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STELLINGEN

1 Het tomatebronsvlekkenvirus (TSWV) heeft een positief-strengig
RNA als genoom.
Dit proefschrift.

2 De argumenten die Sakimura aanvoert om aan te tonen dat het
tomatebronsvlekkenvirus zich niet vermenigvuldigt in thripsen
die als vector van het virus optreden, zijh niet steekhoudend.

Sakimura, S. {1962). In: Biological transmission of dis-
ease agents. E4d. K. Maramarosch, Academic Press, New York,
pPp- 33-40.

Sakimura, S. (1963). Phytopathology 53, 412-415.

3 De mogelijkheid dat de voor cap-analogen ongevoellige initiatie-
plaats voor de eiwitsynthese op het 425 RNA van Semliki Forest
virus door een specifieke RNase-activiteit ontstaan is, wordt
door Van Steeqg et al. te lichtvaardig van de hand gewezen.

Van Steeg, H., Pranger, M.H., Van der Zeijst, B.A.M.,
Benne, R. & Voorma, H. (1979). FEBSLetters 108, 292-298,

4 De overeenstemming in grootte tussen het chloroplast-DNA van
de algen Acetabularia cliftonii en A. mediterranea en het ge-
noom~DNA van Fscherichia coli is pas dan een argument veoor de
endosymbionttheorie, als gebleken is dat dit chloroplast-DNA
prokaryotisch van karakter is en veel meer genen bevat dan het
10 tot 20 maal kleinere chloroplast-DNA van alle andere tot nu
toe onderzochte algen.

Padmanabhan, U. & Green, B.R. (1978). Biochim. et Biophys.
Acta 521, 67-73,

5 De conclusie dat tomato bushy stunt virus een replicatie-stra-
tegie heeft die afwijkt van die van andere virussen uit de
Tombusvirusgroep, is onvoldoende gefundeerd.

Henriques, M.-I.C. & Morris, T.J. (1979). Virology 99, 66-74,
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De conclusie van Zawirska dat Thrips tabacl type 'tabaci' wél
en T. tabaci type 'communis' niet als vector van het tomate-
bronsvlekkenvirus optreedt is uitsluitend gebaseerd op epide-
miologische gegevens en heeft slechts dan geldigheid als de
resultaten van overdrachtsexperimenten ermee in overeenstemming
zijn.

Zawirska, I. (1976). Arch. Phytopathol. u. Pflanzenschutz

12, 411-422.

De bioclogische betekenis van de remming van de ethyleenproduk-
tie door licht in tarweplanten die een tekort aan water hebben
kan hierin liggen dat de planten alleen die bladeren laten
vallen die ook 's nachts verwelkt blijven.

Wright, $.T.C. (1981). Planta 153, 172-180.

Relevant populatie-genetisch onderzoek is alleen mogelijk als
de oecclogie van de te onderzoeken soort(en) voldoende bekend
is.

Het beleid van de natuurbeschermingsorganisaties, zoals dat
tot uiting komt in het aankopen van landschappelijk waardevolle
gebieden die daarna tot reservaat worden verklaard, gaat uit
van een tegenstelling tussen natuur en landbouw en legitimeert
zo de voortschrijdende schaalvergroting en intensivering in de
landbouw die het milieu ernstig aantasten.

De Rijks Psychclogische Dienst is een ondoocrzichtige bedreiging
voor de sollicitant.

De verschillende verklaringen voor de slechte economische toe-
stand van ons land wekken de indruk dat economie een goochelen
met getallen is, waarbij de politieke opvattingen van de gooche-
laar bepalend zijn voor de uitkomst.

F.N. Verkleij
Characterization of a defective form of tomato spotted wilt virus
wWageningen, 5 maart 1982.
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INTRODUCTION

1.1 TOMATO SPOTTED WILT VIRUS (TSWV)

ost range and distribution

TSWV is distributed world-wide and may cause serious diseases inh
certain important crops (Best, 1968; Francki & Hatta, 1981). The
virus has a very wide host range. A list compiled by Best {1968)
includes 157 dicotyledon and 6 monocotyledon species in 29 and 5
families, respectively. The most important agricultural plants af-
fected by TSWV are tomateo, tobacco, pepper, potate and groundnut
(Francki & Hatta, 1981).

Transmission

TSWV is the only virus known to be transmitted by thrips (Francki
& Hatta, 1981). Sakimura (1962) has reviewed transmission of this
virus. The thrips species Kknown to be vectors of T3WV are Thrips
tabaci Lind., Frankliniella schultzei (Trybom), F. occidentalis
(Pergande) and F. fusca {(Hinds). According to Sakimura (1962, 1963)
only thrips larvae can acquire virus. Although a protective mecha-
nism against destruction of the virus may exist exclusively in the
larval midgut, experiments to demonstrate differences between the
midgut of larvae and adults of T. tabaci were unsuccessful (Day &
Irzykiewicz, 1954, cited by Sakimura, 1962).

Data on the transmission of TSWV are limited. The minimum feed-
ing time of 7. tabaci in Russia to acguire virus was 30 min, and
the inoculation threshold was 5 min (Razvyazkina, 1953, cited by
Sakimura, 1962). Sakimura {(1963) cobserved in Hawai that T. tabaci
transmitted virus after an inoculation feeding period of 1% min,
but the inoculation threshold was not determined in these experi-
ments. An increase in transmission occurred when feeding times were



prolonged. After four days of feeding the frequency of infection
was 77%.

