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GENERAL INTRODUCTION

Infection of a cell by virus 1is marked by a sequence of events: entry of
the viral particle, uncoating, translation and replication of the viral genome,
assembly of virus particles and transport. The involvement of both viral and
host factors in mechanisms underlying these events has become obvious, but our
knowledge of these complex virus—host interactions is still limited.

Early events in plant virus infection (entry and uncoating) have been
subject of numerous studies using different experimental systems (Watts gt al.,
1981; De Zoeten, 198l; Shaw, 1985; Zaitlin and Hull, 1987). Upon inoculation
virus probably enters the cell through membrane lesions, because there ig no
evidence as yet for a virus—specific mechanism. The uncoating of virus may be
extracellular (De Zoeten and Gaard, 1984) or at the cytoplasmic ribosomes {co-
translational disassembly; Wilson, 1985).

Advanced knowledge of the plant virus genome and in vitro and 1in vivo
biochemical studies (Dougherty and Hiebert, 1985) have implicated virus—encoded
proteins, but also hoest proteins in wirus replication. In this respect, elabo-
rate in situ studies of the cytopathology of plant viruses have shown that
virus infection is accompanied by cytological changes in the cell (review see
Francki et al., 1985), suggesting the invelvement of cytopathic structures, in
particular membranes, in virus replication and assembly.

Finally, the release of virus for transport within the plant concludes the
infection cycle in a cell. Two forms of transport are ilnvolved in the spread of
virus within plants: long distance transport and short distance (cell-to~-cell})
transport. It is generally accepted that viruses move in the phloem and follow
the route of assimilate tramsport {Gibbs, 1976; De Zoeten, 1981; Matthews,
1981), although conclusive evidence on this has not yet been presented. The
form in which wvirus i1s tramsported is not certain, but may be another
'infective entity' than the complete virus particle (Atabekov and Dorokhowv,
1984). Cell-to-cell transport probably involves plasmodesmata through which the
'infective entity' can pass (Gibhs, 1976; Gunning and Overall, 1983) and a
virus-encoded ‘'transport function' may be essential for systemic spread
(Atabekov and Dorokhov, 1984; Stussi-Garaud et al., 1987}.

Obviously, a major problem in the study of the infection process is consti-
tuted by the fact that it is difficult to link findings obtained from in vitro
studies to phenomena observed in situ. Sensitive immunecytochemical techniques

enabling the localization of antigens in light and electron microscopy may
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partly bridge this gap and provide evidence on the association of cell
structures with virus infection.

The aim of this study is to investigate whether specific c¢ell structures
are involved 1in virus multiplication. Cowpea chlorotic mottle virus (CCMV)}-
infection of cowpea cells was chosen as & model system. Kim 1977 showed the
formation of uwembranous vesicles and amorphous and filamentous inclusions in
cells Infected with CCMV and suggested their involvement im viral replication.
Furthermore, studies on the in vitro dissoclation and association processes as
imitations of in vivo uncoating and assembly have shown that the specificity of
assembly and the encapsidation of nucleic acid in vitro is clearly different
from assembly in vivo (Verduin, 1978; Krilse, 1979). It is expected that cell
structures, possibly membrames, or compartmentalization play a role not only in
the replication but also in the assembly of the virus in vive.

The investigation was carried out by in situ study of the CCMV-infection of
cowpea protoplasts and plants and localization of viral antigen as function of
the infection time. Immunogold labelling with conjugates of colloidal gold and
protein A (Romano and Remano, 1977) was adapted as a marker system in electron

and light microscopy.
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CHAPTER 1

REVIEW OF RELEVANT LITERATURE

Cytopathology and replication

Viruses only multiply in living cells and this fact already implies the
Involvement of host factors in virus infection. In vivo studies of infected
plant tissues and individual cells have revealed evidence for the participation
of host components 1in viral infection. Such components may be enzymes or
cellular structures. For example for several viruses it was shown that
actinomycin D (AMD; inhibitor of DNA-dependent RNA synthesis), when adminis-
tered early after inoculation, inhibited viral replication (Otsuki et al.,
1974; Dawson and Schlegel, 1976; Rottier et al., 1979; Renaudin aad Bové,
1984). The inhibitory effect of AMD on viral replication suggested the involve-
ment of a virus-induced but host-encoded component. Goldbach and Van Kammen
(1985) speculated that this host-specified component might be an essential
factor in the process of viral replication, or thet the formation of sites for
cowpea mosalc wvirus (CPMV)-RNA replication requires host-directed protein
synthesis.

