. The filtration was terminated
when the final concentration reached 1% of the original volume.

4. Effect of buffer systems on the purification of TSV from leaf

tissue

Twenty g-portions of TSV-infected tomato leaves were harvested,
chilled and extracted in a Waring blender using 60 ml of different
buffers, namely 0.0l M sodium acetate, 0.0l M sodium citr;te, 0.01 M
glycine-NaOH, Q.Ol M sodium phosphate and 0.0l M potassium phosphate.
Na;S03 was added to all buffers to a final molarity of 0.01 M and the
pR of each buffer was adjusted to 7.6. Tris-HCl1 (0.01 M, pH 7.6)
buffef was used ae:(a control. Sap was 'clarifiéd by mixiﬁg with
bentonite, then centrifuged.' Triton X-100 was added to a final
concentration of 0.2% and this solution was centrifuged at 100,000 g

for 90 min. The pelleted material was suspended in the different

.buffers to a volume of 1% of the original volume used. The material

was then centrifuged at 6,000 g for 10 min. The supernatant liquid
. -

was applied to the leaves of C. amaranticolor fof infectivity test.
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A similar experiment was done for comparison by using different

buffers supplemented with 0.002 M MgCl,.

5. Bentonite — Triton X-100 - PEG treatments of infectious sap and

differential centrifugation

Twenty g of tomato leaves showing typicai symptoms were har-
vested, chilled and extracted in a Waring blender with 60 ml 0.0l M
Tris-HCl buffer or 0.05 M glycine buffer containing 0.002 M MgCl, and
0.01 M Na,S04 (GMS buffer). The sap was clarified by treatment with
bentonite, then 0.2% Triton X-100 was added. PEG 6000 was added to a
final concentration of 8% and the mixture was stirred for 30 min at
4°C, After centrifuggtion at 12,000 g for 15 min, the pelletéd
material was collected, resuspended in the same oéiginal buffer, and
then centrifuged at 7,000 g for 5 min to remove insoluble host, mater-
fal. The supernatant liquid was centrifuged at 100,000 g for 90 min
in the presence of 0.1% Triton X-100. The virus was then resuspended

\

in 0.6 ml Tris-HCl buffer, diluted five times' or 10 times, and

applied to C. amaranticolor leaves for infectivity test.

J

6. Ultraviolet absorption spectrum of purified TSV preparation

For the determination of UV absorption spectrum the virus was
scanned at UV wavelengths ranging between 220 and 310 nm using a
. ¢ ,

Beckman DU-8 spectrophotometer with a wavelength scan module and a

built-in recorder. - Blank samples containing comparable buffer

solutions wete also scanned at the same wavelength.’
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C. Results

1. Polyethylene glycol precipitation method

PEG at a concentration of 8.0 precipitated tobacco stunt
virus. The virus suspension from pelleted material was -relatively

more infectious than the sap extracts from tomato or tobacco leaves

(Table 3).

2. Differential centrifugation

TSV with relafively high infectivity was 1isolated by differeﬁ—
tial centrifugation when the sap from tomato leaves was clarified
initially with bentonite. In contrast, TSV infecgivity was lost when
unclarified sap was subjected to differential centrifugatién (Table
3). The final infective preparation contained rod-shaped virus-like

particles upon electron microscopic examination (Plate 3).

3. Ultrafiltration

~ TSV 1infectivity was concentrated from sap pfeparations of young
tobacco leaves clarif}ed with bentonite. It was not possible to
concentrate TSV in sap, as estimated by the infectivity test, without
bentonite clarification. This infectivity was lower than that of TSV

preparation concentrated by PEG (Table 3).

4, Effect of bentonite and Triton X-100

The partially purified virus preparation from tomato that had

.
[
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Table 3. Effect of different methods of virus concentration on the
infectivity of tobacco stunt virus from tomato and tobacco

leaf sap samples as determined by the half-leaf amethod on

Chenopodium amaranticolor.

X

METHOD OF VIRUS TOMATO TOBACCO
CONCENTRATION
- Exp. 1 Exp. 1l Exp. III
PEG 8 11 10
Bentonite . .
Differential 0 0 6
Centrifugation
Bentonite - . 2 3
Ultrafiltration
Unclarified Sap 1 2 2

Note: In this experiment 200 g of leaf tissue were homogenized in
3 , N
600 ml of buffer then divided into 4 equal parts. The final

preparation was suspended in 1.5 ml of buffer. The figures
represent average lesion numbers on eight half<leaves of C.

amaranticolor. The concentration factor is 100 times.

¢



Plate 3. Electron wmicrograph of a purified preparation of tobacco

' stunt virus extracted om infected tomato leaves,
negatively stained with 2X uranyl acetate. Bar represents

lm Nl t
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been treated with bentonite and Triton X-100 had a slightly yellowish -
[ 4

color, whereas preparations from untreated sap remained dark green in
color. The infectivity of the preparation treated with bentonite and
Triton X-100 in combination was significantly higher than that of the
preparations that had been subjected to treatment with bentonite

alone or that of the preparations treated with Triton‘&—lOO alone

(Table 4).

A

When TSV was precipitated: with 8% PEG {n the presence of Tris-
HC1l followed by one cycle of differential centrifugation, TSV infec- \
tivity was lost. However, 1in the presence of GMS buffer, TSV \
infectivity was retained (Tables 5 & 6), and the final TSV suspension |

had a white fluorescent appearance.

5. Effect of different buffers

‘When different buffer systems were compared for their effects on
TSV infectivity, the highest infectivity of partially purified Tsvggg i’

was obtained in the presence of 0.05 M Tris-HCl (pH 7.6). Only a’

medium degree of stabilizing effect on TSV infectivity was shown by
0.0;’9 glycine buffer alone. Although TSV infectivity was stabilized
in replicated experiments with 0.05 M potaésium phosphage\\sodium
acetate and sodium citrate, their effect was not as high askzzat of
Tris-HC1l or glycine buffer with 0.002 M MgCly. TSV infectivity was
reduced greatly in 0.05 M sodiom phosphate.(Tablés 5&6).

When 0.05 M Tris-HCl, glycine and phosphate (Naj;HPO,-KH,PO,)
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Table 4. Effect of bentonite and Triton X-100 on the infectivity of
tobacco stunt virus from tomato leaf sap as determined by

the half-leaf method on Chenopodium amaranticolor.

PEG DIFFERENTIAL PEG FOLLOWED BY
CENTRIFUGATION DIFFERENTIAL
s CENTRIFUGATION
TREATMENT -
EXPERIMENT EXPERIMENT EXPERIMENT
* l I II I II I II
Bentonite ‘ 9.8 7.0 9.2 16.9 0 0
Triton -7 &6 4 7 0 0
X-100 ’ .
Bentonite 179 97 176 152 0 0
+ Triton
X-100

Notg;\gln each of these experiments, 20 g of infected leaf tissues
were homogenized in 60 ml of Suffer. 'fhe final virus prepara-
tion 1in &éch breafment was suspended in 0.75 ml of buffer.
The figykes represent average lesion numbers on eight half-

. 7_)\ .
1eaveq‘6§ QL amaranticolor. The concentration factor is 90

times.



Table 5. Effect of MgCl, on the infectivity of tobacco stunt virus

.using different buffers as determined by the half-leaf

method on Chenopodium amaranticolor.

wldre homogenized in 60 ml of buffer.

1. WITH 0.002 M MgCl, WITHOUT MgCl,

I BUFFER

. Exp. 1 Exp. 1I Exp. I Exp. II

I @
0.05 M Tris-HCl 191 149 180 152 ° %
0.05/M glycine 167 132 79 67
0.05 M phosphate 59 30 22 35
(NazﬂPOI.—KHZPOA) 15

~
Note: each of these experiments, 20 g of infecte& leaf tissues

The final virus prepara-

in each treatment was suspended in 0.75 ml & buffer.

e figures repfesent

leaves of C. amaranticolor.

\

gerage lesion numbers on twelve half-
o Q

pH of each buffer was adjusted to

7.6, The concentration factor is 90 times.
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Table 6. Effact of different buffers (0.01 M, pH 7.6) on the infec-

tivity of tobacco stunt virus as determined by the half-

leaf method on Chenopodium amaranticolor.

L

3 .

Note:

F*fA*Thjw e N
hy;?‘ gﬁiFER SYSTEM . EXPERIMENT I- EXPERIMENT II
F—— et ) T,
" 0.01 M Tris-HCl ‘ 131 ¢ 146
NN
0.05 M Tris-HCl ' 56 29
0.05 M potassium phospha;e ' 22 - 16 .
0.05 M sodium phosphate : 7 V 8 ‘
0.05 M glycine )] 95 \ ?Q
0.05 M sodium acetate 33 46 |
0.05 M sod{um citrate 29 N\ ? o 49 ‘
LCN
. \

’ - ' ’ :
N o

¢
"In each of these experiments, 20 g of infected leaf tissues

¢

were homogenized in 60 ml of buffer. The final virus prepara-
tion im each treatment was suspended In, 0.75 ml of buffer.
The figures represent average lesion numbers on twelve half- . .

leaves of C. amaranticplor. The concentration fac;&r is 90

cimeg.r



were supplemented with 0.002 M MgCl,, significant stabilization of
TSV infectivity was observed with glycine buffer but not with Tris-
HC1 nor with phospﬁate buffer (Table 5). When MgCl, was combined in
certain buffer system there was a significant stabilization of TSV

infectivity, as shawn in the case of 0.05 M glycine buffer (Table 7).
-p

-

o
6. Ultraviolet absorption spectrum of purified TSV preparations

The UV absorption spectrum of TSV preparations were typical of
A J

nucleoprotein with 260 to 280 ratio of 1.35 - 1.45, indicating a

-

protein ratio of about 90 - 95% (Fig. ll).

