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ABSTRACT

Tobacco leaf cuwrl (TIC) is a serious disease in tropical aveas
including Zimbabwe and the Transvaal. TLC is thought to be caused by
several virus strains inducing mild to severe symptoms. TLC is
vhitefly and graft transmissible Iut all mechanical and dodder
transmissions have proved unsuccessful. Initial results irdicate that
the TIC disease agent may have been transmitted using a rapid
electrotransmission method attempted in this study. Osaki and Inouye
(1978) succeeded in isolating a geminivirus from infected tobacco in
Japan, but in this study several attempts to purify a geminivirus
from plants infected with TLC have failed, as have atterpts to
visualize a geminivirus by TEM. These results indicate that a
geminivirus may not be involved in the TLC syndrome in South Africa.
A small rovel dsDNA molecule was isolated from leaves with a mild
form of TLC and it is suggested that this DNA is associated with the
TLC syndrome. This DNA could be a part of o geminivirus genome, or it
couid have a '"satellite virus-like" function or be 'a part of a
multipartite virus complex although there is no evidence for this.
TEM of leaves with severe TLC revealed pinwheel inclusion bodies and
potyvirus particles. Together with serological evidence, this
indicaltes that a potyvirus may Dbe involved in at least one of the
strains of TLC disease in South Africa.
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1 INTRODUCTION

Tohacco leaf curl (TLC) disease, also called “kroepoek”. "crirnkly
dwarf", ‘“gilah", "curly leaf", “enroscamiento del ccgollo", "tobacco
cabbaging®, "tobacco curly leaf" and "tobacco frenching” was first
recorded in the Netherlands Hast Indies by Peters and Schwarz in 1912
(Lucas, 1574; Osaki and Inouye, 1981). Its cause was unknown until
1931, when it was independently announced by Storey in Tanganyika and
Thung in Java that leaf curl is induced by a virus, known as tobacco
leaf curl virus (TLCV) and transmitted Ly Bemisia taheci Gen., a
species of vwhitefly (Lucag, 1S74; Osaki and Inocuye, 1981). The
disease is widespread in many tropical areas and some températe
regions - (Osaki and - Inouye, 1981) and has Dbeen found in Africa,
Australia, Prazil, Central America, Colombia, India, Japan,
Madagascar, Mexico, Morocco, FPanama, the’ FPhilippines, Puerto Rico,

Russia, Sumatra, Switzerland, Taiwan and Venezuela (lucas, 1974).

According to Iucas (1974), the disease is seriocus in Sumatra and at
one time was one of the most destructive diseases of tobacco in East
Africa, Zimbabwe (then Rhodesia) and the Transvaal. In some years,
the disease may reach ecpidemic proportions causing sSerics aop
losses and, in some cases, total crop failure in the Transvaal. In
other years it is virtually negligible and only a few diseased plants
are seen on any land (Hill, 1967). The severity of the leaf curl
infection, resulting from favourable conditions for the hreeding of

vwhiteflies, has opparently prevented the cultivation of tobacco in

certain areas of Pakiztan (lucas, 1974).



The leaf curl or ‘“kroesblaar" disease in South Africa has been
inwast;gated by Moore ({1933; 1934), McClean (1940), Hill (1%967) and
Thatcher (1976), although it was apparently reported for the first
time by Lounshury in 1902 (Hill, 1967). The first large outhreak
ocourred  in the Rustenburg district in the 1928/29 season. In 1931/32
the disease was prevalent in both the eastexrm: and western Transvaal.
During thiz season, Moore (1934) states that it was "not unusual to
see half the plants in a field severe;ly affected. In some cases the
entire crop was a failure and infected plants were even seen in the
seedbeds.” In 1935 the occurrence of the disease was negligible in
the Rustenburg area vwhile in the MNorthern Transvaal it was very
sever:e. McClean (1940) mentions that, as a rule, only a small
percentage of infection occurs before midseasen while many more
plants are infected after midseason. Infection is often high in
autumn suckers, even vwhen only a small number of plants show

infection at the time of harvest.

Despite the severity of the disease in many countries, isolation and
characterization of the causal agent of TLLV have only been repcrted
in Japan. In 1978 in Japan, Osaki and Inouye purified predominantly
geminate icosahedral particles 18 -- 19 mm in diameter from leaf curl
digeased tobacco and indicated the association of a geminivirus with
this disease. Studies by the same group on ultracytopathclogy of leaf
curl diseased tobacco showed nuclear abnoymalities which are very
gimilar to those caused Iy the whitefly transmitted geminiviruses.
These observations, together with the fact that TLCV is transmitted
Ly vhiteflies, 1:d to the tentative classification of TLCV into the
geminivirus group by Osaki and Inouye (1978). In 1987, Ikegami, Osal-zci



and Inouye found evidence that- TICV contains circular ssDWA of
similar molecular weight to DNA of other geminiviruses, supporting

the classification of TICV as a member of the geminivirus group.
Apparently tobacco leaf curl is caused by several virus strains that
cause mild to severe symptoms but the different strains or variants

have not yet been fully characterised.

In this study, an investigation was made into the character of the

TIC infectious agent and transmission of this agent.

The aims of the study were:

1. To isolate the infectious agent(s) causing the TLC syndrome.

2. To attempt to rapidl, transmit these disease agent(s) by
mechanical or other means in order to facilitate resistance breeding

trials.

3. To characterize the diseuse agent(s) using nucleic acid, protein

and biolcgical assays.

4, To investigate the causal agent(s) of Lae disease using electron

nicrescopy.



2 LITERATURE REVIEW
2.1 SYMPIOMATOLOGY AND HOST RANGE

Apparently tobacco leaf curl is caused by several virus strains that
cause mild to severe symptoms. Five forms of Socuth African leaf curl
were recognised by McClean in 1940:— severe leaf curl, mild forms A,
B and C and latent leaf curl, the latter identifiable with certainty
only by transmission to Petunia. The typical or severe leaf curl
syndrome described by McClean commences with a systematically
induced, transient, yellow network coinciding with the smaller veins
on the upper surface of young, expanding leaves. However,
observations by Thatcher (1976) indicate that the vein clearing may
be caused by a toxin exuded by the whitefly on beginning to feed on
the plant. Subgsequently formed leaves develop a downward curling of
leaf margins and irregular grooves and pits in veins on the upper
swface corresponding with dark green thickenings or occasional
leaf-l1ike enations on the lower surface. According to McClean (1940)
the tobacco plant becomes stunted with the leaves more closely
grouped. However, not ail infected plants become stunted and some may
attain normal height. The inflorescence is much condensed with the
flowers falling prematurely and failing te set fruits. The veins of
the calyx are thickensd while the corolla is reduced in size and
deformed. The mild and latent strains range from mild form A in which
symptom severity is only slightly less than that described above, to
a latent struin which produces occasional, small, downward bulges on
the lower surface of some strains in the later stage of infection

(Thatcher, 1976).



Other workers have also distinguished 5 different forms, some of
vwhich may be caused by mixtures of virus strains (Nariani, 1969; Pal
and Tandon, 1937; Vasudeva and Raj, 1948; Yassin and Nowr, 1965). It
was concluded by Pal and Tardon (1937) that four of the five types
are caused by distinct viruses, while the fifth is due to a mixtwre
of two or more of these viruses. Extreme variability in symptom
expression on tobacco was observed in Tanganyika and Rhodesia by
Storey (1932) who suspected that both variation in the reaction of
individual plants and the presence of a number of TIC strains of
varying virulence were involved. However, these forms have not yet
been isolated. Recently in Thailand, Honda and so-workers (1986)
obtained results suggesting that the causal agent of TmlCD (tomato
leaf curl disease) is a strain of TICV and other results indicate
that yellow vein mosaic of honeysuckle in Japan is also caused by a

strain of TLCV (Osaki et al, 1979).

Kirdiyama (1972), however, observed that severe isolates from southern
Japan ard mild isolates from north—eastern Japan produced similar
symptoms when graft transmitted under uniform glasshouse conditions.
Kiriyama concluded that the difference in symptoms was therefore

dependent on environmental conditions and not on virus strains.

The mowt characteristic symptoms of common kroepoek, or severe leaf
curl, are the 1leafy outgrowths or enations from the veins on the
lower surface of the curled, twisted leaves which are much smaller
than normal, the greening of the veins and the severe stunting of the
plant (lumcas, 1974). In the curl form of the disease, which is common
in Verezuela, the margin of the entire leaf is rolled downward, but
the midrid and veins are not knotted and crocked. Flower parts are



curled and deformed and apical dominance is lost so that the plant
assumes a broom-like appearance (lLucas, 1974). In tramsparent
kroepoek the 1leaf wargins roll upward and the smalier veins become
transparent. Other mild strains of TLCV cause little stunting; the
uppermost leaves of nearly-grown plants may be curled and twisted,

vhereas the older leaves look normal (Lucas, 1974).

Diseased tissues have more 1layers of densely aggregated spongy
parenchyme cells with fewer intracellular spaces than normal. Common
kroepoek is characterised by an increase of the primary phloem in the
veins. The pericycle is enlarged, new woody vessels surrounded by a
cambium are formed so that new stelae arise inside the o0ld pericycle
and leaf dorsiventrality is lost by the substitution of palisade for
spongy parenchyma. In =ddition palisade parenchyma and stomata are
formed in the lobed wveins of affected leaflets (enations) in which
the pnew stelae proceed in reverse orientation. The enations lie with

the wmorphological underside against the undexside of the old leaf

(Lacas, 1974).

Transparent leaf curl produces in the leaf veins typical swelling of
the ends of G¢he xylem vessels and sieve tubes and enlargemsnt of
pexricycle and cortical parenchyma cells. The sieve tubes are curved
and the cell walls of the primary phloem and pericycle are

irregularly swollen (Yassin and Nour, 1965).

Many other types of symptom in tobacco (McClean, 1940; Pal and
Tarion, 1937), towato (Vasudeva and Raj, 1948; Yassin and Now:, 1965)
and pepper (Omaki and Inouye, 1981) are assumed to be ~sused by
strains of the virus, although there is little seroclosicel evidence:



that the «causal viruses are related. Datura stramonium, when
inoculated with TILCV by white fly, reacted very severely and showed
vein clearing after 10 days of inoculation followed by curling and
production of enations on the undersurface of the leaves (Seth and
Thanraj, 1972). Severity of symptom expression may depend on the

strain or mixture of strains present.

The virus may be distinguished from two other whitefly-borne viruses

with geminate particles — tomato yellow leaf curl (Cohen and Nitzany,

1966) and tomato golden mosaic (Russo et al, 1980) bscause tomato
yellow leaf curl virus has a much longer period of latency (21 h at
least) and progressively loses infectivity in the vector whitefly
(Cochen and Nitzany, 1966), and tomato golden mosaic virus is
transmissible by inoculation with sap (Costa, 1976). The virus may
also be distinguished from other Bemisia tabaci-transmitted viruses
that infect solanaceous plants, such as tomato yellow mosaic virus in
Venezuela or India, because they cause mosaic in tomato and tobacco
{De Uzcategui ard lastra, 1978; Verma, Srivastava and Mathur, 1975).
However, information on the interrelationships of these viruses is
still fragmentery and further work 1o comwpare them serologically and

in other ways is desirable.

At least 14 plant families including 45 genera have been reported as
hosts of TLCV (Lucas, 1974). With tobacco as an inoculum source, leaf
curl has been induced in species of Asystasia, Brassica, Capsicum,

Datura, Lycopersicon, Petunia, Physalis, Zinnia, Vigna, Solanum and

Sida (Butter and Rataul, 1978; Olivarez et al, 1972; Padmanakhan and
Fathmanabhan, 1978; ©Shivanathan, 1982). Members of the Malvaceae,
Buphorbiaceae and ILeguminosae frequently sexrve as TICV hosts. The



weed Rhynchosia minima DC is a common inoculum source in Puerto Ricu
(Lucas, 1974). Many species of Nicotiama are also susceptible to TLCV
(Lucas, 1974). Leaf curl disease of éhilli caused by TLCV is mainly
. responsible as a limiting factor in the cultivation of this crop

(Seth and Dharraj, 1i972).

. Diagnostic species include (Osaki and Incuye, 1981):

i Datura stramonium — veinlets in young leaves are cleared
followed by interveinal chlorosis of the lamina in the area between
the secondary veins. Stunting of plants is accompanied by dwarfing,
curling and spiral twisting of the leaves,

Lyvcopersicon esculentum (tomato) — Yellowing and curling of

the young leaves is usually_ the first sign of infection. Leaflets
become yellow but remain green along the veins; they are curled ard
puckered, and remain small. The plant beccmes markedly stunted. Some
isolates cause vein thickenings or enations on the veins (Vasudeva
Snd Raj, 1945; Yassin and Nour, 1969).

Nicotiana glutinosa — Curling, crinkling and dwarfing of
leaves occurs. Sometimes small enations or green thickenings may
develop on the larger veins. Some isolates are not transmisgible to

N. glutinosa.

These three species as well as other susceptible solanaceous plants
are used for propagation and assay of the virus, but no local lesion

host is known (Osaki and Incuye, 1981).



Besides whitefly trarsmission of TIC, grafting is the only other
weans whereby the digease has been transmittsd (McClean, 1940; Pal
and Tandon, 1937; Retuverms et al, 1974p Storey, 1931; Thatcher,
1976). Transmission of TLC through the seed of infected plants does
not occur (MnClean, 1940; Pal and Tandon, 1937) and actempts to
transmit the diseame by various mechanical means have all proved
wmsuccessful (Chen, 1972; Kiriyama, 1972; McClean, 1940; Pal and
Tandon, 1937). Lack of vascular contacts between_ embryo and mother
plants explains why viruses that cannot pass beyond the phioem
{phicem-limited viruses, wost of which, including TICV, are
transmitted by phloem—feeding insects in a psysistent manner) have
not proved to be seed-borne (Bos, 1983).

The localization of TICV in the phloem is prehably one reason why it
is difficult to purify and almost impossible to transmit mechanically
(Harxison, 1984; Jensen, 1969). The usual methods of mechanical
transmizsion do not put these viruses into the same cells as the
insect vectors do. The philoem tis=ue, being difficult to grind, is a
poor souzce for virus purification (Brakke, 1988). However, Honda and
co~workers (1983} in Thailand achieved mechanical tranemizsion of the
phloem restricted, whitefly borne geminiviruvs MYNV (mmgbesn yellow
mosaic vires), but mechanical transmizsion could not be obtained with
the Indian isolate of thiz same dissase and it is assumed that the

Indian isolate is a different strain of the same virus,



Pal and Tandon (1937) tried two methods of incculation, viz., leaf
pricking and rubbing of leaf homogenates onto leaves of healthy
plants. In experiments performed by Dr. E. S. Moore in South Africa
{reported by McClean, 1940), inoculations were attempted by numerous
methods including leaf pricking, application of sap from diseased
leaves to woundsz in lamina and petioles, and injection of sap into
test plants. McClean (1940) tried rubing the sap from TLC-infected
tobacco over the surface of healthy tobacco and Petunia plants. Chen
(1972) and Kiriyama (1972) have also rep.cted unsuccessiul attempts
to transmit TIC by mechanical means, but details concernirg the
techniques used are not given in the English abstracts of the
respective Chinese and Japanese articles. In 1976, Thatcher also
could not induce symptoms of TLC infection by injection of extracts,
although a small necrotic lesion often developed at the site of
injection. Thatcher (1976) was also the first to attempt transmission
by dodder (Cuscuta campestris), but leaf curl symptoms did not
develop during the observation periocd of two months in either of the
two test plants paragitised by dodder trained from a TLC-infected

plant.

Bos (1983) states that viruses that are stable in expressed sap ard
that occur in their hosts in high concentraticn are most readily
transmitted in sap. Viruses that rapidly deteriorate outside host
cells are hard to transmit. It is further claimed by Bos (1983) that
it is impossible to transmit in this way most viruses that are
naturally transmitted by phloem-feeding insects (such ‘as whiteflies),
and that appear to be phloem—limited within their host plants.

According to Thatcher (1976), the inability to transmit TIC

10




mechanically may be due to one or more of the following factors:

1) presence of TIC in very low concentration in the infected
plant, which is likely az the virus is restricted to
vascular tissue,

2) high instability of the agent in vitro,

3) extreme specificity or liability of the site at which the
agent must be introduced in the plant.

The failure to achieve t{ransmission by dodder carries little
significance since some viral and mycoplasma—like diseases are
transmitted by certain dedder species hut not by others, and it thus
remains a possibility that other species of Cuscuta are able to
transmit leaf curl {Thatcher, 1976).

In transmissions using the vector, the experimental host range is
rather narrow, comprising species from Solanaceae, Compositae and
Caprifoliaceae but plants in five other families have been reported
naturally infected. HNatural hosts include Ageratum conyzoides,

Bupatorium odoratum, Euphorbia hirta, Sida rhombifolia, Solanum

nigrum and Vernonia cinerea (Pruthi and Samuel, 1542).

A new technique, electro-endosmosis, has been demcnstrated to
transmit maize steak virus (MSV) which, until this time, was
transmissible only Ly leaf hoppers (Polson and Von Wechmar, 1980).
Experiments on the effect of a direct current on plants showed that
the movement of fluid into plants through ﬂueir roots may bhe effected
by passing an electric current from the roots to the stem. Plants
could alsp take up fluid through passing an electric cuwrrent thrcuch
the damaged surface of a cut leaf (Polson and Von Wechmzr, 198()).
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This method appears to esnable infections to be established with very
low concentrations of virus particles and, more importantly, aiiows
some viruses which are normally only transmitted by vectors to be
experiventally tramsmitted to susceptible plants (Pclson and Von

Wechwoar, 1980).

Another method of transmitting viruses is through infecticus nucleic
acids. Plasmids contailning the complete genomes of the DNA viruses
have cften besn shown to be infectious (Gardner et al, 1981; Hamilton
et al, 1984; Stanlay, 1983). The plasmids of the cDHA of =sRNA

viruses appear not to be infectious.

Gierer and Schrasm (1956) were the first to show that plant virus
infectivity could be achieved by simply using RENA from tobacco mosaic
virus. Isolated vizus DNA from African cassava mosaic virus (AQMV), a
geminiviras, is about 2% as infective as the DNA in virus particles

{(Bock and Harrison, 1985).

Cloned tomatc gelden mosaic virus (TXV) ds DNA is infectious in
plants, giving rise to progeny infectious virus indistinguishable
from native TGMV, except for the presence in the latter of a
subgenomic, possibly defective, DNA (Hamilton et al, 1983). This same
group demonstrated that both parts of the genome are reguired to
infect a plant.

It is pzobable that 3 or more viruser, or strains, are involved in .
the leaf-curl cowplex, all of which are transmitied by the whitefly.
These are tobacco, cotton and yucea lsaf-curl viruses. The last 2
wiidl mot dnfect tobacco and TILV will not infect cotton or yucca
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(Lucas, 1974). In addition there are several sub-strains of TILV
(Nardiani, 1968; Pal and Tandon, 1937; Vasudeva and I'\’aj, 1948).

2.3 HOST-PARASITE RELATIONS

Infective whiteflies insert the virus into phloem tissues by means of
the stylets while feeding on the leaves (Pollard, 1955). The
incubation period varies from 12 to 33 days. A number of factors such
as temperature, leaf age and vigour probably condition the length of
the incubation period (Valand and Desai, 1980). The disease is seldom
seen in the plant bed, but usually appears 2 to 3 weeks after

transplanting (Lucas, 1974).

Thatcher (1976) investigated the poszibility that whiteflies secrete
toxing that are harmful to plants, but could find no evidence for
this, although it is known that a toxin secreted by the leafhopper

Busceiis plebejus can induce virus—like histoid enations in clevzr on

which the insects feed (Bos and Grancini, 1968).

From experiments crossing 4n leaf—curl susceptible N. tabacum with
resistant N. glauca and N. plumbaginifelia it was concluded that
leaf-curl resistance is either recessive or polygenic (Chen, 1971 in

Lucas, 1874).
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2.4 MEANS OF SFREAD OF THE PATHOGEN

The most important vector of TICV is the tobacco whitefly, Bemisia
tabaci Gennadius, a member of the family Aleyrodidae (Bird and
Maramorosch, 1978; Pruthi and Samuel, 1941). The name B. gossypiperda
Misra ard Lamb, however, has been widely used instead (Iumcas, 1974).

Other genera of aleyrodids may serve as vectors. McClean (1940)

gtated that Trialeurodes natalensis Cokb [now known to be conspecific

with T. veporariorum (Hill, 1967)], or greenhouse whitefly, is the
vector in the Transvaal. However, Hill in 1967 could not transmit
TLCV with T. veporariorum and claimed that B. tabaci is the only
vector of tobacco leaf curl in the Transvaal. These results were
confirmed in 1976 when both Thatcher in the Transvaal and Yamauchi
and c>illeagues in Japan found that no leaf curl symptoms developed in
plants on which T. vaporariorum were released. It has also been
reported that B. tuberculata Bondar and Aleurcotracnelus socialis

PBondar are associated with leaf ol in Venezuela, as is

Venezalsurodes pisonia (Lucas, 1974).