So far (ultra)structural studies of infected cells have mainly lead to the
description of pathological phenomena occurring in the cell upon viral infec-
tion, but have failed to provide evidence concerning the function of the
structural alterations and eytopathic structures in the infection process. The
cytopathic structures as observed in light microscopy are often called inclu-
aion beodies. The diversity of inclusion bodies and cytological alteratioms in
cells infected with different viruses is obvicous and has been used for diagno-
sls of viral diseases (Christie and Edwardson, 1977; Martelli and Russe, 1977;
1984; 1985). Some of the cytological changes relate to the modificationa of
cell organelles leading, for instance, to alterations in respiration and photo—
synthesis rates, and conttribute to symptom development. Apart from the apparent
cytological changes which may be attributed to defense reactions of the plant
cell upon infection (Martelli, 1980), it seems likely that at least some of the
cytopathic structures are involved in viral replication and assembly of virus
particles.

A typical and common cytopathological feature of many plant viruses seems

te be the formation of membranous vesicles or membranous bodies. In some cases
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evidence for the invelvement of such membranes in viral replication has been
presented either directly by in situ localization of wviral RNA (De Zoeten et
al., 1974; Hatta and Francki, 1978; 1981; Russo et al., 1983; Lin and
Langenberg, 1985;) or the replicase (Gearnmier et al., 1986; Saito et gl., 1987;
Hills et al., 1987a,b), or indirectly by isolation of viral replicase from
membranous fractions of cells infected with for example CPMV (Zabel et al.,
1974), CCMV (White and Dawson, 1978), turnip yellow mosaic virus (TYMV:
Lafl2che et al., 1972; Mouches et al., 1974), alfalfa mosaic virus (AIMV: Bol
et al., 1976), cucumber mosaic virus (CMV: Clark et al., 1974; May et al.,
1970), tobacco necrosis virus (INV: Fraenkel~-Conrat, 1976), tobaccoe mosaic
virus (TMV: Ralph et al., 1971), and brome mosaic virus (BMV: Semal et al.,
1974). It is, therefore, suggested that membranes are possible intracellular
sites of virus replication.

The origin and location of such vesicles or bodies may differ with differ-
ent viruses. In cells infected with TYMV (tymovirus group) chloroplast mem-
branes develop small peripheral vesicles early in infection ({Chalcroft and
Matthews, 1966; Ushiyama and Matthews, 1970; Hatta et al., 1973). These
vesicles are formed by invagination of the outher chloroplast membrane and
contain fibrillar material reminiscent of nucleic acid. Evidence has been
provided that the vesicles are the site of RNA replication (Lafldche and Bové,
1968; Lafl2che and Bové, 1971; Lafl2che et al., 1972). Recently Garnier et al.
{1986) 1localized the TYMV replicase both near the chloroplast vesicles and
scattered throughout the cytoplasm.

CPMV and other viruses of the comovirus group induce large vesiculate
inclusions in the cytoplasm, consisting of membrane-bound vesicles. HNext to
these vesicles, patches of amorphous electron-dense material are observed (Van
der Scheer and Groenewegen, 1971; Langenberg and Schroeder, 1975). The membra-—
nous vesicles contain f£ibrils which may represent the double-stranded replica-
tive form RNA (Assink et al., 1973; De Zoeten et al., 1974; Hatta and Francki,
1978), thus implicating the vesicles in viral replicationm.

With bromovirus infection vesicles have also been implicated im viral
replication. In cella infected with broad bean mottle virus (BBMV), virus-
dependent RNA-synthesis was located in small areas near the Golgl bodies (De
Zoeten and Schlegel, 1967b). These areas may corresponﬁ to patches of vesicles
which were also observed in BBMV-infected cells (Francki et al., 1985). Similar
vesicles containing fibrils, derived from the endoplasmic reticulum (ER), and
amorphous electron-dense inclusions have been observed in BMV- and CCMV~-

infected cells. Seven hours after infection of tobacco protoplasts Burgess et
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al. (1974) observed a clumping of the ER and vacuclation of the nuclear mem—
brane. At 15 h after inmoculation the first virus particles were observed
throughout the cytoplasm. The ER consisted of clumps of distended membranes and
eircular profiles of small vacuocles bounded by ER. The distended membranes
contained vesicles often with a central dot of electron dense waterial. The
vacuales frequently contained fibrillar material. Similar vacuoles seemed to
arise from the nuclear membrane by a blebbing process. Virus was found randomly
throughout the cytoplasm and showed no association with any of the other cyto—
plasmic organelles. In plants of French bean and cowpea Kim (1977) found
gimilar structures as a result of infection with CCMV. Additionally, Kim
described the appearance of amorphous inclusions (AI) and filamentous Inclu-
sions (FI). AI appeared in the cytoplasm of infected cell as granular masses
sandwiched between the ER and the nuclear envelope at early stages of infec-
tion. Furthermore, AI appeared prior to the FI which consisted of long,
unbranched, flexuous, rod-like structures of 17 nm in diameter. As FI increased
in amount, AI decreased. FI were observed in the nucleus often associated with
the nucleolus. Kim suggested that the configurations of AT and FI reflected
different developmental stages of similar materials. Although the significance
of the inclusion bodies is not known, Kim suggested their involvement in the
replication of virus particles within the nucleus. However, this may be dis-
puted as Burgess et al. (1974) did not observe any of these inclusion bodies in
tobacco protoplasts infected with CCMV. Apparently, the only consistent series
of structural changes following infection with CCMV is the proliferation of the
ER and the formation of vesicles containing fibrillar material and patches of
amorphous electron-dense material.