The latent periods in T. tabaci and F. fusca range from 4 to 18
days and extend through the prepupal and pupal periods. The first
transmission occurs 0 to 6 days after emergence (Sakimura, 1963).
The wvirus is retained throughout its life, while the transmission
by the different insects shows an erratic pattern. The existence of
a long latent period and the retention of the infectivity over the
whole life-span of the adult indicates that TSWV is persistent in
its vector. Paliwal (1976) could serologicalliy demonstrate the pre-
sence of TSWV in homogenates of thrips (F. fusca) transmitting the
virus. However, an electron microscopic study on tissues of similar
insects failed to detect TSWV (Paliwal, 1979).

No sufficiently reliable data are available to decide whether
TSWV multiplies in its vector. The great variability in retention
and latent period suggested to Sakimura (1962, 1963), that the
original amount of wvirus acquired by the insects determines the
amount of virus being transmitted. Further, transovarial transmis-
sion could not be demonstrated in F. schultzel (Samuel et al.,
1930). These observations prompted Sakimura (1962, 1963) to con-
clude that TSWV does not multiply in its vector.

Properties of virus particles

Information on the structure of TSWV particles has recently been
compiled by Francki & Hatta (1981). Electron microscopic pictures
of purified TSWV particles and of ultrathin sections of infected
leaves show spherical particles about 85 nm in diameter with an en-
velope the surface of which is covered with a layer of projections
(Ie, 1964, 1971; Van Kammen et al., 1966; Mohamed et al., 1973).

Four major and three minor proteins were detected by electro-
phoresis of purified TSWV particles on SDS-polyacrylamide gels.
(Tag et al., 1977a). The molecular weights of the major proteins,
referred to as proteins 1 to 4, were estimated to be 27, 52, 58
and 78 x 103®. The protein profile obtained after gel electrophore-
sis corresponded very well with that obtained by Mchamed et al.
(1973); instead of proteins 2 and 3, however, they found only one
protein.




Iodination experiments demonstrated that protein 1 is located
nside the viral envelope. Protein 4 is the most exposed protein
nd is probably located on the envelope. The locations of proteins

and 3 in the virus are less clear (Tas et al., 1977a). Treatment
f virus particles with the non-ionic detergent Non-idet P40 (NP-40)
nd subsegquent centrifugation on sucrose gradients released an in-
ectious fraction which contained predominantly protein 1, indi-
ating that this protein is the nucleocapsid protein (Tas et al.,
977a; Van den Hurk et al., 1977). Recently, Mohamed (1981) identi-
ied three different sized nucleocapsids in TSWV preparations, by
entrifugation of dissociated virus particles on sucrose gradients.

Tas et al. (1977a) demonstrated that proteins 2, 3 and 4 are
lycosylated, whereas Mohamed et al. (1973) detected carbochydrate
in all the major proteins.

van den Hurk et al. (1977) showed that the genome of TSWV con-
ists of single stranded RNA which is segmented; by electrophoresis
n polyvacrylamide gels three major segments of molecular weight of
.1, 1.7 and 1.3 x 10% and one minor segment of mol. wt. 1.9 x 108
ere found. The RNA was not infectious, suggesting that the RNA of
SWV is of a negative strand.

A defective form of TSWV

The existence of a defective form of TSWV has recently been des-
cribed by Ie (1982}. TSWV particles are present in the cytoplasm of
plant cells. Electron microscopic studies showed that they occur in
clusters within dilated cisternae of the rough endoplasmic reticu-
lum (Fig. 1A,B). In addition to the virus particles, dark, amor-
phous, diffuse masses were observed in the cytoplasm (le, 1971;
Kitajima, 1965; Milne, 1970). These masses, containing locally
electron dense structures with a lattice periodicity of 5 nm, are
net bounded by a membrane but are scattered throughout the cyto-
plasm amidst ribosomes (Fig. 1lA,C). Since these structures were
Pronase sensitive, they must contain protein (lIe, 1971).

Initially it was assumed that these amorphous masses were an
early stage in the assembly process of the virus particles. The
more dense spots in these masses were thought to represent the na-
ked and somewhat coiled nucleoprotein capsid of the virus; in a
further stage of development the nucleocapsids would be surrounded



Fig. 1.A. Mesophyl cells of Nicotiana rustica infected with an iscolate of TSWV

from dahlia. The cytoplasm contains clusters of enveloped particles within the
dilated cisternae of the endoplasmic reticulum and a2 complex of amorphous masses.
B. Detail of enveloped TSWV particles.

C. Detail of a complex of amorphous masses, showing a lattice periodicity of 5 nm.




vy a membrane to yield typical TSWV particles (Ie, 1971). This as-
umption was the more attractive, as in cells infected with envel-
ped animal viruses, such as myxo- and paramyxoviruses, comparable
tructures were observed and identified as nucleocapsids (Choppin &
ompans, 1975; Compans & Dimmock, 1969; Oyanagi et al., 1971;
obbins et al., 1980}.