Species of Bemigia vary in their host range and different physiclogic

races vary in the ease with which they transmit TICV. The agents of
whitefly-transmitted disease appear to be at least semi--persistent in
the bodies of their vectors since all undergo an incubation period,
generally of a few hours, before transmission occurs (Varma, 1963).
In 1958, Bird (in Lucas, 1574) found that a minimum acquisition
period of 15 min to 2 hrs on infected weed hosts was required and a

minimm feeding period of 10 min on healthy plants for virus
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transmission. The virus persisted in the vector for at least 6 days.
Conflicting results have since “been reported, however, where it is
claimed that vector whiteflies can transmit the disease after a 60
min inoculation access period (Oseki, Kobatake and Incuye, 1977 in
Osaki and Inouye, 1981). These workers also reported that the minimum
latent period in the vector is between 4 and 9 h, deperding on the
length of the acquisition acc'eas period. There is no evidence that

the virus multiplies in the vector (Osaki and Inouye, 1981).

There is no evidence to date that insects other than aleyrodids serve

ag vectors for TICV.
2.5 THE LIFE CYCLE OF THE VECTOR

The minute (0.2 mm) oval., whitish eggs are laid on the underside of
the leaves of the host plants to which they are fastened by a'short
stalk. The eggs hatch in a few days, the larvae crawl about and then
begin to feed by sucking the sap from the leaf tissue. Once they
begin feeding the larvae do not move again but develop into flat,
ovzl, white objects (0.3 mm long) clesely attached to the leaf by
their sucking mouth parts. The larvae moult 4 times to form the pupal
stage. The tiny adults (1.2 mm long) that emerge from the pupae have
yellow bodies. The wings are covered with white mealy or dust-like
scales, hence the name "white fly". The adults also feed on the host
but 1live only a few days. Wind is a potent factor in the spread of
these insects as they ave unable to fly more than a few metres in a
single flight. The average life cycle is about 18 days but may
require 107 days in the cooler months. As many as 12 generations a

year are produced, althcugn the roods overlap.
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2.6 EPIDEMIOLOGY

Wniteflies are more abundant and active in the dry ssason of the
tropics than in the rainy season, therefore leaf cwrl is more
prevalent during dry weather, Disease development has also been
reported, by Munshi ard Choudry in 1964, to be pcsitively correlated
with increases in temperature (Lucas, 1974), although temperatures
above 46 -~ 47OC are lethal to the white fly. Pruthi and Samuel
(1941) found that temperature has an important influence on the
length of the incubation peried of TLC in tobacco and other host
plants, the shortest incubation periods occwrring usually during the

warmer months.

Flue-cured seedlings are easily infected in the greenhouse but mature
plants are not. Tobacco seedlings are almost devoici of epidermal
hairs and the sticky gums found on older plants, and leaf curl
affected plants are nuch more pubescent than healthy mature plants.
The epidermal hairg and gum on the mature plant leaves may impede
vhiteflies from properly feeding and subsequently acquiring or
transmitting the wvirus. On the other hand, tobacco plants may become

more resistant as they grow older (Lucas, 1974).

In South Africa, Hill (1968) observed that the whiteflies
overwintered on vratoon tobacco, on which hreeding continued slowly,
and also on vegetables including tomatces. Hill (1968) found that
leaf curl epidemics occurred when conditions favoured overwintering

ard rapid development of whiteflies.
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Thatcher (1976) found that vein—clearing could be transmitted through
the egg of B. tabaci and suggested that the typical or severe form of
leaf curl may be caused by more than one component of a virus
complex, or possibly by two or more distinct viruses, and that only
one member of the complex is transmitted through the egg of B.

tabaci.
2.7 CONTROL

Leaf-curl control is largely dependent on whitefly control.
Susceptible weed and cultivated hosts near seed beds or tobacco
fields should be destroyed and seed beds or tobacco fields should not
be located near alternate hosts. White flies shoulZ be kept out of
seed beds with insecticides or use of mulches. Only healthy
transplants should be used. As soon as harvest is completed the
tobacco crop should be destroyed to preveht overwintering. Infected
plants in the field should be pulled (if not tou numerocus) and

~ destroyed.

It has been found that alternmate sprays of insecticide and ¢il are
effective in reducing B. tabaci, and thus the incidence of TLC, in

the field (Singh et al, 1975).

Patel and co-workers in 1976 found that N. glauca and N. gossei were
toxic and attractive to B. tabaci and suggested that these species
might be used for the extraction of a biochemical substance to
control B. tabaci and for hreeding cultivars resistant to TICV. N.
gossei might also be planted around the edge of a field of other

tobacco species to attract and kill invading whiteflies.
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2.8 PURITICATION OF PLANT VIRUSES

Before the biophysical and biochemical properties of virus particles
can be described, the particles have %o be purified. The optimum
purification procedure differs from virus to virus, but once the
particles are purified, the methodology for determining the
biophysical and biochemical properties is the same for most viruses

(Hull, 1985).

Various basic features and useful facts can be used in designing

methods for virus purification.

Ideally one should have a systemic host in which te grow the virus
and a local lesion host for éssaying various stages of purification.
Choice of a systemic host should take account of the amount of virus
'produced, the ease of extracti;m of the virus, the ease of growing
the plant and the possibility of contamination with other viruses.
The local lesion host should be used to ascertain the time of maximum
virus content in the propagation host and also to check various

stages in virus purification (Hull, 1965).

In most cases, however, it may not be possible to satisfy many of the
above criteria. One often cannot find a suitable local lesion host.
The technique of dot blotting can be used to replace local lesion

assays.

To extract virus particles from the plant, the cell walls have to be
roken and the cell contents released. This is usually done in the

presence of a buffer to control the pH ard of additives to prevent
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the released enzyme activities from damaging the virus particles. The
action of enzymes is often slowed by extracticg in the cold (Hull,

1985) .

Breakage of the plant cells can be increased by prior freezing of the
tissue, though in some cases this will reduce virus yield (Hull,
1985). For viruses which are limited to vascular tissue, as is
tobacco leaf curl disease-causing virus, it has been suggested that
the leaf tissue should be initially disrupted with cellulases and

pectinases (Hull, 1985).

The choice of extraction buffer can greatly affect the outcome of
purificaticn attempts. Viruses with elorngated particles (eg.
potyviruses) which tend to aggregate or to be absorbed onto cellular
debris are best extracted in alkaline buffers (pH 8 — 9) of moderate
ionic strength (eq. 0..1M); hovwever some rod-—shaped viruses [eg.
tobacco mosaic virus (TMV)] can be damaged by alkaline buffers (Hull,

1985) .

The most common additives are reducing agents to prevent the action
of polyphenol oxidases "tamiing" the wviral protein coat. Commonly
used reducing agents are 10mM ascorbic acid, 20mM sodium ascorbate,
0.5% mercaptoethanol, 20 — 40mM sodium sulphite, 10mM sodium
thioglycolilate or 10 — 20mM sodium diethyldithiccarbamate.

Chelating compounds are also used to reduce enzymic activity and to

disscciate ribosomes; 5 ~ 50mM scdium ethylene diamine tetraacetic

acid (EDTA) is the most commonly used (Hull, 1985).

19



Separation of the virus particles frem all the other constituents of
the host cytoplasm (eg. organelles, membranes, ribosomes and
proteins) 1is achieved through a process known as clarification.
Agents vwhich are effective in removing the varicus contaminants
include EDTA, NaCl, Tutanol, chloroform, heat, Yentornite,
utanol\chloroform, low pH, orgenic solvents ard non—ionic
detergents. Precipitated contaminants are then usually removed by

low-speed centrifugation.

The virrs is usually concentrated by precipitation using polyethylene
glycol (FEG) or by high-speed centrifugation, or a combination of
these methods. It is important to have sufficient salt present in the
preparation to effect precipitation and NaCl is commonly used. This
is usually followed by a low-speed centrifugation and then a
high-speed centrifugation so that the virus is pure enough for

biophysical and biochemical techniques (Hull, 1965).

Although tobacco 1leaf curl disease was attributed to a virus by
Storey as early as 1931, only four attempts to extract a virus appear
to have been reported (Kiriyama, 1972; Osaki and Inouye, 1978; Sharp
and Wolf, 1951; Thatcher, 1976; ). Of these, .ily the extraction by
Osaki and Inouye in 1978 was successful and this group has since done
further work using this technique to purify TICV (Ikegami et al,

1987).

In the study of Sharp and Wolf (1951}, performed in North Carolina,
U. 8. A., conventional differential centrifugetion was applied to
formolised sap received trom Venezuela, where the crude extracts had
been prepared from field—grown, TLC-infected tobacro plants shown to
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be free of TMV.

Formaldehyde was added to preserve the suspected virus during
transfer of the sample by air. However, evidence produced by Thatcher
(1976) indicated that the "virus" recovered by Sharp and Wolf (1951)
was probably a ribosomal fraction and not a pure, small, isometric

virus as claimed by these workers.

The second purification study, published in Japanese with an English
summayy (Kiriyama, 1972), reported the isolation of isometric 30nm
particles from TILC—infected tobacco leaves followipr butanol
clarification and differential centrifugation of expressed sap.
Although infectivity of the particles could not be tested, similar
particles were not recovered from healthy material whilst healthy

extract reacted only very weakly with antiserum homologous to the

pérticles .

Thatcher (1976) performed nine extractions based on the differential
centrifugation procedure reported by Sharp and Wolf (i551). The
expeiriments varied with respect to initial b.lfferirg ard storage of
the crude sap. The pellets were resuspended in 0.06M potassium
phosphate buffer pH 7.2, However, these extractions were
unsuccessful. UV spectra obtained from extracts from healthy plants
indicated that host mucleoproteins were not eliminated by the

procedure,

A further three experiments were performed by Thatcher (1976) using
the extraction procedure described by Kiriyema (1972) to extract
TICV. The procedure of Kiriyama (1972) comprised cvernight freezing
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of TIL~inf ~ ad tobacco leaves, extraction in 0.1M phosphate buffer
pH 7.0 containing 0.1% thioglycollic acid, butanol clarification, and
at least four cycles of differential centrifugation. Purified
preparations exhibited a single peak during anatytical centrifugation
and displayed UV absorption maxima at 260nm and minima at 238nm, with
characteristic nucleoprotein extinction ratios of approximately 1,5.
Although it was not poss’' :e to demonstrate infectivity of these
extracts Kiriyama (1972) derived from them antiserum having titres of
1/64 against homologous extract and 1/4 against comparable healthy
tobacco extract. The UV absorption spectra (220 - 300mm) obtained
from extracts prodwced by Thatcher (1976) wusing the method of
Kiriyama (1972) showed only siight variation between TIC~infected and
healthy plant extracts within each expeximent, and the ratio
(260/280mm) of only 1,25 indicated that it wes unlikely that these

extracts contained purified TIC virus.

Several other purification procedures have been applied by Kiriyama
(19%3, pers. comm. with Thatcher, 1976) in attempts to extract the
TLC virus in greater concentzation, but all proved to be
unsatisfactory. ‘These methods inciude? column separation (ion
exchange cellulose or sephadex), polyethylene glycol precipitation,
polymer two phase systems, pretreatment with chloroform or butanol /
chloroform mixtures, ard density gradient centrifugation of expressed

sap.

Axording to Kiriyama (1974, pers, comm. with Thatcher, 1976) the
selection of a suitable propagating host for the TLC virus as well as
the growing corditions of the plants are most important in obtaining
adequate virus vyields., The choice of TiC-infected material used in
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the experiments by Thatcher (1976) may have reduced the chance of

recovering adequate yields of the TILC virus.

Kiriyama (1974, pers. comm. with Thatcher, 1976) reported that the
concentration of the swmall, isometric TIC virus (Kiriyama, 1972) in

infected tobacco plants is very low.

Thatcher (1976) investigated the possibility of a viroid causal agent
of tobacco 1leaf curl. The main objective of theseé experiments was to
ascertain whether infective nucleic acid could be recovered from
TLC-infected host tissue. Infection was not achieved with any of the
extracts tested , but in view of the consistent failure of all other
attempts to Iring about mechanical transmission of TLC this result
alone could not be interpretéd to exclude a proteinless virus as the
causal agent of this disease. Nevertheless, the properties of the
causal agent of TIC are markedly different to those of known
infectious, proteinless virus strains bor viroids, all of which are
mechanically transmissible after phenol extractions and none is
transmitted by a species of whitefly (Thatcher, 1976). The later work
of Osaki and Inouye (1978) appears to preclude the possibility of a

viroid causal agent of TLC in Japan.

Osaki and Inouye extracted tobacco ieaf curl virus in 0.2 M borate
huffer (pH 8.5) containing 0.1% mercaptoethanol and 1% Antifoam A
emulsion (2 ml huffer / g tissue} (Osaki and Inouye, 1978). The sap
was clarified by adding n-butanol to 10% and centrifuging at low
speed. 4% PHEG, followed by a low-speed centrifugation, was used to
precipitate the tobacco leaf curl virus in the method of Osaki and

Inouye (1978). The virus was pwrified by a high-speed centrifugation
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in a sucrose gradient and the sediment resuspended.

2.8 a) Stability in sap

No information is available as to the stability of tobacco leaf curl
virus in sap (Osaki and Inouye, 1981), although most geminiviruses

survive more than one day in sap and have a TIP (thermal inactivation
)
peint) of about 60 C (Hill, 1984).

In 1958, Bird heated infected Jatvophia gossypifolia (L) stems for 10
0
min at 50 C and did not inactivate the virus {in Lucas, 1974).

De Uzcategui and lastra (1978) reported that tomato yellow mosaic, a
related virus transmitted by the tobacco white fly, lost infectivity
in sep within 15 minutes if kept at room temperature after expression

from infected leaves.



2.9 BICPHYSICAL CHARACTERISATICN

The Dbiophysical properties of viruses are studied to provide
information on the size and shape of the virus particles, on their

molecular weight and on the ™ structure (Hull, 1985).

2.9 a) Spectrophotometric readings

The majority of simple viruses comprise mainly protein and nucleic
acid each of which has a characteristic absorption spectrum in the
ultraviolet. The absorption spectrum of the virus particles is a
combination of both nucleic acid and protein. However, since the

nucleic acid has a much higher specific absorption at its maximum

0.1% . 0.1%
(7260 mm) (RNA E = 25; DNA E = 20) than
0.1% 260nm 260nm
does protein (E = gbout 0.5) the nucleic acid spectrum
260nm

dominates. In the extraction performed by Kiriyama (1972) purified
preparations of TLCV displayed UV absorption maxima at 260mm and
ninima at 23Bnm, with characteristic nucleoprotein extinction ratics

of approximately 1,3.

The &bsorption spectrum can also be used to measwre virus

concentration (Hull, 1985).

2.9 b) Electron microscopy

Electron microscopy is one of the most useful metheds for determining

the shape and structure of virus particles (Hull, 1985).

The main method for visualising particles is negative staining. While
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phosphotungstic acid is suitable for many viruses, the particles of
some viruses are destroyed or damadged in this stain. An alternative
stain is uranyl acetate but this can also damage some viruses. Less
daraging stains include ammwoniuvm nolybdate, sodium acetate and

methylamine tungstate (Hull, 1985).

The technique of thin sectioning from fixed and embedded plant
tissues is important im cell ultrastructure showing the location of
vizrusez and inclusion bodiez in infectsd coalle {(Horne  1985),
Inclusion bodies were associated with virus Jiseases long before
infectious perticles were identified (Brakke, 1988). The function of
many of these inclusion bodies, including the pinwheel-inclusion
bodies associated with potyviruses, has remained speculative.
However, potyviruses have been classified partly on the basis of the

ultrastructure of these inciusion bodies (Brakke, 1988).

The particles of the tobacco leaf curl virus disintegrate in negative
stains unless previously £ixed with 2% glutaraldehyde {(Osaki and

Inouye, 1961).

Sharp and Wolf (13951) isociated a particulate material from the
formailin-treated sap of leaf-curl affected tobacco plants by
witracentrifugation. The spherical particles had a mean diameter of
39 mm. Two decades later, in 1972, Kiriyama partially purified TLCV
f£rom the gcap of infected tobacco leaves by butanol clarification and
differential centrifugation. His results indicated the virus

particles to be appreximately 30 nm in diameter (Lucas, 1974).
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It has since been determined that the tobacco leaf curl virus
consists of “geminate’. isometric particles measuring about 15 - 20 x
25 -~ 30 nm (Osaki and Inouye, 1981). They consist of two incomplete T

= 1 jcosahedral structures, with one shared subunit.

Electron microscopy of the tobacco leaf curl virus nucleic acid
revealed circular molecules; this suggests fhat the virus particles,
like those of some other geminiviruses, contain circular DNA

molecules (Ikegami et al, 1987).

The intranuclear occurrence of virus particles is a distinctive
featwre of all geminiviruses dinvestigated so far at the
ultrastructural level (Bock et al, 1974; Francki et al, 1979; Kim et
al, 1978). Intranuclear ring-shaped inclusions have been detected in

agsociation with infections by TLCV in lonicera japonica (Russo et

al, 1980). These structures were called "fikrillar rings” by Kim and
colleagues (1978) who suggested that they might be a possible
diagnostic feature for wviruses with ssDNA, such as geminiviruses.
Hypertrophated nuclei and aggregates of virus—like particles have
also been associated with whitefly-borne viruses (Honda et al, 1983;

Osaki and Inouye, 1978).

It has been found that phloem proliferation of tobacco leaf curl
virus occurs in the stem apices, petioles, and leaflet veins and
veinlets of infected plants (Kerling, 1933; Yassin and Nour, 1965).
In ultrathin sections of infected tissues of tomato, Datura

stramonium, Nicotiana glutinosa ard ILonicera Japonica, virus-like

particles occur in close-packed arrays forming rigid rod structures
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in some of the nuclei in phloem cells. The rods, each of which is
about 25 mm wide., consist of a row of geminate particles . A
distinctive abnormality of the nuclei is the splitting of the
nucleoli into granular and fibrillar regions (Osaki and Inouye,

1981).

The inclusion bodies sometimes found in plant tissue infected with
certain wviruses are readily observed by light microscopy. Callose is
deposited in phloen sieve tubes in abnormal quantities as a respense
te injury, toxins or infection with phloemrestricted viruses (Hill,

1984).
2.9 ¢) Serology

The outer coat or capsid of piant viruses consists of protein
subunits of a type and in an an arrangement peculia.r to each virus.
The virus particle, therefore, because of its specific
three—dimensional shape and its size, forms an ideal antigen which on
injection into the blood system of a suitable animal stimulates the
production of antibodies in the serum fraction of blood. Such
antibodies react only with the stimulating virus or with very closely
related viruses. The specificity of this antigen / antibody reactioen
can be used in a variety of in vitro tests to demonstrate the

presence of a plant virus and to determine its character.

Tobacco leaf curl virus is moderately immurogenic. An antiserum
prepared by intramuscular injection using purified virus had titres
of 1/256 and 1/32 in microprecipitation and immunodiffusion tests

respectively (Osaki and Incuye, 1981). No serological differences
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were detected between Japanese isolates of the virus from tomato and
tobacce propagated in the seme host species. However, spurs formed in
immunodiffusion tests between preparations of the same virus isolate

propagated in different hosts (Osaki and Inouye, 1981).

Tomato isolates of the virus collected from Japan and Taiwan have
been found to be serologically related (Osaki and Inouye, 1981). No
serological relationship was found among four viruses that belong to
the geminivirus group: tobacco leaf curl, maize streak, African
cassava mosaic and bean golden mosaic (Osaki and Inouye, 1981).
However, Roberts arnd co-workers (1984), using the technique of ISEM,
were able to detect relationships between ACMV and TLCV. This was the
first example of a relationship between sap trmsmissible and sap

non-transmissible viruses.

Recently, nucleic acid hybridis';ation tests have been employed to
detect relationships Dbetween viruses, and these are in some cases
proving more sensitive than conventional serclogical tests, eg.
nucleic acid hylridisation tests for relationships between ACMV
strains parallel and extend those obtained in serological tests

{Sequeira and Harrison, 1682).