Characteristic small vesicles assoclated with the tonoplast were the only
consistent cytological changes observed in cells infected with CMV (cucumovirus
group). Hatta and Francki (1981) showed that the fibrillary content of these
vesicles consisted of double-stranded RNA and suggested that these vesicles may
be the sites of wviral RNA replication.

TMV-infection (tobamovirus group) is accompanied by a variety of cytologi-
cal changes depending on the type of virus. Prominent are the formation of
membrane-containing X-bodies (Esau and Cronshaw, 1967) and the formation of
small wvesicles at the tonoplast, similar to cucumovirus infection. Differeant
sites for RNA-replication have been suggested. Betto et al. (1972) presented
evidence for the invelvement of the chloroplast membrane in TMV-replication.
The mitochondrial vesicles observed with other tobamoviruses may also be sites

of viral replication (Hatta et al., 1971; Hatta and Ushiyama, 1973). Langenberg
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and Schlegel (1967} and Ralph et al. (1971) suggested that the replication of

TMV occurred at cytopasmic membranes. Recently, Saito et al. (1987) localized

components of the viral replicase in granular inclusion bodies present in the
cytoplasm of TMV-infected cells. The authors suggested these inclusion bodiles
to be the sites of viral replication. Hills et al. (1987} localized TMV-
replicase in viroplasms, but alsoc in clusters of virus particles at the edge of
these viroplasms. Both the granular inclusion bodies and the viroplasms may be
immature forms of the so—called X-bodies, which are inclusion bodies formed in
the cytoplasm consisting of membrames, tubules and virus particles {(Esau and
Cronshaw, 1967). Hills et al. (1987) suggested the edges of the viroplasms to
be the possible sites of TMV replication, while the replicase detected inside
the viroplasm represents a metabolically inert form of the replicase.

It 1is obvious that ultrastructural studies of virus—infected cells

alone, will not elucidate the mechanisms involved im the viral infection cycle.
Ultrastructural studies using conventicnal electron microscopic techniques do
not reveal much information about the nature and function of observed (virus-
induced) structures. Already the identification of virus particles, 1like the
small isometric plant viruses, which have an appearance similar to ribosomes,
has proven difficult or impossible with conventional electron microscopy. As a
consequence, our knowledge of intracellular locations of such small isometric
viruses is very limited. In some cases viruses can be located because they
occupy locations or assume arrays unlike those of the ribosomes. In other cases
investigators have tried to induce virus particles to form crystalline aggre-
gates (Milne, 1967), or dissolved ribosomes to facilitate virus localization
(Honda and Matsui, 1974} by subjecting infected tissue to abnormal physiologi-
cal conditions prior to fixation. However, manipulation of the specimen prior
to fixation may induce artefacts and the observations made do not refleect the
actual situation and are, therefore, of limited value.

Cytochemical, immunochemical and autoradiographic techmiques will reveal
more accurate Information about the location of viral particles and proteins,
about the chemical composition of observed cytological structures and about
associations of viral components with such structures. However, there is not
much information from these sources about virus-infected plant cells, at least
partly because of the presence of impermeable walls. Techniques for the charac-~
terization of cellular components have been available, but only incidently
applied in plant virclogy. Kim et al., (1978) used an electron staining method
to differentiate betweem Tibonucleoprotein and deoxyribonucleoprotein

structures in the nuclei of cells infected with bean golden mosaic virus.
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Enzyme staining for intracellular identification and localization of catalase,
peroxidase or glycolate oxidase was applied by De Zoeten et al. (1973} and
Rusgo et al. (1983). Hatta and Francki (1978) have developed an enzyme
digestion technique for intracellular localization of RNA and were able to
distinguish between single-stranded (ss) and double-stranded (ds) RNA by RNAse
digestion In the presence of low and high salt concentrations. With this
technique ds—RNA was identified in virus-induced vesicles in cells infected
with viruses beleonging to different taxonomic groups (Hatta and Francki, 1978;
1981; Russo et al., 1983). Enzyme digestion of ribosomal RNA was used to
distinguish between isometric virus particles and ribosomes (Hatta and Francki,
1979). However, these cytochemical techniques have not been widely wused, as
they can be applied only for the identification of a small group of substances
and reveal limited information.