However, more recent observations indicated that this assumption
as based upon incomplete information. In the course of many mecha-
ical transmissions, Ie (1982) observed that in the cytoplasm of
ells from plants infected with two isolates of TSWV, the charac-
eristic TSWV particles had completely disappeared, whereas the
orphous masses occurred in abundance. It appeared, therefore,
at these isclates, originally of the normal particle type of
SWV, had been converted to another type, which produced only dense
orphous masses. The isolates of the amorphous type were as infec-
ious as the isolates of the normal particle type and had the same
hermal inactivation point and host range.

Ie (1982) has advanced the hypothesis that the amorphous type is
defective form of TSWV, and may occur with most isclates of the
ormal virus. On repeated transfer by sap inoculation the defective
orm tends teo build up at the expense of normal virus particles,
ntil finally the latter completely disappears. Since the defec-
ive form is found after mechanical transmission of the virus, it
ay be assumed that the virus requires a membrane to be transmitted
y thrips. In this way, thrips will act as a sieve that prevents
e defective form from occurring in the field.

1.2 DEFECTIVE VIRUSES

As pointed out in the former section, the isolates of TSWV pro-
ducing only amorphous masses may be regarded as defective forms.
Many defective viruses are described in the literature. In this
section I will present information on three different types of de-
fective viruses. These viruses are defective because they have lost
a characteristic property of the wild type virus. In this survey
the biochemical features of the defective viruses will be discussed
to clarify the molecular basis of the particular defect.




Defective interfering particles

The first type to be considered are the defective interfering
(DI) particles of animal viruses. Huang & Baltimore (1970) listed
the following properties of these particles: 1. they contain normal

structural proteins; 2. they contain only a part of the viral ge-
nome; 3. they are not infectiocus by themselves, but can only multi-
Ply in the presence of homologous normal virus (standard virus); 4.1
and finally, they interfere with the multiplication of the standard
virus. For almost every group of animal viruses DI particles have
been found (Huang & Baltimore, 1977). Although a similar phenomenon
amcng plant viruses has never clearly been observed, there are no

arguments against the existence of DI particles among plant viruses.

DI particles are generated in most wviral systems when cultures
are serially infected with undiluted inocula. An important conse-
gquence of interference by a DI particle is that the number of DI
particles increases at the expense of the standard virus. After mul
tiple passages of an inoculum of standard virus and DI particles,
the latter predominate in the progeny.

The nucleic acid of DI particles of RNA viruses must fulfill at
least two demands. It must be replicated by a viral replicase and
encapsidated by viral structural proteins. Analysis of the RNA of
DI particles might reveal how these demands affect the size and
composition of the RNA.

The RNA strands of many DI particles appear to be internal dele-
tions of the RNA of the standard virus, whereby the 5' and 3' ter-
mini have been conserved. This situation has been found for the RNA
of DI particles of poliovirus, which belongs to the picornaviruses
(Lundgquist et al., 1979; Nomoto et al., 1979; Villa-Komaroff et
al., 1975), of Semliki Forest virus (Kennedy, 1976; Pettersson,
1981; Stark & Kennedy, 1978) and of Sindbis virus (Dchner et al.,
1979; Guild & Stollar, 1977), which wviruses belong teo the togavi-
ruses. The RNA of DI particles of influenza virus {(myxoviruses) is
composed of sequences from one of the three polymerase genes and
has conserved the 5' and 3' termini (Davis & Nayak, 1979; Davis et
al., 1980; Nakajima et al. 1979; Nayak, 1980).

The generation of these DI particle RNAs, which have deleted in-
ternal portions of the standard viral RNA and have conserved the 5'




d 3' termini, can be explained by assuming that during the repli-
ation the wiral RNA replicase leaves the template RNA at one point

b

d attaches again to it at a more distal point. This jump may be
acilitated when these two points are close to each other by loop-
ng out of the intervening sequences (Bruton et al., 1976; Guild &
tollar, 1977; Kennedy, 1976).

The more complicated structure of the RNA of DI particles eof
esicular stomatitis wvirus (VSV; rhabdoviruses) has been studied in-
ensively. The first class of DI particles of VSV contains an RNA

at is homologous to the 5' portion of the standard viral genome;

e size of the molecules ranges from 10 to 50% of the VSV RNA
Schnitzlein & Reichmann, 1976; Stamminger & Lazzarini, 1974). The

A molecules of this class contain at the 3' terminus a 45 to 48
ucleotide sequence which is exactly complementary to the 5' ter-
inal sequence (Keene et al., 1979; Perrault & Leavitt, 1977;
chubert et al., 1979%). Only the 45 to 48 nucleotide long 3' termi-
al portion of the genome of these DI particles can be transcribed.
he nucleotide seguence of this transcription product is the same
s the 45 to 48 nucleotide sequence at the 5' terminus of the RNA
f the DI particles (Semler et al., 1978; Schubert et al., 1978).
he existence of exact complementary terminal sequences in these DI
article RNAs suggests that they are generated by a copy-back me-
hanism wherein the replicase detaches from the template and re-
umes synthesis by copying the 5' terminal sequence of the nascent
trand. This mechanism was originally proposed by Leppert et al.
1977) to explain the origin of the complementary terminal sequen-
es in the RNA of DI particles of Sendai virus, another negative
tranded RNA virus (paramyxoviruses).