-

D. Discussion

Several different approaches have been examined in this study {in
an attempt to‘devise a reliable puriffication procedure for TSV. The
in(ectivity of TSV was affected by the method of purification as
shown {in the Results section. The most satisfaqcory result was
obtained when Triton X-100 was, added in combination with bentonite to
the sap samples to be clarified. The infectivity of the treated 8ap
samples was significantly high than that of other sap prepar;tlons
treated wich\bentonICe or Triton X-100 alone (Table 4). When benton-
ite alone was added to the sap prior to low-speed centrig;gation, the

treated sap was still yellowish which suggested that the removal of

host material in the sap preparations was not satisfactory. While it
) 3



Table 7. Effect of different buffers of 0.01 M on the infectivity of

tobacco stunt virus obtained by PEG precipitation followed

by one cycle of differential centrifugation as determined

by the half-leaf method on Chenopodium amaranticolor.

GLYCINE-MgCl, BUFFER Y TRIS-HC1 BUFFER
TREATMENT
Exp. I Exp. II Exp. 1 Exp. II
PEG 191 176 172 163
PEG + - .
Differential 201 222 0 0
Centrifugation '

Note: 1In each of these experiments,

-

- ., were homogenized in 60

‘

20 g of infected leaf tissues

f

ml of buffer. The final virus prepara-

tion in each treatment was suspended in 0.75 ml of buffer.

The figures represent average lesion numbers from twelve half-

‘ leaves ofv C. amaranticolor.

approximately 90 times.

1

The

concentration factor |is

i
|
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‘15 known that the purification of certain closteroviruses was suc-
w;ssful when plant sap was clarified with bentonite prior to virus
concentration (de Sequira and Lister, 1969; Lister and Hadidi, 1971;
Randles et ELL; 1976; Benn and Murant, 1979), there are also other
reports concerning degradation of certain viruses caused by the ben-
tonite treatment of extraéted plant sap (Brakke and Van Pell, 1969;.
Brakke, 197la). Bentonite was previously reported to inhibit TSV in-
fectivity when it was present in the extracted sap’(Alderson, 1975).
This inhibition may have resulted from the inadequafe amount of
bentonite used, an inappropriate time of bentonite introduction into
plant sép, ‘or the kind of buffer system used in suspending benton-
{te. Triton X-100, an anionic detergent, was used to i;olati ™V
free of host materials (Nozu and Yamaura, 1971). This procedure was
later found to be useful in purifying relatively urstable elongated
viruses such as plum pox virus (Van Oosten, 1972). More recently,
Triton X—iOO was Ilncorporated with phosphate buffar for extraction of
viru\like, rod-;haped ‘particles from big-vein diseased lettuce
léave; (Kuwata gg al., 1983). In later work, Kuwata and Kubo (1986)
found that phosphate buffer was not adequate for TSV purification.
Howevet;‘Triton X-100 had not been used in combination with othér

detergents such as PEG or ciay such as bentonite. Organic solvents

such as chloroform are often used to clarify plant sap prior to virus

*”~ R

‘concent:ation.(S;eerg,-1959). However, the sap preparation contain-

’
ing TSV that'yas treated with chloroform wag found to-be not infecti-

. .
ous and the absorbance spectrum of the final preparation was not

a
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typlcal of a nucleoprotein, suggesting that the infectious entity of
tobacco stunt was lost by the treatment (Kiriyama, 1975). 1t should
be emphasized that the component, pH, and concentratton of buffer
system should be carefully selected for mixing with bentonite and
Triton X-100. For example, when glycine buffer is present, infecti-
ous TSV preparations were obtained from the sap by clarifying with
bentonite and Triton X-100, by precipitating TSV with PEG, and then
X .
subjécting the preparafion to one cycle of differential centrifuga-
tion. However, in the presence of Tris-HCl buffer instead of GMS
buffer, infectious preparations were obtained only when PEG or dif-
ferential centrifugation alone wag used. Inlcontrast, the infectiv-
ity ;f the final preparatiods was lost when PEG precipitation of TSV
was followed by a cycle of differential centrifugation (Table 7).
Although the reasbn for this drastic loss of TSV infectivity was not
determined, it could be due to breakdown of virus particles during
purification. Once TSV was purified, however, it appeared that éhe
purified particles were moré stable in Tris-HC1 .buffer than in phos-
phate buffer (Table 5). This was also reported independently by
Ku;;ta and kubo, 1986). The actual mechanisms involved in the high
recovery of TSV particles from sap ‘prepatations subjected to a
combination of bentonite and Triton X-100 treatments is not known.

-

However, it appears reasonable to assume that bentonite precipitated

some presumptive-inhibitor(s) which prevented transmission of TSV,
while Triton X-100 disrupted cell organelles and prevented virus

absorption to cell debris, thus permitting the final TSV preparations

-
] .
-

¢

]

66

[t



to retain high infectivity.

chart 1s devised (Fig. 12).

Thus,

for purification of TSV,

a flow
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Fig. 12. Flow chart of the purification procedure of tobacco stuat

virus.

Grind leaves in 2.5 times (w/v) of 0.05 M
glycine buffer pH 7.6, containing 0.01 M
Na,S04, and 0.002 M MgCl,

Strain through cheesecloth

Centrifuge at 7,000 g for 10 min

Add 4 mg/g of tissue of bentonite to the

supernatant

Centrifuge at 7,000 g for 5 min

To the supernatant add 0.2% Triton X-100

and 8% PEG 6000

Stir for 30 min then centrifuge

for 15 min at¢ 12,000 g

Resuspend pellet in 1/10 {nitial volume

of glycine buffer

A
Centrifuge for 5 min at 7,000 g
Centrifuge for 90 min-at 100,000 g.

Suspend pellet in Tris-HC1

. :
Centrifuge ¥or 5 min at 7,000 g

Virus preparation (the supernatant)

a
d

\

t

Discard pulp

Discard pellet

Discard pellet
¥

Discard supernatant

Discard pellet

,

Discard supernatant

Discard pellet
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CHAPTER V1

CHARACTERIZATION OF TSV*

A. Introduction v

Recently, virus-like particles were observed in thin sections of
tobacco leaf tissue infected with TSV (Kuwata and Kubo, 1981). How-—
ever, evidence that these particles are Iinfectious TSV is lacking and
there is no information available about the properties of these
virus=~like gartiéles. . !

In this study, attempts were made to study in vitro propertieé,
phygical, and chemicaf properties as well as serological properties
of TSV particlés {solated by the procedures in Chapter V.

a

B. Materials and Methods

-

1. In vitro propertles ' | O

a. TSV tnfectivity ae compared to- virus tbncentration. For

the determination of specific 1infectivity, the purified wvirus

suspenaion',cdntaintng about 6 mg/ml of TSV, as determined by the

protein content, was diluted to 2 mg/ml, 400 ug/ml, 200 pg/ml, 100

/ng/ml, 50 /ug/ml and 10 /pg/ml, and each diluted éample was then

“

* During preparation of this thesis, a manuscript describing TSV

was published by Kuwata and. Kubo (1986).

, o % :
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inoculated onto C. amaranticolor using the half-leaf method.

b. Longevity of purified virus. The virus preparation at a

concentration of 3 wmg/ml was divided into three portions. The first

was kept at room temperature (about.20°C), the.second at 4°C and the
third at -60°C. Sampling for the’infectivity test, except for the
samples kept at —-60°C, was done at 2 hr 1intervals for § hr, then at
12 hr 1intervals for 10 days. ‘For Fhose incubated at -60°C sampling

was done at 24~hr iptervals. >

C. Longevity of TSV in different buffers. Thg virus prebara—
tion was divided into two portions. The first was suspended in 0.0l
M.Tgis-HCl, 0.01 M Na,SOj, pH 7.6, the second was suspended in 0.0l M

phosphate buffer pH 7.6. Sampling for the infectivity test was done

‘Tt

at room temperature at time intervals of 0, 30, 60, 90 and 120 min.

<»

d. Thermal inactivation point. ' The- final virus suspension in

” »

0.01 Tris-HC1l ‘0.01 M Na;SO4 was divided inEb 0.3 ml portions, which
were placed in a water bath at various temperatures ranging from 20°C
to 90°C with a 5°C difference. .

The- suspension was maincained at the specified temperature for 10 min
fhen cooled in an ice baﬁh untilwinoculation. A virus suspension

that had been kept at 4°C was used as a comtrol. .:

. . ‘» - -
.