Electron microscopic immunocytochemical methods for the 1localization of
antigens after reactiom with specific antibodies seems to offer a great poten-—
tial in the localization of viral structural and non-structural proteins.
Antibody~antigen complexes can be observed in free virus preparations (Milne
and Luisoni, 1977), but without appropriate markers they cannot be spotted in
ultrathin sections. Ferritin as an electron dense marker (Shalla and Amici,
1964) and 1251 as a marker for autoradiography (Langenberg and Schlegel, 1967;
Schlegel and De Lisle, 1971) have been applied occaslonally for the detection
of plant viral antigens. The most promising marker for in gitu immunocytochemi-
cal localization of antigens seems to be colloidal gold particles. The so~-

called immunogold labelling is briefly discussed in the next section.

Immunogold labelling

An immunocolloid method for the localization of antigens was first reported
by Faulk and Taylor (1971) and has since proven to be a very useful marker
system in electron microscopic and light microscopiec immunocytochemistry
(Horisberger, 1979; 1981; De Mey, 1983a; Roth, 1982; 1983; De Mey et al.,
1986).

Colloidal gold as marker in immunocytochemistry has several advantages over
established markers like ferritin and isotopes (autoradiography). The extreme
electron density of colleidal gold particles makes them readily visible in the
electron microscope enabling quantification of labelling density. They can be

easily prepared in a range of sizes from 5 to 80 nm by the reduction of
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chlorcauric acid with a suitable agent like trisodium citrate, tannic acid and
white phosphorus (Frens, 1973; Milhlpfordt, 1982; Slot and Geuze, 1981; De Mey,
1983b). The different sizes make them suitable for labelling twe or even three
antigens 1in the same specimen. Several biologically active proteins (e.g.
protein A, Jwmunoglobulins, (strept)avidin, nuclease, enzymes) can be adsorbed
to the surface of the gold particles (Roth, 1983) and the markers are therefore
applicable in detection systems other than the immunocytochemical system, 1like
for 1instance in situ hybridization (Hutchison et al., 1982). The same gold
markers used for localization of antigens in electron microscopy may be used in
light micrescopy, with or without enhancement by silver staining (De Mey et
al., 1986). Hence, the immunogold marker system is suitable for the localiza-
tion of antigens at different levels of cytological studies.

Gold markers are most commonly used in post-embedding I1mmunclabelling of
antigens. Tissue is fixed, dehydrated and embedded,‘and ultrathin sections are
cut from the specimen. Subsequently, the sections are first imcubated on a
solution containing excess protein {often bovine serum albumin (BSA)) to bleock
sites for aspecific protein attachment. Then the sections are incubated on the
antigen—-specific antiserum, washed and further incubated on a suspension of
gold particles to which an appropriate proteln is adsorbed (e.g. protein A or a
secondary antibody). The sections are finally washed and staimed. Fig. 1.1
schematically shows a typical procedure used for post—embedding labelling of
antigens.

Gold 1label can be visualized in the light microscope by a simple silver
staining method, immunogold-silver staining (IGSS) as described by Holgate et
al. (1983). When applying a physical developer containing silver lactate and
hydroquinone (Danscher, 1981), the gold catalyzes the reduction of silver ioms
to metallic silver. This metallic silver precipitates around the gold particles
and is visible in brightfield light mieroscopy as a black silver precipitate.
Alternatively, the silver can be observed with polarized light in an epipolar-
ization microscope as a bright blue-coloured signal (De Mey, 1986).

An essential requirement for the detection of antigens in thin sections of
biological tissue is the retention of antigenic properties of the polypeptides
to be detected, and at the same time a satisfying preservation of cellular
structures. Conventional fixation, dehydration and embedding schedules includ-
ing osmium tetroxide and uranyl acetate fixation and apolar embedding media
like methacrylate, spurr or epon, result in good structural preservation.
However, antigenie properties of proteins are often partially or completely

lost with these procedures. Especially post-fixation with osmium tetroxide
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GOLDLABELLING OF ANTIGENS IN SUSPENSION OR ULTRATHIN SECTION

Virussuspension

ultrathin section | ——"—" 4

Iﬁncubution on 1% BSA in bufferl

@b«tion on specific untiserumJ [_/;A_"_‘T

Incubation on protein A-gold | — " ——
WASH ond STAIN

Fig. 1.1. Schematic representation of the immunogold labelling of antigens in
preparations of virus suspensions or in thin sections of biological material
(post—embedding immunogold labelling). The specimens are first incubated with a
buffer containing bovine serum albumin (BSA) to block possible sites for aspe-
clfiec protein attachment. Subsequent fncubation with antigen-specific immuno-
globulins results in the formation of antigen—antibody complexes. Finally,
protein A-gold particles are bound to these complexes. The electron-dense gold
particles can easily be traced in the electron microscope, where they appear as
black dots.