A second class of DI particles of VSV contains an RNA that is
omologous to the 5' portion of the VSV genome and is covalently
inked to the complement of this RNA. Under non-denaturing condi-
ions this DI particle RNA exists as a hairpin structure in which
irtually all nucleotides are paired (Lazzarini et al., 1975;
errault, 1976). A peculiarity of this DI particle is its ability
o induce the synthesis of interferon (Marcus & Sekellick, 1977).

The third class of DI particles of VSV contains a genome repre-
enting the 3' portion of the VSV genome, coding for the N, NS, M
nd G proteins (Schnitzlein & Reichmann, 1976; Stamminger &



Lazzarini, 1974). The RNA of this DI particle has also retained a
small part of the 5' portion of the standard viral genome and thus
might be considered as a true internal deletion mutant (Epstein et
al., 1980; Perrault & Semler, 1979). It is fully capable of in vi-
tro and in vivo transcription of its genome (Colonno et al., 1977;
Johnson & Lazzarini, 1977).

The emphasis on the 5' and 3' termini of the RNA of the DI par-
ticles is prompted by the idea that the terminal sequences of viral
genomic RNAs are involved in the initiation of RNA replication. The
RNA of all DI particles analysed thus far have conserved the 5' and
3' terminal nucleotide seguences of the standard viral RNA.

The RNA molecules of the first and second class of DI particles
of VSV are exceptional, because they cannot be considered as inter-
nal deletions. Notwithstanding, Xeene et al. (1977, 1978, 1979) de-
monstrated that the 5' and 3' termini of the VSV RNA are complemen-
tary for about 20 nucleotides. The authors suggest that these se-
quences, which are highly conserved in VSV, are involved in the
initiation of the viral RNA replication of both the positive as
well as the negative strand. One may argue that the enlarged com-
plementarity in terminal nucleotide seguences in the DI particle
RNAs gives a replicative advantage over the standard viral RNA,
by an increased affinity for replicase molecules.

In addition to replication, another requirement of DI particle
RNA is the minimal size needed for encapsidation. The minimal size
required differs among the various viruses. The RNA of DI particles
of Semliki Forest virus and Sindbis virus appears to be 18 to 20S,
which is 15% of the standard viral RNA (Guild & Stollar, 1977;
Stark & Kennedy, 1978). For the RNA of DI particles of poliovirus
the minimal size is much larger: 85% of the standard viral RNA is
conserved, only the sequences coding for the capsid proteins are
deleted {(Cole & Baltimore, 1973a; Nomoto et al., 1979). The RNA of
DI particles of VSV have retained 10 to 50% of the 5' portion of
the genome of the standard virus or 50% of the 3' portion (Schnitz-
lein & Reichmann, 1976; Stamminger & Lazzarini, 1974).

The mest intriguing property of DI particles is their ability to
increase in number at the expense of those of the standard virus.




pst likely, the mechanism of increase is based upon a preferential
plication of their RNA. A preferential translation of the DI par-
icle RNA is not likely. Thus far, investigation have shown that

nly the RNA of DI particles of poliovirus can act as mRNA (Villa-
omaroff et al., 1975). An advantage of DI particles in transcrip-
ion can also be ruled out. All the DI particles of VSV the genomes
f which have conserved the 5' portion of the VSV genome, have lost
e ability to transcribe their RNA (Emerscn et al., 1977;

eichmann et al., 1974). Palma et al. (1974) and Cole & Baltimore

icles occurs in the replication of the RNA of VSV and poliovirus
sing mutants of VSV which are temperature sensitive in transcrip-
gion or replicaton and using cycloheximide which selectively inhib-
Rts the replication of poliovirus.

The exact nature of the preferential replication is still a mat-
er of speculation. Huang & Baltimore (1977) and Perrault et al.
1978) suggest that the replicative advantage of the DI particle

A is due to an increase in the affinity of the initiation sites
or replicase molecules. When the amount of replicase molecules is

iimited, more DI particle RNA molecules than standard viral RNA
f

Former are smaller than the latter. Eventually, this may lead to

nolecules may be synthesized in a given period of time, since the
preponderance of DI particle RNA over standard viral RNA.

The biological significance of the interference by DI particles
might be that it serves as a protective mechanism of the host, as
priginally proposed by Huang & Baltimore (1970).
| There is some evidence that DI particles are involved in the es-
kablishment of persistent infections (Huang & Baltimore, 1970,
1977). Such an involvement has been demonstrated for DI particles
pf VSV (Friedman & Ramseur, 1979; Helland et al., 1979), of Semliki

orest virus {(Meinkoth & Kennedy, 1980) and of measles virus, a
member of the paramyxoviruses (Rima et al., 1977), to mention a few
examples.

Won-vector transmissible plant viruses

Isolates of wound tumor virus (WTV) and pea enation mosaic virus
(PEMV) are examples of plant viruses which have lost their trans-



missibility by their vectors, due to a loss of their genetic infor-

mation.