Dot-blot detection of viruses involves the immobilisation of the
nucleic acid of wvirus onto nitrocellulese arnd its detection by
hybridisation to a probe of complementary homologous nucleic acid
(Hull, 1985). There is no need to extract the nucleic acid from the

virus particles prior to dot-blotting.
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2.10 BIOCHEMICAL ANALYSES

Biochemical analyses are used to describe the type, proportioa and
sizes of nucleic acid in the virus particle as well as the number of
species and molecular weights of the protein subunits making up the

capsid (Hull, 1985).
2.10 a) Protein coat

Gel electrophoresis is the method of choice for determining the
number of species and size of the protein coat of virus particles. No
information is available on the structure and sizes of the protein

coat of tobacco leaf curl virus.

Geminiviruses so far isolated have a capsid polypeptide species of MW

of approximately 28 000 (Hamjlton et al, 1983).

The preparation of TILC of Sharp and Wolf (1951) showed that almost
all of the particulate material sedimented as a homogeneous component
having a sedimentation coefficient of approximately 753. However,
about 10% formed a wsecord, more 'diffuse boundary of about 1135. It
was concluded that the two components were probably aspects of the ‘
same material, the fastér component probably comprising dimer
aggregations of the smaller particle. Because Sharp and Wolf failed
to include a comparable extraction from healthy material their claim
to have isolated the causal agent of TILC is questionable,

particularly as infectivity could not be tested.



2.10 b) Nucleic acids

Viruses vary in the ease with which the nucleic acid can be
extracted. It is advantageous to relax the protein-protein
interactions if possible before removing the coat protein. This is
usually effected by the use of alkaline pHs and chelating agents such

as FEDTA (Hull, 1985).

There have been tremendous udvances in understanding the translation
strategy and genome structure of plant viruses in the last decade,

primarily because of powerful new techniques in molecular biology.

The genomes of more than a dozen plant viruses have been sequenced,
including ssRhNA, dsDNA and ssDNA genomes (Brakke, 1588). Reports of
additional sequences are Vcontinually‘r appearing. Knowledge of the
nucleic acid sequence allows the prediction of a number of viral
'proteins and their amino acid sequences. Comparison with sequences of
proteins of known function permits guesses about the function of the
proteins. The nucleic acid sequences also allow the selection or
construction of hybridisation probes for didentification that are
either highly selective (based on unique seguences) or that will

detect related viruses (based on conserved sequences).

The veplicative form (RF) of geminivirus DNA can be isolated by

performing a whole plant dsDNA extraction.

The number of nmucleic acid species in a virus prepavation and their
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molecular weights can be determined by gel electrophoresis (Hull,

1985) .

Ikegami and colleagues (1987) were the first to isolate ard
characterise the nucleic acid from preparations of geminate particles
of TLCV. They found the DNA to be single-stranded and examination of
TLCV DNA under the electron microgcope revealed that the molecule was
circulaxr and contained 2 482 nucleotides. This is unusual, as most
geminiviruses so far isolated from dicotyledonous plants and
trensmitted by whiteflies have been shown to have a bipartite genome
with two approximately equal sized DNA species (Stanley and Davies,

1985).

Typically, geminiviruses have a genome comprising single—strarded
circular DNA of between 2000 and 3000 base pairs in size (Honda,
1986; Stanley and Davies, 1985). Mucleotide sequencing has shown the
existence of two genome components (DNA—1 and DNA-2) of approximately
equal gize in several whitefly-transmitted geminiviruses includirg
ACMV  (Stanley and Gay, 1983), bean golden mosaic virus (BGMV) (Haber
et al, 1981), ard tomato golden mosaic virus (TGMV) (Hamilton et al,
1983). Geminiviruses trensmitted by leafhoppers (including those
which infect monocotyledonous hosts) appear to have monopartite
genomes (Stanley and Davies, 1935), eg. MSV (maize streak virus)
(Mullineaux et al, 1984). The two genomic DNA species of ACMV have
different sequences except for a shared ‘“common" region of 193
nucleotides (Stanley, 1983). Each geminate particle cortains one

molecule of either DNA-1 or DNA-2.

Some quasi-isometric particles of the type strain contain a smaller
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circular DNA of about 1200 bp (Bodt and Harrison, 1985) which shares
nucleotide sequences with DNA-2 (Stanley, 1983). In addition to these
circular molecules, 'pzepazations of wvirus DNA contain linear
molecules which share nucleotide sequences with DNA-1 and DNA-2, and
vhich are about 1900 bp in size (Bock and Harrison, 1985). A
virus-specific circular GsDNA with a discontinuity in one strand has
also been identified in BAV-infected tissue and shown to contain thé
sequences of both types of genomic DNA (Ikegami et al, 1961}. A
further £ive novel species of virus-specific ss and ds DNAs were also
isolated from TGMV by Hamilton and collezgues in 1982. Three of these
molecules were ds circulax DNA of about 3200 bp in size, while two
others were d= and of high rolecular weight (approximately 11000 bp
and 5200 bp). The other DNA species was smaller (about 880 bp in
size) and ss. The two large DNA species were probably concatamers
composed of tandemly arranged viral genome e remaining three ds
components were of unit genome length and represented the closzed
circular, relaxed circular and linear forms of ds TGMV DNA. However,
the conformation and significance of the ssDNA was not described by

Hamilton and co-workers (1982).

Cloned probes have heen prepared to each of the AMV strains
(Stanley, 1983). Probes for either DNA zpecies can be used in spot
hybridisation tests to detect infection of N. benthwmiana cr cassava
with isclates resembling the type strain or the Angolan defective
izscla'es, but only DNA-1 probes react strongly in tests for the Kenya
coast strain in these two plant species (Robinson et al, 1984). A
nucleic acid hybridisation test has recently been developed by
Polston and co-workers (1983) which can distinguish between virus
strains having coat proteins that are not disciagrieinivie by Bifk
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ard may be important in determining the relatedness of strains and

whether mixed infections are present.

Sequence homologies have been detected between DNA-1 (larger genome
part) of ACMV and the DNA of bean golden mosaic virus, tomato golden
mosaic virus, tobacco leaf curl, tomato leaf curl and tomato yellow
leaf curl viruses (Roberts et al, 1984). Some homology has also
recently been detected between the genome of M5V and that of ACMV and
TEGMV (Mullineaux et al, 1985). The presence of a conserved 200-base
region between the two DNAs of a single virus and between different
viruses (ie. TGMV and ACMV) implies that this region is important in
interacting with one or more host or viral proteins essential tec the

virus replication cycle (Hamilton et al, 1984).

Nucleic acid hybridisation tests performed by Robinson and colleagues
(1984) on different ACMV strains indicated the possible presence of
an isolate of ACMV which induces the production of substantial
amounts of virus DNA but apparently ne virus particles and very
little virus particle protein. However, the failure tc detect these
new stiains by ISEM or infectivity tests could bz due to virus
instability. Altermatively, the isolates could be defective for

particle production.



2.11 POTYVIRUSES

The potato virus Y or potyvirus group is the largest known group of
plant wiral pathogens. There may be over 100 different members of
this group (Dougherty and Carrington, 1988).

All members of the potyvirus group share common features. The virus
particle or virion has a flexuous rod shape ard is usually 700 - 900
ne in length and 12 — 15 nm in diameter. The genome of a potyvirus is
contained in a single—stranded, infectious RNA molecule that is
approximately 10000 nucleotides in length (Allison et al, 1986). 'lhe
genome of all potyviruses encodes for a protein that aggregates in
the cytoplasm during infection in the form of pinwheel- or
scroll-shaped inclusion bodiés (Doughe]_rty and Carrington, 1988).
Potyviruses can be mechanically transmitted and most members of this
group are transmitted by aphids in a nonpersistent, noncircu1a£ive
manner; transmission in seed or by mites and dodder has been reported

(Dougherty and Carrington, 1988).

Capsid protein moncmers of different potyviruses range in size from

30 — 45 kd (Dougherty and Carrington, 1988* .

Irniclusion body proteins are produr- @ in about as high a concentration
as capsid proteins in plants infected with potyviruses and other
viruses with 1long, flexuous particles such as wheat streak mosaic
virugs and wheat spindle streak mosaic virus (Brakke et al, 1987;
Carrvington and Dougherty, 1987; Hiebert et al, 1971; Jensen et al,
1686), These proteins are as easy to purify by centrifugation and gel

electrophoresis as virions and can be helpful in the diagnosis of
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potyvirus—-infected plants (Edwardson and Christie, 1978).
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3 MATERIN. AMD METHODS
3.1 VIRUS SOURCE AND MAINTESANCE

Nicotliana tabacum TL38 plants sheiing disease symptoms (see plates 1
and 2) were coliscted in the Rustenburg area at the beginning of June
1989 from the Tobacco and Cotton Research Institute near Kroondal, as
well as from a farm in the district. Healthy seedlings grown in the
Ressarch Institute glasshouse were also collected. Thise were
maintained in growth cabinets at the university of the Witwatersrand.

. +

Plate 1: A healthy plant (right) and plant infected with:, ‘¢ ILC

(left). Note stunting and curiing of new leaves of infected plar .
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Plate 2: Symptoms of severe tobacco leaf curl infection. Diseased
ieaf from plant collected at Rustentarg showing enations on

underside.

Diseased plants were again collected at the beginning of December
1989 from several farms in the Nelspruit / Hazyview area as well as

from the Tobacco Research Institute at Nelspruit (see plate 3).

In both cases, these plants were established in the greenhouse and

were used as virus source plants in subsequent studies.

Two of the plants collected from the research station at Kroondal

were maintained in a controlled enviromment growth ryoom, at a
(]
temperature of 25 C.



Plate 3: Symptoms of severe tobacco leaf curl on plants col ' ' ted
from Hazyview. Ieaf on left hard side shows severe leaf curl

symptéms. Leaf on right hand side shows nmild symptoms of curling leaf

margin.

The plants were wabered to saturation every two to three days. At
least 200 ml of Long Ashton nutrient solution (appendix 1) was

applied twice a week to the plants.
The plants were sprayed every ten days with Malasol, a systemic

insecticide, in an attempt to prevent whitefly or other insects from

feeding on the plants.
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3.2 TRANSMISSION EXPERIMENIS

Transmissions were attempted using three different methods:

mechanical incculation, injection amd electrotransmission as

described by Pelson and von Wechmar in 1980.

3.2 a) Mechanical inoculation and injection

Mechai.ical inoculation and injection were attempted on several

species known to host TLCV., These were: Lycopersicon esculentum,

Datira stramonium, Nicotiara glutincsa, Nicotiana tabacum (TL.38) and

Nicotiana benthamiana. The plants were grown up until the primary

leaf, and, in some cases, the secondary leaf, had appeared. In a

second attempt at mechanical inoculation and injection, Zinnia

elegans, eggplant and squash were used in addition to the five plants

described above.

]

crushed in extraction huffer (appendix 2) at

Infected leaves weor

¢

ratio of 2:1 (vol buffer : mass leaves) until the leaves were in
powder form. The homegenate was passed through one layer of
cheesecloth pre-moistened with extraction buffer. The sap was used
for rubbing onte leaves of healthy plants and injection into the

vascular system of healthy plants.

Healthy leaves were also extracted as a control.



3.2 a) i) Rubbing of healthy leaves with inoculum

Primary (and secondary leaves if present) were hrushed lightly with
600-mesh Carborundum. Sap was then gently applied with cheesecloth.
After 20 ~ 30 min the leaves were washed with dH O.

2

3.2 a) ii) Injection

The stems, mnidribs and small veins of the primary Ileaves were
injected with sap using the finest gauge needle. The needle was
pushed through the stem or vascular tissue until a small droplet
appeared on the other side, at which point the needle was drawn back

through the stem or vein and a small amount of sap injected.

Half of the control plants for both inoculation arnd injection
experiments were treated with sap extracted from healthy plants,

while the other half were treated with dH O.
2

The plants were observed for symptom development for several weeks.
3.2 b) Electrotransmission
Electrotransmission as described by Polson ard von Wechmar (1980) was

attempted on ten plants of N. tabacum TL38 (see fig. 1 for

experimental setup).




Fig. 1. Diagram illustrating how plants are electro-infected: P,
the growth pot filled with well-watered soil; SL, a sliced leaf
dipping into a dilute wvirus inoculum; V, a small Petri dish; W, a
cotton or filter paper wick; E, an electrode vessel filled with the
appropriate buffer; B, & 9V power source. The insulated electrical

leads join each Ni electrode to a pole of the battery.



In the first attempt, infected leaves were ground up in buffer
containing 0.5% sodium sulphite (appendix 2) and the sap was squeeged
through a single layer of cheesecloth into a Petri dish. In later
attempts, the sodium sulphite was excluded from the extraction
buffer. The pot containing the plant was well watered and a young
leaf was sliced at the tip and dipped into the virus inoculum. An
electrode vessel containing 0.01M phosphate buffer pH 7.5 (appendix
4) - s prepared. A filter peper wick connected the buffer and the
virus sap. A 9V power supply with positive pole attached near the
roots of the plant and negative pole in the electrode buffer was set

up and the experiments were run for 2 h, 4 h, 8 h and 24 h.

An initial experiment was performed using Iwromophenol blue dye to

check whether the dye moved up the leaf with electric forces.

Electrotransmission was also performed on five N. tabachm TL38
control plants with sap from a healthy plant and five control plants

with extraction buffer only.

Six week old N. Dbenthamians, plants were also wused for
electrotransmission experiments, although only three plants were

treated with infected sap and three with healthy sap.

Plants were maintained in a temperature controlled growth chamber,
o

and later in a growth cabinet at 25 C with light supplied for 16 h

each day by a combination of fluorescent tubes and tungsten filament

lamps. Plants were examined daily for symptoms.



i

3.8 VIRUS PURIFICATION

Six geminivirus and two potyvirus extractions were attempted. An

extraction on a healthy plant was also performed with each method.

3.3 a) Geminivirus extractions

3.3 a) i) Adaptation of the method of Osaki and Inouye (1981) for the

extraction of TLCV

94 g of fresh leaves infected with severe TLC and 77 g of healthy
leaves wexe collected from plants obtained from Hazyview. These were
frozen at ~700C for two days. The leaves were then homogenized in
liquid nitrogen with a pestle and mortar, before adding cold
extraction Tbuffer (0.2M Dborate buffer pH 8.5 containing 0.1%
mercaptoethanol appendix 3) at a rate of 200 ml buffer per 100 g of
plant material. This was mixed well for about 15 min before squeezing
through a double layer of cheesecloth and clarifying by the addition
of n-butanol to 10% (v/v) and stirring for 15 min. The homogenate was
then centrifuged at 5000 rpm in a JAl4 rotor in a Beckman J2-21
centrifuge. The supernatant was retained for further purification. A
small aliquot was removed for immunobinding assays, PAGE énd
negative staining for observation under the EM. The virus was
precipitated by the addition of 4% (w/v) PEG 6000 and 0.2M MNaCl. The
mixture was stirred for 3 h at 4OC. The precipitate was collected
by centrifugation in a JAl4 rotor in a Beckman J2-21 centrifuge at
10000 rpm at 40(: for 15 min. The pellet was resuspended overnight

in 40 ml 0.01M potassium phosphate huffer pH 7.4 (appendix 4). The
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suspension was clarified by centrifugation at 5000 rpm for 15 min in
a JAl4 rotor in a Beckman J2-21 c-entrifuge. The virus was collected
by layering the supernatant over a 10% sucrose cushion made up in
0.01M potassium phosphate buffer pH 7.4 and centrifuging at 27000 rpm
for 2 h in a 5W28 rotor in a Beckman 1L8-55 ultracentrifuge at 4°C.
The pellet was resuspended in 0.2 ml S5mM Tris-HCl pH 8 containing

2.5mM NaEDTA.

3.3 a) ii) Secord adaptation of the method of Osaki and Incuye (1581)

for the extraction of TICV from infected plants

Homogenized leaves from *he first extraction were suspended for three
days at 4OC in extraction huffer to further extract the sap. The
procedure described above wés followed, tut the supernmatant was not
spun on a sucrose gradient, but at ’-‘8000 rpm in a SW42.1 rotor in a
Beckman I8-55 ultracentrifuge at 4 C. The pellet thus obtamed was

resuspended in 0.25 ml SmM Tris—HCl pH 8 containing 2,5mM NaEDTA.

3.3 a) iii) Adaptation of the method of Sequeira and Harrison (1982)

for the extraction of ACMV from infected cassava plants

This extraction was repeated twice. In the first attempt, 86 g of
tobacco leaves from Rustenburg infected with a mild form of TLC were
used and in the second, 114 g of leaves from Hazyview with enations
were extracted. 68 g of healthy leaves were also extracted. The
infected leaves were ground in a pestle and mortar in liquid nitrogen
after being frozen at —7OOC. The powder was further homogenized in

a blender in cold extraction buffer (appendix 3) (2 to 3 ml
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extraction huffer per gram leaf tissue). The mixture was stirred for
30 min. The sap was squeezed through a double layer of cheesecloth
(pre-moistened with extraction huffer) and then stirred with one
volune of chloreform for 15 min at 4OC, to clarify the sap. The
nixture was then centrifuged for i0 min at 4°C at 11000 ypn in a
JAa14. rotor in a Beckman J2-21 centrifuge. The top phase was retained
and 495 PEG 6000 and 0.2M NaCl were added. This was stirred ovem1g’nt
at 4 C. The sap was centrifuged at 12000 rpm for 10 min at 4 C in
a JAl4 rotor in a Beckman J2-21 centrifuge. The pellet was
resuspended in 60 ml TE buffer pH 8 (appendix 4) by stirring at 4°C
overnight. 1 ml of this semi~purified sap was removed and stored at
40C for immunobinding assays, PRGE and negative staining for EM
studies. The sap was clarified by cen‘crifucjing at 5000 rpm for 10 min
at 4°C in a JAl4 vrotor in a Beckman J2-21 centrifuge. The
supernatant containing the v1ms was concentrated by centrlfugatlon
at 36000 rpm for 2 hat 4 C in a SW 42.1 rotor in a Beckman 18-55
ultracentrifuge. The pellets were resuspended overnight in 0.8 ml of
5mM  Tris-HCl pH B containing 2,5mM NaEDTA. The samples were stored in

o
sealed Eppendorf tubes at 4 C.

3.3 a) iv) Mxiification of the method of Dollet and co-workers (1986)

for the extraction of MSV Digitaria strain firom infected plants

50 g of mildly infected leaves and 48 g of healthy leaves from
Rustenburg were chopped up finely and frozen overnight at —-700(1‘
The frozen leaves were then ground in a pestle ard mertar using
liquid nitrogen. Two volumes {(v/w) cold extraction buffer (appendix

3) were added and the leaves were further crushed. 1% Triton X~100
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wag added to the mixture and the sap was squeezed through a double
layer of cheesecloth pre-moistened with extraction buffer. The sap
was clarified with 1/10 wvolume of chloroform / butanol (1:1 v/v).
This was stirred for 15 min. The mixture was centrifuged at 5000 rpm
for 15 min in a JR14 rotor in a Beckman J2-21 centrifuge. The
supernatant was retained and the virus particles concentrated by the
addition of 12% FEG 600C and 0.2M NaCl to the supernatant. This was
stirred overnight at 4OC. The solution was centrifuged at 10000 rpm
at 40C for 15 min in & JAl4 rotor in a Beckman J2-21 centrifuge.
The pellet was resuspended overnmight in 2 ml TE huffer pH 8 (appendix
4). The suspension was centrifuged at 5000 rpm for 15 min to clarify
and the supernatant was retained. An aliquot of this semi-purified
preparation was removed for spectrophotometric readings, protein dot

blots and negative staining.

The 'virus was collected by ultracentr;ifugation of the supernatant in
a 6W28 rotor in a Beckman 18-55 ultxacentrifuge for 2 h at 27000 rpm
in a 10% to 40% sucrose density gradient prepared in TE buffer pH 8.
Since no light scattering bands were found after examination of the
tube under UV light, 2 ml fractions were collected by hand and
readings of each fraction at 260nm were taken on a Bausch and Lomb
Spectronic 1001  spectrophotometer. Ultraviolet light absorbing
fractions were pooled, diluted with TE buffer pH 8 (appendix 4) and
ultracentrifuged at 38000 rpm for 2 h in a SW42.1 rotor in a Beckman
18-55 ultracentrifuge. The final pellet was dissolved in 500 ul TE

buffer pH 8.
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3.3 a) v) Method of Stein et al (1983) for extracting TGMV from

infected tomato plants

100 g of infected leaf material with enations and 70 g of healthy
leaf -material from Hazyview was homogenized in 200 ml extraction
buffer (appendix 3). The homogenate was made 2.5% (by volume) in
Triton - X '00 ard stirred for 16 h at 400. The filtrate was
centrifuged at 10000 rpm for 15 min in a JAl4 rotor in a Beckman
J2-21 centrifuge and the supernatant collected and centrifuged at
38000 ypm in a Beckman SW42.1 rotor in a Beckman I8-55
ultracentrifuge for 2 h. The pellets were resuspended in 12 ml CEM
buffer (appendix 4) at 4OC overnight. The suspension was then
divided into two aliquots. The first aliquot was overlaid onto a 16
m!l cushion of 20% (w/v) sucrose in CEM buffer and centrifuged for 3 h
at 25000 ypm in a Beckman S5W28 rotor in a Beckman L18-55
ultracentrifuge. This was resuspended overnight in 2 ml CEM buffer
before being further puwrified by centrifugation of 2 ml samples
through 16 ml gradients of 10% 50% (w/v) sucrose in CEM buffer for
16 h at 20000 ypm in a 5W28 rotor in a Backman L8-55
ultracentrifuge. The gradients were then examined for light
scattering bands under UV light. Since no bards were found, the
preparation was disrarded The secord alicust was centrifuged at 5000
rpm for 10 min in & JAl4 rotor in a Beckman J2-21 cetrifuge to
clarify. An aliquot was vemoved for further analysis arnd the
remainder was centrifuged for 2 h at 38000 rpm in a SW42.1 rotor in a
Beckman 18-55 ultracentrifuge. The pellet was resusperded overnight

in 3 ml CEM burfer.