severely decreases the antigenicity of many proteins, reducing the intensity of
labelling by 60-80% (Roth, 1982; Bendayvan and Zollinger, 1983). Part of the
success of the immunogold marker system is undoubtedly due to the simultaneous
development and/or improvement of altermative methods for fixation, dehydration
and embedding of tissues. Cryo—fixatlom, eryosectioning (Tokuyasu, 1980; Slot
and Geuze, 1983) and recently developed polar embedding resins like Lowicryl
K4M (Roth et al., 198lb; Carlemalm et al., 1982) and London Resin white and
gold (LR white; LR gold), have improved preservation of cellular structures and
retention of antigenicity. Low temperature embedding after only a mild fixation
with aldehydes, enabled the in situ i{mmunodetection on thin sections with

light- and electron microscopy.
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The described characteristics of immunogold labelling and new developments
in the preparation of tissue specimens for electrom microscopy have lead by now
to an extensive use of the gold marker system in animal and plant viroclogy (for
a recent review see Patterson and Verduin, 1987). For the first time a reason-
ably easy and reliable technique is available for the detection of plant viral
antigens. Using specific antisera against virus particles Lin and Langenberg
(1982; 1983; 1984a; 1984b) were the first to report on the electron and light
microscopie localization of barley stripe mosaic virus (BSMV) in thin sections
of infected wheat plants. Tomenius et al. (1983) localized the spherical
comovirus, red clover mottle virus (RCMV), in the cytoplasm of systemically
infected pea cells. Using antisera against polyinosinic:polycytidylic acid Lin
and Langenberg (1985) were able to detect ds-RNA in wvesicles occurring in
proplastids of BSMV-infected wheat cells.

Most promising In the in situ study of plant viral infection is undoubtedly
the localization of wviral nor-structural proteins involved in replication
(Garnier et al., 1986; Saito et al., 1987; Hills et al., 1987a,1i987b) and
transport of viruses (Stussi-Garaud et al., 1987; Tomenius et al., 1987). The
nucleotide sequencing of plant viral genomes has allowed selection of speecifie
amino acid sequences which can then be synthesized in vitro and used as an
antigen for the production of antiserum (Stussi-Garaud et al., 1987; Tomenius
et al., 1987). Alternatively, plant viral genes coding for specific proteins
can be manipulated by recombinant DNA techniques to obtain expressed proteins
as antigens. Saito et al. (1986) prepared antisera against the 130K and 180K
TMV-proteins (putative replicase components}, wusing fusion protefins expressed
in Eschericia colf as antigens. Immunogold labelling on thin sections of TMV-

infected cells, using these antisera, showed the localization of the proteins
in granular inclusion bodies present in the cytoplasm (Saito et al., 1987). The
authors suggested these inclusion bodies to be the sites of viral replication.
Immunogold labelling as a method for in situ localization of structural and
non-structural wviral proteins seems to be the first (immuno)eytochemical tech-
nique with potential for routine application in the light and electron micro-
scopical study of plant virus-infected cells. Due to its simplicity and flexi-
bility there seems to be little limitation for the improvement of existing
assays and the development of new ones. Undoubtedly the technique will contri-
bute in the future to a better understanding of the mechanisms involved in the

viral infection process.
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Cowpea chlorotic mottle virus

Cowpea chlorotic wmottle virus (CCMV) is a small spherical plant virus
belonging to the bromovirus group. This virus group comprises three definite
members: the type member BMV, CCMV and EBMV. The properties of these viruses
are similar and have been extensively reviewed (Lane, 1974; 1979; Bancroft,
1970; Bancroft and Horme, 1977). The coat proteins of the three viruses are
serologically more closely related than native virus. Antisera prepared against
the viruses react with both native virus and coat protein preparations, but
also with formalinized virus and coat protein preparations (Von Wechmar and Van
Regenmortel, 1968; Rybicki and Von Wechmar, 1981).
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Fig- 1.2. Schematle representation of the distribution of CCMV RNA molecules
over virions of different buoyant density. The RNAs marked with an asteriks
constitute the genome of the virus, and RNA-4 arises during infection from RNA-
3 and encodes for the coat protein. Three types of nucleoprotein particles are
present, called light (L), medium dense (M) and heavy (H) particles according
to their density (p)} im CsCl.

