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STELLINGEN

|
Aan het probleem van ‘sudden infant death syndrome’ (SIDS) wordt thans zoveel
aandacht besteed, dat onderzoeck naar prenatale sterfte hierdoor ten onrechte
belemmerd wordt.

M. VALDES-DAPENA, Path. Ann., 12, 117-145, 1977.

1§
De definitie van het begrip recombinatie is niet toereikend voor de thans bestaan-
de mogelijkheid, waarbij genoomdelen in vitro uitgewisseld worden tussen isola-
ten van plantevirussen met een meerdelig genoom, die slechts in ¢én fenotypische
eigenschap verschillen.

R. RIEGER, A. MICHAELISen M. M. GRreEN, Glossary of Genetics and
Cytogenetics, 1968.
C. P. de JAGER, Virology 70, 151-163, 1976.

[11
Tenonrechte concluderen Apteetal.,dat in heterocysten van Anabaena cylindrica
overdracht vanelektronen plaats vindt van glucose-6-fosfaat naar ferredoxin via
glucose-6-fosfaat dehydrogenase en ferredoxin-NADP™* oxidoreductase.

S. K. AprTE, P. RoweLL en W. D. P. STEWART, Proc. R. Soc. Lond. B.
200, 1-25, 1978.

AY
Uit het feit dat het effect van het verwijderen van decap van TMV RNA hetzelfde
is op de synthese in vitro van het polypeptide met molecuulgewicht van 165000 en
van het polypeptide met molecuulgewicht van 135000, kan niet geconcludeerd
worden dat de synthese van deze polypeptiden begint vanafeen zelfde startplaats

op het TMV RNA.

A. WoDNAR-FILIPOWICZ, E. SzCZESNA, M. ZAN-KOWALCZEWSKA, S.
MUTHUKRISHNAN, U.SzYBIAK, A. B. LEGocKien W. FiLipowicz, Eur.
J. Biochem. 92, 69-80, 1978.

\'
De resultaten, die SIROVER en LOEBin hun tabellen en figuur weergeven zijn niet in
overecenstemming met wat zij vermelden in de tekst.

M. A. SiIROVER en L. A. Loes, Biochem. Biophys. Res. Comm. 70,
812-817, 1976.



VI
Bij het optimaliseren van condities voor het infecteren van protoplasten met virus
kan niet uitsluitend de frequentie van de infectie het criterium zipn.

T. Okuno en . FURUsawa, ], gen. Virol. 41, 63-75, 1978.

VII
Bij het toetsen van de matrijs-specificiteit van plantevirus RNA replicases in
aanwezigheid van een homopolynucleotide matrijs hebben ZAITLIN et af., Mou-
CHES ef al. en BRISHAMMAR en JUNTTI niet het juiste radioactief gemerkte nucleoti-
detrifosfaat gebruikt,

M. Zatuin, C. T. Dupa en M. A. PerTr, Virology 53, 300-311, 1973,
S. BaisnaMmar en N. JunTT, Virology 59, 245-253, 1974,
C. MoucHts, C. BovEen . M. BovE, Virclogy 58, 409423, 1974,

YIII
Er zijn geen bewijzen dat gastheerenzymen verantwoordelijk zijn voor de verme-
nigvuldiging van plantevirus RNA.

M. IkEGaMi en H. FRAENKEL-CONRAT, FEBS Lett. 96, 197-200, 1978.

IX
Bij zijn aanpak van de R.A.F. (Rote Armee Fraktion) in Nederland heeft het
justitic apparaat zich laten leiden door angst in plaats van door de opvatting, dat
- juistin uitzonderlijke situaties de rechtsstaat zijn kwaliteiten dient te bewijzen;in
de mede daardoor teweeggebrachte opwinding is de signaalfunctie van de R.A.F.
verloren gegaan.

X
De weerstand tegen projectonderwijsiseen symptoom vande historisch gegroeide
tendens tot infantilisering van het kind.,

Lea DasperG, Grootbrengen door kleinhouden als historisch ver-
schiinsel. Boom, Meppel, 1978.
Cur. BAUDELOTen R. ESTABLET, I"école capitalisteen France. Librairie
Frangois Maspero, Paris, 1976.
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VOORWOORD

Het onderzoek in dit proefschrift beschreven, werd niet door mij alleen uitge-
voerd maarinsamenwerking met verscheidene anderen; vandeze wilik eenaantal
met name noemen.