WIV belongs to the reoviruses. These viruses are spherical par-
ticles 75 to 85 nm in diameter, composed of two concentric protein
shells. The genome consists of ten to twelve unigque length double
stranded (ds) RNA segments (Joklik, 1974). Reddy & Black (1973)
identified twelve dsRNA segments in WIV particles. Electrophore-
sis on SDS-polyacrylamide gels of WTV particles revealed seven
polypeptides (Reddy & MacLeod, 1976). These seven polypeptides were
also synthesized in cultured leafhopper cells infected with WTV and |
in cell-free extracts directed by In vitro synthesized mRNA. More-
over, five other, presumably non-structural proteins were synthe-
sized in both systems. It is probably that each of the twelve pocly-
peptides is a primary gene product of a dsRNA segment (Nuss & Peter
son, 1980}).

WIV is transmitted by leafhoppers. The virus multiplies in its
vector (Black & Brakke, 1952; Reddy & Black, 1972) and in cultured
insect vector cells (Black, 1969; Reddy & Black, 1972}. WTV, which
multiplies also in plant hosts, produces tumours on the roots and
stems of clover (Medicago spp.). Since the virus cannot be trans-
mitted through inoculation of sap of infected plants, infection
must occur by means of viruliferous leafhoppers. The virus can also
be maintained and propagated in cuttings of clover plants (Black,
1970}.

Black and his coworkers observed that several WIV isclates,
which were maintained by successive cutting of infected sweet clo-
ver plants, either completely or partially lost their ability to be
transmitted by the vector (Black, 1969; Liu et al., 1973). This
loss of transmissibility was accompanied by a corresponding loss in
relative specific infectivity in cultured leafhopper cells (Liu et
al., 1973; Reddy & Black, 1969, 1974).

This indicates that two types of WIV isolates exist. One type,
isolated in the field, is able to multiply in its vector as well as
in its hosts plants. The other type, generated in the laboratory,
is only able to multiply in hosts plants.

The genomes of those isolates which had lost the ability to mul-
tiply in leafhoppers or cultured leafhopper cells could be dis-
cerned from the wild-type genome. Reddy & Black (1974) found evi-
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nce that the genomes of these isolates were partly deficient in
e or more segments. The deficiencies were found in the segments
, 2, 5 and 7. Further selection of these isclates resulted finally
n genomes which had completely lost segment 2 or 5 (Reddy & Black,
977)}. Analysis of the polypeptides of purified particles o¢f the
solates which had lost segment 2 showed that a 131 000 mol. wt.
olypeptide was lacking. This result indicates that segment 2 codes
or the 131 000 mol. wt. polypeptide. The same conclusion was
eached from results of in vitro translation studies (Nuss & Peter-
on, 1980).

The fusion of virus particles with lysosomes is an essential
art of the infection cycle of reoviruses. The outer protein shell
s removed in these organelles. This uncoating precess can also be
chieved in vitro by chymotryptic proteolysis, releasing subviral
articles which are infectious as complete particles (Silverstein
t al., 1976). A similar treatment of WIV particles removed the
reviously mentioned 131 000 mol. wt. polypeptide and a 96 000 mol.
polypeptide. The subviral particles generated were infectious
in cultured leafhopper cells (Reddy & Macleod, 1976). It would be
f considerable interest to know whether or not the subviral parti-
les generated by the enzymic removal of the 96 000 mol. wt. poly-
eptide from those WTIV particles which have lost segment 2 and, con-
equently, the 131 000 mol. wt. polypeptide, are infectious.

Pea enation mosaic virus (PEMV) is a two-component virus. It is
transmitted by aphids in the circulative manner (Hull, 1981). After
repeated manual transmissions isolates can lose their ability to be
transmitted by aphids. Some isolates lose this property after only
three or four mechanical passages (Tsai & Bath, 1974). Electro-
phoresis on polyacrylamide gels of aphid and non-aphid transmissible
isolates indicated that the latter isolates had lost a minor protein
(Hull, 1976). Serological analysis supported this finding. Antisera
prepared against a non-aphid transmissible isolate contained a sin-
gle antibody population. Those against a aphid transmissible ig¢late
contained two antibedy populations, one of which cross-reacted with
non-transmissible virus and one which was specific to the transmis-
sible isoclate (Clarke & Bath, 1976). Adam et al. (1979) suggested
that a deletion in RNA 1, the largest of the two RNA segments in
PEMV, is the cause of the loss of aphid transmissibility.




12

Subacute sclerosing panencephalitis (SSPE) virus, a defective

measles virus

Subacute sclerosing panencephalitis (SSPE) is a rare and slowly
progressive disease of the central nervous system which occurs pri-
marily in children. Several findings indicate that measles virus is
involved in the aetiology of this disease. Patients with SSPE have
elevated titers of measles virus antibodies in their blood and
cerebrospinal fluid and have measles antigens detectable by immuno-
fluorescence in their brain nerve cells (Johnson et al., 1978; Ter
Meulen & Hall, 1978).

Additional evidence for the involvement of measles virus emerged
when infectious measles-like virus (referred to as SSPE virus)
could be isolated from brain cells of SSPE patients which were co-
cultivated or fused with continuous cell lines, as HeLa or Verc
cells (Horta-Barbosa et al., 1969). Electron microscopic examina-
tion of the co-cultivated or fused cells revealed tubular structures
resembling nucleocapsids of measles virus (Katz et al., 1969;
Oyanagi et al., 1971) and which were similar to the structures
found in brain cells from patients with SSPE (Tellez-Nagel &
Harter, 1966).