CCMV consists of three types of nucleoprotein particles, composed of RNA
which 1is encapsidated in a coat of 180 identical protein subunits with M.
19,400. Natural 1isolates of the virus do not contain empty protein shells
(Lane, 1974). Four species of single-stranded (ss), positive-sense RNA molecu—
les (RNA-1, =2, -3, and -4) with respective molecular masses of 1.20, 1.07,
0.81 and 0.25 x 103 (Reijnders et al., 1974) are encapsidated to form three
virus particles. RNA-1 and ENA-2 are encapsidated separately and RNA-3 and
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RNA-4 are packed together in polyhedral particles of about 26 nm in diameter.
On the basis of their buoyant density, the three nucleoproteln particles are
denoted as heavy (H; RNA-1), medium dense (M; RNA-3 and -4) and light (L; RNA-
2) particles (Fig. 1.2} (Bancroft and Flack, 1972). Both RNA-1 and RNA-2 code
for polypeptides with an estimated molecular mass of 105,000 kDa. RNA-3 codes
for a 32,000 M product. RNA-4 is a subgenomic messenger RNA, derived from RNA-
3, for the 19,400 M. capsid protein (Davies and Verduln, 1979). Similar
products are detected in CCMV-infected tobacco protoplasts (Sakai et al.,
1977}. For successful infection of plants with CCMV, all three nucleoprotein
particles are required or, when inoculating with extracted RNA, infection 1is
obtained with a mixture of RNAs-1, -2 and ~3. The function of the RNA-1, -2 and
3 products in CCMV replication is mot known. However, 1in similarity to BMV it
can be suggested that the polypeptides coded for by the two largest RNA molecu-—
les (1 and 2) are involved in viral replication (Kiberstis et al., 198l) and
may represent the viral component of the replicase complex.

The in vitro dissociation and association processes of CCMV as a model for
in vive unceating and assembly respectively have been extensively reviewed and
studied by Verduin (1978b). 1In this study it was found that the specificity of
assembly and the encapsidation of nucleic acid in vitro is different from the
assembly in vivo in that RNA-3 and -4 are not consequently encapsidated in the
same particle. Furthermore, RNA molecules other than those which comprise the
CCMV genome may be encapsidated in vitre (Bancroft et al., 196%; Adolph and
Butler, 1977), while such phenomena are not recorded in vive. An explanation
for the discrepancy between in vitro and in vivo assembly of virus particles
may be found in an involvement of host-specified factors (e.g. membranes) 1in

the regulation of the assembly process.
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CHAPTER 2

SPECIFIC GOLD-LABELLING OF ANTIBODIES BOUND
TO PLANT VIRUSES IN MIXED SUSPENSIONS

SUMMARY

Protein A-gold complexes with gold particle diameters of 7 and 16 nm were
prepared and could be stored at 4°C for at least 5 months without loosing
activity. The complexes were used to detect antibodies bound to twe plant
viruses in mixed suspensfons. Depending on the antibodies used, each virus
could be labelled specifically with protein A-gold complexes with a gold parti-
cle diameter of either 7 nm or 16 nm.

4 double-labelling technique was developed by which the viruses iIn suspen-
sion could be labelled specifically with protein A-gold complexes with gold
particle diameters of either of the two sizes mentiomed. Using this technique
it was possible to distinguish and identify two viruses with a similar spheri-

cal appearance in the electron microscope in mixed preparations.

INTRODUCTION

Gold labelling of wvirus particles in purified suspensions and extracts of
infected plant tissue has shown to be a useful technique in addition to other
immuno-electron microscopical techniques as described by Derrick (1973) and
Milne and Luisoni (1975). Labelling virus particles with protein A-gold (pAg)
(Pares and Whitecross, 1982) and gammaglobulin (IgG)-gold (Lin, 1984) complexes
for positive identification appeared to have advantages over the decoration
technique described by Milne and Luisoni (1975). The pAg technique makes wuse
of the two binding properties of IgG. Each IgG molecule consists of one region
(Fc-fragment), which binds to protein A and twe other identical regions
(F(ab')z—fragmenta), which bind to the antigen. Pares and Whitecross (1932)
described the gold-labelled antibody decoration (GLAD) with protein A-gold
complexes using different strains of tobacco mosaic virus as antigens. With
this serological technique distantly related viruses could be distinguished by
quantitative analysis of the number of adsorbed gold particles, but such an

analysis failed to distinguish between closely related viruses. Lin (1984)
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showed the merit of IgG-gold complexes for the rapid detection and identifica-
tion of viruses in leaf-dip preparations of infected plant tissue. A combina-
tion of the immunosorbent electron microscopical (ISEM) technique, by which
viruses 1in suspension are trapped on grids precoated with antibodies (Derrick,
1973) and subsequent gold labelling resulted fIn an increased background 1label-
ling. Louroc and Lesemann (1984} showed that this aspecifiec adsorption of
protein A-gold complexes to precoated grids could be eliminated almost entirely
by wusing specific antibodies from which the ¥, fragment had been removed,
leaving the F(ab'), fragments intact. Thia technique combines the sensitivity
of the ISEM technique and the discrimination of the GLAD technique. In the
present study we investigated the possibility of labelling two different anti-
gens In mixed preparations with protein A-gold complexes consisting of gold
particles with different diameters.