3,3 a) vi) TICV extraction according to the method of Osaki and

Inouye (1978)

130 g severely infected leaf tissue and 80 g healthy tissue from
Hazyview was frozen at -70°C overnight and ground in liquid
nitrogen in a pestle and mortar. Two volumes extraction buffer
(apperdix 3) were added to the tissue ard the tissue was further
homogenized with a blender. The preparation was stirred for 1 h at

e}
4 C. The homogenate was then squeezed through twe Ilayers of

cheegecloth pre-moistened with sxtraction buffer. The evtracts wera
emulsified with 10% n-butanol for 30 min and then centrifuged at
10000 ypm for 10 min in a JAl4 rotor in a Beckman J2-21 centrifuge.
The aqueous phase was adjusted to 6% PEG 6000 and 1% Triton X-100 and
stored for 1 h at 400. This was then centrifuged at 12000 rpm for
20 min in a JAl4 rotor in a Beckman J2-21 centrifuge. The pellet was
résuspended in 0.1M potassium phesphate buffer pH 7.8 (appendix 4)
overnight. The suspension was then centrifuged at 8000 rpm for 10
min, and the supernatant retained. An aliquot was removed for further
sralysis. The supeynatant was layered on a 10% sucroge cushion made
up in 0.1M potassium phosphate uffer pH 7.8 and centrifuged at 25000
rpm for 2 h at 4°C in a 5was rotor in a Beckman I18-35
ultracentrifuge. The pellet was resuspended in 0.1M potassium
phosphate buffer pH 7.8 overnight. An aliquot was removed for further
analysis. The suspension was layered on top ¢of a reverse
concentration PHEG solubility gradient (appendix 5) and centrifuged at
11000 rpm in a SW28 rotor in a Beckman 18-55 ultracentrifuge for 2
h. The intexface between 0% and 4% PES was extracted and

spectrophotometric readings at 260nm were taken. Readings were also
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taken of the other fractions. The interface and the other ultraviolet
light absorbing fractions were then centrifuged separately at 38000
1.8 for 2 h in a SW42.1 rotor in a Beckman L8-53 ultfacentrifuge ard
the pellet was resuspended in TE buffer pH 8 (appendix 4} and stored

o
at 4 C.

3.3 b) Potyvirus extractions

3.3 b) i) Extraction according to the method of Jafarpour and

co—vworkers (1979) for the isolation of BCMV from infected plants

This extraction was repeated twice. In both cases, leaf “:issue from
plants obtained from Hazyview and infected with severe leaf curl was
vsed. In the first isolation procedure, 5. g of leaf tizsue with
enations was kept at 4°C before extraction. In the second case, 60
g of fresh 1leaf tissue was used in the extraction. 50 g of healthy

leaf tissue was also extracted.

The leaf tissue was homogenized with a biender in cold extraction
buffer (apperdix 3) (2:1, v/w). The extract was filtered through a
double layer of cheesecloth pre-moistened with extraction buffer. The
extract was clarified by shaking for 5 min with an equal volume of
chloroform and then centrifuging at 8000 rpm for 25 min in a Jal4
rotor in a Beckman J2-21 centrifuge. The virus was precipitated by
adding PEG 6000 to a final concentration of 8% and NaCl to a final
concentration of 0.5%. This was stirred for 1 hat .4°C and then
left to incubate overmight at 4OC. The precipitate was collected by

centrifugation for 25 min at 8000 rpm in a JAl4 rotor in a Beckman
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J2-21 centrifuge and the pellets were resuspended by shaking for 4 h
at 4°C in about 15 mnl 0.025M phosphate buffer pH 7.2 (appendix 4)
containing 1M urea and 0.1% mercaptoethanol. The suspension was
centrifuged at 5000 rpm for 10 min in a JA14 rotor in a Beckman J2-21
_centrifuge to clarify. An aliguot was removed for protein dot blots,
spectrophotometric readings and negative staining for M studies. The
supernatant was then centrifuged at 38000 rpm for 2 h in a SW42.1
rotor in & Beckman LB8-55 ultracentrifuge. The pellet was resuspended
in 1.5 ml TE pH 8 (appendix 4) containing a few grains of scdium

o
azide and the sample was stored at 4 C.

3.3 by ii) Potyvirus exiraction accoiding to Engelhrecht's (1990,

ys. comm.) modification of Zee and colleagues' (1987) method for

purifving closteroviruses from grapevines infected with leafroll

disease

30 g of freshly harvested leaves from Hozyview infected with severe
leaf curl and 50 g of healthy leaves were ground into a fine powder
in liquid nitrogen with a pestle and mortar. The powder was
transferred to a beaker containing extraction buffer (apperdix 3)
with 1.125% pectinase from Sigma and 0.375% Onozuka cellulase R-10.
The mixture was shaken overnight at ZOOC. The extract was then
squeezed through four layers of pre-moistened cheesecloth in a funnel
into a beaker kept in melted ice. The filtrate was centrifuged for 30
min at 2000 i1pm at 4OC in a JAl4 rotor in a Beckman J2-21
centrifuge. The supernatant was again poured through four-layers of
pre—moistened chee:secloth in a funnel into a beaker kept in melting

ice, avoiding foaming. An aliquot was removed for further analysis.
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The virus particles were sedimented by centrifugation of the
supernatant on a 20% (w/v) sucrose cushion prepared in 0.1M Tris-HCl
pH 8.2 in a 5W28 rotor in a Beckman 18-55 ultracentrifuge at 25000
rpo for 2 hat 40C. Following centrifugation, the supernatant fluid
firom each tube was immediately discarded. The pellets were
resuspended overnight in 10 ml chilled 0.1M Tris-HCl1 pH 8.2
containing 0.01M MgCl on a shaker at 4OC. The resuspended virus
was centrifuged at 1300 rpm for 5 min at 4OC in a JAl4 rotor in a
Beckman J2-21 centrifuge and the supernatant collected in a heaker
kept in melting ice. An aliquot was removed for further analysis. The
virus particles were sedimented by centrifugation of the supernatant
at 38000 yrpm for 2 h in a SW42.1 rotor at 4°C in a Beckman 18-55
ultracentrifuge. The pellets were rssuspended overnight with shaking
at 4°C in 0.1M Tris-HC1 pH 8.2 containing 0.01M MgCl . The

o 2
extract was stored at 4 C.

3.3 ¢) Spectrophotometric readings

Spectrophotometric readings of 1/50 dilutions of each extraction were
taken at 230nm, 260nm and 280nm on a Bausch and Lomb Spectronic 1001

spectrophotometer.

3.3 d) Protein dot bloc immunobinding assays / enzyme linked

immunosorbent assays (ELISAs)

Protein dot blots were made from each extraction as described below.
Nitrocellulose (NC) paper was cut into squares about 4 cm v « em in

area. The NC paper was soaked iIn sterile dHC for 5 min and
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airdried on Whatmen No. 1 filter paper. Dilution series of sample
were prepared in dH O and 5 ul samples dotted cnto the NC paper.

2 0
The NC paper was then baked at 37 C for 1 h.

ELISAs were performed as described below against three different
antisera: antiserum prepared against ACMV -by John Stanley of the John
Inmnes Research Institute, Norwich, BEngland; antiserum against PVY
from Gerhard Pietersen of Rietondale Research Station, Pretoria and a
general potyvirus antiserum commercially obtainable from Agdia. A
second batch of general potyvirus antiserum was obtained as a gift

from John Hammond of Agdia Inc.

The prepared blots were blocked from binding non—specifically with 1%
BSA in PBS (appendix 6) fér 3 hat 370C with sheking. The blots
were then washed in three changes of PBS-tween (appendix 6) for 5 -

each. The antiserum was diluted in PBS as prescribed by

suppliers, ie. 1:200 for ACMV, PVY and the first batch of commercial
Agdia potyvirus autiserum; 1:1000 for host—absorbed PVY (see appendix
7 for method) and 1:5000 for the second batch of commercial Agdia
potyvirus antiserum. 100 ul heparin per 100 ml FBS was added to the
diluted antisera and the blots were incubated in this at 370C for 3
h. The Dblots were washed three times for 10 min each in PBS-tween,
before incubation for 2 h at 37°C in goat anti-rabbit alkaline
phosphatase conjugate, diluted 1:1500 in AB Iuffer (appendix €)
containing 100 ul heparin per 103 ml AB huffer. The blots were washed
three times for 15 min each in AB buffer, then twice for 20 min in AP
buffer (appendix 6). The blots were then scoked in substrate solution

(appendix 6) in the dark at room temperature. Once the colour had
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developed (about 10 min) the reaction was stopped Ly the addition of
10mM Tris pH 7.5 containing SmM NaEDTA to the Ealots.

The blots were photographed with back lighting using a blue filter.

3.3 d) i) Precipitation of virus from crude extracts of plants for

protein dot blots

One leaf was collected from each of seven severely infected plants,
one from each of three mildly infected plants and one leaf from each
of two healthy plants. (All plants collected at Hazyview). Each leaf
vas homogenized separately in potyvirus extraction buffer as
described by Jafarpour and co-workers (1979) (appendix 3) and
extracts were squeezed through a single layer of cheesecloth
pre—noistened with extraction buffer. Each preparation was clarified
with an approximately equal volume of chloroform by mixing well and
then centrifuging in a microfuge for 2 min. The upper phase was
retained. 8% (w/v) PEG 6000 and 5% (w/v) NaCl was added to each
Eppendorf tube, dissolved well and left to stand overnight to
precipitate the virus. The extract~ were then spun in the micrefuge
for 15 min, before resuspension of the pellet in 100 ul TE buffer pH
8 (appendix 4). Protein dot blots were made as described above and
ELISAs were performed against PV) antiserum and commercial potyvirus

antiserum from Agdia.



3.3 e) Polyacrylamide gel electrophoresis

Electropheresis of denatured virus polypeptides was done in 10% or
12,5% SDS-polyacrylamide gels according to Laemmli (1970) (appendix
8). The gels were loaded with 10 ul MW markers and sample lanes
contained 15 ul sample. Prior to loading, the samples were mixed with
an equal volume of splitting solution (appendix 8) and hoiled for 5

min. Gels were run at 151V and 40mA at room temperature, for 34 h.
Marker proteins included I~lactalbumin, soybean trypsin inhibitor,
carbolic anhydrase, ovalbumin and BSA (see appendix 8 for molecular

weights) .

3.3 e) i) Staining of polyacrylamide gels

Gels were fixed and stained using Amershan's silver staining kit

(appendix 9).
The first gel run was fixed and stained with Coomassie Brilliant
Blue: GCI 42655) (appendix 9) ‘ollowed by Amersham's silver stain.

o

Gels were stored in dH O at 4 C.
2

4

3.3 e) ii) Photography

Gels were photographed with back illumination using a blue filter.
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3.4 ELECIRON MICROSCOPY

All grids used in EM studies were first coated with a mixture of 2%
colloidon and colloidon in amyl acetate and then coated with a thin

layer of carbon (appendix 10).
3.4 a) Negative staining for TEM

Semi-purified and purified samples were taken from all extractions
for negative staining and observation on a JM S-100 transmission

electron microscope (JEOL).

A 10 ul drop of sample waé placed on a piece of Parafilm and the
colloidon—carbon—coated grid placed upside~down on this for 30 min.
The grid was then turned upwards for iO min before sucking off excess
sample with filter‘ paper and washing the grid well in dH Q. The
grid was once again dried and the sample was fixed by plac?ng the
grid on a drop of 2.5% glutaraldehyde in 0.1M sodium cacodylate
buffer pH 7.2 for 5 min. The grid was dried ard washed well in dH O
before staining for 30 min &, a drop of 1 or 2% ammonium molybdaf.e

made up in dHO. The grid was again washed ard then dried and

2
stored on filter paper before observing under the EM.
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3.4 b) Leaf dips

Leaf dips were made from both infected and healthy leaves which were
chopped up ard then frozen overnight at —70°C. The leaves were
further crushed in liquid nitrogen and 1 ml TE buffer pH 8 (appendix
‘ 4) was added to each leaf. The liquid was placed in an Eppendorf tube
and frozen at -700C for 2 h. The liquid was then thawed, and the
tube spun in an Eppendorf centrifugé for 5 — 10 min. The pellet was
resuspended in 200 ul of TE buffer pH 3, and the supernatant was alsoc
retained. Colloidon—carbon-coated copper grids were prepared ard
stained negatively before examination under a JEM100S (JEOL) electron

microscope.

3.4 b) 1) leaf dips using bacitracin

An infected leaf was crushed in a pestle and mortar with 10mM Tris pH
8 containing 5mM Na EDIA and 0.05% bacitracin (2 vol extraction
buffer : 1 g leaf tissue). The extract was placed in an Eppendorf and
frozen for 2 h at -—'70°C before thawing. The extract was vortexed
for 1 min before being microfuged for 10 nin. The pellet and
supernatant were retained separately, and the pellet was resuspended
in 100 ul TE pH 8 (appendix 4). Colloidon—carbon—coated copper grids
were prepared and negatively stained Dbefore examination urder the

electron microscope.
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3.4 ¢) Thin sectioning of leaves

3.4 ¢) i) IR White resin embedding of leaves

leaves from Hazyview infected with severe leaf curl and mild leaf
crrl as well as healthy leaves were . ibedded in LR White resin for
sectioning and viewing under the IM. Sections were taken from the
laminar, veins and midrib of leaves. Separate sections were taken
from the enations in the case of severely infected leaves.
: 2

leaf parts were chopped into pieces less than 1 mm in 2.5%
glutaraldehyde in 0.1M sodium cacodylate buffer pH 7.2. The pieces
were then fixed in 2.5% glutaraldehyde in 0.1M sodium caccdylate
buffer pH 7.2 for 3 hat 4OC. The sections were then washed in five
cha.ngés of 0.1M sodium cacodylate huffer pH 7.2 for 15 min each.
Pieces were post—fixed in 1% osmium tetroxide prepared in 0.1M sodium
cacodylate buffer pH 7.2 for 2 h at room temperature, before washing
agein as bhefore. Dehydraticn was performed in an ethanol series of
30%, 50%, 70%, 95% and absclute (twice) for 10 min each. The sections
wvere left in IR White resin overnight at 4°C. The IR White resin
was replaced with fresh IR VWhite resin and left for 2 h at 4°C.
Sections were then embedded in gelatin capsules and left to

o
polymerize at 60 C for 20 h.



3.4 ©) i) Sectioning

Ultrathin soections were cut from resin blocks with 2 glass knife in a
Reichert M3 ultramicrotome. Sections (mre collected onto

collodion-carbon-coated coppex grids.

3.4 c) i11) gtzining sections

Grids containing sections were stained in 1% uranyl acetate for 15 -~

20 min. The grids were then washed well in ddH O before being
2

placed on lead citrate (appendix 10) for 5 - 10 min. The grids wvere

washed well once again and dried before observation under the

electron microscope,
3.4 4) Gold labelled antibody dscorstion (GLAD)

GLAD was performed on sections cut from material with enations and
placed on collodion—carboi—coated gold and nickel grids (appendix
10). The grids were placed on a 1% BSA solution in 0.05M Tris pH 7.2
for 1 h at room temperature to block non-specific binding reactions.
They were then washed well in Beasley buffer (appendix 10). The
antibody was dilutad in PBS (appendix 6) as follows: the first batch
of coimercially obtained antiserum to potyviruses from Agdia - 1:100;
antizerum to PVY - 1:200 and the grids were placed on this for 1 -~ 2
h at room temperature, The grids were iwushed well in Beasley buffer
before being placed on gozt anti-rabbit gold (1:50 dilution in

Bewsley buffer) for 1 - 2 h at room temperature. The grids were
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washod well in dH O. The grids were then stained for 10 min on 1 -~
2
2% uranyl acetate, washed well in ddH O and stained for 2 min on
2
lead citrate (appendix 10). The grids were again washed weli before

observation in the electron microscope.

Control grids of sections on nickel were made as described above,

omitting the antibody ard floating the grids on PBS only.

3.4 ) Immma specific electrzun microscopic tests (188M) {(from the
wathod of Roberts and Harrison, 1979)

Coilodion-carbon-coated nickel ogrids (appendix 10) were floated for
20 min on a drop of antiserum diluted in PBS (appendix 6). Antisera
were diluted as described above in section 3.4 d). The grids were
then rinsed in 20 consecutive drops of PBS before incubation for 50
min on a drop of sample extract. The grids were then stained as
described above in section 3.4 a) (negative stvaining), before

examination with the electron microscope.
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3.5 D5 DNA

Two attempts were made to extract the ds replicative form (RF) of

geminiviruses from infected leaves.
3.5 a) ds DNA extraction

Three separate extractions were performed: on 36 g mildly infected
leaf material from Rustenburg, 57 g severely infected leaf materdial
from Hazyview and 8 g healthy leaf material from Rustenburg. The
material was frozen overnight at —'70°C. It was then grourd into a
fine powder in a pestle and mortar in liquid nitrogen. The powder was
suspended in an approximately equal volume to weight vatio of
grinding buffer (appendix 11) to plant material. The mixture was
stirred by hand for 30 nin. The hamogenate was squeezed through a
single layer of cheesecloth (pre-moistened with grinding buffer) and
centrifuged at 10000 ypm for 20 min at 4OC in a JAl4 rotor in a
Beckman J2;21 centrifuge. 100 ug/ml RNase (appendix 11) was added to
the supernatant. The supernatant eontaining RNase was incubated at
GOOC for 15 min. 100 ug/ml proteinase K (appendix 11) was added to
the supernatant and the resulting suspension was incubated at 37QC
for 10 min. The solution was then phenol / chloroform (8:2 v/vi
extracted twice (apperdix 11). 2An equal volume of chloroform was
added to the mixture, which was spun at 5000 rpm for 5 min in a JAld
rotor in a Beckman J2-21 centrifuge. The upper phase was retained.
The DNA was precipitated by the addition of a 10% volume of SV

NaCl0 and an equal volume of isopropancl tc the upper phase. ‘The
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mixture was shaken up and left to stand for 1 h at ~70 C. The

mixture was then thawed, before centrifugation at 10000 rpm for 10
min in a JAl4 rotor in a Beckmen J2-21 centrifuge. The supernatant
was poured off and the pellet dried at 37OC for 10 min to allow the
isopropanol to evaporate. The pellet was resuspended in 4 ml TE

uffeir pH 6 (appendix 4) overnight.

0.36 g CsCl (ie. 0.9 g / ml resuspended DNA) and 0.8 ml ethidium
romide (from a 10 ug/ml stock) was added to 4 ml of resusperxed DNA.
The mixture was placed in a Beckman Quickseal centrifuge tuhe and the
tubes balanced to 0.03 g using TE containing CsCl . The tubes were
then sealed and spun at 15000 ypm at 4°C for 12 h in a VTi 65.2

rotor in a Beckman L7-55 ultracentrifuge.

A fluorescing band of plant chromosomal DNA was found about two

thirds of the way down the tube when it was observed in ultraviolet

light.

200 ul fractions were collected dropwise from beneath the plant
chromosomal band by piercing the tubes at the top and the bottom with
a sterile wide gauge needle and allowing 4 — 5 drops of fluid to flow

into sterile Eppendorf tubes.

The ethidium bromide was washed out of the fractions by adding an
equal volume of TE-saturated 2-butanol to each Eppendorf tube,
shaking the mnixture and centrifuging it in the micr?fuge for a few
seconds. The butanol containing ethidium bromide rose to the top and
was discarded. The process was repeated at least five times until the

kutanol became colourless.
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DNA precipitation was carried out as follows. Two volumes of TE were
added to each fraction. An equal volume of isopropancl was added, the
samples mixed well and stored at —-70°C for i h. Samples were thawed
ard soun in the microfuge for 15 min. The TE and isopropancl were
poured off, and the pellet dried at room temperature for 5 — 10 min
before being resuspended in 100 ul TE and stored at 4°C.