During an investigation of the role of the virus in the disease
the biological and biochemical properties of SSPE virus strains and
measles virus strains were compared. No essential differences could
be demonstrated between the proteins of SSPE virus strains and
measles virus strains. The M (matrix) protein of some SSPE virus
strains could be discerned from that of measles virus strains by
means of gel electrophoresis and serclogy (Hall et al., 1978a, b;
Ter Meulen et al., 1978; Schluederberg et al., 1974; Wechsler &
Fields, 1978; Wechsler et al., 1978). However, fingerprints failed
to show characteristic differences between M proteins of several
measles and SSPE virus strains {(Hall et al., 1979).

The differences between the genomic RNA of SSPE virus and meas-
les virus are small as well. Hall & Ter Meulen (1976) found evi=-
dence in an hybridization study that the genomic RNA of three SSPE
virus straing contained 10% unique sequences in addition to the
complete nucleotide sequences of the genome of the two measles vi-
rus strains investigated. These authors suggested this finding
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tould account for the observed small differences in size between

e putative mRNA for the M protein of the SSPE virus strains and
easles virus strains (Hall et al., 1978a, b), as well as for the
#cemingly larger molecular weight of the M protein of the SSPE vi-
us strains studied (Schluederberg et al., 1974; Wechsler & Fields,

Sera of patients with SSPE have a low antibody titer to M pro-
ein and high titers to all other proteins of measles virus, where-
s sera from patients with atypical measles contain antibodies to
mll measles or SSPE viral proteins (Hall et al., 1979; Machamer et
hl., 1981; wWechsler et al., 1979). The findings indicated that a
educed synthesis of M protein occurs in patients with SSPE. This
hypothesis was supported by the observation that only SSPE virus
ftrains which produce infectious wvirus particles by budding through
e plasma membrane synthesize M protein, whereas SSPE virus
strains which remain solely cell-associated and do not show any
pudding activity do not synthesize any M protein (Eron et al.,
978; Hall & Choppin, 1979; Lin & Thormar, 1980; Machamer et al.,

g 981; Ramsey et al., 1978). The amount of the other wviral proteins
pynthesized differed for the various cell-associated strains. The
}train IP~3 produced mainly nucleocapsid protein and a small amount
;f a protein with a mobility slightly larger than the glycoprotein
}f measles virus (Eron et al., 1978; Ramsey et al., 1978).

The results with the cell-assocciated strains of SSPE virus be-
fame still more significant when it was found that only these
ktrains were able to cause SSPE-like persistent infections in
young ferrets (Thormar et al., 1978) and rhesus monkeys (Albrecht
et al., 1977),

The M protein of paramyxoviruses, to which measles virus belongs,
is necessary for the production of infectious virus particles in
he budding process (Choppin & Compans, 1975). Evidently, the
lack of M protein synthesis and the resulting loss of the ability
ko preduce infectious virus particles by budding is crucial in the
onversion of normal measles virus into cell-associated neuroviru-
ient SSPE virus. Since virus with functional M protein can be res-
ued from brain cells by co-cultivation with permissive cells, the
ost cell must play a major role in this conversion.
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As in cells infected with normal measles virus, a 505 genomic
RNA could be identified in cells infected with the cell-associated
SSPE virus strain IP-3 (Ramsey et al., 1978). Thus the proposed de-
fect in the M protein synthesis may occur either at the level of
the transcription of the mRNA for the M protein or at the level of
the translation of this mRNA.

1.3 SCOPE OF THE PRESENT INVESTIGATION
Problems

All isolates of TSwv forming in plant cells solely amorphous
masses can be considered as defective forms of this virus, because
they do not produce normal enveloped particles. In order to eluci-
date the nature of the defect the protein and nucleic acid compo-
sition of the defective and normal form were studied. Since the
structure of the infectious agent of the defective form is not
known, it was necessary to study the structural viral proteins and
viral RNA present in plants infected with either the normal or de-
fective form.

The other problem concerns the nature of the electron dense
amorphous masses by which the defective form of TSWV is defined by
electron microscopy. In spite of the disappearance of normal TSWV
particles in the course of many sap transmissions, inoculations are
successful by an infectious agent of unknown structure. This struc-
ture has the same thermal inactivation point and host range as nor-
mal TSWV particles (Ie, 1982). Thus, the question to be soclved is
whether the amorphous masses represent or are composed of the infec-
tious agent of the defective form.

Approaches

The first problem concerns the possible biochemical differences
or similarities between the normal and defective forms of TSWV.

In view of a defect in the genome of TSWV, it seemed useful to
know exactly the number of RNA segments in normal TSWV particles
and the ceoding function of each individual RNA segment. Experiments
designed to determine the number of RNA segments and their coding
function are described in Chapter 2.
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The occurrence of viral structural proteins in infected plants
as studied by serological means. Antibodies were raised against
e nucleocapsid protein and against a fraction containing the mem-
rane proteins of TSWV. Sap from leaves infected with either the
ormal or defective forms were tested in an enzyme-linked immuno-
orbent assay (ELISA). The results of these experiments are de-
cribed in Chapter 3.

The RNAs which were synthesized during infection with a normal
r defective form of TSWV were analysed with respect to their
ranslation capacity and hybridization with viral RNA.