2. Physical prdperties : \ )
\

a. . Determination of virus concentrati.on Qnd correlation of

absorbance. THe purified virus preparation was Boiled in 1% sDS,
* L

0.01 M mercaptoethanol and 0:1 M Iris-HCl buffer for 3 mins A

-
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dialysed suspension was then treated with Bradford reagent whereupon
0.1 @l aliquots of sample at different concentrations»were added to 2
ml of‘freshly prepared Bradford reagent and gﬁen the optical densi-
ties of mixtures were read at 605 nm. The protein concentration of
the virus was then calculated using a Aétandard durve for Afreshly

prepared bovine serum albumin (Bradford, 1976).

b. UV absorption spectrum. The purified TSV preparations were
subjected to sucrose gradient cengrifugation. The fractions from the
{nfectious peaks were collected ;nd dialysed, and the final samples
were scanned at a wavelength range between 220 - 330 nm using a Beck-
maniDU—S spectfophotometer eq&ipped with an automatic scanner module,

C. Virus size and shape. Leaf-dip preparations were made from

. » 9
TSV-infected tomato leaves, tobacco leaves, and from 1l6cal lesions

develdped on leaves of C. amaranticolor. The freshly excised leaves

were transferred to a higros;ope sli@g and cut into pleces about 0.5
mm x 0.5 mm with a‘razor.blade in the presence of Tris-HCl buffer
contaihfﬁg 0.01 M NapSO3. Carbon-coated 300 mesh grids were then
floated on the sap for 1 ﬁin. Excess sap was then rinsed off with
‘distilled water. A 2% uranyl acetate sglutidn was then applied to
the grids. The excess stain was removed by ﬁlotting against ;he‘edge

of .a filter papef. After aif-drying; the grids were examined with 4

. . £y . fo -
Philips EM-200 or a- Philips -EM-201 transmission electron microscope -

<

at 60 or 80 KV. At the same time, samples of O. brassicae zoospores

. . . - N - N
*asq?ciated‘wih TSV were obtained by grinding a concentrated suspen-
‘.J . o ) PR v , o
-sioh[(loz'zoosppres/nl_of,water) in. a mortar and pestle and were

> . .
. - 4
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negatively stained. TSV-free 0. brassicae zoospores were used as a
control. Pa%tially purified preparations of TSV as well as highly

purified preparations obtained from linear sucrose.gradient fractions

. . . )
were .similarly stained with 2% uranyl acetate. The s8ucrose was
.. Ve i .

b ~-

‘removed by washing the grid several times with distdlled water before
d‘}

. ragr
e \
’ . . N ] \
S oode Density gradient centrifugation. Linear Ficoll or sucrose

- <
gradients of 5-20% wereifrepared in Beckman SW28-1 tubes using ‘an
; .
1SCO density gradient former. Based. 6n protein content of 95%, two

hundred ug of purified TSV in 0.2 ml was loaded on top of each tube
&
and centrifuged at 100,000 5_(Beckman SW28-1 Rotor) for 2 hr at_k'C.

L]

The tubes were scanned with an ISCO model D5 UV moniter by forcing

the Ficoll out of the top of the tube by injecting 50& sucrose

through the bottom of, i tube. Fractlions of 0.9 ml each were

r

collected in separate tubes and ceﬁtrifugéd at 120,000 g for 1 hr,

L
.

the pelleted material was resuspended in 0.l ml Tris-HCl buffer, then

- .4

incculated onto C. amaranticolor with a glass spatula using the half-

1eaf method. ~ In some experiments only the UV_absorbing frac fgzs

¢

. i
were collected for subsequent use.v a.

';ﬁs : : R
B Equilibrium centrifqggtion. Cesium sulfate and ceatum

»

chloride gyadlents were prepared by layering 4 ml of each solution of

the following concentrations in'a centrifuge tube: 50%, 402,,30% and

.-
~

20%. A suspension containing 100 mg of purified virus obtained from
. ' m N

.

. the Ficoll grediedi was édded';b the centrifuge tubes, and these were

. .

peﬁtrifuged for 18 hr at 100,006.3 at 4°C qsing a Spinco SW 28-l

-
»

.. e . A Y B . '
rotor.” The tubes wereﬁ,removed and the contents were fractionated

I~

-
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using an ISCO UV-monitor. The material from UV absorbing peaks was
pooled, dialysed against 0.05 M GMS buffer for 4 hr at 4°C and
scanned with a Beckman DU-8 spectrophotometer and then inoculated

onto C. amaranticolor using the half-leaf method. The material

recovered from the peak fractions was also ‘analysed for protein and

nucleic acid contents by polyacrylamide gel electrophoresis. The

density of cesium sulphate, from the UV absoré}ng peaks yawas detefs

mined by a refractometer.

(

3. Chemical properties ‘ -

v

¢

a. Extraction of TSV nucleic acid. Purified TSV was suspehded
A S

. : o ‘
fn 2X SSC (0.3 M NaCl, 0.03 M NaAc, 0.001 M EDTA, pH 6.8). SDS was

N

added to a‘finql concentration of 1%, and bentonite to a concentra-
tion of O.Bi: -The virus suspension was shaken in an equal-volume of
‘ water*satugated, ;edistilled phenol, and centrifuged at 7,000 g for
10 'min.. The aqueous phase was removed and shaken again with an equal
volume of_pheéel-chloroform. The.nucleic acid in the aqueous layer,
separated by centrifugation, was re-extracted with an equal volume of

chloroform for 2 min. Following centrifugation, the aqueous phase

was removed and the nucleic acid was precipitated by addin o val~ .,

‘fumés,of ethanol and 1/20,volume of 4 M sodium aéetate. The nucleic

acid was collected by centrifugation at 10,000 g for 10 min, dis-:

<<

solved in sterile water, and stored under. alcohokl.
- ‘ 1

b. Polyacrylamide gel elecf:toghoresis. TSV-RNA was analysed

bg electrophbtesis on 5% polyacrylamide gels wusing Tris-borate

buffer,\ pH 8.3 t(‘\PeacoEk and Dingman, 1968) in an Aquebogue Model 100
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apparatus (Aquebogue, NY) under nondena;uringL conditions. ‘One to two

micrograms of RNA was loaded in each‘wel, and then run for 3 hr at by
, : s “ , .
100 volts. The molecular weights were estimated using Hind IIl frag- ’ ,
e
ments of phage DNA as markers, and were based on the assumpticlm

that the three TSV RNA species are double-stranded in nature, the

-

evidence fo®Which is given below.

Ceo IE gestion of TSV nucleic acid with ribonuclease. TSV

nucleic acid was resuspended in either sterile 0.001 x SSC or tn 2 X -
SSC at a concéntration of 1 mg/ml. RNase A (BRL, Garthersburg, MD)
which was boiled for 1l min was added to a final concenvtratioY of 1
ug/ml and the mixture was incubated at 37°C for 15 min. '»Reovirua
RNA (Dearing strain), provided by Dr. P. Lee (University of CalgaryA),
was used as control. The dnzyme was fémoved by phenol-chloroform

AN .
extraction, -and the aqueous phase was subjected to polyacrylamide gel

,_electrophoresils at 100 V for 4 hr in Tris-borate EDTA buffer, pH 8.3.

*

To study the kinetics of the action of RNase on TSV nucleic . ~

acid, samples of the RNA-RNase mixtures were removed at 2 min inter-

vals and the absorbance at 260 nm (A2¢0) was measured in a Bausch and
Lomb 2000 UY spectrophotometer. Reovirus RNA anc‘l‘bacteir-ial ribosomal

* [l . s

N

d. Elé%tron microscopy of TSV-RNA.« RNK'from puryfied TSV were

RNA (rRNA) were used as controls.

' prepared for electron mihroscopy according to thé method of Murant et' Y

al. (19’&1) TSV-RNA at a concentration of 200,ug/m1 va denacured by

heating at 50° [ for l hr in 1 M glyoxal, 502 (w/v) dime hylsulphoxidé

.

(pMso), 10 %M sodium phosphate buffer, pH 7.0. Glyoxyiated RNA was ‘



AN

diluted 10-20 fold with 1 M Tgis-HC1 100 mM EDTA, pH 8.5. This RNA,

»

at a coacentration of 10-20 mg/ml, was diluted 50 fold in a soluéion
. .
50% (w/v) formamide, 20 mM Trls—HCi. 2 ﬁM EDTA (pH 8.5), containiﬁg
40 ug cytochrom; C /ml, and spread onto a hygoﬁﬁase containing 20
formamide, 1 aM Tris, 100 wM EDTA, pH 8.5. -fhé RNA was plicked up on
+
parlodion films attached to copper grids, stained for 30 sec with
0.05 mM hranyl\acetate in ‘ethanol, then rinsed in 90% ethanol, air-
dried and rotary shadowed with platinum at an angle of 8°. The grids
were exynined and photographed in'a Philips EM420 electron micr‘o's;ope
operated at 100 kV. p-Neo-DNA plasmid . (5245 bases) (Pharmacla;
Uppsala,.Sweden) was used as internal control. tThis DNA was ‘added to
the mixture just prior to spreading. The RNA molecuiés were traced
and measured‘ on photographic prints wusing a Hewletf gackard

digitizer.

