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HSP70-related 65 kDa protein of beet yellows closterovirus is a
microtubule-binding protein
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Beet yellows virus (BYV) genome encodes a 65 kDa protein homologous to the HSP70 family of cellular heat-shock proteins (Agranovsky, A.A.,

Boyko, V.P., Karasev, A.V., Koonin, E.V, and Dolja, V. V. (1991) J. Mol, Biol. 217, 603-610). The respeclive gene was cloned and expressed in

vitro yielding a product of the expected size (p65). This product was found to bind to the purified microtubules with a binding constant of 4 x 1077

M., The binding of p€3 was stimulated if ATP presented in the translation mixture was hydrolyzed by apyrase. Removal of the short C-terminal

domains of a- and F-tubulin by subtilisin digestion abolished the binding, demonstrating its specificity. The possible role of p65 association with
microtubules in the movement of virus within and/or between plant cells is proposed.

Microtubule-associated protein; Plant virus; Cell-to-cell movement

1. INTRODUCTION

Beet yellows virus (BYV) is a type member of the
closterovirus group combining filamentous plant vi-
ruses with large messenger-sense RNA genomes [1].
BYYV is the only virus sequenced to date which has been
found to code for the relatives of cellular heat-shock
proteins [2,3]. The BYV 65 kDa protein encoded by
open reading frame (ORF) 3 is a homologue of the
HSP70 protein family, while the 64 kDa protein en-
coded by ORF 4 is a remote relative of the HSP90
family. Although the functions adopted by the virus to
these proteins are unknown it was suggested that they
could participate in a virus cell-to-cell movement by a
molecular chaperone-like mechanism [2-4]. This crucial
process for plant virus multiplication and spread is me-
diated by virus-encoded movement proteins, and is
thought to include trafficking of viral nucleoproteins
through the modified plasmodesmata {5-7]. The mecha-
nism of the physical movement of virus-specific nucleo-
proteins is completely unknown. On the other hand, it
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is clear that most kinds of translocations of relatively
large particles within the cell is mediated by the system
of microtubules (MTs). Moreover, in several animal
systems it was demonstrated that the addressed translo-
cation of some mRNASs is an active process connected
with the MTs [8-9)]. At least two groups of microtubule-
associated proteins (MAPs) are involved in the intracel-
lular motility: ‘structural’ MAPs (MAPl, MAP2, 7,
etc.) and translocators (kinesin, dynein, dynamin) (see
[10] for review). Some of the HSP70s are also found in
tight association with MTs both in vitro and in vivo
[11-12]. Thus it seemed r2asonable to address potential
MT-associated properties of the BYV 65 kDa protein,
a homologue of cell HSP70 molecular chaperones. In
the present work we have demonstrated that the BYV
65 kDa protein does indeed possess MT-binding prop-
erties in vitro. We suggest that these properties are
linked with the process of BYV cell-to-cell movement.

2. MATERIALS AND METHODS

Tubulin purification from bovine brain and MT polymerization, as
well as subtilisin treatment of MTs, was performed as described [13].
Purified his¢70 protein from rabbit reticulocytes was a gifl rom Dr.,
O.N. Denisenko. Plasmid pBY65 contained the 65 kDu protein gene
inserted in a pTZI9 transcription vector downstream of the T7
bacteriophage RNA polymerase promoter. Plasmid pA103 contained
the capsid protein gene of potato virus X (PVX) under the control of
the same promoter [14] (provided by Dr. S.Yu. Morozov). Transcrip-
lion of both plasmids linearized with EcoRI or Sa/l, and translation
of the resulting uncapped transcripts in rabbit reliculocyte lysates,
were as described [14]. The translation mixture (75 ul) contained 80—
100 ug/ml of transcript and 60 #Ci of L-{**$]methionine. After 60 min
incubation at 30°C, puromycin was added to a final concentration of
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0.3 mM, and, afier another 10 min, RNuse A was added to release
synthesized products from polysomes.

For the co-sedimentation tests twanslation mixtures were diluted
two-fold and centrifuged at 100,000 x g for 40 min to remove non-
specific aggregates. The supernalants were supplemented with taxol
(20 mM) and mixed with normal or subtilisin-treated MTs, After 20
min of incubation at room temperature the mixture was pelleted
through 4 M glycerol in buffer A [13], containing 5 mM taxol, at
190,000 x g for 40 min. Pellets were dissolved and analysed by electro-
phoresis on the 8-20% polyacrylamide gels. For the determination of
the binding constant increasing quantities of MTs were mixed with
equal amounts of labelled 65 kDa protein, After incubation one half
of the resulting pellet was withdrawn and the trichloroacetic acid-
insoluble label was counted; the remaining hall was analyzed by elec-
trophoresis, For apyrase experiments the translation mixture was in-
cubated with 0.1 mg of apyrase (Sigma, grade V1) for 30 min at 37°C
prior to addition of MTs, This amount was found sufficient 10 com-
pletely hydrolyze 10 mM ATP in the sample.