MATERIAL AND METHODS

Viruses. Cowpea chlorotic mottle virus (CCMV) and southern bean mosaic virus
(SBMV), cowpea strain, were maintained 1in cowpea (EEEEi unguiculata ecv.
Blackeye Early Ramshorn). Tobacco mosalc virus (Wagemingen strain) was main-
tained in Nicotiana tabacum var. White Burley.

CCMV was purified as described by Verduin, 1978a. Essentially the same

purification protocel was used for SBMV but the buffers differed. As homogeni-
zation buffer 0.25 M citrate buffer (pH 4.8) containing 0.02 M M3012 and 5 mM
disodium EDTA was used. Pellets were resuspended in 0.2 M citrate buffer (pH
5.5) countaining 0.02 M MgCl,, 0.001 M disodium EDTA and 0.001 M sodium azide.
THMV was purified according to procedure 5 as described in Noordam (1973). Mixed
suspensions of CCMV and TMV or CCMV and SBMV were prepared in 0.1 M sodium
acetate buffer (pH %.0). Each virus was used in a final concentration of 0.01
wg/ml.

Antisera. Antibodies against CCMV (anti-CCMV), SBMV (anti-SBMV) and TMV (anti-
TMV} were elicited in rabbits by one intravenal injection of 1 mg of purified
virus followed by two intramuscular injections of 2 mg purified virus in
Freund's complete adjuvant with a two-week interval. In double diffusion tests
titres of 1/32, 1/512 and 1/64 for CCMV, SBMV and TMV respectively were reached
against virus at 1 mg/ml 8 weeks after the inftial injection. Antisera of the

three viruses were purified by passing the whole serum through a column of
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Affigel Blue (1 ml serum per 4.7 ml Affigel Blue; Biorad). Gammaglobulin was
then eluted with 0.02 M Tris/HCl buffer (pH 8.0) containing 0.028 M NaCl and 3
mM NaNj. The obtained purified gammaglobulin (IgG) suspensions were diluted in
0.1 M sodium acetate buffer (pH 5.0) containing 1% (w/v) bovine serum albumin
(BSA).

Preparation of 7 nom and 16 nm gold particles. Colloidal gold was prepared by
reduction of hydrochloroauric aecid (HAuCla) with sodium citrate (Frems, 1973;
Slot and Geuze, 198l) or a mixture of tamnic acid and sodium citrate
{Muhlpfordt, 1982), resulting in suspensions of colloidal gold particles with
respective average diameters of 16 and 7 nm. For the production of the
colloidal gold suspensions, glassware was cleaned extremely well by boiling in
distilled water. Solutions were made in freshly prepared distilled water and
filtered through 0.2 um mitrocellulese filters prior to use. Colloidal gold
particles with a diameter of 16 nm were prepared as follows: 247.5 ml of
distilled water was boiled in a clean flask under reflux and 2.5 ml of a 1%
(w/v) HAuCl, solution was added. Then 7.5 ml of 1% (w/v) tri-sodium citrate was
quickly added to the boiling HAuClA solution while stirring. The mixture was
boiled for 15-30 min under reflux.

Colloidal gold particles with a diameter of 7 nm were prepared by adding a
mixture of 2 ml 1% (w/v) tri-sodium citrate and 0.45 ml 1% (w/v) tannic acid
quickly to 100 ml of a boiling 0.01% (w/v) HAuCl, solution. The mixture was
then boiled for another 15 min under reflux. The colloidal gold suspensions
were allowed to cool, divided in 30 ml portions and stored at 4°C until use. To
determine the diameters of the gold particles in the suspensions thus prepared,
the gold particles were allowed to adsorb to grids covered with formvar/carbon
and previously imcubated for 10 min on a solution of 0.01% (w/v) poly-L-lysin
(yr 70,000). Diameters of gold particles were measured from micrographs taken

of each suspension.

Preparation of the protein A-gold complexes. Lyophilized protein A (pA) was
dissolved in distilled water to a concentration of 2 mg/ml. The colloidal gold
suspensions were, 1f necessary, adJusted to a pH between 5 and 6 by adding
drops of 0.1 M KZCO3 in double distilled water. The optimal amount of pA
necessary to stabilize the colloidal gold suspensions was determined by adding
increasing amounts of pA to samples of the gold suspensions as described by
Horisberger and Rosset {1977). When colloidal gold was completely stabilized by
pA, the color of the suspension remained red after addition of NaCl. The
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minimum amounts of pA necessary to stabilize 1 ml of the suspensions of 7 nm
and 16 nm particles were 10 and 5 pg ml/ml, respectively.