De heer G. LoonEN, de heer J. BEEKMAN en de heer P. BROUWER en hun
medewerkers, werkzaam respectievelijjk in de kassen van het laboratorium voor
virologie, van het laboratorium voor erfelijkheidsleer en in het centrum voor
agrobiologisch onderzoek, onderhielden de kweek van de tabaksplanten.

GEERTJE REZELMAN had een aandeel in het uitzoeken van de juiste kweekom-
standigheden van de tabaksplanten en verzorgde veelal de kweek van cowpea-
planten voor isolatie van protoplasten.

JAN HONTELEZ heeft meegewerkt aan de uitvoering van de proeven, die het
optimaliseren van de condities voor het infecteren van cowpeaprotoplasten met
TMYV en C-TMYV betreffen en de analyse van eiwitten, gecvormd in protoplasten
ten gevolge van TMYV vermeerdering.

AB HOOGEVEEN heeft de reproductie-werkzaamheden uitgevoerd en bij ver-
scheidene technische problemen assistentie verleend.

De heren T. S. [E en J. GROENEWEGEN hebben de opnames van cowpeaproto-
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virologie. |
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ling van virus RNA in celvrije eiwitsynthetiserende systemen, PETER ROTTIER wat
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SCOPE OF THE INVESTIGATION

Much research has been carried out on the tobacco mosaic virus (TMV). TMV
is an extremely stable virus and muitiplies with great ease in infected tobacco
plants. For that reason it is relatively simple to prepare large amounts of purified
TMYV and the properties of the virus particles have been extensively studied.
TMV is arod-shaped plant virus, 300 nm long and about 18nm in diameter, built
up of a monopartite single-stranded RNA of molecular weight 2.1 x 10° and
encapsidated by approximately 2,100 similar protein molecules of molecular
weight 17,500.

Although much is known of the structure of the TMV particles and their

physical and chemical properties, little is known about the mechanism of the
virus multiplication process in the infected host cell. Studies of plant virus
multiplication have been lagging behind similar studies with bacteriophages and
animal viruses because of the absence of cultures of isolated cells which could be
infected synchronously.
In 1969 TAKEBE and co-workers developed an enzymatic method for the prepara-
tion of large numbers of protoplasts from tobacco leaf tissue and they have
demonstrated that these isolated protoplasts can be infected with TMV. The
virus multiplication in the cells is approximately synchronous. Thus in essence a
cellular system 1s available for studies of the multiplication of plant viruses.

It has been shown that plant protoplasts can be infected with many plant
viruses. However, only a few studies have been made of the virus multiplication
process in the protoplasts, of the identification of proteins coded by the virus
and of their possible functions in the virus multiplication process. Although not
much work has been done in this field it has revealed that there are in fact a few
proteins which are synthesized as a result of TMV multiplication in the infected
protoplasts.

In recent years efforts have been made to identify the proteins encoded in the
TMYV RNA by using TMV RNA as a messenger in cell-free protein synthesizing
systems. These in vitro studies have yielded much information, but at the same
time they have raised various questions about the mechanism of virus RNA
replication and viral protein synthesis. This situation necessitates in vivo studies
of TMV multiplication.

This thesis deals with research on the multiplication of TMV in leaf cell pro-
toplasts. An attempt has been made to answer the following questions: 1. Which
proteins are synthesized in TMYV infected protoplasts as a result of TMV multi-
plication? 2. Which of the synthesized proteins are made under the direction of
the TMYV genome and, if any, which of the proteins are host specific? 3. In which
functions are these proteins involved?

In chapter 1 the data from the literature relating to the proteins synthesized
under the direction of the TMV genome in vitro and in vivo are reviewed.

Materials and methods are described in chapter 2.

Meded. Landbouwhogeschool Wageningen 79-15(1979) 1



Chapter 3 deals with the influence of the culture conditions of the tobacco
plants on the viability and susceptibility to infection of the protoplasts.

Chapter 4 is concerned with the detection capacity for proteins which are
synthesized after TMYV infection of tobacco protoplasts.

In chapter 5 the influence of various conditions on the TMV infection in
cowpea protoplasts is reported.

Chapter 6 describes proteins synthesized as a result of TMV multiplication in
tobacco protoplasts.