€. Melting behavior. Samples of TSV nucleic acid at a con-

centration of 50 mg/ml in 0.0l x SSC, and 0.1 x™SSC were*placed in a

quartz cuvette in a Varian UV spectrophotometer equippedswith a heat-

ing cell assembly. The cuvette was heated at a rate of 1°C/min and

tMe absorbance at 260 nm was measured and plotted as a function of
\~ N -
time of incubation. ' ' 2

LY

f. Base composition. TSV-RNA and reovirus-RNA (control) were

subjected to chromatography on a 25 ml column of Sephadex 100. The
"RNA preparations were then boiled in 1 N HCl for 1l lir, cooled to room
temperature and freeze-dried. The ribonucleotides were separated by

thin-layer electrophoresis in 0.25 M ammonium acetate buffer, pH 3.5
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. . X
according tb the method of Bieleski (1965). The nucleotides were
detected by sprayiqg t%e plate with 0.1 M rhodamine B in oUZ ethanol.

The areas representing different nucleotides. were removed, dissolved

{n water, and their absorbance values at -260 nm were measured 1in a
’ - v

Bausch and Lomb 2000 UV spectrophotometer.

g Structural protein. TSV was suspended in disTITled water

at a concentrgtfion of 2-4 mg/ml. Two volumes of dissociattné buffer
* L)

cons{sting ofqg\ﬂb M Tris-HCl (pH 6.8), 2% SDS, 10X glycerol, and 5%
2-mercaptoethanol were .added, and the solution was boiled .for .3—5
min. The protein was electrgphoresed in 10% acrylamide gels for lfﬁr

- -

at 35 wAmp using 1.92 M glycine, 0.025 M Tris and 1X SDS (pH 8.3) as
a running buffer (Laemmli, 1970). Ke gels were removed and stained

-

with 0.02% Coomassie brillfant blue dissolved in 202 methanol and 7%
acetic acid (v/v). Destaining w3as done by shaking the.gel gently in
a so‘lutio-? of 20X wmethanol, 7% acetic acid in w‘ter. The markers

used to estimate tRe molecular weights )ere phosphorylase. B (MW

92,500), ~bovine serum albumin (MW 68,200), ovalbumin (MW 43,000),

_carbonic anWhydrase (MW 21,500), and soybean tryps}n inhibitor (MW

16,000) (BioRad Laboratories; Richmond, CA).

h.  Synthesis of cBNA. cDNA was synthesized according to
L 3

.

Maniatlls et al. (1982). TSV-RNA, which" was gel purified, was’

- -
\wc/ured by incubating with 1 pl of 100 mM methyl mercury hydroxide

{6

. [ , , ¥
for 10 min at room témperature. The mercury ions were quenched@

~

the addition of 2 ul of 700 mM 2-mercaptoethanol at room §emperature

for 5 min. The reaction mixture was compieted by the addition of 10
R . e

e
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e
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o

/ul of 1 mgxéa \) random primer/ml (Pharmacia), S‘AI of 1 M Tris-HCl
(pH 8.3), 7‘,11 of 1'M KCl, 2 mul of 250 mM MgClp, 2.5 ml of 20 mM
dATP, 20 uM dGTP, 20 mM TTP, and YO ml of 32p dCTP (100 mC1) or 375
dCTP (100 mCi). Forty units of reverse-.transcriptase (Life Science,
St. Petersburg, FL) were added and the mixture was fncubated at 42°C
for 1 hr. The reaction was stopped g; the additioa of 2 pl of 0.5 M
EDTA (pH 8.0). The.RNA template was digested by the addition of 25

- ' -

ul of 150 mM NaOH. The mixture was Incubated at 68°C for l/Rb‘ then

neutralized by the ?ddition of 25 ul of 150 oM HCl. The free nucleo-

tides were removed by chromatography on Sephadex G-50.

i. ‘Electroblotting of RNA. RNA preparations were electrophor-

esed on 6% acrylamide gels for 4 hr at 100 V. The'gels were stained
with O.1 oM ethidium bromide. The RNAs were denatured by soaking thé
gel in 0.65 M NaOH for 30 min. Thé gels were neutralized by soaking
in 1 M TriQ—HCl, pH 8.0, and the RNAs transferred to nylon-base
nitrocellulose paper (ﬁybond-N, \Aqersham, Oakville, Ontario) by
elegtroblotting iﬁ a Bio-Rad elecétoblocter overnight at 120 V.¢ The
nitrocellulose membranes were baked at B80°C for 2 hr, then the RNAs
vere hybridize& with 32P-lahelled cDNA, or 35S-labelled cDNA, accord-
ing to the method of Maniatis et al. (1982). The membranes were
treated with a prehybridization fluid consisting of 6-x.SSC, 0.5%
SbS, 50 x Denhardt's solution, 100 mg/ml denatured salmon sperm DNR.
Prehybridization was done at 42°C for 2 hr. The prehybridization

fluid was removed and replaced by a hybridization solution consisting

of 6 x SSC, 32p-labelled denatured cDNA, S50 x Denhardt's solution,

A
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and O.S’ SDS. The .hydridization was done overnight at 42°C. A The
membranes were washed in 2 x SSC and 0.5& SDS at room temperature for

S min, followed by washing with 0.1 x SSC and 0.5% SDS for 2 hr at
. \ ,\/ A
68°C, and alr-drying at room temperature. A Kodak XR-5 X-ray film

P
~

was placed on the membranes in a metal cassette and stored at -70°C

for expbdsure.
: 3

j. Viral genome in Olpidium ioospores. To isolate O. brassicae

zoospores, the roots of infected tobacco plahcs wéere immersed in
water for 10 min at 20°C. The- resulting zoospore suspension was
-passed thrqugh Whatmaq No. 4 ,filter‘ paéer to remove sand particles or
soil debris. The_suspensic_m was .c?ntrifuged at 5000 g for 1(3 ‘min
(Sorv.all RC-2B) at &°C. The pelleted zoospores were suépended in
0.01 M Tris-HCl, pH 7.5, Tﬁe zoospore suspension was centrifuged at
12,000 g for | min, and resuspended in 12 SDS, lSi glycerol ;nd 0.01%
bfomophenol blu;. Under these conditions the zoospéfes- will'tlyse
releasing the nuclelc acid; T reSuspeﬂaed material was electro-
-~ ‘
phoresed on 6% polyacrylamide gel\at 100 V for 4 ﬁr. Zoospores from
virus-free plants were 1isolated and treated the same way as a
control., The gels were't;aﬁsblytced tntg a nylon—ﬁase membr;;e and

probed with cDNA produced from TSV-RNA.

k.o In vitro translation of TSV-RNA. In vitro translation of

TSV-RNA was done in a sterile wheat germ extract (BRL-8107 SA/SB).

The RNA was denatured by the &ddition of methylmercury hydroxide to a
final concentration of | mM. Mercury ions were removed by Sephadex-

-

G50 chromatography, Undenatured RNA was used as a control. This RNA

¢
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was added to a mixture containing 2.0 mul of 500 mM potassium acetate
(pH 7.5), 0.9 pl of 20 mM magnesium acetate (pH 7.5), 3 pul reaction
mixture (BRL 8102), 10 ul wheat germ extgact (BRL 8108), containing 5
pCi 35s-pethionine (Amersham). The mixturg was incubated for 60 win
at 2$°C. The translated p;;tein was analysed by electrophoresis on
10% SDS-polyacrylamide gels (Laemmli, 1970). Reovirus—-RNA was used
as a control,

4

4. TSV in leaf cells

. .
For transmission electron microscopy, the 1leaf tissues from

infected tobacco and tomato, as well as local lesions produced on C.

1

amaranticolor 10-11 days after infection, were cut into 2 mm squares

and fixed for 4 hr 1in 0.01 M Tris—-HCl buffer containing 0.0l M
Na,S04, 2% glutaraldehydg and 2% formaldehyde (pH 7.0). ““The tis;ues
were then washed overnight at 4°C in 0.01 M Tris-HCl (pH 7.5)
followed by three washes of distilled water ag A;C. bostfixation was
done at room temperature in 2% aqueous osmium tetroxide followed by
three changés of distilled water for 15 min each. The tissues were
dehydrated in an ethanol series of 70%, 802,. éOZ, 95%, and £002
followed by two vchangesr of propylene oxide of 15 min each. The
tissues were transferred inté a-mixed Bolution &1:1)‘ef propylene

N :
oxide and Araldite mixture (53% Araldite; 45%° dodecyl succinic

r'd -
anhydride and 2% DMP-30), and left at room temperature for 24 hr.
The tissues were transferred into 100% Araldite and incubated in Rub-

ber molds at room temperature for 12 hr followed by 36 -hr at 60°C.
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The tissues were sectioned on a Reichert OMV2 ultramicrotome using a
diamond knife. The “sections were collected on carbon-coated grids
and were stained in 2% uranyl acetate for 2 hr and post stained f{in

0.2% aqueous lead citrate pH 13.0 for 1 hr. The sections were exam-

{ned with a Philips EM200 or EM20l at 60 KV.