The appropriate amount of pA, plus 10% excess, was added to 30 ml of gold
suspension and the mixture was stirred for 5 minutes. Then 0.3 ml of 5% (w/v)
polyethylene-glycol (M, 20,000) was added. The suspension was centrifuged (16
am gold: 1 h at 15,000 g; 7 nm gold: 43 min at 104,000 g; all g values are
given at R_, and all centrifugations were done at 49C) and the supernatant
removed. The leose pellet containing the pAg complexes was resuspended in the
residual supernatant and left for 2 h at 4°C. The concentrated suspension was
diluted in phosphate buffered saline (PBS: 0.137 M NaCl, 1.5 oM KH2P04, 8.1 mM
Na,HPO; .Hy0, 2.7 mM KC1, 3.1 mM NaN3), PH 7.4 and centrifuged for 15 min at 250
g+ Then the supernatant was again centrifuged at high speed, the resulting
supernatant carefully removed and the loose pellet of pAg particles was resus—
pended in PBS containing 1% (w/v) BSA (PBS-BSA). The absorption at 520 nm was
determined and the pAg suspension was diluted to an Agog = 5 in PBS-BSA con-

taining 3wM sodium azide. Protein A-gold suspensions were stored at 4°C.

Single and double gold labelling of virus. Preparations were made on 150 mesh
nickel grids covered with formvar and coated with a ¢. 3 nm carbon layer. Prior
to use the grids were exposed to a glow discharge in air for 10 s. For single
gold labelling, grids were incubated on drops of a mixed virus suspemnsiom for
10 min, followed by an incubation for 10 min on 1% (w/v) BSA in 0.1 M scdium
acetate (pH 5.0) and 10 win on 0.01 mg IgG/ml. The grids were then washed with
30 drops of 0.1 M sodium acetate buffer (pH 5.0). Grids were further incubated
for 10 min on a suspension of 7 nm pAg (pAg-7) particles diluted to A520 = 0.5
in 1% (w/v) BSA in 0.1 M sodium acetate buffer (pH 5.0). Grids were washed with
30 drops of buffer,. 10 drops of distilled water and stained with 2% (w/v)
uranyl acetate in water.

For double gold labelling, grids were treated as described above. After
incubation on pAg-7 the grids were washed with 30 drops of buffer and incubated
on the second antibody suspension for 10 min, washed with 30 drops of buffer
and incubated for 10 min on pAg-16 (A520 = 0.5). Finally the grids were washed
with 30 drops of buffer, 10 drops of water and stained with uranyl acetate. All
incubatione were at room temperature. Preparations were observed with a Siemens

Elmiskop 101 or a Zeiss EM1(9 electren microscope.
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RESULTS

Colloidal gold suspensions prepared by reduction of chloroauric acid with
sodium citrate or tannlc acid/eitrate using the described methods, repeatedly
ylelded suspensions containing gold particles with average diameters of 16 nm
and 7 am, respectively. The dietribution of particle diameters in suspensions
is shown in Fig. 2.1A (7 nm particles) and Fig.- 2.1B (16 nm particles). As
there was no overlap of particle diameters between the 7 nm and 16 nm suspen—
aions, no attempt was made to isolate fractions of more homodisperse particles
by centrifugation of pAg complexes on glycerol gradients (as described by Slot
and Geuze, 1981). Seven nm and 16 nm gold suspensions stabilized with pA were
used Iin single- and double-labelling experiments.

The pAg complexes remained sufficiently active over a period of at least 3-
5 months when kept at 49, Labelling of CCMV-particles with pAg-7 gave an
average binding of seven gold particles to one virus particle and this number
did not decrease over the period in which the pAg-complex was stored. By
contrast, labelling with pAg-16 resulted in an average binding of three gold
particles per virus particle. Both single- and double-labelling were tested on
a mixture of TMV and CCMV. Preparations of this mixture were adsorbed to grids,
incubated on specific antibody solutions against TMV or CCMV followed by incu-
bation with pAg-7. The results of these experiments are shown in Figs 2.2A and
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Fig. 2.1. Histograms illustrating the diameters of colloidal gold particles
prepared by the reduction of HAuCl, with a mixture of tannic acid and sodium
citrate (A) and with sodium citrate alone (B) .
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Specific labelling of TMV (A) and CCMV (B) with protein A-gold

complexes with a gold particle diameter of 7 nm (bar represents 200 nm)

Fig. 2-2-
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