Subsequently, cowpea protoplasts were used for the same purpose. The pro-
teins detected in this protoplast system are described in chapter 7. In order to
determine which of the proteins are TMV coded and which ones are host specific,
a comparison was made between the proteins synthesized as a result of TMV
multiplication in TMYV infected cowpea protoplasts and those proteins synthe-
sized in TMY infected tobacco protoplasts. The TMV coded proteins, synthe-
sized in the different hosts are supposed to be similar, while the host specific
proteins synthesized as a result of TMV multiplication differ from host to host.

Chapter 8 deals with the question in which process of the TMV replication the
proteins might be involved.

2 Meded. Landbouwhageschool Wageningen 79-15( 1979)



1. LITERATURE REVIEW. POLYPEPTIDES SYNTHESIZED
UNDER THE DIRECTION OF THE TMV GENOME
IN VITRO AND IN VIVO

1.1. INTRODUCTION

A detailed investigation into the virus infection of plant cells was much
impeded, by the fact that this work could only be done with intact leaves or
fragments of leaf tissue. After inoculation of the leaves the virus infection does
not run synchronously. If the TMV infection and multiplication is synchronous,
it is possible to detect proteins synthesized in small amounts as a result of this
process and to follow the course of their synthesis after infection. Thus for
example the synthesis of MS, bateriophage coded proteins has been investigated
in Escherichia coli spheroplasts, in which the MS, phage infection and multipli-
cation runs synchonously (VINUELA et al., 1967; KozAK and NATHANS, 1972).

Various efforts have been made to develop a plant system in which the virus
infection and multiplication have a synchronous course. It has been attempted to
separate cells from tobacco leaves (ZAITLIN, 1959) or culture tobacco callus
tissue and then to infect these cells with TMV (MoTtoyosH! and OSHIMA, 1968;
MuRraAKisHIetal., 1970, 1971). DAwsoN and SCHLEGEL (1976) tried to synchronize
the course of TMV multiplication in tobacco plants by infecting leaves sys-
tematically at non-permissive temperature. After infection the plants were culti-
vated at 25° C. COCKING and co-workers (COCKING, 1966; COCKING and PON-
JAR, 1968) isolated protoplasts from tomato fruit tissue for the same purpose.

All these systems did not meet the demands for a detailed study. TAKEBE
succeeded in isolating cells from tobacco leaves, digesting the cell wall and
infecting the protoplasts with TMV (TAKEBE and Otsuki, 1969; OT1suki and
TAKEBE, 1969). In this way a suspension of leaf cell protoplasts may be obtained
of which a great number is present and of which a high percentage can be
infected. The exponential virus multiplication has a synchronous course. This
system provides the possibility to study the proteins synthesized as a result of
TMYV multiplication in vivo.

However, the host protein synthesis is not suppressed by the TMV replication
nor can it be inhibited effectively. Furthermore the host reacts to the virus
multiplication by quantitative changes of the host protein constitution (VAN
LOON, 1975, 1976; GIANINAZZI et al., 1977) and may participate in this process.
The involvement of the host in the process of the TMV multiplication is indicated
by the fact that actinomycin D inhibits the TMV multiplication, when added at
an early stage of infection (DAWSON and SCHLEGEL, 1976) Therefore the proteins
synthesized upon TMYV infection in vivo, may be host or TMV coded proteins.

An answer to the question which proteins are synthesized under the direction
of the TMYV genome has been yielded by studying which products are synthesized
under the direction of the TMV RNA in cell-free protein synthesizing systems. A
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protein synthesized in vive as a result of the TMV multiplication may be iden-
tified to be either virus coded or host coded by determining whether the protein
synthesized in vivo is similar to a product synthesized ir vitro under the direction
of the TMV RNA.

On the other hand research on proteins synthesized in cell-free protein syn-
thesizing systems leaves open the question whether the products synthesized in
vitro are of functional importance in the process of the virus infection and
multiplication. The investigation on virus proteins formed in vivo and in vitro
therefore support each other.