3.5 1) Agarose gels

"Seaken" agarose gels of different concentrations (appendix 12) were
prepared in TE buffer pH 8 (appendix 4), TBE buffer pH 8 (appendix
12) or TAE Iuffer pH 8 (appendix 12). Ethidium bromide at a
concentration of 1 ul/20 mi agarose was added to each gel. Running
buffer was either TE, TEE or TAE depending on the huffer in which the

gel wao prepared.

Samples were prepared as follows: the first gels were run with 8 ul
DNA sample and 2 ul t{racking dye (appendix 12). Once the
concentration of the DNA had been ascertained, 5 to 6 ul DNA sample
was loaded. In cases where the DNA was very concentrated, the DNA was
diluted by half. DNA molecular weight markers in predetermined
quantities (appendix 12) were added to 2 ul tracking dye and loaded.
5 ul sugarcane mosaic virus DNA obtained from the Department of
Hicrobiology of the University of Cape Town was loaded with 2 ul

tracking dye.
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Samples were run on polymerized agarcse gels at 40V for about 2 h (or

until the tracking dye was between half and three—quarters of the way

down the gel).

3.5Db) ° “raphy

Ge. L3 examined on an Ultravioiet Products Inc. U
trai photographed with UV back illumination with a

Polaroid CU-5 land camera.
3.5 ¢) Recovery of DNA from agarose

As some of the extrachromosomal DNA associated with infected samples
was contaminated with chromosomal DNA, the *freeze-squeeze" method of
DNA recovery from agarose gels (Tautz and Renz, 1983) was used to

recover the bands of interest.

A 0.9% agarose gel containing ethidium bromide was run. The gel was
briefly viewed on a long wave U transilluminator before rapidly
cuttingt out the bands of extrachromosomal DMA with a sterile blade.
The bands were transferred to large Eppendorf(s) and a 10X volume of
0.3M scdium acetate pH 7 containing 1mM NaEDTA was added to the
ETppendorf(s). The tube was kept in the dark for 15 - 45 min,
inverting occasionally. A small (0.S ml) Eppendorf tube was prepared
by piercing a hole in the bottom with a wide—gauge needle, adding a
small amount of siliconised glass wool and centrifucing quickly
inside a large Eppendorf in a microfuge to pack down. Gel slices were

transferred into the small Eppendorfs, the lids closed and the
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Eppendorfs dioupped into liquid nitrogen in an ice-bucket for about 5
min to freeze solid. The vials were removed with forceps, placed
directly into large (drained) Eppendorfs and centrifuged in the
microfuge for 10 - 15 min. The small Eppendorfs were discarded, the
volume of the eluate measured and the DNA precipitated with 1/10
volume of 3M sodium acetate pH 5 and 2 volumes 90% ethanol. The tubes
were frozen at —7OOC for 1 h, then thawed and spun in a microfuge
for 10 - 15 min. The supernatant was poured off and the pellet

airdried before resuspension in 10 ul TE pH 8 (appendix 4).
3.5 d) Restriction enzyme analysis of extrachromosomal dsDNA

Single digestions were performed with several 6bp cutting restriction
enzymes (ie. BamHi, Bgli, Bglil, EcoRl, MluIl, PstI, Pvull, SacI and
SulI) obtained from Boehringer Mannheim. Two enzymes recognizing 4bp

sequences, Sau3A and HaeIll, were also tried.

5 ul DNR, B.5ul sterile ddH O and 1.5 ul of the buffer reccmmenced,
for use with the particula:r'2 enzyme were added to each tube before
microfuging and adding the appropriate enzyme. These were then
incubated at 37°C for 1-3 h before rumning on a 0.4% or 0.6%
agarose gel against DNA molecular weight markers III from Boehringer
Mannheim. 2 ul tracking dye was added to each sample before lcading

on the gel.

Double digestions were then carried out using the following
combinations: BglII and PvulI, Bgll and PstI, Bgll ard Sall ard Sall

and PstI. The prccedure described above was followed., but both
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o
enzymes were added before incubation at 37 C for 3 h. These

digestions were repeated, but 0.6% agarose gels made up in TAE buffer
pH 8 (appendix 12) were only run after cleaning up the DNA (appendix

13) with phencl to remove the enzymes and buffer.

3.5 e) Characterisation of DNA

The size of the extrachromoscmal DNA associated with infected plants
was determined by comparison of this DNA to known standard MW markers

Yun on agarose gels.

Four different procedures were carried out to determine the nature of
the DNA: Thermal denaturation (Ikegami and Francki, 1966),
Formaldehyde denaturation (Ikegami and Francki, 1966) and digestion

with DNase and nuclease S1 (Ikegemi et al, 1987).

The character of the DNA was determined after precipitation of the
DNA as descriked above in section 3.5 a) and resuspension in the
izffer appropriate for the characterization procedure to be
performed. DNA isolated from phage lambda and obtained from
Boehringer Mannheim was used as a control throughout.

In all cases, the blank consisted of the huffer without DNA, hut

containing enzymes or formaldehyde as required by the experiment.

66



3.5 e) i) Thermal denaturation of DNA

Thermal denaturation of DNA was carried ocut according to the method

of Tkegami and Francki (1966).

Extrachromosomal ds DNA isolated from plants infected with tobacco
ieaf curl and phage lambda DNA (as a control) at a concentration of
about 10 ug/ml was resuspended in 1 x SSC (appendix 14). The
preparations were heated at a rate of O.SOC/min in a waterbath and
spectrophotometric readings at 260mm on a Bausch and Lomb Spectronic
1001 spectrophotometer were taken at room temperature (220C),

o o 0 o 0 o o
30C,40¢C,5¢C, 60C, 70C, 80 Cand 90 C.

A graph was plotted comparing the contrel readings to the

experimental réad‘ings .

3.5 e} ii) Dematuration of nucleic acid with formaldehyde (according

to ITkegami and Francki, 1966)

Extrachromosomal DNA isolated from infected plants and phage lambda
DNA were resuspended in 500 ul of 1 x S5C (apperdix 14) at a
concentration of about 10 ug/ml. The absorbance was read at 200, 220,
240, 260, 280 and 300mr on a Bausch and Lomb Spectronic 1001
spectrophotometer. 1.8% formaldehyde was added to each suspension and
the solutions incubated for 20 h at 370C before repeating the

absorbance readings.

67



A graph was plotted once again comparing the readings from the
control to those of the extrachromosomal DNA associated with infected

plants.

3.5 e) iii) Digestion of DNA with deoxyribonuciease (according to

Tkegemi et al, 1987)

Extrachromosomal DNA isolated from infected plants and phage lambda
DNA were suspended in 500 ul 10mM sodium acetate pH 5 containing 5mM
MgSO . Readings were taken at 260mm on a Bausch and Lomb Spectronic
100:!.4 spectrophotometer. 20 ui of Boehringer Mannheim DNase 1 (from a
stock of 1 ug/ul) was added to each tube and readings were taken at

260nm at 5 min intervals over a period of 1 h.

A graph was plotted comparing the readings from the control DNA to

those of the extrachromosomal DNA.

3.5 &) iv) Digestion of DNA with nucleasie 51 (according to Ikegawmi et

al, 1987)

Extrachromosomal DNA isolated from infected plants and phage lambda
DNA were suspernded in 500 ul 10mM sodium acetate containing SmM
MgSO ard O0.5M ZnCl pH 5 at a concentration of about 10 ug/ml.
Reacéngs vers taken 2at 260nm  on a Bausch and Lomb Spectronic 1001
spectrophotometer before adding 2 ul of nuclease S1 (from a stock
containingy 1000 u/ul) to each tube. Readings were taken at 260mm at 5

min intervals over a period of 1 h.
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A graph was plotted comparing the readings from the phage lambda DNA

to those of the extrachromosomal DNA.

3.5 e) v) Tertiary structure of DNA

The extrachromosomal DNA obtained from infected plants was heated at

o
60 C for 5 min before running on a 0.7% agarose gel to determine

vhether it had a complex tertiary structure.

3.5 f) Hybridization

3.5 f) i) Nucleic acid spot hybridization procedure

Plant samples were prepared for blotting according to the method of
Maniatis and colleagues (1982). One leaf from each infected plant
collected from Hazyview and one leaf from each of two healthy plants
was ground in TE buffer pH 8 (appendix 4) at a ratio of 1:4 (w:v)
and filtered through a single layer of cheesecloth pre-moistened with
TE buffer. The extracts were incubated with NaOH to a concentration
of 1IN for 10 min at room temperature. The extracts were nsutralized
by the addition of 1/10 volume of 3M scdium acetate pH 5. Dilution

series vwere made with TE buffer pH 8 (appendix 4).

Nitrocellulose paper was cut into squares about 4cm x 4cm large. The
NC was presoaked in ddH O for S5 min. The NC was then sosked in 3.6M
NaCli containing 0.2M soﬁium phosphate and 0.02M NaEDTA pH 7 for 15
min. The NC paper was dried at room temperature. 5 ul samples were
spotted onto the NC paper and the blots were then baked at BOOC in

a vacuum oven for 2 h, or on the UV transilluminator for 5 min.
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The crude DNA samples were tested for complementarity against
labelica DNA prepared against the extrachromesomal DNA isclated from

infected plants.

3.5 £) ii) Southern blotting

One 0.9% and one 0.8% gel were run and the DNA species from the gel
transferred to nitrocellulose paper by Southern blotting according to
the method of Southern (1975} (appendix 15). The transferred DNA was
tested for complementarity with 1a1->elled DNA prepared against

extrachromosomal DNA isolated from infected plants.

3.5 f) iii) DNA hybridization

A probe was prepared to the extrachromosomal DNA extracted from
infected plants according to the instructions given in the Boehringer
Mannheim nonradiocagtive DNA labelling and detection kit (appendix
15)., The DNA was labelled by randon primed incorporation of
digoxigenin—labelled deoxyuridine triphosphate. The probe was used in
spot hybridisation tests as described in the kit (appendix 15).
labelling of DNA and detection of hybridisation were performed using
the Boehringer Mannheim nonradicactive DNA labelling and detection
kit according to the instructions supplied with the kit (appendix
15).

70




After hybridization to the target DNA the hybrids were detected by
enzyme—linked inmuncassay using an antibody-conjugate and subsequent
enzyme—catalyzed colour reaction with S-bromo—4-chloro-3-indoyl

phosphate and nitroblue tetrazolium salt.
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4 RESULTS

4.1 TRANSMISSION EXPERIMENIS

4.1 a) Mechanical inoculation and injection

After two weeks, no symptoms were observed on plants which had been
mechanically inoculated or injected as described in section 3.2 a)
alove, although local lesions could Ye seen on some of the leaves
vwnich had Dheen nrubhed with Carborundum. However, the control plants

exhibited the same lesions.

Small necrotic lesions often devalcped at the site of injection, but
once again these were also found in the control plants injected with
dH O.

2

4.1 b) Electrotransmission (plates 4 to 7)

and Aantral falumeans (N ot
WU Ra L

]
CONTIC. CCUATTE (v Louxadumy

Both  experimental
to electrotransmission with sap extracted in buffer containing
sodium sulphite (appendix 2) were observed daily for symptoms. In
the plants treated with sap from infected plants, the brownish colour
of the sap could be clearly seen following the vascular system of the
dipped leaf. The plants were Dhadly wilted in the second and third
days after electrotransmission. No change was seen for the next four
days. One week after electrotransmission, the dipped leaf developed
yellow blotches in both experimental and control plants. After nine
days, however, the plants became severely wilted and were dead within

another two days.



The experiment was repeated, omitting the sedium sulphite from the
extraction buffer, and subjecting the plants to a 9V potential

difference for 2 h and 4 h.

One day after electrotransmission, the plants which had undergone
electrotransmission for 2 h began to wilt and the leaves which had
been dipped into sap began to blacken. The following day, the dipped
leaves on some of the plants died, but the plants were otherwise

healthy. After three weeks, these plants had developed no symptoms.

The pilants which had undergone electrotransmission for 4 h showed the
same pattern for the first three days as those which had been
subjected to a OV potential difference for 2 h. After four days,
three of the ten plants had died. On the eighth day after
electrotransmission, six of the seven remaining plants vere showing
early symptoms of TLC disease. The development of a yellow network on
the upper surfaces of young leaves as described by McClean (1940) was
not noticed. The margins of new leaves were curling downwards, and
buiges could be seen on the older leaves. These symptoms were not
observed on control plants. The leaves of both control arxl
experimental plants developed mottling on their swfaces. Ten to
twelve days after electrotransmission, the leaves on experimental
plants were showing further bulging and the margins of young leaves
vere still curling downwards (plates 4 and 5). 21 days after
electrotransmission, the symptoms were still present and experimental
plants were markedly smaller than healthy plants. Six weeks after
electrotransmission, no further symptoms had developed although the
existing symptoms werc more severe {plates 6 and 7). At this stage,

observations were concluded and plants were kept for further
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analysis.

Electrotransmission performed for 4 h -on a single N. benthamiana
plant produced similar initial symptoms to those of N. tabacum (ie.
walting and blackening of dipped leaves) although the leaves did not
become mottled. After two days, the plant appeared healthy. One week
after electrotransmission, bulges began to appexr on a developing
lr:af. 3 week later, however, the plant was wilting badly and one week
after that the plant was dead. The control plant began wilting
severely two days after electrotransmission. However, after two weeks

the plant appeared to be healthy, with {'10 visible symptoms of TIC.

Plate 4. N. tabacum plant three weeks after electrotransmission.
Bulges (B) are appearing on new leaves and the youngest leaf (arrow)

has a margin curling upwards
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Plate 5. a - Control plant treated by electrotransmission three
weeks previously with buffer only. Note leaf mottling (m). b~ Healthy
plant of same age as treated plants. c — Plant treated with infected

plant sap three weeks previously

s

Plate 6. 8ix weeks afterr electrotransmission with infected sap, leaf

margins were increasingly curly and bulges more proncunced.
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Plate 7. Comparison of plant treated with infected sap (right) and
healthy plant of same age (left). The healthy plant is taller than

the experimental plant.



4.2 VIRUS PURIFICATION

Intact virus particles were not isolated from any of the attempted

extraction procedures.
4.2 a) Spectrophotometric readings (tebles 1 and 2)

4.2 a) 1) Geminivirus extractions (tabie 1)

Tne first geminivirus extraction from severely infected plants
collected in Rustenbuwrg (1 in table 1) (adaptation of Osaki and
Inouye, 1978) gave no readings either at 260 or at 280nm,
indicating that no virus particles were isolated. No readings were

obtained from the healthy samples.

The second extraction procedure using Osaki and Inouye's (1978)
method (2 in table 1) with the same plants used in the first
extraction gave positive absorbance readings from the semi-purified
sample of 0.27 and 0.13 at 260 and 280nm respectively, with the

reading at 260nm being higher than that at 280nm.

The healthy samples prepared from this method gave no absorbance

readings at any of the wavelengths.

Similar results were obtained from the second extraction (3 in table
1) (medification of Sequeira and Harrison, 1982) from plants from
Rustenbuwrg showing mild symptoms. The absorbance readings at 260nm

(0.22 for purified and 0.11 for semi-purified) were consistently
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higher than those at 280nm (0.03 for purified and 0.08 for
semi-purified), as expected. However, this was alsc the case with the
healthy samples although these read:'ngé were slightly lower than

those obtained from the infected samples.

The semi-purified sample from this extraction procedure was the only
one in which a 260/280 ratio close to the expected ratio given by

Csaki and Inouye (1978} of 1.4 (in this case, 1.38) was fourd.

On repeating this extraction with severely infected plants collected
in Hazyview (4 in table 1), the abscorbance readings at 260nm
(purified - 0.24 and semi-purified - 0.41) were higher than those
obtained at 230nm (purified - 0.17 and semi-purified — 0.29).

The third extraction (5 in table 1) (modification of method of Dollet
et _al, 1986) of mildly infected leaves from Rustenburg gave similar
results to those of .the previous extractions. The absorbance readings
from healthy plant extractions were, again, lower than those from

infected plant extractions.

The extraction carried out according to the method of Stein et al
(1983) (6 in table 1) on severely infected plants from Hazyview
yielded no absorbance readings at 260nm or 280mm for the purified
preparation, although readings of 0.29 at 260nm and 0.13 at 280nm

vere obtained from the semi-purified preparation.
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Table 1. UV absorbances (230, 260 and 280nm) and 260/280 ratios of
{
prrified (P) and semi-purified (S-P) samples (diluted 1/50) from

geminivirus extraction procedures. (Healthy readings in brackets)

Extraction Plant symptomsl 230nm 260nm 280rm 260/280
and origin
i P severe 0.00(0.00) |0.00(0.00) 10.00¢0.00) |N/A (N/R)
5P Rustenburg 0.00(0.00) ;0.00(0.00) ]0.00(0.00) |N/A (N/R)
2 P severe 0.00(0.00) [0.00(0.00) }0.00(0.00}|N/A (N/A)
5-p Rustenburg 0.55(0.00) {0.27(0.00) 0.13(0.00)|2.02(N/A)
3 P nild 1.16(0.19) 10.22(0.20) D.03(0.00) 16.75(N/A)
5-p Rustenburg 0.25(0.40) }0.11(0.16) )0.,08(0.00)j1.38(N/A)
4 P sevare 0.17(0.10) {0.24(0.03) {0.00(0.00) {N/A (N/R)
S-P Hazyview 0.29(0.18) 10.41{0.07) |C.10(0.04)14.10(1.75
5 P mild 0.09(0.08) ]0.05(0.03) }(0.00(0.00) {N/A (N/A)
sP Rustenburg 0.54(0.36) 10.87(0.23) }0.35(0.19)}2.42(2.79
6 P severe - 110.47(0.10) ]0.00(0.00) }C.00(0.00)IN/A (N/A)
5P Hazyview 1.27(0.57) 10.29(0.28) {0.12(0.06)12.10(4.67
7 P severe 0.05(0.03) 10.2619.02) }j0.00(0.00) |N/A (N/A)
S-P Hazyview ‘110.14(0.14) {0.45(0.06) [0.90(0.00)N/A (N/B)




The ummodified extraction method of Osaki and Incuye (1978) (7 in
table 1) performed on severely infected plants from Hazyview gave no
readings at 280mm in the purified or the semi-purified extfacts.
Readings from the interface between 0% ard 4% PEG (from the reverse
concentration PEGC solubility gradient) were zero for =311 three

wavelengths.

In the case of the semi—purified sample and the fraction purified
from the ©remainder of the gradient, the readings at 260rm
(semi—purified - 0.45; purified - 0.26) were higher than those at

230nm (semi-purified — 0.14; purified — 0.05).

4,2 a) ii) Potyvirus extractions (table 2)

In the first potyvirus extraction on leaves with enations from
Haz.yview (1 in table 2) (according to Jafarpour et al, 1979), it can
be assumed that a peak would have bezn obtained at 260nm for both the
pwified and the semi-purified preparations had more data been
available, since absorbance readings at 260nm (1.17 - purified and
0.47 ~ semi-purified) were higher than those cbtained at 230nm .(0.61
~ purified; 0.23 - semi-—purified). Swprisingly, the absorbance
readings increased after purification - this was probably due to
increased concentration of nucleoproteins after high

spzed centrifugation.
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rable 2. UV absorbances (230, 260 and 280nm) and 260/280 ratios of

purified

P

and semi-purified (5-P) samples

(diluted 1/50) from

potyvirus extraction procedures. (Healthy readings in brackets)

Extraction Plant symptoms 230mm 260nm 280nm 260/280
and origin
1 P severe 0.61(0.57) ]1.17(0.52) [0.55(0.39)12.13(1.33
S-P Hazyview 0.23(0.12) |0.47(0.05) }0.07(0.00)]6.71(N/A)
2 P severe 0.27(0.14) }0.00{0.00) }0.00(0.00){N/A (N/A)
S-P Hazyview 0.35(0.03) {0.00(0.00) j0.00(0.00){N/A (N/A)
3 P severe 0.42(0.10) }0.36(0.08) |0.34(0.07)1.06(1.14
5P Hazyview 0.45(0.41) 0.93(0.28) [0.86(0.14)|1.08(2.00
On repeating the extraction of Jafarpour and colleagues (1979) (2 in
table 2) on severely infected plants from Hazyview results were very
different. No absorbance readings were obtained at either 260mm or

280mm for the semi-purified or purified samples.

