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Structure

of Tomato

A consistent set, of molecular weights for
tomat)o bushy stunt virus (TBSV) and its
subunits has not hiterto been available despite the detail with which structural studies
have revealed both the radial electron
densit)y distribution
(1) and the arrangement of morphological units in the surface
of the virus particle (2). This absence of
chemical information
has prevented the
resolut,ion of significant ambiguities in the
structural information.
Both the BSV particle and t.hat, of the
closely related turnip crinkle virus (TCV)
have mean outer radii of about’ 155 A and
have struct,ure units clustered on the tm-ofold posit,ions of a T = 3 icosahedral surface
lattice (2). Preparations
of both virusez
sometimes cont,ain “small particles,” 100 A
in radius, which have been showr~
to be a
T = 1 polymorphic form of the outer-shell
protein (S-5). On the basis of observat’ions
showing the RNA of TBSV concent,rated in
a spherical shell at about 110 A, it has been
suggested that t,he small particle corresponds
to a core in the intact virus (2,6). Jleasurements of t,he radial density distribution in
TBSV showed matter in the interior of the
virus particle with a mean density close to
that expected for hydrated protein, in apparent agreement with the postulated t,woshell structure (1).
The best estimate of the TBSV particle
weight is 9 X lo6 (see below) and the RNA
content. is 16.5% (7). A two-shell structure
must have either two kinds of protein subunits or -if t,he core is the T = 1 small
particle-240
subunits of a single species
and of molecular weight 32,000. A simple
T = 3 structure will have 180 identical subunits of molecular weight 43,000. It is therefore possible to distinguish among these
alternatives if we know the number of different kinds of polypeptide chains and their
molecular weights. Recently developed protein-chemical methods permit one to obtain
this information
from a few simple and

Bushy Stunt Virus
rapid experiments. The results presented
here indicate that there are 180 polypeptide
chains in TBSV and that there is only one
major protein component.
We therefore
infer that the small particle is not present as
a core in the complete virus.
The molecular weight of virus prot)eins
can be determined directly by disrupting
virus particles with sodium dodecyl sulfate
(SDS) and submitting the whole mixture to
electrophoresis on polyacrylamide gel in the
presence of SDS (8, 9). When TBSV at a
concentration of 0.1% is thus treated (1 %I
in SDS in 0.1 Ilr sodium phosphate buffer,
pH 7.0, ;J minutes at 98”), one major protein
component (estimated to be at least 95% of
the total) is found. From its elect,rophoret,ic
mobility, the molecular weight of the polypeptide chain is between 42,000 and 44,000
(Fig. 1). No component with molecular
weight 32,000 is found. Reduction
and
carboxymethylation
of the protein (in SDS
solution or in concent,rated guanidine HCI)
do not alter the mobility, nor does the presence of beta-mercaptoethanol
(up to 0.2 M)
during the SDS treatment,. The observed
species is therefore not a disulfide-linked
dimer.
To check these results by an independent
met,hod, we have determined the molecular
weight, of the TBSV protein by gel filtration
in 6 M guanidine-HCl. The viral protein was
separated from RNA by phenol ext,raction
of an SDS-treated virus solution. The protein was precipitated by addition of ethyl
alcohol, dissolved in guanidine-HCI
(8 M),
and reduced and alkylated with iodoacetate
by standard procedures (IO). The distribution coefficient of this protein on an agarose
column (Bio-Gel A 5M) in 6 M guanidineHCl solut,ion was determined by the procedure of Fish, Mann, and Tanford (II) with
minor
modifications
(Rosenbusch
and
Weber, in preparation).
The column was
calibrated with proteins of known polypeptide-chain molecular weight,. From the
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FIG. 1. Determination
of the molecular
weight
of the polypeptide
chain
of tomato
bushy
stunt
virus
(TBSV).
The
marker
proteins
used
were
glutamic
acid
dehydrogenase
(GDH),
aldolase
(ALD),
glyceraldehyde
phosphate
dehydrogenase
(GAPDH),
trypsin
(TRY),
and myoglobin
(MB).
(For molecular
weights
cf. 9.) The results
of SDS
electrophoresis
on 10% polyacrylamide
gels (9)
are given
by closed
circles.
The electrophoretic
mobilities
of the polypeptide
chains
are expressed
relative
to a marker
dye. The results
of gel filtration
in 6 M guanidine-HCl
on a 0.9 X 78 cm
Agarose
(Bio-Gel
A 5M) column
(11) are indicated
by open squares.
The elution
position
of the reduced
and carboxymethylated
proteins
are expressed
in Kd values.
Mobilities
and Kd values
are
plotted
versus
molecular
weights.

elution profile, a weight of 42,000 could
reproducibly be assigned to the TBSV protein (Fig. 1). Thus, two methods previously
shown to yield accurate and reliable molecular weights (9, II) give, in excellent agreement, 42,000 f 2,000 as the molecular
weight of the TBSV polypeptide
chain.
Butler (12) and Michelin-Lausarot
et al. (13)
have independently
obtained similar results since the present work was begun;
Butler also reports a comparable weight for
the polypeptide chain of TCV.
IFor the intact TBSV particle, reported

molecular weights range from 7.8 X lo6
to 10.7 X lo6 (14-16). The most consistent
values are derived from the hydrodynamic
parameters. All recent measurements of
S &w fall between 131 and 135 S (17, 18).
We have performed diffusion experiments at
two concentrations (1.2 and 2.5 mg/ml in
0.15 ill NaCl, pH 7), using a 30-mm path
length synthetic-boundary
cell in the Model
E ult,racent,rifuge. The diffusion constant
obtained (1.26 X lo-’ cm2/sec) agrees with
previous results (17) yielding a molecular
weight’ of S.9 X 106. From the recently
reported specific viscosity of TBSV solutions
(18) we have computed an intrinsic viscosity
of 3.94 cm3/g. This value toget,her with the
sedimentation
coefficient gives a particle
weight of 9.3 X 106.
From these molecular weights for the virus
particle, the molecular weight of t,he polypeptide chain (42,000), and the RNA cont,ent of 16.5% (7), we calculate that the
number of chains in TBSV is between 177
and 185. The st’ructure therefore corresponds
to a T = 3 design with 180 identical chains.
A model with the small particle as a protein
core (and hence 240 chains) is not consistent
with the present data.2 We therefore infer
that the small particles are not preformed
cores but are, as Leberman suggested (4),
in vitro reaggregation products of outer shell
protein. That a single kind of protein structure unit can pack into shells of different
radii has previously been shown in the case
of cowpea chlorotic mott’le virus (20). The
low intrinsic density of the TBSV particle at
internal radii, assumed to represent protein
(I), might also reflect the solvation of RNA
in this region. Thus, the structural observations that suggested a two-shell design for
TBSV are also compatible with the simpler
structure indicated by our results.
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