Polyribosomes iscolated from plants infected with either form
ere used as a source of mRNA; in vitro translation of the polyri-
osomes and analysis of the translation products would enable dem-
nstration of possible differences hetween the viral mRNAs from
lants infected with the normal or defective form (Chapter 4).

In Chapter 5 experiments are described in which the individual
A segments of normal TSWV particles were hybridized with dsRNA
isolated from plants infected with either a normal or defective
orm. In this way it would be possible to examine whether all nu-
leotide sequences of the normal form were also present in the de-
ective form.

In Chapter 6 the nature of the electron dense amorphous masses
is investigated. An infectious nucleoprotein rich fraction was iso-
ated and examined by electron microscopy. In addition, the protein
nd RNA compesitien of this fraction were analysed by gel electro-
horesis.

Chapter 2 of this thesis has been submitted for publication in
e Journal of General Virology with Petra de Vries and Dick Peters
s co-authors.
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2 TSWV RNA IS A POSITIVE STRAND

2.1 INTRODUCTION

Tomato spotted wilt virus (TSWV) is an isometric membrane
bounded wvirus which measures 70 to 80 nm in diameter. The virus
consists of four major and three minor high molecular weight pro-
teins. One of the major proteins is a glycoprotein with a mol. wt.
of 78 000 and is located on the surface; another major protein with
a mol. wt. of 27 000 is associated with the nucleocapsid (Tas et
al., 1977a).

Van den Hurk et al. (1977) have demonstrated that the genome
consists of single-stranded RNA which is segmented. Three major and
one minor segment were found by electrophoresis on polyacrylamide
gels.

RNA extracted from virus is non-infectious (Van den Hurk et al.,
1977). The presence of several RNA segments and an envelope point-
ed to a resemblance with negative-stranded RNA viruses, such as the
orthomyxoviruses (Compans and Choppin, 1975) and the bunyaviruses
{Obijeski & Murphy, 1977). For these reasons Van den Hurk et al.
(1977) proposed a negative polarity of TSWV RNA. In a review,
Atabekov & Morozov (1979) came to the same conclusion.

In this study we present evidence that TSWV contains a positive
stranded RNA in three segments.

2.2 MATERIALS AND METHODS

Purification of TSWV and extraction of TSWV RNA. The purification
of TswV from systemically infected Nicotania rustica leaves was as
described by Tas et al. (1977b) with some modifications. The tobac-
co plants were inoculated with an isolate from Yugoslavia, kindly
supplied by Dr. BuZand¢i¢ in 1979, and maintained in tomato plants
propagated by cuttings.
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Leaves were ground in 0.1 M-Na-phosphate buffer, pH 7.0, 0.0l
M-Na,S0; for 5 to 10 sec in a Waring Blendor at low speed and the
homogenate was centrifuged for 10 min at 10 000 g. The pellet was
resuspended in resuspension buffer (0.01 M-Na-phosphate buffer,
pH 7.0, 0.01 M-Na,SO;) and allowed to stand with gentle stirring
for 1 h. The suspension was clarified by a centrifugation at

10 000 ¢ and the supernatant was centrifuged for 20 min at 100 000
g. The virus pellet was resuspended in a small volume of resuspen-
sion buffer and incubated with antiserum against healthy leaf mate-~

rial for 1 hr at 4°C. After removal of the precipitate the suspen-
sion was subjected to a rate zonal centrifugation in a 3 to 30%
linear sucrose gradient in resuspension buffer for 45 min at 23 000
rev/min in a Beckman SW 27 rotor. The virus in the opalescent band
was concentrated by further centrifugation.

The extraction of RNA from purified virions was done exactly as
described by Van den Hurk et al. (1977). A good virus preparation
from 250 g leaves yielded approx. 50 pg TSWV RNA. Tobacco mosaic
virus (TMV) RNA was extracted by the same procedure. RNA of cowpea
mosaic virus (CPMV) was extracted according to the method of Reijn-
ders et al. (1973).

[125 125

Il~labelling of TSWV RNA. TSWV RNA was labelled with
described by Milner & Jackson (1979). The specific activity was ap-

1 as

prox. 2.4 x 10° cpm/ug; 40 - 50% of the radiocactivity was precipi-
table by trichloro-acetic acid and 90% of the trichloro-acetic ac-
id precipitable material was RNase sensitive. The labelled RNA sed-
imentated in a sucrose gradient at 5S.

Methylmercury-agarose gel electrophoresis. TSWV RNA preparations
were analysed on horizontal 1% agarose gels (20 x 20 cm) containing
5 mM-methylmercury in electrophoresis buffer according to the meth-
od of Bailey & Davidson (1976). Routinely, 2 to 4 ug TSWV RNA was
dissolved in 25 pl electrophoresis buffer containing 10 mM-CH;HgOH
and 10% glycerol.

