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In vivo phosphoryvlation of the 30-kDa protein of tobacco mosaic virus
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The 30-kDa potein of tobacco mosaie virus, which is involved in cell-1o-cell movement function, is phosphorylated in tobaeco protoplasts, To

investigale which portion of the protem 1s phosphorylated we inoculated several truncated 30-kDa protein mutants inio protoplasts and determined

whether or not those Lruncated proteis are phosphoryldled. The resulis showed that amine acid residues 234-261 of the 30-kD4 protein are required
for this phosphorylation,
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1. INTRODUCTION

It is widely accepted thal plant viruses encode a gene
(or genes) for the cell-to-cell movement function {1}, In
the case of tobacco mosaic virus (TMY), it has been
shown that the 30-kDa protein is involved in this fune-
tion [2,3). The 30-kDa protein is synthesized transiently
at the early stage of infection [4,5] and destined 1o be
localized in plasmodesmata [6,7], where this protein is
believed to be involved in the cell-lo-cell movement
function. Tt has been shown that this protein has the
ability to enlarge the exclusion limit size of the plas-
medesmata [8] and also the capacity to bind simgle-
stranded nucleic acids [9,10].

Atkins et al. [11) recently reported that this protein
is phosphorylated in vivo, but in heterologous insect
cells. Here, we confinm that this 30-kDa protein is
phosphorylated in plant cells using the protoplast sys-
tem. As a first step to investigate the phosphorylated
portion of the 30-kDa protein, we constructed several
truncated 30-kDa protein mutants, inoculated them
into protoplasts and investigated whether or not these
proteins were phosphorylated in vivo.

2. MATERIALS AND METHODS

Tobaceo suspension culime cells (BY-2) were used throughout these
experiments (12]. Protoplasts of tobacco BY-2 cells (1 # 10°) were
inoculated with TMV tamato strain L RNA (0.2 ug) or with in vitro
uanseribed RNA (0.2 iz equivalent {33]) using the eleciroperdtion
method [13]. Mock-inoculated or viral RNA-moculated proiopiasts
were cultured i phosphate-free modified Murashige-Skoog medium
sypplemented with 50 mM PIPES-KOH (pH 6.5) [12] at a concentra-
tien of 1 x 10° protoplastsiml. Carrier~free [2Plonthophosphate was
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added to eacli 1 ml of culture medium at 200 4Cyml (7.4 MBg/mi) 1
i postinoculauon and ineubated for 8 h. The cultures were collecled
in mictocentrifuge tubes and spun at 3,000 rpm for 3 min The super-
natant was removed and protoplasts were harvesied, Protoplasts {1 =
10%) were then disrupted by 40 gl of RIPA bufTer (10 mM Trnis-HCI,
pH 8.0, 150 mM NaCl, 10 mM EDTA, 1% Triton X-100, 1% sodium
deoxycholate, 0 % SDS) contaming 2 mM phenylmethylsulfonyl flu-
onde and 100 mM S-glycerophosphate, and boiled for 3 mun The
resulting lysates were diluted 20-fold with 0.8 inl of TBS (10 mM
Tris-HMCl, pH 7.5, 150 mM NaCl), | mM phenylmeihylsulfonyl fluo-
nde and 100 mM G-glycerophosphate. Antiserum (3 ul) against the
30-kDa proten [14] or premmune serum was added to ¢ach prepara-
tnen The nuxtures were kept at 0°C overnight. Thiny ul of a 10%
sinpension of protein A-Sephaiose (Pharmacia) were added Lo each
musture, Each mixiure was then subjected to moderate rotution for 2
i aL 4°C  The Sepharose beads were washed three times with fresh
TBS conldining 0,02% 5DS and once with fresh TBS The washed
Sepharose was boiled with 50 4l of Laemmli’s sample bulfer for 2 min
befoie bewg apphed onlo an analytical 0,19 SD8/4-20% gradient-
polyacrylamude gels (Daiichi Chemieal, Jupan). In some experiments
the gels were fixed, stained with Coomassie brilhiant blue G-250 apd
dued. Radioactive bands were detecied by autoradiography Aecumu-
lation of the 30-kDa proteimn in protoplasts was checked by Wesiern-
blotting and mnmuncdelection andlysis with anti-30-kDa protein anti-
body [14] as previously described [15]

Tiansenption of pLFW3 produces an infectious transerpl corre-
sponding to the wild-lype TMVY RNA [16), It ¢xpresses the intact 264
amino acids of the 30-kDa protein. Using standard DNA cloning
teghniques, we removed restiiclion fiagments from the virus sequence
mserted 10 pLFW3 [17]. Three deleted clones (pLQD261, pLQD233
and pLQD9/142) were consiructed, which correspond to nucleolide
deletions 5689-6187 (Sucl introduced-Nsil), 5605-6187 (Aazl-Nxil},
or 4936-3331 (Sapl-Sspl), respectively. pLOQNF was described previ-
ously [2] Transeription was performed as desenibued [13] The tran-
senpts and correspouding proteins are referred to by deleting the
prefix *p’ Irom their lemplate plasmid names, ie LFW3, LQD261,
LQD233, LQDY142 and LQNF, respectively (Fig 1)