5. Serology
Five mg of purified fSV, suspended in 0.5 ml T??s—HCI (pH 7.6)
were emulsified In an equal amount of Freund's complete adjuvant
(BBL-L-Bioquest), then the mixture was injected intramuscularly twice
at weékly intervals into a New Zealand- white rabbit. Thgreafter
weekly intravenous injections were repeated” for 5 weeks.’ The rabbit
was bled at weekly‘£:1ervals for determination of anti-TSV antiqody

titers. Final bleeding was done 2 weeks after the last injection.

LBVV preparations for use as antigen were purified by the method

described in Chapter V. r~

TSV specific gamma globulin, preciﬁitat‘ﬂ by ammonium sulfate,
was dlalysed against 0.02 M phosphate buffered saline, pH 7.0 (PBS)

at 4°C for 4 hr with four changes. «

.

6. - Precipitin-ging test ‘ J
procedures, namely precipitin-

In this study three-serologica

L

-

ring test, agar gel double-diffusiop test and enzymerlinked {mmuno-

sorbent “assay (ELISA), were employed. The antiserum titer was deter-

mined by preéipitin—ring test carried out: in 3 mm diameter micro-
' %

‘.

kof
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tubes. Antiserum was  diluted with 0.85% séline containing 7.5%
sucrose. Onto 0.2 ml of antiserum in the test tubes'the same volume
of antigen-was gently layered. The tubes were incubaved in a water
‘bath at 37°C and the results were observed after 10 min, 15 min, 30
min, 1 hr and 2 hr. Sap from healthy plants was used as a control.
Normal rabbit serum was also used as a control.

’

7. Agar gel-double diffusion test .
(//

Ion—-agar at a concentration of 0.7% was autoclaved and poured
into a glass petri plate in which a well former module was placed in
the center of the piate. Three hundred ul of the diluted antiserg
(1/125) were placéd in the outside wells, while the antigen was

placed~in the center well. In other experiments SDS was added to the

virus preparation to a final concentration of 1% before placing in.

the center well. The plates were kept at rqom temperature for 24 hr,

4

then the reaction was photographed.
8. ELISA

Two mg alkaline phosphatase were dissolved and conjuga;ed to 1
ml of the TSV specific globulin, at a concentration of 1 mg/ml (Clark
;nq-Adam;,-197Z). 'Differews concentrations of giobuiin ranging from
1—39,mg/ml‘wege used to coat thg plates. ViTus ptepa:;fions from
differens sources were used‘as a source for artigen, namely ton,to
leaves with ‘o; without TSV symptoms, TSV local lesions from C.

[
amaranticolor - and 1inoculated- tobacco leaves as well as healthy

A
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controls from the above mentioned plants. The optimum concentration

of the globulin as well as the conjugate was then established and

used for all tests. .

-
//

D, Results »
1. In vitro properties

a. TSV infectivity as compared to virus concentrations. Under

these experimeq;gl conditions, the minimum amount of TSV concentra-
tion needed to initiate an infeccibn was 50 pg/ml (Fig. 13). The

~.~fRjghest specific infectivity was achieved at 200 pg/ml, with a slight
decrease at 400 ug and 2000 ug, respectively.

b. Longevity of purified TSV. Longevity of purified TSV 'at

room temperatufe (20°C) was about 8 hr when suspended in 0.01 M Tris-
HCl in 0.01 M- Na;S0,4, pH 7.6. No infectivitypwas found in a prepara-
tion kept at room temperature for 12 hr. At 4°C, TSV infectivity was

drasticqlly reduced after 8 hours and gréduallx diminished to =zero
‘ : v :
after 10 days. At -$€0°C, TSV 1nf§s£}yicy was lost after 5 days

A

‘

(Table 8)0 N | R

When a purified TSV preparation was suspended in 8odium phos-

phate buffer, there was a slight, gradual decrease in infectivity and.

\ . . . \
ﬁ)complete_}o&s of infectivity after 2 he(Table 9).

¢. Thermal inaétivation point. The minimum temperature re=

' .
quired to inactivate TSV was found to be between 53-60°C for 10 min

‘(Tabhg 10).
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Fig. 13. The relationship of purified tobacco stunt virus concentra-

tiom on, the mumber 'ofl.local lesions &a Chenopodium a-;rm—

ticolor as determined by the half-lesf method. Figures:
‘ 3 -

~.

represent average local lesion on 8 half-leaves.
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Table 8. Longevify of purified tobacco stunt virus at dif(erent
* temperatures as determined by the half-leaf method on
Chenopodium amaranticolor.
TIME TEMPERATURE (°C) T
(hr) L — —
20°C : 4°C -60°C
Expt 1 Expt II Expt I Expt II Expt I Expt 11
0 193 139 193 139 193 139
2 72 133 145 137 N/T* N/T
8 / 21 32 113 96 N/T N/T
12 0 0 62 59 60 39
24 0 0 31 20 N/T N/T
36 0 0 19 17 58 41
48 ‘0 0 1 14 N/T N/T
72 0 -0 10 15 31 22
96 0 0 12 9 6 2
120 0 0 11 12 0 “ 0
i
144 0 0 9 11 Q 0
168 - 0 0 5 6 .0 0
LS
212 0 0 3 12 0 0
235 0 /0 0 - 6 N VI 0

Note: The figures refresent average local lesions on 8 half-leaves

of _C__ amranticollo’r‘.,‘.—

* N/T, not tested.

]
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Table 9. Lougevity at room temperature of purified tobacco stunmt

virus suspended in different buffers as determined by the

half-leaf method on Chenopodium amaragticolor.

! EXPT. I EXPT. II
SUSPENSION

BUFFER
0 hr 1 hr 2 hr 0 hr 1l hr 2 hr

0.01 M Tris-HCl 193 | 117 72 139 122 89
pH 7.6 . v
0.61 M sodium 140 72 2 | 133 b as 0

phosphate pH 7.6

Note:

The figures represent average local lesions of 8 half-leaves

of C. amaranticolor.
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Table 10. Thermal -inactivation point of purified tobacco stunt virus

in Tris—HCl buffer (pH 7.6) as determined by the half-leaf

method on Chenopodium amarantjgolor.

. EXPERIMENT
* TREATMENT
(°0) i
I II II1

30 37 41 22
35 31 19 16 -
40 22 26 18
45 11 19 7 )
50 8 10 9
55 4 2 1
60 0 0 0
65 0 0 0

Note: The figures represent average local lesions

of C. amaranticoloé.

on 8 half-leaves

A



2. Physical properties

a. UV absorption spectrum. UV absorption spectrum from puri-
fied virus preparations was typical of a nucleoprotein with a maximum

absorbanée at ébl nm and a minimum absorbance at 244 nm. The 260 to

280 ratio wag found to be 1.35 - 1.45 when the virus was prepared in
Tris-HCl buffer pH 7.6, and 1.50 - 1.65 when it was prepared in

phosphate buffer pH 7.6 (Fig. 14); indicating breakdown of virus
) . .
particles. \/\ ‘ °
9 .
A ~
b. Virus size and shape.- From electron microscope observa-

r
tions, TSV was found to be a rod-shaped virus with a width of 20 nm,

and a length that ranges between 50 and 500 nm when 200 particles
were~measqred on negatives using TMY as an internal standa;h (Fig.
15). Similar particies were found in leaf dip preparations‘fgom leaf
tissues of toBacco and tomaton and an extract sample from, O.
brassicae zdospores that were known to be associated with TSV infec-

tivity (Plates 3, & & 5).

C. Density gradient centrifugation. After sucrose or Ficoll

gradient centrifugation, TSV was found to produce four UV-absorbing

Y

bands, a large one about 3 cm from the meniscus, andﬁthree small
‘ - .

bands in the lowgf.region (Fig. 16). The infectivityywés éséociaced'

with the band represented by fraction numbers 6 to 9.
Ny . _ : N -
d. "~ Equilibrium .centrifugation. TSV formed three bands upon

scanniggfwith UV light after cesium gsulfate equilibriym centrifuga-

tion of 1.17 g/ml, 1.370 g/ml and 1.610 §/ml (Fig. 17).\ Virus parti-

cles were not detected by EM in the top band, nor was any nuclelic
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Fig. 14, OV absorbance spectrum of a purified preparation of tobacco
stunt virus extracted with different buffers.
The solid line represents preparations done in Tris-HCl

buffer. The broken line represents preparations done in
>

phospliate buffer.
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Fig. 15. Length distribution of virus particles from leaf—sap'

preparations of tomato leaves infected with tobacco stuat

virus. Measurements were sade on the film negative using

an inverted microscope.



L]

Plate 4&.

Electron micrograph of a leaf-dip preparation from tomato
leaf tissue infected with tobacco stunt virus, negatively
stained with 2X uranmyl acetate. Bar mpre;entl 100 om.

) N
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Fig. 16. Relationship between UV absorption wpectrum and the infec-

/ .
tivity of tobacco stunt virus (dotted line), after sucrose

density gradient centrifugation on 35-20% sucrose gradient.