The second mnethod of extracting potyviruses (modification of Zee et
al, 1987 by Engelbrecht pers. comm. 1990) (3 in table 2) on leaves
with enations frcm plants collected at Hazyviey yielded a peak at
260rm from the uemi-purified suspension. However, this peak was lost

after final purification although the readings were higher than those

obtained from the healthy extraction.
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Table 3. Serological relationships cf infecticus agent(s) of TIC in

South Africa

Geminivirus extractions | acMv PVY Agdia 1l Acgdia 2

1 (severe - Rustenburq) - N/A N/A -

2 (severs — Rustenburqg) - N/A N/A N/A

3 (mild - Rustenburg) - - N/A N/A

4 (severe - Hazyview) - N/A N/A N/A i
5 (mild - Rustenburqg) - N/A N/A N/A

€ (severe - Hazyview) - N/A N/A N/A

7 (severe - Hazyview) - N/A N/A N/A

Potyvirus extractions

A (aevere ~ Razyview) - ++ (1} N/A

B (savere - Hazyview) N/A ++ 0 N/A

C (severs - Hazyview) N/A MN/A N/A R/A

Xay: h/a - host adsorbed Agdia 1 - 1st batch of general
- - negative reaction potyvirus antiserum

+ - positive reaction Agdis 2 - 2nd bactch of general

++ strongly positive potyvirus antiserum
reaction
N/A -~ pot tested

G - no reaction
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4.2 b) ELISAs

Indirect ELISA results e-e depicted in tables 3 arnd 4 and plates 8

and 9.

Imnuncbinding assays performed with antiserum against ACMV gave

negative results with all extractions (see table 3 and plate 8).

a)

Plate 8. 'Spot ELISA tests with a) semi-purified extracts of
TLC-infected (I) and healthy (H) N. tabacum using antiserum to ACMV
and b) purified extracts of the same samples. Extraction procedure a
modification of Sequeira and Harrison (1982) on severely infected
leaves from plants collected from Hazyview. Each extract was tested
undiluted (1) and at 1/192, 1/50 and 1/500 dilutions.

PVY antiserum also gave negative results against blots made from
samples of mildiy infected leaves from the modified method of

Sequeira and Harrison (1982) (3 in table 3).



However, Immunobinding assays performed against PVY antiserum, with
blots made froca potyvirus extractions performed by the method of
Jafarpour and co-vorkers (1979) from leaves.s taken from plants from
Hazyview showing severe leaf curl (A and B in table 3) gave positive
results (see plate 9). The reaction was positive up to a dilution of
1/500 for Dboth semi-purified and purified preparations. This

experiment was repeated and positive results viere again obtained.

bl 140 %5)60

a) 11/10 1/50 1/500

Plate 9. Spot ELISA tests with a) semi-purified extracts of severely
TLC-infected (I) and healthy (H) N. tabacum using antiserum to BVY
ard D) purified extracts of the same samplet. Extraction procedure of
Jafaxrpour amnd co-workers (1979) on planic from Hazyview. Each extract
was tested undiluted (1) and at 1/10, 1/50 and 1/500 dilutions.

These same blots (A and B in table 3) were tested against the general
potyvirus antiserum obtained from Agdia. No reaction occurred between
the antiserum and the protein dots. However, later a new batch of
general potyvirus antiserum was received which reacted positively
with blots prepared from crude extracts of leaves with enations (ie.

severely infected leaves) and lezves from plants with mild symptoms
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collected from Hazyview (see tali: 4) and it was suspected that the

first batch was faulty.

Table 4. GSerologicai relationships of crude preparations of N.

tabacum plants infected with different forms of TLC

Type of Antisera

infection PVY PVY (h/a) 2qgdia 1 Agdia 2
1 severe - - N/A +
2 severe - - N/A +
3 severe - - . N/A +
4 severe - - N/A -
5 severe - - N/A +
6 severe - - N/A -
7 severe - - N/A . -
8 mild - - N/A -
2 mild N - N/A -~
10 mild - - N/A +

Key: H/a — host adsorbed
Agdia 1 — 1st batch of potyvirus antiserum
Agdia 2 —~ 2nd hatch of potyvirus antiserum
N/A — not tested

PVY antiserum was tested against blots made from crude virus
preparations of plants collected from Hazyview and infeched with both
the severe and mild forms of TLC (table 4). Results fror these

experiments were inconclusive and the antiserum was host-—absorbed and
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the blots tested again. Cnce again, results were negative.

A second batch of concentrated general potyvirus antiserumn wes
obtained as a gift from John Hammond of Agdia. This was tested.
against the blots made from crude virus preparations and, although
reactions with the antiserum were too weak to be photographically
represented, results were positive on fowr of the seven severely
infected plants and on one of the three samples extracted from planks

with mild TIC (table 4).

4.2 ¢) Polyacrylamide gel electrophoresis (plates 10 to 12)

Initially, problems caused by ;arbohydrate contamination and problems
with the silver stainiig kit hampered attempts at analyzing gels and
only three gels gave satisfactory results: Running gel concentrations
were increased from 10% to 12.5% since incomplete separation of the

molecular weight markers was obtained on the 10% running gels.

A gel run with samples from a geminivirus extraction done on miidly
infected leaves obtaineu from Rustenburg (according to a medification
of Sequeira and Hexrison, 1982) was initially stained with Coomassie
Blue before silver staining. Resolution was fairly good, but no extra

banyis could be detected in the infected samples (plate 10).

An extra band was found at 26kd on a gel run with samples from the
first potyvirus extraction (according to Jafarpour et al, 1979) from
leaves with enations obtained from plants with severe leaf curl

collected in Hapwview (plate 11).
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Two extra bands were found at 59kd amd 23kd on a gel run with samples
from the last geminivirus extraction (according to Osaki and Irouye,
1978) of leaves from plants collected in Hazyview and infected with

severe leaf curl (see plate 12).

A gel run for a shorter pericd of time than usual (and not shown
here) had several low molecular weight peptides bands running faster
*han the tracking dye in the infected samples (both from potyvirus

ard geminivirus extractions) and not in the healthy samples.

hm,om

am 43 .0kb
9w 30.0Kb
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Plate 10. DPolyacrylamide gel electrophoresis of polypeptides
isolated from plants infected with pild TIC on a 10% running gel.
lanes: 1 purified infected sample; 2 semi-purified infected sample; 3
healtty sample; 4 molecular weight markers (MW shown down right hand
side of gel). The gel wes first stained with Coomassie Blue and then

with Amersham silver stain jcit.



Plate 11. PAGE of polypeptides isolated from plants infected with
severe TIC on a 10% running gel stained with Amersham's gilver stais.
kit. lanes: 1 MW markers; 2 semi-purified potyvirus sample; 3

purified potyvirus sample; 4 purified healthy sample.
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Plate 12. PAGE of polypeptides isolated from plants with severe TIC
on a 12.5% rumning gel stained with Amershan's silver stain kit.
Ilanes: 1 MW markers:; 2 healthy sample; 3 semi~purified geminivirus

sample; 4 purified geminivirus sample.
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4.3 ELECTRON MICROSCOPY

4.3 a) Negative staining

Virus particles could not be identified with certainty from any of

the extractions even though glutaraldehyde fixation was carried out.

In the infected preparations made from the first extraction of
severely infected 1leaves from Rustenburg plants {(modification of
Qsa_ki and Inouye, 1978) crystalline protein, which may be asscciated
with the virus, was found. Similar structures could not be found in
healtnhy preparations. However, these proteins ware not found in any

of the preparations made from subsequent extraci.ions.

Plant protein was commonly viewed on EM grids treated with the sscond

potyvirus extract, but potyvirnses were also not found in these

preparations.
4.2 b) Thin sectioning (plates 13 - 17)

Thin sectioning from infected plant material from Rustenburg with
leaf enations embedded in LR wWhite resin has shown some interesting
results. Unfortunately, due to time limitation, sections from plants

collectad in Hazyview were not vietmd under the EM,

Gaminiviruses could not be identified with certainty in the mwxlei of
infacted companion cells in the phloem tissue from enations, as the

wuclesr ssterial wms demsely pecked.. .Howsver, .swsll -danse: round
T3 G (G bihetim 20 An) lonmin Gaveles  Wach AT Jeof
PR c.sig..s ﬁ‘ biht b4 e P arele opp SLM “-[—lo
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those described by OCsaki and Inouye (1978) were observed in these
preparations ‘plate 13). Similar particles were not observed in

healthy preparations of phloem tissue.

Plate 13. Potyvirus inclusion bodies (Pb) and small dense particles
(D) in companion cell of phloem tissue from enations of plants with

severe TLC disease. Magnification: 50 000

Fibrillar rings typically associated with geminivirus infections were

also not found in these se- “ions.

Chloroplasts in the phloem cells of enations were distcrted and
contained many starch grains, which could be an effect of the
infection. The nuciear rembranes ware also broken down (plate 14),

another possible effect of the virus infection.

Dense osmiophilic bodies were also identified in the phloem tissue of

severely infected plants.
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Potyvirus inclusion bodies of size 0.4 — 0.8 um (plates 13 to 15) and
groups of potyvirus particles of about 60C nm in length (see plates
16 and 17) were found in the companion cells in the phloem parenchyma
cells of enations from plants infected with severe leaf curl. Similar
structures were not found in sections from plants infected with mild

leaf curl, although further sectioning must be done.

Plate 14. Disintegrating nuclear membrane (NM) of companion cell
from enation of infected plant. Potyvirus inclusion bodies (Fb) are
also present. Magnification 5 000
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Plate 15. Potyvirus inclusion bedies in companion cell of phloem

tissue from leaf with enations. Magnification 30 000



Plate 16. Potyvirus wvircplasm (V) in companion cell of enation of

plant infected with severe leaf curl. Magnification 406 000



Plate 17. Potyvirus viroplasm (V) in companion cell of emation of

plant with severe TLC. Magnification 40 000
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4.3 ¢) GLAD

No particles were observed using the GLAD technié;ue from any of the
extracted preparations from plants with either mild or severe

symptoms.
4.3 d) ISEM

No wvirus particles were detected on the grids prepared using the
technique of ISEM from plants with either severe or mild TIC

symptoms.
4.4 D3 DNA
4.4 a) ds DNA extraction

DNA obtained from either healthy or mildly TLC infected plant tissue
was electrophoresed on & 0.9% agaroses gel in the presence of ethidium
bromide iIn order to detect discrete and possiply virus - related DNA
species. As is evident in plate 18, preparations from infected plants
contained a considerable amount of host DNA which migrated near the
top of the well. A discrete band of DNA could be seen in the infected
lanes (plate 18). However, a similar band was not found in extracts

from plants infected with severe leaf curl or in healthy plants.
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4.4 b) Recovery of DNA from agarose gels

About 70% of the extrachromosomal DNA was successfully recovered from
bands contaminated with chromosomal DNA from the agarose gel using
the freeze — squeeze method (plate 19) of Tautz and Renz (1983). This
DNA was then transferred onto a NC membrane for hyhridization

studies.

Plate 18. Electrophoresis of nucleic acids on a horizontal 0.9%
agarose gel containing ethidium bromide. lanes 1, 3, 5, 7, 9, 11,
13, 15, 17, 19 - dsDNA extracted from leaf tissue of healthy M.
tabacum. lanes 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 — dsDNA extracted
from leaf tissue of N. tabacum with mild TLC disease. An extra band

(x) can be seen in lanes containing DNA from infected tissue.
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4.4 ¢) Restriction analysis of extrachromosomal DNA associated with

infected plants

No restrictions were obtained with any of the restriction enzymes
recognizing six base pair sequences (ie. BamHI, BglI, BgllI, EcoRI,
MIulI, PstI, Pvull, Sacl ard Sall). However, an uneven distribution
of the DNA was obtained on the gels after the digestion period (see
plate 20) and double digestions with BglII and Pvull, BglI and PstI,
Bgll and Sall and Sall and PstI were attempted to check that the DNA
had not 1heen cut only once by the enzymes. Once again, no

restrictions were obtained.

Plate 19. Electrophoresis of nucleic acids on a horizontal 0.9%
agarose gel containing ethidium bromide. ILane 1: DNA MW markers II;
lanes 2 ard 6: Plant chromosomal DNA (from healthy plant); Lanes 3 -
5: extrachromosomal DNA from infected plants:; Laies 7 — 10: DNA

recovered from agarose gel using freeze squeeze methed
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Plate 20. Electrophoresis of nucleic acids on a horizontal 0.7%
agarose gel containing ethidium bromide. Lane 1: DNA MW II; Lane 2:
Uncut DNA; lane 3: BamHl digestion; Lane 4: Bgll digestion; lane 5:
BglIl digestion; Ilane 6: PstI digestion; lLane 7: Pvull digestion;

lane 8: Sacl digestion; lane 9: Sall digestion.

The uneven mnature of the bands after digestion suggested an
interference by buffer or enzyme and the deuble restrictions were
repe ed and, immediztely after digestion, cleaned up with a phenol
extraction. A 0.6% gel was run and the bands straightened, but again

only a single band was chserved (plate 21).

Since vrestrictions with enzymes recognizing six base pairs were
unsuccessful, digestions were attempted with Sau3d and Hae III - two
enzymes recognizing four base pair sequences. However, restriction

was nct obtained with either of these enzymes.
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4.4 d) DNA characterization

4.4 d) 1) Analysis of structure

0o
After heating the extrachromososal DNA from infectad plants at 60 C
for 5 min and running it on a 0.7% agarose gel, only a single hand

was found in the same position as the unhezsted DNA.

4.4 d) ii) 8izing of DNA

Cosmparison to Boahringer Mannheim molecular weight markers III (plate
21) revealed the DNA species isolated from the infected plants to

have a size of about 750bp (0.5 kd).
P 12 3 4 5 6 7

Plata 21. Rlectzophorawis of mucleic acids clsssod wp with a
phanol/chlczoform estraction zftexr s 3 h rostrictior on a horizontal
0.4% agaross 9} containing ethidium bzcmide. Lans 1: DNA MW markers
III; Lane 2:uncut DEA; lane 3: Bglll Jdigestion; Lane 4: Pwvull
digestion; Lane 5: BglII + PwvuIl double digestion; Lane 6: EcoRI

digestion; Lane 7: Miull digestion.
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~BSORBANCE AT 260nmm

4.4 d) i1i) Thermal denaturation (see fig. 2)

Thermal denaturation of the extrachromosomal species of DNA extracted
from the infected plant revealed double stranded characteristics when

compared with ds DNA from lambda phage (fig. 2).

4 et i e S e g ey o = o s s

i
0.5 - s e
—
L
.r +
0.5 : v
I
s/
0.4 — + B -
://-
/ 4
0.3 - v
//
+ d o o
0.2 - + . //
e -
#—-———-"_'—’-i:—/, J-
01~ -a-——‘——"—ﬂ'_/
e
33 — 7 T T T Y
o0 40 a0 20 .
TEMPERATURE 1°C)
O Y-CHRIMOSCMAL OHA +  PHAGE CHA
Fig. 2. Thermal denaturation kinetics of extrachromoscmal DNA from

infected plants (X—chromosomal DNA) and lambda phage DNA (phage DNA)

4.4 d) iv) Formaldehyde denaturation (fig. 3)

No conclusive evidence as to the nature of the DNA could be
established from the denaturation with formaldehyde (fig. 3). While

the DNA from lambda phage showed the expected increase in absorbance
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ADSQRBATICE

after treatment with

formaldehyde,

the curve obtained before

treatment with formaldehyde was not typical of DNA. The curve

crtained with the extrachromoscmal DNA from the plant infected with

TLC was also not typical.
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ABSORBANCE AT 2€0nm

4.4 4d) v) Digestion of DNA with deoxyribonuclease (fig. 4)

The sensitivity of the extrachromoscmal DNA from infected plants to

DNase 1 when compared with that of lambda phage DNA zlso revealed

double stranded character (fig. 4)
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4.4 &) vi) Digestion of DNA with nuclease 51 (fig. 5)

The extrachromosomal DNA was once again shown to have double stranded

characteristics when treated with nuclease S1 and compared to DNA

ABSOROAICE AT 260nm

from lambda phage.
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Fig. 5 Digestion of extrachromosomal DNA from infected plants with

nuclease S1 compared to digestion of lambda phage DNA
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4.4 ¢) Hybridization Analysis
4.4 e) i) Southern blot

Complete transfer of DNA wes obtained from both gels run (plates 19

and 22) onto the nitrocellulose paper.

Plate 22. Electrophoresis of nucleic acids on a horizontal 0.8% gel
containing ethidium bromide. Lane 1: MW . arkers III; Lane 2: MW
markers II; lanes 3 a.d 4: extrachromosomal DNA; Lane §: chromosomal

DNA from healthy plant; Lane 6: sugarcane mosaic virus DNA

The probe hybridized weakly to the DNA bands transferred from the
first gel (plate 19 onto nitrocellulose by Southern blotting (plate

23).
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Plate 23. Southern blot 1: Hybridization of probe prepared from
extrachromosomal DNA to the same DNA transferred from an agarcse gel

(plate 19) onto NC paper (arrow indicates point of binding)

Results obtained from the second Southern blot (plate 24), however,
conflicted with those obtained with the previous Southern blot (plate
23). The probe bound strongly to the 2027 bp fragment of Boehringer
MW markers II and III, very strongly to the chromoson;al band obtaired
from the healthy DNA, and weakly to the chromosomal band of the
sugarcane mosaic virus sample. The probe did not, however, bind to

the extrachromosomal DNA extracted from the infected plant.

106



12 34

Plate 24. Southexrn blot 2: Hybridization of probe prepared from
extrachromosomal DNA to: 1 and 2: 2027 bp fragment of DNA MW markers
IIT and II; 3: chromosomal DNA from iealthy plant; 4: chromosomal DNA

from sugarcane

4.4 e) i1i) Dot _blot hybridisation analysis

The labelled DNA probe hybridized to all infected plant samples,both
mild and severe, prepared from plants collectéd in Hazyview, but not
to the healthy plant samples spotted onto nitrocellulose paper (plate
23).

Although the probe did not hybridize equally strorngly to all infected

samples, the lowest concentration detected was 1/100. The strength of

detection was not related to the severity of the disease.

107



Since the blots were dirty and the reactions weak, the hybridisation

was repeated.

Plate 25. Dot blot hybhridization showing specificity of probe
prepared from extrachromosomal DNA associated with infected plant to
crude isolates of infected plants (51 — severely infected plants;
MI-~ mildly infected plants; H- healthy extracts). Each sample was
tested undiluted (1) and at 1/10, 1/50. 1/100 dilutions
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In the repeat of the experin;ent, hybridizations with the dot blots
were agein confirmed. The reactions of the probe against the samples
vwere, however, still weak. Stronger binding of the probe was obtained
when the samples from mild and severe forms were concentrated (plate
26). The dot blots showed equally strong hybridization for both
severely and mildly infected plants. These blots also indicated
strongy binding of the probe to the control DNA from which the probe

vwas prepared.

Plate 26. Dot blot hybridization showing stronger binding of probe
with more concentrated infected samples [undiluted (1), 1/10 ard
1/20]. a) I - extracts from severely infected plants, H — healthy
extracts (concentrations of 1/10, 1/20 and 1/50) c¢ — control DMA b)
I- extracts from plants with mild TIC, H- healthy extracts (diluted

as in a), ¢ — control DNA



5 DISCUSSION

Several linea of evidence from the study reported here indicate the
possible presance of a potyvirus in at ieast some of the strains of

TLC in South Africa. These include:

1. The presence of petyvirus particles and inclusion bodies in

thin sections made from enations of severely infected plants;

The yaartion of hoth PVY antiserum and a genpexal potyvirus
antiserum with protein dot blots of severely infected plants

in immnobinding assays.

Tha results presented in this study do not provide any evidence for
or against the involvement of a geminivirus in TLC disease in 3outh
Africa. Although a geminivirus has not been imolated in association
with the TLC syndrome in South Africa either by Thatcher (1976) or in
this study, it has alweys been azsumed that the disease in South
Africa is caused by a deminivirus (Thatcher, 1976). This is supported
by the whitefly transmission of the disease, the inability to
transmit the diseasze wmechanically and the discovery by Osaki and
Incuye (1978) of a geminivirus as the causal agent of the TLC
syndrome in Japan. This study, together with that of Thatcher (1576),
however, presents little evidence at this stage for a geminivirus as
the cause of TLC ln South Africa. This proposal is supported by the
failure to isclate geminivirus particles by any of the seven
extraction procedures attespted 2nd the failure to isolate the
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double-stranded replicative form of geminivirus DNA from infected
plants. However, geminivirus-like particles were observed in thin
soctions and the possible involvement of a geminivizus in the TIC
syndrome cannot be excluded.

The development of early TIC symptome on six of the ten plants
trsated with electrotransmission in this study was encouraging.
Previously, this technique of virus transmission had cnly been proved
to be successful in the transmission of MSV (Polson and von Wechmar,
1960) where 100% transmission was obtained, but only four plants were
infected in the experiment reported by these workers. However, since
the ovservations in this study could not be carried beyond =ix weeks
the development of enations (which, zccoxrding to McClean, 1940, is

the only sure way of confirming TLC) could not be confirmed.