3. RESULTS AND DISCUSSION

After translation of the pBY6S5 plasmid transcripts in
rabbit reticulocyte lysates a major labelled protein of
the expected size became visible (Fig. 1A, lane 2). This
protein was unequivocally identified as the 65 kDa
product (p65) of BYY ORF 3 by hybrid-arrested trans-
lation (not shown). When pretreated translation mix-
ture was incubated with taxol-stabilized MTs labelled
p65 was found to co-sediment with MTs (Fig. 1A, lane
4). In the control experiments, in vitro-labelled capsid
protein of PVX or heat-shock cognate protein 70
(hsc70) purified from rabbit reticulocytes did not bind
to MTs (Fig. 1B and C, respectively). Titration of the
constant amount of labelled p65 with increasing
amounts of MTs showed that the concentration of tu-
bulin sufficient for binding 50% of the maximal p65
amount, was approx. 4.1 x 10”7 M (calculated per dimer
of tubulin; data not shown). The corresponding value
for the binding of known MT-associated protein kinesin
in a separate experiment was found to be 2.7 % 107" M,
Similar values gave rough estimates of these constants
for MAP2 and 7-binding (A.S.K., V.I. Rodionov and
V.1.G., unpublished). Thus we concluded that p65 pos-
sessed M T-binding properties similar to those of several
genuine MAPs. One of the differences in binding to
MTs between ‘structural’ MAPs and translocators is
that these two groups of proteins interact with different
parts of the tubulin molecule [13]. After treatment of
MTs with subtilisin, which removes the C-terminal frag-
ments of tubulin subunits of about 4 kDa without af-
fecting MT morphology, the modified MTs are com-
pletely unable te bind MAPs and still bind translocators
normally [13]), This provides a test allowing to distin-
guish between MAP- and translocator-type binding.
When translation mixture containing p65 was incubated
with subtilisin-treated MTs its binding was drastically
decreased (cf. Fig. 2, lanes 3 and 4). The residual bind-
ing could be the result of incomplete subtilisin cleavage
of MTs which was undetectable by Coomassie staining.
It can be concluded that p65, like MAP1, MAP2 and
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Fig. 1. Analysis of **P-labelled (A,B) or Coomassie-stained (C) pro-
teins, co-sedimented with microtubules (MTs) on SDS-containing §-
20% polyacrylamide gels. (A and B) Products synthesized in rabbit
reticulocyle lysates. (A) Lane 1, no RNA added; lane 2, translation
of the RNA transcripts of (he linearized pBY65 plasmid; lane 3, sume
as in lane 2 but sedimented without MTs; lane 4, same as in lane 2 but
co-sedimented with 10 ug of MTs, (B) Lane |, no RNA added; lane
2, translation of the RNA transcripts of the linearized pA 103 plasmid;
lane 3, same as in lane 2 but sedimented without MTs; lane 4, same
as in lane 2 but co-sedimented with 10 ug of MTs. (C) Lane 1, 5 ug
of MTs; lane 2, 0.5 ug of hsc70 protein; lane 3, 5 g of MTs sedimented
alone; lune 4, proteins co-sedimented upon incubation of 0.5 ug of
hsc70 protein with 5 ug of MTs; lane 5, 0.5 ug of hsc70 protein
sedimented alone.

7, specifically interacts with C-terminal domains of @-
and/or B-tubulin subunits.

It has been demonstrated that the binding properties
of the proteins involved in the MT-dependent move-
ment are modulated by ATP [10). The same is true for
numerous interactions involving HSP70 molecular
chaperones, which are able to bind and hydrolyze ATP

12345

Fig. 2. Analysis of the co-sedimentation of the in vitro translaied,

¥S.labelled BYV p65 with the subtilisin-treated MTs. Lanes 1 and 2,

same as in Fig. 1A; lane 3, products of the pBY#6S transcripts transla.

tion co-sedimentied with 10 ug of MTs; lane 4, the same products

co-sedimented with 10 g of subltilisin-treated MTs; lane 5, the same
products sedimented without MTs,
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Fig. 3. Analysis of the co-sedimentation of the **S-labelled BYV p65

with the MTs alter apyrase treatment of the translation mixture, Lanes

1 and 2, same as in Fig. 1; lane 3, products of the pBY®65 transcripts

translation co-sedimented with 10 g of MTs after the apyrase treat-

ment ol the translation mixture; lane 4, the same products co-sedi-

mented with 10 gg of MTs; lane 5, the same products sedimented
without MTs.

[15]). To check the influence of ATP presence on the
interaction between p65 and MTs we incubated transla-
tion mixtures conmtaining 1 mM ATP with apyrase. As
can be seen from Fig. 3, lanes 3 and 4, ATP hydrolysis
strongly enhanced binding of p65 to MTs. Hence, p65
interaction with MTs seems to resemble, in this respect,
the interaction of the proteins from HSP70 family to
their various protein targets including denatured and
nascent polypeptides, clathrin-coated vesicles, etc. [15].

There is some evidence that translocators alone are
not sufficient for the MT-associated movement of parti-
cles within the cell and MAPs are the likely candidates
to anchor the particles on MTs [16]. The invelvement
in MT-based motility has been suggested also for the
B-internexin, a member of the HSP70 family exhibiting
MAP-like properties [12]. A similar role could be pro-
posed for the BYV p635, which might attach to the virus-
specific ribonucleoproteins and to MTs mediating the
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translocation of ribonucleoproteins towards and/or
through the plasmodesmata to the neighboring cell.
Other viruses not coding for HSP70-related proteins
possibly recruit for this purpose their own movement
proteins or cellular molecular chaperones (cf. [3]). The
specific need to adopt a HSP70 homologue might for
BYV be connected with the mechanistic problem of
movement of its relatively large RNA genome.
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