Sedimentation is from left to right.
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Fig. 17. UV absorption spectrum aftér cesium ;ulﬁate density gradi-
ant centrifugation. -Sedimentation is from left to right.
p = 1.7 represents coat protein.
p = 1.39 represents TSV particles. '

p = 1.6] represents TSV-RNA.
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acid detected by gel electrophoresis. However, TSV coat protein was
assoclated with the top band when analysed on polyacrylamide gels.
No infectivity was detected from any of the materials recovered from

the three bands when tested on C. amaranticolor. However, virus-like

aggregates were assoclated with the second band (Plate 6). It had
coat protein of 51,000 daltons. The third band contained three RNA
species of-different molecular weights as observed when analysed on
polyacrylamide gel. On cesium chloride,-a top band was formed near

the miniscus band and a precipitate at the bottom of the tube.

3. Chemical properties

a. Gel electrophoresis of TSV-RNA. Upon polyacrylamide gel

electrophoresis, the nucleic acid extracted from TSV preparation that
was subjected to sucrose gradient, separated into three segments with
estimated molecular weights, 4.2 x 10, 1.8 x 10% and 1.2 x 109,

respectively (Plate 7).

b, Effect of ribonucleasg. The sensitivity of TSV nucleic
acid to RNase A was moﬁiéored by the increase in hyperchromicity.. At
a low salt concentration (0.00l x SSC) there was a 20% increase in
hyperchromicity. This increase was linear for up to 10 min after
. incubation, ahen leveled off (Fig. 18). This profile is similar to
those obtained using b;cterial ribésomal RNA or reovirus RNA\hnder
similar conditions. At a higher salt concentrationh(Z ; s$sC), TSV
nucleic acid shoqed an increase in hyperchromicityeoﬂ only 5% (Fig.

19); as compared to ribosomal RNA which sﬁowed a 25X increase in

94
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Plate 5.

)

Electron micrograph of & preparation of tobscco stunt virus

from viruliferous zoospores of Olpidium brassicae, nega-

tively stained with 2X uranyl acetate. Bar represents

\
N

100 mm.

D)
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¢late 6. Electron -icrograph of a ptéparatloﬁ‘of tobacco stunt virus
. ' . . L )
obtained frop cesium sulfate equilibrium. centrifugation, ,

and stained with 2% uranyl acetate. Bar represeats 100 mm.
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Plate 7.

-

23130
9166
‘6557

4361

2322

Polyacryiémide gel electrophoresis of tobacco stunt virus

¥

RNA. . EiéccrOphotgsis was carried on S5Z acrylami&e gels for

3 br. at 100 V in buffer. The gels were stained with 5

pg/nl ethidium broidide for 5 min.

Lane 1,

Lane 2,

. <

S
indicate base pair.

.\ ) .
- A\ DNA cut with Hind III. Numbers ar the left

Tobacco stunt virus RNA
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Fig. 18. The effect of a low salt concentration on the digestion of
tobacco stuat virus:RNA with RNase A. One lilligfa‘- of TSV -

RNA (e-e), ribosomal RNA (4-4) or reovirus RNAs (o-o) in
0.001 x SSC were incubated at 37°C with 1 ug RMase A/al,

and the absorbance were monitored at 2 min intervals.
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Fig. 19. The effect of a high salt concentration on the digestion of
tobacco stunt virus RNA with RNase A. One milligram of TSV
RNA (e-e), ribosomal RNA (24-4) or reovirus R‘NAs (o=0) 1in

2 x SSC were incubated at' 37°C with 1 pg RNase A/ml, and,

the absorbance vul-onitored at 2 min intervals.

s

98



v

hyperchromicity. Reovirus RNA showed a 2% 1ncr;ase under this con-
dition. &‘

When the products of RNase digestion were analyzed by gel
electrophoresis, TSV nucleic acid and reovirus RNA were completely
digested under low salt conditions (0.00l1 x SSC) incubated at room
temperature f&: 30 min. At higher salt concentrations (2 x SSC), the
three TSV nucleic acid spgpies appeared to exhibit differential sus-
cegtibilities to RNase A: the largé;c species was totally resistant,
whereas the two smaller speciés were oﬁly partially resisc;nt to
RNase A (Plate 8} lane 5). Reovirus RNA was totally resistant to
RNase A at high salt concentration.

RNase III, which is specific for double-stranded RNA, com-
pletely digested TSV nucleic acid as well as reovirus RNA in the two
salt concentrations tested (Plate 8). TSV nucleic acid was not
affected by DNase, nor was reovirus RNA (Plate 8).

Taken together, these results indicate that the TSV nucleflc
acid 1is similar to reovirus RNA in terms of RNase.and RNase III
sensitivity., Hence, TSV nucleic acid 1s most likely doubie-stranded
RNA.

C. Melting curve. TSV RNA in 0.0l x SSC exhibited a melting

-

profile with a Tm value of about 62°C with a maximum hyperchromicity

increase of aboug‘ZOZ (Fig. 20). At a higher salt concentration (0.1
x SSC) the melting point was lpcated at 75°C (Fig. 21). At 1 x'SSC,
the melting point was over 100°C (not shown). The melting points of

reovirus RNA, under the same conditions, were 75°C, 85°C, and over
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Plate 8.

Polyacrylamide gel electrophoresis of TSV RNA treated with

RNase at different salt concentrations. Electrophoresis was

in 6X PAGE for 4 hr at 200 V., 'Bands were visualized by

ethidium bromide. ’ ' .

Lane

) Lane

Lane

Lane

Lane

Lane

Lane

Lane

Lane

Lane

Lane

1

10

i1

3

A DNA cut with Hind III as marker. The numbers
on the left indicate base pairs.
Untreated TSV-RNA in Tris-EDTA buffer.
TSV-RNA treated with 1 ug RNase A/ml in 2 x SSC
for 30 min at 37°C.
TSV-RNA treated with 1 ug kNase A/ml in 0.001 «x
SSC for 30 min at 37°C.
TSV-RNA treated with RNase III for 30 min at 38°C.
TSV-RNA treated with DNase in Tris-EDTA buffer for
30 min at 37°C.
Untreated reovirus RNA (buffer) in Tris-EDTA. .
Reovirus- RNA treated with 1 ug RNase A/ml in 2 x
SSC for 30 min at 37°C.
Reovirus RNA treated with 1 ug RNAse A/ml in 0.001
x SSC for 30 min at 37°C. ‘
Reovirus RNA treated with RNase III for 30 min at
37°c.

Reovirus RNA treated with DNase in Tris-EDTA,

bufﬁer for 30 min at 37°C.
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100°C, respectively, with a maximum hyperchromicity of 327 (Figs. 20
<

and 21). This suggests that TSV-RNA is not fully double-stranded or

{t contains extenslve mismatching.

d. Electron microscopy. As revealed by electron microscopy,

TSV-RNA contained several fragments ranging {n size between 1,000~
5,700 base palrs with three major species corresponding to 5,685,
2,680, and 2,064 base pairs, respectively (Plate 9, Fig. 22). Assum-
fng that the TSV-RNA is a double-stranded molecule, the estimated
molecular weights are 3.9 x 106. 1.9 x 106, and 1.4 x lOb, respect-

ively.

e. Base composition. Analyses of total TSV nucleic acid {indi-
éated that guanosine and cytosine occur in an equal amount having a
G/C ratio = 1.02 and .with a G + C content of 55.2%. There were also
equal amounts of adenosine and uracil (Table l1).

—~~i

f. Molecular relationship of TSV-RNA segments. Segments of

TSV-RNA were found to be closely related to each other. When cDNA
was synthesized from the large component of 5,685 base pairs and used
as a probe, 1{t w;; found that the three bands with 5,685, 2,680, and
2,064 base pairs reactéd with the same intensity (Plate 10). The
large segment reacted with the’ same intensity when the middle compon-
ent or the small component were used as prqbes. The small and the
middle components bore\iittle homology with each other (Plate 10).
Thus, one can conclude that the smaller RNA species are breakdowns

product of the larger RNA molecule, or they could be closely related

to each other.
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Table 11. Base composition

6f tobacco stunt virus RNA.

PERCENTAGE OF NUCLEOTIQE

——

‘ Guanine Adenosine Cytosine Uracil
TSV-RNA
A 27.9 23.1 ‘ 26.8 22,2
B 27.2 23.0 27.5 22.3
Average 27.51. 23.05 27.65 22.25
Reovirus~
m 4
‘A 21.3 ‘27;9 ) 22,0 28.8
B 21.2 27.8 22.1 28.7
Average 21.25 22.85 22.p5 28.75

A,

B,

xperiment one.

Experiment two.
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Plate 10. The molecular relationship of the different TSV-RNA seg-

v

and transferred to nitrocellular paper.

wvas hybridized to

different RNA segments.

Lane 1, RNA hybridized
Lane 2, RNA hybridized
Lane 3, RNA hybridized
. Lane 4, RNA ﬁybridized

]

35g-1abelled

to

to

to

to

ments. Total TSV-RNA wa;/{ﬁoolved on 6% polyacrylamide gel

Transblotted RNA

cDNA derived from the

cDNA from total TSV RNA,
cDNA from the large fragment.
cDNA from the medium fragment.

cDNA from the small fragment.