Death of the remeining four N, tabacum plants and the two N.
bsnthamiana plants after electrotransmission could be ascribed either
to the mechanical brsskdown of the growth cabinet in which they were
kept, and in which the temperature at one stage reached 4000, or to
‘the electrotransmission treatment itseif which almost aiways caused

the plants to wilt within a few days after treatment.

The plants showing symptoms must still be further tested for the
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presence of virus antigen.

Repeating this experiment would be wuseful as confixrmation of the
ability of this method +to enable transmission of TICV and
optimization of this transmission system could be useful in large

scale resistance breeding trials.

The failure in this study to achieve mechanical transmission of the
infectious agent causing TIC disease confirms previcus attempts by
several workers, including Thatcher (1976), and Osaki and Inouye
(1978) and could be explained in part by the same factors that make
purification of phlcem-limited viruses difficult and by the fact that
the virus has to be introd_uced at a specific tissue in the plant.
However, if the disease is caused wholly or in part by a potyvirus,
the inability to transmit the virus mechanically is unusual even if

the virus is phloem — limited.

The failure to isolate intact particles of either gemini— or
potyviruses from infected plants using any of the techniques

attempted could be attributed to several factors:

1., The low concentration of virus particles in the sap (Thatcher,

1976).

2. The limitation of the particles to phloer tissue, which is

difficult to kreak down by conventional methods (Hull, 1985),

3. The instability of the virus particles in the sap once
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isolated (Thatcher, 1976).

4, The possibility that no geminivirus particles are present in

the infected plants.

An important factor in the isolation procedures attempted in this
study is that tne virus particles may have been lost during the final
purification step. The results presented here indicate a drop in
spectrophotometric readings at 260nm between the semi-—purified and
purified samples from most of the samples. However, this theory could
not be confirmed as virus particles could not be identified in
negatively stained preparationé of either the semi—purified or the
purified samples, although the concentration of virus particles in

the semi-purified preparations would have been very low.

In mest cases, extra nucleoprotein does appear to have been isolated
from infected plants as the spectrophotometric readings from infected
plant samples were almost always higher than those from heaithy plant

extractions.

The failure of extracted proteins to react positively with antiserum
to ACMV in immunobinding assays performed in this study confirmed the
results of Osaki and Inouye in 1981 and Sequeira and Harrison in
1982, who found that TLCV and ACMV were not serologically related.

The positive reaction of PVY antiserum to protein dot blots made from
the first potyvirus extraction carried out in this study was
encouraging, as PVY dis a potyvirus and this indicated the possible
involvement of a potyvirus related to PVY in the TIC syndrome. ‘This
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assay was vrepeated with protein dot blots made from the second

potyvirus extraction, and the results were confirmed.

The negative reaction of protein dot blots made from the third
geminivirus extraction to PVY antiserum may possibly indicate that
the potyvirus is only implicated in the severe leaf curl syndrome,
as this extraction was done on leaves from plants with a mild form of

TLC.

The failure of antiserum to PVY to react pesitively to the crude
virus preperations from both healthy and infected plants indicated a
possible cross-reaction between host plant protein and the antiserum.
This could not be confirmed, however, as host-absorbed PVY antiserum
also hound {although very weakly) to both healthy and infected ‘

samples.

The weak reaction of a general potyvirus antiserum obtained from Dr.
J. Hammond (John Innes Research Institute, Norwich) to four of the
seven crude samples prepared from severely infected plants and one of
the three crude samples from plants with a mild form of TLC indicated
the possible involvement of a potyvirus in both the mild and the
severe forms of TILC infection in South Africa. Another possible
explanation for the reaction of the mildly infected plant with the
potyvirus antiserum could be that the plant h§d not yet developed the
enations characteristic of the severe form of TLC, as it is very
difficult, at the early stages of TiC disease, to distinguish between
severe and mild forms (McClean, 1940). The antiserum was diluted to a

very low concentration (1:5000) and this may have contributed to the
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weak reaction obtained.

Unfortunately, there was insufficient time to repeat the dot blot

immmobinding assay with the general potyvirus antiserum.

QLAD and ISEM were carried out using the first batch of general
potyvirus antiserum from Acdia which was concluded to be faulty after
it failed cowpletely to react with protein dot blots and gave widely
fluctuating results within the same sarples in a well plate ELISA.
This could also explain the absence of gold particles in the GLAD
sections and of virus particles prepared by ISEM on grids examined in

the EM.

No extra polypeptide bands corresponding exactly to the molecular
weight of either a gemini- or a potyvirus were found on the

polyacrylamide aels run in this study.

The extra polypeptide bands that were found on the pelyacrylamide

gels could represent one of severai different proteins:

1) ™he extzra protains could be proteins induced by the
infection. Cytoplasmic pinwheel inclusion bodies are typically
of molecular weight 65 - 75kd {(Dougherty and Carrington,

1988). The 59kd polypeptide band could correspond to one of

115



2)

3)

4)

these inclusion bodies.

The 23kd and the 26kd bands could corraspord to potyvirus
proteins which, since they are composed of fairly long (700rm
-900rm) flexuous particles, could have broken down during
extraction to yield particles smaller in size than the
expected 30 — 45kd proteins (Dougherty and Carrington, 1988).
The bands noted in infected fractions running faster than the

tracking dye could correspond to smaller fractions of the
particles.

Alternatively, the 28kd band could represent the polypeptide
coat of a geminivirus as the protein coats of most
geminiviruses so far isolated have molecular weights of about
28kd (Hamilton et al, 1983). The molecular weight of the
protein coat of the geminivirus isolated from plants infected

with TLC in Japan has not yet been ascertained.

Finally, the bands at 23kd and 26kd could represent the same
polypeptide species (this is particularly likely since the
26kd band was found on a 10% running gel, which was later
found to give incomplete separation of proteins) and this band

could be the protein coat of a small virus—like particle.
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¥hile results in this study indicate that the gemihivirus isolated by
Osaki ard Inouye in 1978 as the causal agent of TLC disease in Japan
may ndt be the infectious agent cof the syndrome in South Africa, if
irdeed a geminivirus is implicated in the infection, then the reasons
described above for the failure to isolate virus particles could also
explain the inability to visualize particles in the EM using negative
staining, ISEM and GLAD. However, a further problem with the
technique of ISEM is that small subunit protéins or degraded capsids
are not detectable, due both to their size and their lack of a
characteristic shape. Excess free coat protein in the sap or purified
preparations may also inhibit the trapping and / or "decoration" of

virus particles on an EM grid (Rybicki and von Wechmar, 19835).

Micrographs taken by Osaki and Inouye (1978) of geminivirus particles
negatively stained without fixation in glutaraldehyde did, however,
show particles similar to some found in preparations made in this
study. The particles may have broken down prior to fixation and
staining, as the methods took between two and four days for particle
isoclation and purification and the semi-—purified samples could
usually only be fixed and stained at least two days after starting

the extraction procedure.

Initially, the plant protein fourd in negetively stained preparations
from potyvirus extractions were believed to be disintegrated
potyvirus particles, but it was later found that these particles were

too broad and not flexucus enough to be potyvirus particles.

The identification in this study of the pinwheel inclusion bodies
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characteristic of potyvirus infecticns, and of vireplasms containing
potyviruses in thin sections of the phloem tissue from enations of
severely infected plants is the first indication that a vizus of any
kird may be associated with tobacco leaf curl disease in South
Africa, since previous wvorksrs (Thatcher, 1978) have nct established
the presence of any causal agents for the diseame. The potyvirus may
be associated with another infectious agent in a dual infecticn to
produce at least one of the {five differsnt forms of TIC in South
Africa. Several workers have suggested that mixtures of virus strains
nay c;anse the different forms of TLC (Nariani, 1968; Pal and Tandom,
1937; Vasudeva and Raj, 1948; Yassin and Nour, 1965}, but the
evidence presented in this study is the first indication that ancther

virus may indeed be involved in the TLC syndrome.

Since a novel dsDNA of 750 bp was isolated frua infected plants and
not from healthy plants, and hybridized only to infected plants in
experiments performed during this study, it is suggested that anothex
small DEA virus is involved in TILC disease in South Africa, but

winabbhow thi= A<Dl e  aseaododoa .-\E\.-tl‘i & ___,ﬁ.vi,, il stiil i:o be

et Pty -

ascertained.

Mixed infections by plant viruses are wvery common but have been
little studied (Matthews, 1981). Carr and Kim (1985) indicate that
ultrastructural features in mnixedly infected cells may be useful in
discriainating realated viruses or strains of the same virus. Carr and
Kim (1985) working with mixed infections of bean leaves with BGMV and
™V found that BGMV in a mixed infecticn lost its tissue-specificity

«and 3 ol b 8dd celis of the plant, not et in the phloem.
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In the research described here ve—ry few sections were investigated
from plants infected with milder forms of TLC, and thus it cannot be
stated with certainty that potyvirus particles are not implicated in
other forms of tobacco leaf curl as well. However, as explained
previously in this section, the results presented herve of the
reactions of protein dot blots with the general potyvirus antiserum
from BAgdia indicate the possibility that a potyvirus is involved with
at least some ccourrences of severe TLC and mey be implicated in mild

infections as well.

The problem of the viral nature of the disease is further exacerbated
by the fact that no potyvirus particles were isolated by either
extraction methed. However, ‘ the presence of virus protein and
potyvirus inclusion bodies in sections of enation tissue strongly
suggests that a potyvirus may be associated with the TLC diséase

complex.

Further vresearch into the causal agent(s) of the various strains of
TLC disease is complicated by the difficulty in distinguishing
between the milder forms of TLC disease and the virtual impossibility

of identifying the latent form of TLC disease.

The failure to find geminivirus particles or structures such as
fihrillar rings normally associated with geminivirus infections in
thin sections could be attributed to the limited amount of time
available for this study, which permitted only a small number of

sections to be cut and examined. Thatcher (1976) was also unable to
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find any poarticles or inclusion bodies in thin sections made from

infected plants, supporting the proposal here that a geminivirus is
not involved in the TLC syndrome in South Africa.

The possibility that the disease in South Africa is only caused by
potyviruses has been conzsidered but is unlikely since, uniike
geminiviruses, potyviruses are not generally known to be whitefly
transmitted. Furthermore, the inability to transmit the disease
mechanically and the nature of the nucleic acid particle extractad
from diseased plants in this study is not consistent with the

characteristics of a disease caused solely by potyviruses.

Initially it was believed that the extrachrompsomal band of DNA in
infected samples found on the agarocse gel on which N3 extracted
from infected and healthy plants wa=s run was the dsDNA of the
geminivizus DNA. Initial estimates of sizes (based on Boehringer
Mammheim's DNA molecular weight markers II) were about 2200 bp, whirch
is in the 2000 — 3000 bp size range of the DNA so0 far isolated from
geminiviruses., However, the inability to separate the DNA into two
separate parts (to illustrate the bipartite nature of the gennme
associated with all whitefly borne viruse: investigatad so far,
although not, as yet, with the genome of <i: ' isolated by Ikegami and
colleagues in 1987), the failure .o restrict the DNA using
restriction enzymes previously found to digest the DNA of othex
geminiviruses and the further investigation and comparison of this
extrachromosomal DNA isolated £rom infected plants with Boehringer
Mannheim molecular weignt markers III revealing that the DNA

consisted of only 750 bp (0.5 kd), indicated that this conclusion
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was untimely.

The failure to isclate this same extrachromosomal DNA species from a
second plant showing severe disease symptoms could indicate that the
DA was not in a replicative form at the time of isolation. This
factor could also explain the failure to isclate a viral gesnome if a
geminivirus is associated with the TLC syndrome, as the extraction

was specific for ds replicative DNA.

Alternatively, the extrachromosamal species of DNA may have occurred
only in very low concentrations in the severely infected plant as the

probe hyhridizsd to all infected plant samples.

The failure to0 ryestrict this DNA species using various restriction
enzymes could be attributed to the fact that, since the DNA was so
small (only 750 bp 1n size), and enzymes recognizing six base pair
secquences will, on average, cut at only one out of every 4096 base
pairs, no yestriction sites could be found. However, an enzyme
recognizing a four base pair sequence would cut at an average of one
ast of evexy 256 nleotides and it is less likely that a recognition
aite would not have been found using Hae III or SaudA. As the
saquence of tha DNA was not known, the ratio of GC:AT pairs could not
be determined and aprropriate enzymes couid not be chosen for DNA

restriction. Further work is being carried cut in this regard.

Another possibility is that the DNA was in somes way inappropriate for
restriction, ey. phencl may have remained in the pkeparat:lon from the

antosctien, o the restriction sitss may have been modified (by, eq.
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methylation or adenylation) preventing the enzymes from working on

the recognition sites.

A further explanation for the lack of restriction could have been
that the extracted DNA was single-stranded. However, thermal
denaturation end digestion of the DNA with DNase and nuclease S1
showed, firstly, that the nucleic acid was DNA and not RNA and,
secondly, that the DNA was double-stranded. Furthermore, the DNA was
labelled by nick trenslation using enzymes which will only work on

dsDNA.

The abnormal behaviour of the DNA during formaldehyde treatment could
indicate that the DNA has a complicated tertiary structure which at
this point is unknown and further experiments must be performed to

verify the structure of the DNA.

Hybridization of the probe made from the extrachromosomal DNA
isolated from the infected plant only to the infected samples and not
to the healthy sémples suggests that this DNA species is associated
with the disease etiolcegy. The reactions with planc chromosomal DNA
and molecular weight markers in the second Southern blot indicate
that a few sequences found in this novel dsDNA may be « on with the
chromosomal DNA or that more stringent washing may .. eccessary to
reduce non-specific binding reactions when more stru~ v labelled

probes are used.

Since the extrachromoscomal DNR species is so small, it may have been
destroyed by nucleases or been denatured after transfer to the NC

paper in the second Southern blotting experiment, explaining the lack
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of binding to this DNA by the probe. Another explanation for the lack
of hybridization could be that the extrachromosomal DMA only bound

weakly to the NC paper and was removed during washing.

However, the dot blot hykridization and the results of the first
Southern blot do indicate tha: the DNA does appear to be asscciated
with the disease and could be a virus-specific DNA species, possibly
a replicativn intermediate, as described by Haber and co-workers in
1981, However, sequencing of the extrachromosomal DNA would be
necessary to confirm this, Hamilton and co-workers (1882) described
several novel species of virus-specific single— and double-stranded
DNA isolated from cells infected with TGMV. The double-strarded forms
were not found in DNA preparations obtained from purified virus and
this suggested that these were roplicative intermediates which exist
in a free state in infected cell:;s. However, these dsDNA species vere

all larger than the extrachromosomel DNA found in this study.

Alternatively, the extrachromosoma) DNA isolated from infected plants
in this study could represent a section of the virus genome which,
through a faulty vrepiication mechanisme in thé virus genome, is the
only region of the genome replicatirg. Hov_»ever, this is unlikely as
some normal non-mutant DNA should still be found in addition to the

smaller piece of DNA.

Robinson and colleagues in 1984 sujgested a similar theory for the
previous 1inability to de'ect particles of an Angolan isclate of ACMV.
They postulated the existence of a novel kind of isolate of

geminiviruses which induces the production of substantial amounts of
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viral DNA but apparently ¢ virus particles and very little virus
particle protein. Altsrnatively, the isolates may be defective for
particle production in a similar manner te Nt isclates of tobacco
rattle virus (Robinson et al, 1984) and strain PM2 of tobacco mosaic
virus (Siegel et al, 1962). The DHA in itself could maintain the
symptoms of the infection (possibly in association with another
virus, such as the potyvirus found in this study) while explaining

the inability to isolate or vizualize geminivirus particles.

In 1976, Thatcher investigated the possibility of a viroid causal
agent of TIC. While he could find no evidence to exclude a
proteinless virus as the causal agent of TIC disease, the properties
of the causal agent are markedly different to those of known viroi?
and proteinless virus infections, all of which are mechanical

transmissible after phenol extractions (which Thatcher was unable to
achieve in 1976) and none of which i=s transmitted by a species of
whitefly. Thatcher's £indings were supported by this stody in which
it was established that the size of the isolated extrachromosomal DIIA
(750 bp) is too large to be a virold or virusoid which, in any case,

have thus far only been found to contain RNA.

The DNA could also represent: part of a multipartite vires complex buat

there is no evidence for thisc at present.

If the &xtrrchromesomal dsDNA associated with infected plants is not
a subgenomic fragment of a geminivirus genome, it may have a
“satellite virus-like" function in association with a helper vizus

such as the potyvirus Zound in this study. The nature of the nucleic
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acid (dsDMA) precludes the possibility that a satellite virus such as
those described thus far is implicated in the TIC infection since
these all contain ssRNA. The size of the molecule (MW 0.5 X 106)
is in the region of the MW of satellite viruses (0.08 — 0.6 X 106)
((Murant and Mayo, 1982). However, further study is needed to clarify
the role of the extrachromosomal DNA isolated from plants infected

with TLC discase.
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6 SUMMARY

1. Several 1lines of evidence have iIndicated the involvement of a
potyvirus in at least the severe form of tobacco leaf curl disease.

These include:

1) The finding of pinwheel inclusion bodies and viroplasms of
potyviruses in thin sections made from enations of severely

infected plants;

2) The reaction of both PVY antiserum and a general potyvirus
antiserum with protein dot blots of severely infected plants

in immunobinding assays.

2. A novel extrachromosomal dsDNA species of 840 bp in size isolated
from infected plants has been found to hybridize only to crude DNA
extracts from plants infected with both the severe and the mild form
of TLC and not to healthy plant extracts. This dsDNA may be
associated with the TLC disease complex in South Africa, hut whether
this novel dsDNA is agsociated with a geminivirus must still be
ascertained. The novel dsDNA may, in fact, indicatg the possible
involvement of another small DNA virus (as yet undescribed) in the

TLC disease syndrome.

3., The possibility of a dual infection by a potyvirus and ancther
unknown virus species in at least some of the forus of TIC disease is

proposed from the results presented in this study.



The vresults presented in this study, as well as those of Thatcher
(1976) do not show that a geminivirus is implicated in the TiC
syndrome in South Affica, despite the whitefly transmission of the
disease agent, the lack of mechanical transmission and the
geminivirus particles extracted from TLE infected plants in Japan by
Osaki and Inouye (1978). However, further studies must be done to
confirm the nature of the diseas\e agent, including the investigation
of more infected plants with EM and the purification of geminiviruses
and / or potyviruses and / or other viruses from infected tcbacco and

other indicator plants.

4, Results obtained from electrotransmission experiments are
promising and analysis of the plants showing symptoms must be
performed. Further investigations into the electrotransmission of TLC
must be executed in order to extrapolate and confirm the results
obtained so far in this study. Other methods of transmission of the

virus must still be attempted, since time ran out in this study.

5. A dsDNA species associated with the infection has been isolated.
However, its role has not yet been identified and further studies
must be done to determine whether the DNA is circular or linear and
whether it 1s related to the disease. The extrachromosomal dsDNA
extracted from infected plants needs to be cloned, sequenced ard its
ability to infect plants with the TLC syndrome needs to be tested
before any further conclusions can be made as to its origin and

nature.
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APPENDIX 1

LONG ASHTON MEDIUM

A number of stock solutions were made up at the following

concentrations, The stock sclutions were made up 100 times more

concentrated.
-1
Solution 1 g.l
Mgs0 .7H O 36.9
4 2
MnSO 0.223
4
Cuso .5H O 0.024
4 2
Zns0 .7H O 0.0296
4 2
H B0 0.186
3 3
(NH ) Mo O .40 0.00352
46 724 2
Co8C .7H O 0.0028
4 2
NaCl 0.585
Solution 2
KNO 101.108
3
Bolution 3
Ca(NO ) 4HO 116.68
32 2
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Solution 4

FeEDTA

Solution 5

NaH PO .2H O 20.8

Solution 6

K HPO .BH O 57.056

APPENDIX 2

Transmission extraction buffers

1. Mechanical inoculation and injection

0.1IM Tris pH 8 containing 0.01M NaEDTA

2. Electrotransmission

a) 0.1M Tris pH 8 containing 0.1M NaEDTA and 0.05% sodium sulphite

6.0
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b) 0.1M Tris pH 8 containing 0.1M NaEDTA

APPENDIX 3

Extraction buifers

Geminivirus extractions

1. Extraction 1 and 6 (Osaki and Inouye, 1978: modification —

extraction 1, unmodified -~ extraction 6)

0,2M borate buffr: 500m} glass dH O was added to 6.183%g Boric acid
2
500ml glass dH O was added to 19.06g Borax
2
(Na B G ,10H O.
247 2
The Borax solution was added to the Boric acid

solution till a pH of 8.5 was reached.
0.1% mercaptoethancl was added to the buffer hefore using.