After electrophoresis for 4 h at 150 V, and room temperature,
gels were stained with a solution of 5 pg/ml ethidium bromide in
0.5 M-NH,-acetate and the bands were visualized under ultraviolet
light.
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Fractlionation of TSWV RNA on sucrose ¢gradients. Isokinetic sucrose
gradients were prepared by mixing 12 ml of 33% {(w/V) sucrose dis-
solved in 10 mM-NaCl, 10 mM-Tris-HCl1l pH 7.5, 0.1% SDS with 12.3 ml
of 5% (w/v) sucrose scolution in the same buffer, as described by
Grivell et al. (1971). Immediately before application of the sample
approx. 100 pg RNA was incubated for 1 min at 95°C and cooled guick=-
ly to 0°C. The gradients were centrifuged in a Beckman SW 41 rotor
for 16 h at 28 000 rev/min at 5°C. Absorbance profiles at 254 mnm
were recorded by means of a Uvicord spectrophotometer (L.K.B. Swe-
den). The RNA in the fractions was precipitated with 2.5 volumes of
absolute ethanol, 0.1 volume of 3 M-Na-acetate pH 5.5 and E. coli
tRNA (Boehringer) as carrier in a final concentration of 25 ug/ml.
After incubation overnight at -20°C, the RNA was collected by cen-
trifugation, washed three times with 70% ethanol, dried and dis-
sclved in 25 pl double distilled water.

Oligo-(dT)-cellulose chromatography. Twenty-five pg TSWV RNA and
CPMV RNA were analysed for the presence of poly-adenylated se-
guences by chromatography over oligo-(dT)-cellulose according to
the method of Aviv & Leder (1972). A batch of 0.125 g oligo-(dT)-
cellulose (Type T-3; Collaborative Research Inc., Mass., USA)} was
washed three times with 0.1 N-NaOH and poured inte a 2 ml syringe.
The high salt buffer contained 0.5 M-NaCl, 10 mM-Tris-HC1l, pH 7.4,
1 mM-Naz;EDTA and 0.5% SDS. The low salt buffer had the same compo-
sition, but NaCl was omitted. Fractions of 0.5 ml were collected at
an elution rate of 1 ml per 3 min. The optical density at 260 nm
was measured on a Zeiss spectrophotometer.

Preparation of the wheat germ cell-free extract and the mRNA-depen-
dent rabbit reticulocyte lysate. Wheat germ extracts were prepared
exactly as described by Marcu & Dudock (1974). Before the extrac-
tion, the wheat germ (General Mills, Vallejo, Cal.) were floated in
a mixture of cyclohexane and carbontetrachloride (75 ml : 250 ml)
for 1 min. The rabbit reticulocyte lysate was prepared according to
the method of Hunt & Jackson (1974). The rabbit was made anaemic by
daily injection of 0.8 ml per kg weight of 1.25% {(w/v) acetyl-
phenylhydrazine over a period of four successive days. Eight days
after the first injection the rabbit was bled, 5000 units heparin
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in 1 ml double distilled water were added to prevent coagulation.
Frhe reticulocyte lysate was made mRNA dependent by the method of
Pelham & Jackson (1976). To supplement this lysate with eukaryotic
RNAs, tRNAs from wheat germ, prepared as described by Van Tol &
an Vloten-Doting {1979), were added in a concentration of 50 ug/ml.

In vitro translation of TSWV RNA. The reaction mixture (25 upl) to
ranslate TSWV and TMV RNA in the wheat germ cell-free extract con=-
ained 10 pl of extract, 2.5 mM-ATP (Na-salt), 225 uM=-GTP (Na=-salt),
mM-creatine phosphate, 10 pyg/ml creatine phosphate kinase, 35 pM=-
ino acids excepting methionine, 20 mM-Hepes-KOH, pH 7.6, 0.2 mM-
spermidine, 110 mM-K-acetate, 3.25 mM-Mg-acetate and 75 pg/ml TSWV
RNA or 60 pg/ml TMV RNA, 1 pl [>°S]-methionine (about 7 mCi/ml,
H000 Ci/mmol, Amersham) was added. After incubation at 30°C for
h, samples of 2.5 pl of the reaction mixture were assayed for ra-
dicactivity by precipitation with hot trichloro-acetic acid
{Moorman et al., 1976).

The reaction mixture (50 pl) to translate TSWV RNA and TMV RNA
iin the mRNA-dependent rabbit reticulocyte lysate contained 40 pl
uessenger-dependent lysate, 2.5 pg TSWV RNA or 1.5 pg TMV RNA and
' 35S]—methionine. The concentrations of MgCl, and KCl were 2.4
I and 84 mM respectively. The reacticn mixture was incubated for
!1 h at 30°C and the incorporation of radicactivity into acid pre-
fcipitable material was assayed as described by Stuik (1979).

jImmunoprecipitation of translation products in the wheat germ cell-
ffree system. To the rest of a wheat germ reaction mixture (22.5 pl)
[10 Wl 5x PBS~TDS (l1lx PBS-TDS is 10 mM-Na-phosphate buffer pH 7.2,
0.9% NaCl, 1% Triton X-100, 0.5% Na-deoxycholate and 0.1% sSDs),
5 pl 100 mM-NazEDTA pH 7.0 and 12.5 pl distilled water were added.
!The dissociated ribosomes were removed by a centrifugation at

100 000 g for 20 min in a Beckman air-fuge. The supernatant was di-
vided into two samples of equal size. To one sample 5 pl of an im-
muncoglobulin sclution from anti-TSWV serum was added, to the other
sample 5 pl of an immunoglobulin solution from pre-immune serum.
The immunoglobin solutions were prepared from these sera by ammo-
nium sulphate precipitation. To both samples 10 pl 5x PBS-TDS and
distilled water were added to give a final reaction volume of 50 pl.