£ Viral genome in 0. braggicae. The large segment of 5685

base pair of TSV-RNA was found to be present in Olpidium zoospores.
In addition, a small molecular weight nucleic acid of about 0.4 K\
daltons was found in both TSV-carrying Olpidium as well as TSV-free
Olpidium (Plate 11). This smwall nucleic acid was not found in TSV-

RNA preparation.

h. Structural protein. The structural protein of TSV migrated

as a single band in 10% SDS-polyacrylamide gels (Plate 12). The

estimated molecular weight of this protein was 51,000 based on the
S

" estimation method of Weber & Osborn (1972).

1. In vitro translation product. Under the conditions dis-

cuﬁsed in the Materials gnd Methods, denatured TSV-RNA directed the
synthesis of three major polypeptides, of molecular mass of 68 KD, 51
KD, and 28 KD respectively. Thev large RNA segment directed the
synthesis of two polypeptides, 68 KD and 51 KD, while the small RNA
.

directs the synthesis of a 28 KD polypeptide, and the medium-sized
RNA did not direct the synthesis any polypeptide. When the transla-
tion products were immunEE}ecipitated with‘TSV-antibody, followed by
analysis on SDS-PAGE, the 51 KD and the %8 KD products were immuno-
precipitable (Plate 13). |

.

4, TSV in leaf cells

Virus-like particles measuring between 250-350 nm in length were

found in thin sections of lgéf tissue bearing local lesions incited

by TSV on C. amaranticolor. These particles were found in bands

r
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Plate 11. Identificatiom of TSV-RNA from Olpidium .nucleic acid by
molecular hybridization. Total nucleic acid from Olpidium
zoospofes vere resolved on 6% polyacrylamide gel and trams-
ferred to nitrocellulose paper. Transblotted RNA was p

' hybridized to cDNA derived fron_total TSV-RNA. )\ DNA vas
used as a'-arker; the A DNA bands were marked prior to

x—ray.

Lane 1, Hybridization to nucleic acid from TSV-carrying
zoospores. -

Lane 2, Hybridization toy nucleic acid from healthy zoo-

N

spores.
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Plate 12, SDS polyacrylamide gel electrophoresis of the coat protein .

of tobacco stunt virus. Reference bands on the right lane

are shown from top to bottom: phosphorylase B (92.5 KD),

bovine serum albuain (68.2 KD), ovalbunin (43 KD), carbonic

anhydrase (21.5 KD), and soybean trypsin imhibitor (16

KD).
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68 KD

$1 KD

28 KD

Plate i3. Fluorograam of SDS-polyacrylamide gel electrophoresis of
*  tobacco stunt virus RNA tramslation products in wheat germ
extracts. The gel was dried and X-ray film was placed on

top and exposed overnight at -70°C.

'

Lane 1, §eovifus protein marker.

a2
\

Lane 2, Translation product of denatured TSV-RNA.

Lane 3, Translation product of undepatured TSV-RNA.

Lane 4, RIp analysis of TSV-RNA translation product.
-~ Lane 5, Translation product ?E/éhe large RNA segment.

Lane 6, Translation product of the medium RNA segment.

Lane 7, Transiation product of the smallnRNA segment.
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formed by side to side aggregation of rod-shaped particles in the

cytoplasm and mostly in regular arrangements (Plate 14).
t

5. Serology

{

There was a linear increase in antibody production that reached
a maximum titer of 1/512 after 6 weeks (Fig. 23). In the ring pre-
cipitin test the minimum amount of TSV needed to produce positive

reaction was about 0.3 mg/ml. It was not possible to detect the

«
~

virus from the crude sap using this test. }me final titer from the

agar gel double diffusion test was 1/256 (Plate 15). 1In the double

diffusion test, there was no reaction to .sap extracted from healtﬁy
B ~

‘tomato, tobacco and C. amaranticolor plants. It was also possible to

obtain a positive reaction to LBVV to a final titer of 1/256, in both
the ring precipitin test and the agar gel double diffusion test.
Using ELISA, it was possible to obtain a positive reaction to
TSV at a concentration of up to SO‘pg/ml. Positive reactions were
~also obtained to crude sap from systemically infected tomato or

tobacco or local lesions from C. amaranticolor. The optimum conju-

gate concentration to produce positive color was b6 ug/ml. When the
conjugate concentration exceeded 15}h§/m1, some non-specific colo;a—

tion occurred.

D. Discusaioﬁ\

In classical virology, certain physical probercies were used for

preliminary classifications of a given virus. These include thermal

-
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Plate l4&.

Electron micrographs of a thin section of a leaf tissue

bearing a local lesion of Chenopodiup amaranticolor after

inoculation with tobacco stunt virus. Arrays of virus-

LY

: {
1ike particles are showm in the cytoplasm of a mesophyll

cell. Bar represents 100 nm.
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Fig. 23. The increases in antibody production in rabbits injected
with tobacco stunt virus.‘ The reaction was done by the
" precipitin-ring test. Open arrows indicate intramuscular

injection, closed arrows indicate intravenous injection.
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Plate 15.

Reaction of tobacco stunt virus (TSV) antigen to TSV

o

antibody in agar double—diffusion test.
Left, the TSV antigen was placed in the central well and
the antibody is diluted 1/8, 1/10, 1/35, 1/64, 1/128 and

1/356, in wells numbered 1-6, respectively.

Right, the antibody against TSV was placed in the central

"~ well with lettuce big vein virus in well A, sap from TSV

infected tomato plant in well B, TSV in well C, sap from
he?ithy tomato in well D, purified preparation from healthy
lettuce in well E and purified preparation from healthy

tomato in well F.
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{nactivation point, dilution end pofint, longevity of the purified
virus at room temperature, virus slze and shape and sedimenﬁgation
coeffictent. In this study, all the above properties were Investi-
‘“Ugated and were used as bases for further chemical analysis. The
thermal (nactivation point of purified TSV was found 'to be ()Q"C.
This result was slightly lower than the previously reported result of
75-80°C (Hiruki, 1975) and higher than the thermal {nactivation point
{n plant sap which was believed to be 35°C (Alderson, 1975). The
fluctuatton\in the results could be due to many factors such as
impt'xrities, or the extraction buffer used. This also could be due to
the élme of the year the exp!riments were conducted, since the con-
N

centration of phenolic compoun&s in the plants varied according to
seasons, being very low fn early spring and very high in late summer
(Francki, 1982). The dilution end ;)oint of TSV was found to be 10_3
which 18 consistent with previously published results (Hiruki,
1975). Tl;e longevity of TSV in vitro depends upon the kind of buffer
used tq suspend the virus. For example, 1in Tris-HCl buffer, them_
longevity of the virus at room temperature was 6 hr, whereasélnin
sodium phosphate ’buffer,ﬁ there was a gradual decrease in'infectivity
and complete inactivation after 2 hr (Table 10). This result could
be due to the breakdown of virus particles, resulting in the rel;ease
of the virus nucleic acid, thus exposing the virus RNA to the action

ot

ofIRNaseﬁwhich results in a significant increase in UV absorbance

®

(Fig. 14).

With regard to the specific infectivity, the minimum of‘SO pg/ml

A

e



of purifjed TSV is required to fnitiate infection on C. amaranticolor
(Fig. 11). On ‘the other hand, other plant viruses require lower
amounts. For example, TMV requires 1 ug/ml to start an infection in
the form of local lesions (Wildman, 1959). [t follows then, th;: “he
efficiency of infecting‘EL amaranticolor leaves 1{s much lower than
that of TMV. The highest efficlency i{n assaying TSV on C. amaranti-
color, under the conditions of . the present study, was obtained by
ustng 200 ug/ml as inoculum. A possible reason for the 1o§er infec-
tion efficiency of TSV with the increase of inoculum may be explained

e

by the limited number of infectible sites on assay leaves{Slegel and
_ ¢

Zaitlin, 1964) or by the presence of degradation products of TSV that

interfere in the inocula of higher concentrations.

The virus, which 1s .rod—shaped, appears .to be bf different
lengths, with a majority of about 300-350 nm. HoQEVer. in thin
sections, the virus appears to be of one size of 250-350 nm, which {is
consistent with results obtained by other workers (Kuwata and Kubo,
1986). This indicates that shearing of virus particles occurs during
purification which }s consistent with results produced from unstable
viruses (Bar-Joseph et al., 1979).