2. Extraction 3 (Adaptation of Sequeira and Harrison, 1982)

First extraction using this procedure:
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0.1 ‘Tris pHB containing 0.01M NaEDTA, 0.0IM NaDiECA, 0.001M
mercaptobénzothiazole, 0.5% Na sulphite, 0.001M trypsin irhibitor and

1% mercaptoethanol dissolved in a few drops of ethanol.
Second extraction using this proceduré:

0.1M Tris pHB containing 0.1M NaEDTA, 0.01M NaDiECA, 0.2% Na sulphite

and 0.01M ascorbate.
3. Extraction 4 (medification of Dollet et al, 1986)

0.1M Tris pHB containing 0.01M NaEDTA, 0.01M NaDiECA and 0.02M Na-

sulphite.
4. Extraction 5 (accerding to Stein et al, 1983)

0.1M trisodium citrate containing 0.005M NaEDTA, 0.75% Na sulphite,
1% B-mercaptoethanol and 0.325% L-ascorbic acid was adjusted to pH7.5

with NaCH.
Potyvirus extractions
1. Extraction 1 (Jafarpour et al, 1979)

0.5M potassium phosphate buffer pH 7.2 was prepared by adding 13.6g

KH FO to 200ml glass diH O and 17.52g K HPO to 200ml glass

2 4 2 2 4
dH 0. The two solutions were mixed, the volume measured and 0.5M

n3

wea, 0.05M NaEDTA and 1% scdium sulphite were added before adjusting
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the pH of the solution to 7.2. 0.5% B-mercaptoethanol dissolved in a

few drops of ethanol was then added to the solution.

2. Extraction 2 (according to Zes et al, 1937)

0.5 Tris—HC1 pHB8.2 was prepared and to this was added 4%
water—insoluble polyvinyl pyrrolidine (PVP), 0.5% bentonite, 0.2%

mercaptoethanol and 5% Triton—X100 as well as 1.125% pectinase

Sigma) and 0.375% Onozuka cellulase R-10.
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APFENDIX 4

Other buffers used in extractions

1. 0.01M potassium phosphate huffer pH 7.4

500ml glass dH O was added to 0.8eg K HPO
2 2 4
500m! glass dH O was added to 0.68g KH FO
2 2 4

When dissolved, the KH PO solution was added to the K HPO
2 4 . 2 4
solution until a pH of 7.4 was reached.

2. 0.1M potassium phosphate buffer pH 7.8

200m1 glass dH O was added to 3.5g K HPO
2 2z 4
200m! glass dH O was added to 2.72g KH FO
2 2 4

When dissolved, the KH PO solution was added tc the K HPO
2 4 2 4
solution until a pH of 7.8 was reached.

3. 0.025M potassium phosphate buffer pH 7.2

500ml glass dH O was added to 1.7g KH FO
2 2 4

500ml glass dH o was added to 2.19g K HPO
2 2 4

The two solutions were mixed, the volume measured and 0.1M urea and

0.1% mercaptoethanol added and the final soluticn adjusted to pH 7.2.
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4. TE buffer pH 8

0.01M Na EDTA was added to 0.01M Tris pH &.

5. CEM buffer

0.01M trisodium citrate and 0.001M NaEDTA were dissolved in glass dH O
2

and the pH adjusted to 7.5 with NaOH before adding 0.05%

B-mercaptoethanol .

APPENDIX 5
Reverse concentration PEG solubility gradient

40% and 10% sucrose solutions were prepared in 0.1M potassium phosphate

buffer pH 7.8.

PER discontinunus reverse solubility gradients were prepared by layering
7ml of 40% sucrose at the bottom of a cellulose centrifuge tube. Another
7ml of 10% sucrose containing 4% PEG and 0.2M NaCl was layered on top of

the 40% sucrose solution,
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APPENDIX 6

Buffers arvl solutions used in ELISAs

K buffered saline (PBS)

Mo, KHFO, 2.9 NaHPO .12HQ and 0.2 KCl were added
2 4 2 4 2
T The pH was then adjusted to 7.4.

2. PBS-Tween

0.03% tween 20 was added t§ the PBS.
3. AB buffer

0.2% BSA and 2% PVP were addéd to PBS.
4, AP buffer

0.1M Tris, O0.1M NaCl and 0.005M MgCl were solubilized in glass dH O
2 2
and the pH adjusted to 9.5.

5. ELISA substrate solution
lmg nitrvotetrazolium blue was dissolved in 3ml AP buffer by mixing

vigorously for 1 — 2 min. The solution was then centriluged for 5 min

at 10000 rpm.
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0.85mg S5-bromo-4-chloro-3—indoyl phosphate—p~toluidine was dissolved
in 10ul N,N-dimethyl formamide by mixing with a vortex for 1 min.
This solution wes then added dropwise to the nitrotetrazolium blue

solution.

AFPENDIX 7
Host adsorption of antisera

Healthy tissue (10g for 200ul antiserum) was homogenized in PBS
(Appendix 5) at a ratio of 1 : 1 (v : wsight). The homogenate was
stirred for 30 4min before centrifuging at 5000 rpm for 15 min. The
supernatant was then concentrated by adding an equal volume of
saturated ammonium sulphate. The mixture was left to stand on jce for
60 min. The mixture was then centrifuged at 10000 rpm for 10 min. The
pellet was resuspended in 1 ml PB3. The suspension was dialyzed
overnight against PBS at 4oc. iml of the protein was added to 0.2ml
of the antiserum in an Eppendorf and the mixture was incubated at
37°C for 1h, before leaving to stand overnight at 4°C. The
solution was then centrifuged at 10000 rypm for 20 min and the

supernatant retained as cross-adsorbed antiserum to be wused in

ELICAs.



APPENDIX 8

&DS — Polacrylamide gel electrophoresis (SDS-PAGE)

Solutions

1. 30% Acrylamide stock

30g acrylamide and 0.8g bis—acrylamide (methylene di-acrylamide) were
dissolved in 100ml ddH O and the solution was then filtered through
2

¥Whatman No. 1 filter paper. The s<_>lut1'on was stored in a dark bottle

G
at 4 C.
2. 10% S0S
10g SDS was added to 100ml ddH O.
2

3. 1.8M Tris pH 8.8

18.20 Tris was added to 100ml ddH O and the pH adjusted to 8.8 with
2

HC1,

4. 0.5M Tris pH 6.8

7.99 Tris-HCl was dissolved in 100ml ddH O ard the pH adjusted to
2

6.8 with HCL.
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3. Splitting solution

0.1M Tris-HCl pH 6.8, 2.5% 8PS, 5% 2-mercaptoethanol and 5% glycerol
were mixed together. 0.5my bromophenol blue was added per 9ml of this

solution.
6. Electrode buffer

14.4g glycine, 16.5ml 1.5M Tris pH8.8 and 10ml 10% SDS were added
together and made up to 11 in dH O.
2

Making of gels By

A 10% or 12.5% running gel (as described below) was poured between
oC. A 5%

two glass gel plates and allowed to polymerize for 1h at 4

stacking gel was then poured on top of the running gel and allowed to

polymerize before loading and running the gel as described below.

1. 5% stacking gel

1.8n1 30% acrylamide stock, 2.5ml 0.5M Tris-HC1 pH 6.8, 0.1ml 10% SDS

and S5.4ml1 dH O were mixed together. Just before pouring the gel,
2

10% ammonium persulphate and 12ul TEMED were added.

2. 10% or 12.5% running gel

Quantities added for the different concentrations were the same,

except where indicated in brackets.
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8.4m1 30% acrylamide stock (6.67ml for 10% gel), Sml 1.5M Tris pHS.8,

0.2m! 10% SDS and 6ml dH O 77.74ml for 10% gel) were added
2

together. Shortly before pourirng the gei, 0.4ml1 10% ammonium

persulphate and 15ul TEMED were added.

Loading and running the gel

10ul MW markers and 10ul splitting solution were loaded in one well.
Vells loaded with samples contained 15ul sample and 10ul splitting
solution. The samples with splitting solution were boiled for 5 — 8

min before being loaded onto the gels.

The gels were run in vertical apparatuses with electrode buffer at

40mA for about 4h.

Weights of MW mavkers

sucrose 14.4kb
I-lactalbumin 20.1kb
soybean trypsin inhibitor 30.0kb

carbolic anhydrase 43.0kb
ovalbumin 67.0kb
BSA 94,0kh
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APPENDIX 9

Staining gels

1. Coomassie Blue staining

Gels were fixed and stained with coomassie brilliant blue (0.1%
Coomassie Brilliant Biue: GCI 42655) in methanol : acetic acid :
water, 5 :1 :4 (v/v/v) overnight with gentle rotation at 2500. The
gels were destianed in methanol : acetic acid: water, 1 : 1 :8

(v/v/v), with several changes and stored in distilled water at
0 .

4 C.

2. Amersham silver staining kit

After electrophoresis, the gels were prefixed for at least 1h in a
solution containing 25% propan—2-ol and 10% acetic acid in gH O.

2
All other solutions were supplied in the kit and components were not

described.

The gels were then fixed overnight in fixative prepared according to
instructions in the kit. The fixing solution was removed and the gel
soaked with gentle shaking in dH O for 1h. The dH O was removed
and 300ml of prepared sensit:izing2 solution was addgd and the gel

soaked in this for 30min with gentle shaking. The sensitizing
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solution was replaced with prepared stain solution and agitated for
““nin. The stain solution was removed and the gel rinsed twice for
imin each in dH O. Prepared developer was then added and the gel
soaked with gerxtli agitation for 5 — 15mi¢ until bands of the desired
intensity were found. The reaction was then stopped by the addition
of 5ml of the supplied stopper concentrate and the gel agitated

vigorously for Smin.

3. Combined Coomessie Blue and Amersham silver staining

After destaining of & gel stained with Coomassie Blue, the gel was
stained with the Amersham silver staining kit as described sbove from

the point at which the gel is scaked in dH O for th.
. 2

i

APPENDIX 10
Electron microscopy

1. Colloidon ~ carbon coating of grids

Copper, nickel or gold grids were spread shiny side up on a circle of
filter paper. 9.15% butvar in chloroform was dropped over the grids
with a Pasteur pipette. The grids were allowed to dry. The surface of
a bowl of ddH O was cleaned with a small drop of 2% colloidon. A

2
fresh drop of colloidon was added to the surface of the water and the
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grids floated (shiny side down) on the film. A piece of Whatman 3MM
filter paper was placed on top of the grids, allowed to get wet, and
then cuickly picked up so that the grids vemained on the filter
paper. The grids were left to dry overnight lefore being coated with
a thin layer of carbon by workers in the EM unit of the University of

the Witwatersrand.

2. Lead citrate stain (as practised at Dublin University)

o
The following three stock solutions were prepared and kept at 4 C.

Solution A: 37.7g triscdium citrate was added to 100mt dH O.
2
Solution B: 33.1g lead nitrate was added to 100ml dH O.

2
Solution C: IN NaCH was prepared.

The final staining soluhion was prepared by mixing the soluticns in

16nl dH © as follows:
2
3m]l solution A added and stirred Zml of solution B added and stirred

until the “ixtuwre Dbecame milky ard precipitated. 4ml of solution C
vas then added before passing the solution through a millipore
filter.

3. Beasley Fuffer

1% BSA, 0.1% gelatin and 0.05% Tween 20 were added to 0.05M Tris pH

7.4.
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APPENDIX 11

dsDNA extraction

1. Grinding buffer

0.1M NaCl, 0.1M NaEDTA and 1% SDS were added to 0.1M Tris-HCl pH 8.

A stock solution of 10 mg / ml RNase was prepared in dif O. This was
2

diluted as required.

3. Proteinase K

A stock solution of 10 mg / ml proteinase K was prepared in dH O.
2

This was diluted as required.

4. Phenol / chloroform extraction

An approximately equal volume of phenol / chlcroform (8 : 2v /v -
phenol TE saturated) was added to the extract. This was shaken well
and then centrifuged at 5000 rpm for 5 min. The upper phase was

retained and the procedure repeated once more.
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5. TE huffer

0.1M Tris pH 8 containing 0.1M NaEDTA.

APPENDIX 12

Agarose gels

1. IE buffer

0.01M Tris pH € containing C.001M NaEDTA.

2. IBE buffer

A 10X stock solution of TBE buffer was prepared as follows:

108g Tris, 55g boric acid and 9.3g NaEDTA were added to 11 of dH O.
2
The solution was autoclaved before use. Dilutions were prepared in
sterile dH O.
2
3. TAE buffer
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A 5X solution of TAE buffer was prepared.

0.04M Tris, 0.02M sodium acetate and 0.001 NaEDTA were mixed
together and the pH adjusted to 8 by adding acetic acid.

4. Preparing gels

0.36g, 0.28¢ or O.16g "Seakem” agarose was dissolved by microwaving
in 40ml of the appropriate buffer (giving 0.9%, 0.7% and 0.4% agarose

. gels respectively.

Once tne mixture had cocled slijhtly, lug ethidium hroﬁide / 20ml

agarose solution was added. (Ethidium bromide was prepared as a stock

solution of 10mg / ml in TE buffer). A mnini-gel apparatus was

prepared and 40ml agarose was pouwed per apperatus. Gels were left to
o

polymerize at 4 C for at least two howrs befcre loading.

Running buffer was the same as was used to make the gel (ie. TE, TBE

or TAE).

5. Tracking dve

2% bromophenol blue was dissolved in 40% RMNase - free sucrose

prepared in sterile TE buffer.

6. Molecular weights of markers
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a) Lambda cut Hind IIT MW mavkers (Boehringer Mannheim MW markers II)

Fragment lengths (base paivs): 23130, 9416, 6557, 4361, 2322, 2027.

564, 125.

b) Lembda cut FcoRT + Hind ITIT MW markers (Beehringer Mannheim MW

markers
mn

Fragment lengths (base pairs): 21226, 5148, 4973, 4277, 3530, 2027,
1904, 1584, 1330, 983, 831, 564, 125.

APPINDIX 13

Cleaning up DNA

TE was added to the restriction digest to a volume of 25ul, then
7.5ul TE-saturated phenol was added and the mixture vortexed well.
25ul1 chloroform / isoamyl alcohol (25 : 1 v/v) was added, the mixture
vortexed well and then centrifuged for 2 min in an FEppendorf
centrifuge. Tne supernatant was retained and a 1/10th v of 3m sodium

acetate and 1 volume isopropanol added. This was mixed and
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centrifuged for 10 - 15 min in an Eppendorf centrifuge. Tne
supernatant was withdrawn from the tube and the pellet was air—dried
in an open tube on the bench for 5 ~ 10 min before resuspension with

vortexing in 1Cul TE.

APPENDIX 14
Southern blotting
20X 388C

3M NaCl in solution with 0.3M sodium citrate and the pH adjusted to

7.

The sclution was di. rted in dH O as required.
2

Preparing the blot

After electrophoresis, the gel was photographed in ultraviolet light.
The gel was then transferred to a container with 3 v of 1.5M NaCl
containing 0.5M NaOH for 1h at room temperature with agitation. This
solution was vreplaced with IM Tris-HCl pH 8 containing 1.5M NaCl and

0.0014 NaEDTA. The gel was shaken in this for 1h at room tempsrature.
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A piece of nitrocellulcse paper cut to the same size as the gel was
scaked in 2¥X 85C for 10 win. Three pieces of ¥hatman 3MM filter paper
cut to the same size as the gel were also socaked in 2X S5C for 10

min,

Transfer of DNA was carried out overnight as demonstrated in the

diagram below,

glags plate

absorbent
paper

(8-10cm)

AP o R S U
WVWWW\’"’:fl“er paper

nitrocel lulosé =

support
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Next day the gel was removed and checked under UV light to see that

transfer of the DNA had occurred.

fo
The blot was then baked for 2h at 80 C under vacuum between two

sheets of Whatman 3MM filter paper.

APPENDIX 15

labelling and hybridization according to PRoehringer Mannheim's

nonradiocactive labelling and detection kit

1. Lsbelling — solutions

0.2M NaEDTA

4M LiCl

70% (v/v) ethanol

10% (w/v) SDS

20X 8SC pH 7 (see Appendix 14)

'Labellinq procedure (solutions labelled * supplied in kit)

o}
DNA was denatured by heating for 10 min at 95 C and chilling

quickly on ice and methanol. 1 ug of freshly denatured DNA, 2 ul
hexarucleotide mixture * and 2 ul dNTP labelling mixture * were made
up to 19 ul with sterile dH O in a sterile Eppendorf tube on ice. 1
ul Klenow enzyme * was then gdded. The mixture was incubated for 1 —
3 h at 37OC. The reaction was stopped by adding 2 ul 0.2M NaEDTA.

The labelled DNR was precipitated with 2 ul 4M LiCl and 60 ul
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o o
prechilled (—20 C) ethanol. The mixture wis left at -70 C for 1

h, then centrifuged for 15 min in an Eppendorf centrifuge. The pellet

was dried and resuspended in TE buffer (see Appendix id).

2. Hybridization — so.utions

20X SSC stock (see appendix 14)

Prehybridization mix: 5X 855C containing 0.5% (w/v) BSA (supplied in

kit) and 0.02% (w/v) SDS.

Hybrridization solution: Prehybridization solution containing freshly

denatured probe

Washing solutions: A. 2X SSC containing 0.1% SDS
B. 0.5X 85C containing 0.1% SDS

Procedure (sclutions labelled * supplied in kit)

Nitrocellulose mnembranes (prepared dot blots and Southern blots) wers
placed in a box containing at least 20 ml prehybridization solution
per 100 cm2. Thie was shaken gently at 65°C for 2 h. The filters
vwere then placed in plastic bags, hybridization solution containing
at least 7 ul probe per filter was added and the bags were sealed.
The hylridization reaction was carried cut, with shaking, overnight
at 650(1. The filters were then returned to the box and washed twice
for 10 min at room temperature in washing solution A ani then twice

o]
for 20 min each at 65 C in washing solution B.
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In the first experiment, £filters were air-dried and stored before
detection of hybridized DNA. In the second experiment, detection was

carried cut immediately.

3. Immunological detection —- solutions {(solutions marked * are

supplied in the kit)

Buffer 1: 0.1M Tris-HC1 pH 7.5 containing 0.15M NaCl

Buffer 2: 0.5% blocking reagent * (BSA) in buffer 1

Buffer 3: 0.1M Tris-HCl pH 9.5 wontaining 0.1M NaCl and 0.05M MgCl
Buffer 4: 0.01M Tris-HCl pH 8 ccntaining 0.001M NaEDTA ?
Colowr solution {freshly prépared): 45 ul NBT-solution * and 35 ul
X-phosphate solution * added to 10 ml buffer 3 and centrifuged at

5000 rpm for 10 min before use
Procedure

Filters were briefly washed in buffer 1 before incubating with buffer
2 for 30 min. The filters vere again washed briefly in buffer 1.
Antibody-conjugate * was diluted te 1:%000 in buffer 1 and filters
vere incubated in this solution for 30 min. Unbound
antibody-conjugate was removed by washing twice for 15 nin each in
buffer 1. The membranes were then equilibrated for 2 min in buffer 3
before dincubation in colour solution for about 24 h. The reaction was
stopped by washing the membrane for 5 min in buffer 4. The results
were doc;mented by photographing the wet filtter.
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In the first experiment, filters were air—dried and stored before
detection of hybridized DNA. In the secon onveriment, detection was

carried out immediately.

3. Immunological detection — sclutions (soluticns merked * are

supplied in the kit)

Buffer 1: 0.1M Tris-HCl pH 7.5 containing 0.15M NaCl

Buffer 2: 0.5% blocking reagcnii * (BSA) in buffer 1

Buffer 3: 0.1M Tris-HCl pH 5.5 containing 0.1M NaCl and 0.05M MgCl
Buffer 4: 0.01M Tris-HCl pH 8 containing 0.001M NaEDTA ?
Colour solution (freshly prépared): 45 1;11 NBT-solution * and 35 ul
X-phesphate solution * added to 10 ml buffer 3 and centrifuged at

5000 rpm for 10 min before use
Procedurs

Filters were briefly washed in buffer 1 before incubating with buffer
2 for 30 min. The filters were again washed briefly in buffer 1.
Antibedy—conjugate * was diluted to 1:%000 in buffer 1 and filters
were incubated in this solution for 30 wmin. Unbound
antibody-conjugate was removed by washing twice for 15 min each in
bu ‘fer 1. The membranes were then equilibrated for 2 min in buffer 3
L:fore incubation in colour sclutinn for about 24 h. The reaction was
stopped Dby washing the membrane for 5 min in buffer 4. The results

wre documented by photographing the wet filter.
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