1.2. STRUCTURE AND PROPERTIES OF TMV

The rod-shaped TMYV particle, about 300 nm long, with a diameter of 18 nm, is
composed of about 95 % protein and 5.1 %, RNA. The intact virus consists of a
helical rod of 2,130 similar coat protein monomers, having {6 1/3 coat protein
subunits per turn, with the single-stranded RNA intercalated between successive
turns at a radius of 4.0 nm. This structure is extremely compact, with the protein
subunits in tight contact, affording maximum protection to the RNA. The native
and reconstituted TMY particles have been found to be ribonuclease-resistant
{FRAENKEL-CONRAT, 1956). The M.W. of the TMV particle is 39.4 x 10°. The
structure and properties of TMV have been reviewed in detail by several authors
{KozLoFr, 1960; REDDI, 1972; ZAITLIN and ISRAEL, 1975; MaRKHAM, 1977),

TMY multiplies with great ease in leaves of tobacco plants of various culti-
varieties. During 5 days following inoculation about 1 mg virus per g tobacco
leaf can be synthesized (REDDI, 1972). It is a monopartite genome virus. Intact
TMV RNA of M\W. 2.1 x 109 is infectious (GIERER and SCHRAM, 1956;
FRAENKEL-CONRAT, 1956 ; GIERER, 1958),

The 5’-end of TMV RNA has a cap structure. The cap has the formula m”G?¥
ppp® Gp (ZIMMERN, 1975; KEITH and FRAENKEL-CONRAT, 1975). The 3"-end of
TMYV RNA can be enzymatically aminoacylated with histidine (OBERG and Pii-
LIPSON, 1972; SALOMON et al., 1976). Removal of 5 to 10 nucleotide residues from
the 3’-terminus results in loss of infectivity. This may indicate that the site of the
3-end of TMV RNA is involved in the TMYV infection and/or multiplication
(SALOMON et al., 1976).

The TMYV coat protein of M.W. 17,533 is composed of 158 amino acids. The
total amino sequence is known { ANDERER ef /., 1960, 1965 ; ZAITLIN and ISRAEL,
1975).

Already in 1962 it has been shown by analysis of amino acid exchanges in the
coat protein of many mutants induced by HNO,, that the viral RNA is of the
(+) type and contains the sequence equal to the coding sequence of the TMV
coat protein (WITTMANN, 1959; WITTMANN-LIEBOLD and WITTMANN, 1965;
WITTMANN and WITTMANN-LIEBOLD, 1966). Nucleotide sequence analysis of
TMY RNA (RICHARDS et al., 1974 ; GUILLEY et al., 1975a, 1975b) has confirmed
the results of 1962,

4 Meded. Landbouwhogeschool Wageningen 79-15(1979)



1.3, TRANSLATION OF TMV RNA IN CELL-FREE PROTEIN SYNTHESIZING
SYSTEMS AND INSIDE OOCYTES

The TMV RNA will code for more proteins than only coat protein, because
the size of TMV RNA suggests a coding capacity for a protein of approximately
230,000 daltons, estimated on the 6,394 bases of TMV RNA (CASPAR, 1963;
ZAITLIN and ISRAEL, 1975)and anaverage M.W. of the amino acids of 110. When
it was first examined which products are synthesized under the direction of TMV
RNA in cell-free protein synthesizing systems, the expectation was, that coat
protein as one of the main translation products would be found. However,
translation from TMV RNA in various cell-free protein synthesizing systems did
not yield a detectable amount of a product similar to coat protein. At the most a
small fraction of the products synthesized in vitro contained amino acid se-
quences in common with coat protein (SCHWARTZ, 1967; ROBERTS et al., 1973;
EFRON and MARCUS, 1973; DAVIES and KAESBERG, 1974 ; FRAENKEL-CONRAT et
al., 1977: DAVIES, 1979).

The solution to the dilemma that coat protein is not synthesized in vitro under the
direction of TMV RNA extracted from virus particles and, in contrast to this, is
synthesized in large amounts in TMYV infected leaves, has been obtained from the
study of the synthesis of TMV RNA in inoculated tobacco leaves.

Besides the viral RI, RF and the RNA of M.W. 2 x 109, a definite sized low
molecular weight component (termed LMC) of estimated M.W. 350,000 has
been found (JACKSON et al., 1972). The LMC is not actinomycin D sensitive, not
ribonuclease resistant and anneals with denatured double-stranded TMV RNA.
Therefore this RNA component is a fragment of total TMV RNA. The LMC
cannot be encapsidated in vivo (SIEGEL et al., 1973).