Upon electrophoretic analysis on polyacrylamide gels, the TSV-
RNA preparations were found to contain three major species designated

) . t
as lérge (4.2 x 10® daltons), medium (1.8 x 10% daltons), and small
(1.2 x 106 daltons). Whereas the sizes derived from electroh micro-

scopy gave slightly different molecular weight, namely 3.9 x 106

daltons for the ' large species, 1.9 x 10 daltons for the medium



\

speclies, and 1.4 x 10% daltons for the small species. The slight
difference in molecular wefight could be due to secondary structure of
the double-stranded RNA. The large RNA segment {s homologous {in com-
position to the middle and the small segmernts (Plate 10). However,*
the middle component 1is slightly homologous to the small segment
\ N
{ndicating diffea;cnt composition which could be a result of a break-
doyn occurring in the .large segment resulting in a production of the
middle and “8mall segments. The presence of a large segment of a
similar molecular welght in TSV-carrying Olpidium zoospores (Plate
11) is further evidence of this hypothesis. When the virus was
purified in 0.3 M phosPhate buffer, pH Ib’.i Kuwata and Kubo (1986)
found rod-shaped virus-like partic}zs\ZOO—QO\p nm in length. The
virus contained two molecules of RNA wit\h ;xrblecular weights of 4.5 x
106 and 4.2 x 106, respectively. Since the RNA species are resistant
to ®Nase A in high salt concentrations, they concluded that the RNA
.
was double-stranded In nature. In .the present study, TSV-RNAs were\
found to be double-stranded in nature by the different criteria
tested, such as their relative resistance to degradation by RNase A
at high salt concentration (0.1 x SSC), degradation at low .salt con-
centration (0.00! x SSC), degrahation by RNase III ;hichiis specific
for double-stranded RNA, base pairing, and meltin ehavior. TSV-RNA
exhibits a sharp melting profile with a Tm of 6ZT:. This melting
. Y

. temperature 1is saltdependent, and {ncreases to about 75°C in 0.1 x

SSC (Figs. 5 and 6).



The structural proteln of TSV was of one species having a molec-
ular mass of 51,000 daltons. This is the largest of all rod-shaped
plant virus coat proteins that are known so far; for example, the
molecular weight of the coat protein of TMV is 17,500 (Knight, 1975).
While the molecular weight of TSV-coat protein appears to be unusual-
ly high, 1t i{s not a dimer because it could not be dissoclated fur-
ther by boiling in SDS-mercaptoethanol or by addition of 10 M urea
prior to boiling. This fact legitimately puts TSV in a separate
class of plant viruses, although it was suggested earlier by Kuwata
and Kubo (1981). based on morphological studles, that TSV resembles
viruses belonging to the tobamoviruses such as potato mop-top
(Harrison  and Jones, 1970).

»The presence of dsRNA in plaﬁt viruses i{s not unique, for exam-
ple, several plant viruses belonging to the reovirus family have been
studied (Milne aad Lesemann, 1978; Shikata, 1981). TSV 1is a unique
virus because of the presence of dsRNA in an elongated virion. This
dsRNA is different than some dsRNA species that were found in several
healthy plants (Dodds and Bar-Joseph, 1984), because TSV dsRNA occurs
only in infected planps'or in TSV-carrying Olpidium zoospores. This
dsRNA 1s infectious and codes for a coat protein that envelopes the
virus particles.

The large RNA segment is about 4.2 x 10% in size. This, there-
fore, could theoretically code for a polypeptide of about 160 KD.
The polypeptides }hat are synthesized from wheat germ_excractg repre-

sent only about 75% of\the coding capacity of the large RNA segment.

\ 3
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The 68 KD polypeptide is not due to the lack of a suppressdr of tRNA
species that prodotes the readthrough of a UAG codon (Beler et al.,
1984) because it cannot be precipitated by TSV antibody. The size of
the middle segment 13'1.8 KB with a codlng capacity of a polypeptide
of about 70 KD. The {nability of this RNA segment to produc¢ poly-
peptide In vitro is not caused by an endogenous RNase contamination
due to the fact that a powerful RNase inhibitor was included in the
reaction mixture. Therefore, the inability of this RNA to direct
protein synthesis could be the lack of AUG initiation codon or it is
not an efficient template for. protein synthesis (Atabekov and
Morozov, 1979). The polypeptide of about 28 KD that is syntheslized
by the small RNA segmant is obviously part of the virus structural
protein, because it can be recognized by the antibody produced
agalnst purified TSV particles.

The 68 KD polypeptide that is translated from the total TSV-RNA
is clearly non-structural, and could have some enzymic function,
since the assembly of dsRNA viruses need some enzymes such as RNA
polymerase which are specific for ds RNA and which are lacking in
normal cells (McCrae and Joklik, 1978). These results, combined with
hybridization experiments, strongly sugest that TSV-RNA exist in
nature as a single nucleic acid that breaks down at a specific point,
producing 3 RNA‘segments. Based on this, a tentative map of the ESV

genome is devisedi(FIg. 24). ,
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While there {s little reliable informagion avallable concerning
the relative merits of different {mmunization procedures, Kiriyama
(1975) reported the production of TSV antiserum in éscitic fluids of
mice using a partially purified TSV preparation. The homologous
titer of TSV antiserum using thé ring precipitin test was 1/512 when
unabsorbed and 1/128 when absorbed by healthy plant sap. The anti-
serum did not react with TMV, cucumber mosaic virus, alfalfa mosaic
virus, and tobacco leaf curl virus. Hiruki (1975), using the ring
precipitin test, independently reported a homologous titer of 1/1024
of TSV-antiserum produced 1in rabbits by an intramuscular injection

. v
followed by S5 weekly intraveinal Injections of purified TSV pgepara—
tion. |

In this studI, using an injection similar to that in Hiruki's
previous study (1975), a homologous ;iter of 1/512 was obtained from
all of three rabbits used when using ring precipitin test, and 1/256
in agar double diffusion test. ‘

In serological studies, the antibody produced against TSV
reacted strongly with LBVV with a final titer of 1/256.

On the basis'of information presented, it 1is possible to con-
cluée that TSV is a rod-shaped virus containing double-stranded RNA

encapsidated by a coat protein of an unusually high molecular weight

and further study is required to determine the'begmented nature of
. -
TSV-RNA. Since these characteristics are not found in any other

plant virus, it is suggested that TSV is a type member of a new group

of plant viruses, to which LBVV also belongs. "y
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CHAPTER VII

FENERAL DISCUSSION

b

!
B

When an unknown virus disease s Investigated, a general
approach 1s to see {f tﬁe causal virus (or viruses) Js comparable
with any that has been rep;rted. Usually this is done by electron
microscopic examination of virus particles or by serology or by both
methods, and most recently cDNA hybridizagion of viral genome (Masri
and Hiruki, 1987; Hiruk{ and Masri, 1987). None of thgse proceeres
~gave rise to much progress. in the investigatioe of TSV in spite of
repeated attempts In the past 40 fears since 1its first disco§ery in
1943. This difficulty is mainly due to the fact that the virus is
usually unstable both in Xixgv(ﬂidaka and Hiruki, 1958) and in vitro
‘(Hiruki, 19755; and as discussed in Chapté; VI the infection effici-
ency of TSV is extremel} low compared to most. plant viruses. The
{dentity of the disease*cahsing agent as a virus was, therefore, once
much in doubt and it was referred to as tobacco stunt agent (Hidaka
et al., 1975; Alderson, 1975; Kuwata and Kubo, 198l1). As indicated
in Chapter 1V, there are mahy factors that influence the stabilfty of
TSV in vitro. In tﬁé study of any unstable virus these individual
factors and their combined effects on vvirus infectivity -must be
worked out, .as done in this stugy, before virus purification‘ is

attempted. In the previous studies, Hiruki (1964, 1975) reported the

stabilizing effect of chelating agents on TSV infeétivity. Such a

B
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stabilizing effect could be 1improved further by selecting a buffer

system suitable for preservation of TSV infectivity as shown in

Chapter IV and V.

The addition of Na;SO3 to Tris-HCl buffer or certain additives
to glycine buffer had a desired effect on the stabilization of TSV
infectivity. On the basis of these findings, therefore, it was
possible to develop a suitable purification procedure laCe_r coupled

A\
with sucrose and cesium density gradient centrifugation to obtai:
purified TSV preparations for thé study of physical and chemical
p rties as described in Chapter V.

Ie

he’ major achievements of the present {investigation on the

N )
properties of TSV are the following. First, successful visualization
of TSV particles by electron microscopy in the leaf tissue of C.

amaranticolor bearing local lesions caused b, the virus to Bright

Yellow tobacco which later developed typlical symptoms of tobacco

stunt. The proof of TSV infectivity was meproducible in the transfer

[ ]
{noculation experiments from C. amaranticolor. Second, elongated

virus particles meésqring 200-375 nm in length were isolated by the
prc;cedure developedv in this study and its infectivity as the causal
agent of the tobacco stunt disease was demonstrated satisfactorily.
Third, a single species c§a£ protein of purified TSV with a molecular
;nass of 51,000 daltons was isolated. A comparable stuciy on LBVV
showed the LBVV also contai’n}s the coat protein with a similar molecu-
larw._nrxassv. Fourth, it was shown that TSV contains dsRNA, which is

p"bl.y‘segmenteq. The occurrence of dsRNA in a rod-shaped plant
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virus has not been reported and thui should be considered as a new
feature. Fifth, TSV proved to be a moderate immynogen and production
of TSV antiserum with a titer of 1/512 was achieved. Serological
studies {ndicated that TSV and LBVV are serologically closely
related.

Even though TSV particles.were found in the extract preparations
Aof viruliferous 0. brassicae zoospores, the relationship between the
virus and its vector s not completely understood. Thoro;gh inveéti—
gétion should be initiated to study the relationship between the
'nucleic acids of both the virus and its vector. |
The relationship between the different RNA segments can be

better understood if cloning and sequencing of the cDNA can be

achieved.

-/
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