It has been possible to purify the LMC in sufficient quantity for in vitro
translation studies. When LMC is added to the wheat germ cell-free protein
synthesizing system or injected into Xenopus oocytes, a product is synthesized
that comigrates with coat protein purified from TMYV particles, while the poly-
peptide patterns of translation products of RNA extracted from virus particles
lack a polypeptide with M.W. 17,500 (K NOWLAND ¢t al., 1975; HUNTER et al.,
1976; SIEGEL et al., 1976). The product formed in vitro under the direction of
LLMC is coat protein as has been demonstrated by immunoprecipitation (SIEGEL
et al., 1976), fingerprinting of tryptic digests and reconstitution experiments
(KNOWLAND ¢t al., 1976; HUNTER ¢t al., 1976).

The LMC will be the genuine mRNA for coat protein in vivo, for it contains a cap
at the 5’-terminus as has been demonstrated by GUILLEY et al. (1979).1t has been
reported that RNA, which resembles LMC, is present in polyribosomes (BABOS,
1971; BEACHY and ZAITLIN, 1975; SKOTNICKI et al., 1976). Moreover, other
strains than the common strain of TMV have a small messenger RNA of similar
size, which can be translated into coat protein in vitro. This has been demon-
strated for the cowpea strain of TMYV, termed C.-TMV or B-TMYV, by an
American and an Australian group of workers, respectively (BRUENING et al.,
1976; BEACHY et al., 1977 ; WHITFELD et al., 1976), termed C-TMYV in this thesis,

Meded. Landbouwhogeschool Wageningen 79-15 (1979) 5



and a strain of TMY originally isolated from wheat in Kansas, termed K-TMV
(BEACHY et af, 1977).

The subgenomic mRNA for the coat protein of C-TMYV is encapsidated into
rods of 40 nm. The encapsidation has facilitated the separation of the small RNA
from total virion RNA. For this reason it has been preferred to use C-TMV to
characterize the subgenomic mRNA for coat protein.

TMYV coat protein is not synthesized under the direction of virion TMV RNA
in cell-free protein synthesizing systems. However, two other products are repro-
ducibly formed. When virion TMV RNA is translated inside Xenopus oocytes or
in rabbit reticulocyte lysates a polypeptide of M.W. approximately 140,000 to
100,000 (designated p135) is the main product, detected after SDS-PAGE. Both
systems may produce under proper conditions a small amount of a second large
polypeptide of M.W. about 165,000 (designated p165) (KNOWLAND, 1974; HUN-
TER e? al., 1976). ‘

In later studies, when the wheat germ cell-free system was optimalized for
transiation into large polypeptides, TMV RNA could be translated also into a
product pi65 in addition tot p135 and smaller products. However, the ap-
pearance of the largest product is variable and trace amounts are formed only
(KNOWLAND et 0l,, 1975; ZAITLIN ¢f al., 1976; DAVIES et al., 1977). Since the sum
of the M.W. of p165 and p135 exceeds the coding capacity of TMV RNA p165
and p135 are translated from an overlapping nucleotide sequence.

It is possible that the smaller polypeptide arises by proteolytic cleavage of the
larger polypeptide. This is inconsistent with their stability during prolonged
chases with unlabeled amino acids in vitro (PELHAM, 1978). It has been shown by
tryptic peptide fingerprinting of the p165 and p135 that the polypeptides give
similar patterns except for the presence of two extra polypeptidesin the pattern of
the largest product. When amber suppressor tRNA, purified from appropriate
strains of yeast, is added to the rabbit reticulocyte lysate, the amount of p165,
synthesized under the direction of TMV RNA, increases manifold. Therefore the
p165 is most probably a readthrough product of p135 (PELHAM, 1978).

When small rods of C-TMYV are purified from C-TMYV preparations, another
class of rods, less than full-length viral rods, have been detected. RNA of
different sizes are extracted from these rods. One class of RNA has a M.W.
0.65 x 105, designated I,-RNA. RNA of similar M.W. as I, C-TMV RNA can
beextracted from less than full-length TMV and K-TMV rods. When I,-RNA of
C-TMVY, TMY or K-TMV is added to wheat germ cell-free protein synthesizing
extracts, the RNA is translated into a predominant product of M.W. 30,000, or
two products of M. W, 30,000 and 29,000, which have similar tryptic digest maps.
Thus, these two products have overlapping amino acid sequences (BEACHY and
ZAITLIN, 1977). Furthermore, the translation products from I,-RNA and coat
protein do not share common amino acid sequences, as has been shown by
comparison of the fingerprints after tryptic digestion.

The products synthesized under the direction of I,-RNA from the three strains
have similar M.W. It has been shown, however, that the translation products
from I,-RNA of C-TMV and TMV have no common tryptic peptides. The
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products formed under the direction of RNA, extracted from full-length rods of
the three strains, also have similar M.W. (BEACHY and ZAITLIN, 1977).

The mRNAs of TMYV and the products synthesized under their direction in a
cellfree synthesizing system are shown in figure 1.1.

In summary the TMV genome contains the coding sequence of five products.
Two polypeptides of M.W. approximately 165,000 and 135,000 are formed from
large RNA (L-RNA) in cell-free systems, the larger is a readthrough product of
the smaller. Two polypeptides of M.W. approximately 30,000 and 29,000 are
synthesized under the direction of I,-RNA in vitro; these two polypeptides have
nearly similar peptide patterns after tryptic digestion. And coat protein is synthe-
sized under the direction of LMC (§-RNA).

0 1000 2000 3000 4000 5000 6000 number of bases
L 1 1 1 1 1 1
(rr|\7GpppGp—) origin of assembly (His)
5 { 3
< L p— = L—¢ — {ull-length mRNA
165, 135 ; (I ' i ’
— b | ! MW, 2.1 x 106
L
! | ! {L-RNA)
|
| i :
| \ i
TR | : :
=30 529 T d 'l — intermedicate mMRNA
b ! MW, 0.65 x 106
w ]
[ ! (I2 -RNA)
L]

— small mRNA,
il M.W, 0.25—0.35x108
(S-RNA or LMC)

FiG. 1.1. Genetic map of TMV,

The positions of the nucleotide sequences coding for p165, p135, p30, p29and p17,5 (coat protein) are
indicated on full-length, intermediate and small TMV mRNA respectively, and nucleotide sequences
corresponding with the mRNAs and with the cistrons are marked. The number of nucleotides per
cistron are calculated from the estimated M.W. of the polypeptide, multiphed by 3/110 (assuming a
mean M.W. of amino acids of 110). The M.W. of p135is estimated 116,500 instead of 135,000 based
on the revised M.W. of B-galactosidase, which is 116,200 daltons, calculated from its amino acid
composition (FOWLER and ZABIN, 1977). The position of the cistrons, with the exception of the coat
proteincistron,and of thesite from where theassembly of TMV RNAsand coat proteinstartsareas yet
not known with precision. The results of GUILLEY et al. (1979) have provided the possibility that the
termination site of the cistron of p30 is only separated two nucleotides from the cistron of coat protein.
These authors have further shown that the S-RNA contains a cap and consists of about 720 nucleic
acids. The five polypeptides shownin the figure are translated in cell-free protein synthesizing systems
under the direction of the TMV (subgenomic) mRNAs. It has not been established with certainty if
pl165, p30 and p29 are also synthesized in vivo.

1.4. GENETIC MAP OF TMV

Figure 1.1. gives the three known mRNAs of TMV and the five known
polypeptides synthesized under the direction of the respective mRNAs in cell-
free protein synthesizing systems; and the figure shows the location of the coding
sequence or the sequences equal to the coding sequence on the different RNAs.
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The S- and also [,-RNA have sequence relationship to L-RNA ; moreover, S-
and 1,-RNA have sequences in common. This has been demonstrated by hy-
bridization competition experiments (BRUENING et af., 1976; BEACHY and ZAIT-
LIN, 1977). Furthermore the S- and I,-RNA both have relationship to the traject
at the 3-end of L-RNA and the S-RNA is a subset RNA, which has sequences in
common with the traject at the 3’-end of I,-RNA. It has been shown that S-and I ,-
RNA can be enzymatically aminoacylated to the same extent as L-RNA. Sa-
LOMON et al. (1976} demonstrated that aminoacylation of TMV RNA is possible
only at the ¥'-terminus,

Definite proof that the sequence equal to coat protein mRNA of TMV is near
the 3-terminus of the full-length RNA has been given by HUNTER e/ al. (1976).
This RNA of about 750 nucleotides has oligonucleotides in common with an
alkali-stable fragment of TMV RNA, which contains 1,000 nucleotides from the
3’-terminal of TMV RNA (OBERG and PHILIPSON, 1972; PELHAM and WILSON,
1976) and codes for several residues of coat protein. Moreover, the purified
RNA coding for coat protein probably contains a short sequence similar to part
of the last 20 nucleotides from the 3"-end of intact virion RNA (GUILLEY et af.,
1975). In 1979 these authors have determined the sequence of 1,000 nucleotides
atthe 3"-end of TMY RNA, demonstrating the coat protein cistron to be situated
204 nucleotides from the 3’-terminus.

It has been thought for several years that the coat protein gene (KADO and
KNIGHT, 1968) and also RNA fragments of known nucleotide sequence (GUiL-
LEY e 4l., 1974) and the nucleotide sequence at the origin of assembly (BUTLER
and KLUG, 1971; GUILLEY et al,, 1971) were Jocated at the opposite site of TMV
RNA, namely near the 5-end. These locations have been determined after
partial removal of the coat protein by SDS (May and KNIGHT, 1956) or dis-
assembly in akali (ONDA et al., 1970). The sequential loss of protein initiates
predominantly from one end of the TMYV particles. The exposed RNA-terminus
has been identified by phosphodiesterases. The results with these enzymes have
been misleading, owing to the fact that TMV RNA contains a cap structure at
the 5’-end as has been shown later (ZIMMERN, 1975; KEITH and FRAENKEL-
CONRAT, 1975). Therefore polar stripping of coat protein by SDS or alkaline
treatment proceeds from the 5"-end in the direction of the 3"-end of TMV RNA,
contrary to previous conclusions (PELHAM and WILSON, 1976; WILSON ef al,,
1976; OHNO and OKADA, 1977).

In figure 1.1. the sequence coding for p135 and pl65 is located between the §'-
terminus of L-RNA and the traject of S-RNA. The reason of this location is that
a C-TMY RNA fragment of full-length RNA of M.W. 1.4 x 10°, which contains
the nucleotide sequence between the 5-terminus of L-RNA and the traject of S-
RNA, has the capacity to code for a product in vitro with electrophoretic mobility
equal to the electrophoretic mobility of the polypeptide of M.W. 135,000 synthe-
sized in C-TMYV infected leaves (BEaCHY et al., 1976). TMV RNA with small
deletions at the 5'-terminus cannot be translated into a product of similar size
{(HUNTER et al., 1976). Moreover, partially stripped virus of TMV, of which the
5’-end of the RNA is exposed, can bind wheat ribosomes (HASHIMOTO and
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OKAMOTO, 1975) and nucleic acid sequence studies have demonstrated that the
first initiation codon is situated 68 nucleotides from the 5’-terminus of TMV
RNA (RICHARDS et al., 1978 ; JONARD et al., 1978). Therefore it scems likely that
the sequence coding for the large polypeptides starts at the initiation codon 68
nucleotides from the 5’-end of full-length RNA.

To date it 1s unknown how subgenomic mRNAs are generated from full-
length RNA. It has been suggested that S-RNA is copied from L-RNA (WHIT-
FELD and HIGGINS, 1976). When L-RNA of C-TMYV, highly purified by repeated
sucrose gradient centrifugation, is inoculated on bean leaves, S- and L-rods are
formed. Furthermore the results do not indicate why full-length RNA does not
function as messenger for coat protein and p30, and why coat protein is not
synthesized under the direction of [,-RNA.

Which of the five in vitro translation products are similar to polypeptides synthe-
sized in vivo 1s dealt with below.

1.5. SYNTHESIS OF POLYPEPTIDES AS A RESULT OF TMV
MULTIPLICATION IN TOBACCO LEAVES AND TOBACCO PROTOPLASTS

Five polypeptides have been detected in a first investigation on polypeptides,
synthesized upon TMV multiplication in tobacco leaves some days after in-
oculation. The polypeptides have been distinguished after SDS PAGE as va-
riations in ratio plots of [*H]- and [!*C]- leucine incorporated into polypeptides
of TMV or mock-inoculated leaves. The molecular weights of the polypeptides
have been estimated 245,000, 195,000, 155,000, 37,000 and 17,500. The polypep-
tide of M.W. 17,500 comigrates with coat protein and is apparently coat protein.

TAaBLE 1.1. Polypeptides synthesized as a result of TMV multiplication in TMYV infected tobacco
leaves and protoplasts.

MW, x 103 References

TMYV specific polypeptides in leaves
245 195 155 37 17,5 ZamitLin  and  HARIHARASUBRAMANIAN
(1970, 1972)
— - - - 17,5 SINGER (1971, 1972);
SINGER and ConpiT (1974)

_ 150 130 - n SCALLA et al. (1976)
_ n 130 - n SCALLA et al. (1978)
TMYV specific polypeptides in protoplasts
_ - 140 - 17,5  Sakal and TAKEBE (1972)
— 180 140 - 17,5  Sakarand TAKEBE (1974)
_ 165 135 ~ 17,5  PATCERSON and KNIGHT (1975)
- 160 135 - 17,5  SieGEL et al. (1978)

The M.W. of the TMV specific polypeptides have been estimated by means of SDS-PAGE, described
by LAEMMLI (1970) of MaIzeL (1971). The polypeptide of M.W. 17,500 is coat protein.

~: the polypeptide has not been observed.

n: the polypeptide has not been determined.
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It is synthesized in large amounts {ZAITLIN and HARIHARASUBRAMANIAN, 1970,
1972). It is always possible to find back coat protein (SINGER, 1971, 1972 ; SINGER
and CoNDIT, 1974). The polypeptides of M.W. 195,000 and 155,000 have been
found back after improving the detectability. In that case polypeptide patterns in
SDS-polyacrylamide gels have been visualized by staining of the gels or auto-
radiography (ScaLLa et al., 1976, 1978), so that individual polypeptides of TMV
and mock-inoculated leaves were compared by direct observation. The polypep-
tides of M.W. 245,000 and 37,000, designated p245 and p37 respectively, have
not been detected again, see table 1.1. A reason for this is, that the farge amount
of different host polypeptides formed independently from the TMYV infection,
obstructs the detection of the TMV specific polypeptides.

The predominating host protein synthesis might be the cause that in TMV

infected tobacco protoplasts only the three polypeptides have been detected that
have repeatedly been demonstrated in tobacco leaves. It has been tried to inhibit
the host protein synthesis by U.V. irradiation of the protoplasts, but effective
inhibition is accompanied by a strong decrease of the virus multiplication.
Table 1.1. shows that the estimated M. W. of corresponding polypeptides are rather
verging. This is caused by the method of detection of the virus specific polypep-
tides, used by ZAITLIN and HARIHARASUBRAMANIAN (1970, 1972) and SakArand
Takase (1972, 1974).
For the purpose of this thesis the two polypeptides of M.W. 195,000 to 160,000
and of M.W. 155,000 to 130,000 synthesized in tobacco leaves and protoplasts
after TMYV infection will be referred to as p165 and p135 respectively, the latter
having a M.W. nearly equal to Escherichia coli B-galactosidase of M.W. 130,000,
estimated by SDS-PAGE (WEBER and OSBORN, 1969),

It has been demonstrated by means of coelectrophoresis and immunoprecipi-
tation that the polypeptide of M.W. 17,5000 synthesized in TMV infected pro-
toplasts is coat protein. Moreover, the polypeptide of M.W. 17,500, termed
pl7,5, does not contain methionine and histidine, amino acids, which are lacking
in coat protein.

By means of protoplasts which are infected with TMV it has been possible to
investigale the differential synthesis of p163, p135, p17.5and of TMY RNA and
virus particles.

This made it possible to obtain an indication, that TMV specific proteins are
involved in the TMV multiplication. The synthesis of p135 and TMV RNA
preceeds the production of virus particles by 4-35 hours and the time course of
synthesis of p135 and TMV RNA issimilar (AOKI and TAKEBE, 1975). The rate of
synthesis of pl63 and p135 increases the first 24 hours post infection and declines
thereafter, while the rate of synthesis of coat protein and virus particles continues
for hours. The rate of synthesis of p165 lags behind the rate of synthesis of p135
(PATERSON and KNIGHT, 1975; SIEGEL et al., 1978). Since the time course of the
synthesis of p135 and of TMV RNA nearly coincides, it is surmised that p135is
involved in the RNA replication.

The host protein synthesis in protoplasts cannot be effectively inhibited ; there-
fore it cannot be decided whether p165 and p135 are either virus coded or host
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