3. RESULTS

Mock-inoculated or TMV RNA-inoculated proto-
plasts were labeled with [**Plorthophosphate during the
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Fig. 1. Truncated 30-kDa protens used in this experiment

period at which the majority of 30-kDa protein is syn-
thesized, as shown by our previous data [4). Protoplasts
were disrupted and proteins were analyzed in an SDS
pelyacrylamide gel. A band specific of TMV-infected
protoplasts could be detected by autoradiography (Fig.
2, large arrowhead). Immunoprecipitation experiments
confirmed that this protein is indeed the 30-kDa pro-
t¢in. Anti-30-kDa protein antibodies could immunopre-
cipitate the protein but preimmune serum could not
(Fig. 2; lane +an'i-30-kDa). Bacterial alkaline phos-
phatase (Takara Shuzo, Japan} treatment, which is
known to remove phosphate groups from
phosphorylated amino acids, produced fading of the
band (Fig. 2; lane BAP). Consequently we could detect
phosphorylation of the 30-kDa protein in vivo using
plant cells.

Another radioactive band with a slower electro-
phoretic mobility and specific of TMV-incculated pro-
toplasts could be seen (Fig. 2, infected, lane sample;
small arrowhead). Anti-130-kDa/180-kDa protein anti-
bodies [18] could not immunoprecipitate this band (data
not shown). We have not characterized this band fur-
ther.

Next we wanted to determine which portion of the
30-kDa protein is phosphorylated. Several truncated
30-kDa protein mutants were engineered: LQD261,
LQD233, LQNF and LQD%/142 that would direct the
synthesis of related 30-kDa proteins conserving amino
acid residues 1-261, 1-233, 1-187 (plus § out-of-frame
amino aeids: His-Gly-Thr-Phe-Gly-Arg-Ser-Cys [2])
and 1-9/142-264, respectively (Fig. 1). These proteins
are hereafter referred to by the name of their originating
transcript; e.g. LQD261 proteins. We inoculated thesc
transcripts into proteplasts and analyzed the accumula-
tion/phosphorylation pattern of the truncated proteins.
Immunodetection analyses showed that the LFW3,
LQD261 and LQD233 proteins accumulated to a com-
parable ievel; in contrast, the LQNF and LQI%/142
proteins accumulated to much lower levels (Fig. 3A;
arrowheads), even it one considers the fact that this
antibody reacts somewhat better with the C-terminal
portion of the protein than with the N-terminal portion
[14]. This result shows that internal truncation or dete-
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Fig. 2. Detection of the in vivo phosphorylation of the 30-kIxa protein
(large arrowhead). Mock-inoculated or TMY-RNA infected proto-
plasts were **P-labeled in vive. Proteins were analyzed on a 0.1%
SD5/4-20% polyacrylamide gradient gel directly (lanes *sample’) or
alter immunoprecipitation. BAP lanes show the iminunopreeipitated
preparations after bacterial alkaline phosphatase treatment. The sinall
arrowhead also indieates a4 TMV-infection-specific band. Bars at the
right indicate the positions of protein moleeular weight markers
{Amersham, Rambow markars; 92.5, 69, 46, 30, 21.5, 14.3 kDa).

tion of more than 77 amino acids from the C-terminus
of the 30-kDa protein causes some instability in vivo,
since these mutants are equally replicated {data not
shown), The phosphorylation pattern of these proteins
is shown in Fig. 3B (arrowheads). The LFW3 and
LQD261 proteins are equally phesphorylated; but the
LQD233 and LONF  proteins aie  barely
phosphoryiated, if at all. Fig. 3B also shows that the
LQD9/142 protein was phosphorylated to a considera-
ble level.

4, DISCUESESION

We present here evidence of the in vivo phosphoryla-
tion of the 30-kDa protein that was previously reported
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Fig. 3. (A) Western-blotting and immunedetection of the truncated 30-kDa proteins by anti-30-kDa protein antiserum. Protein samples equivalent

to 2 x 10* proloplasts were electrophoresed and analyzed. (13) Phosphorylation pattern of the truncated 30-kDa proteins. Each protein saraple of

proloplasts equivalent to 2 » 10% was subjested 10 immunopreeipitation with anti-30-kDa protein antiserum and analyzed as in Fig. 1. Arrowheads
indicate the positions of each protein.

[11,19]. While protoplasts do not retain the integrity of
plasmodesmata, our protoplast system has some advan-
tages for the analysis of phosphorylation. The phosphio-
rylation detected herr might be important for fine anal-
ysis of the 30-kDa protein in relation to the function and
understanding of the molecular imeractions between
the 30-kDa protein and host plant cells. To test the
relation of the function of the protein ard its modifica-
tion, we must compare in planta and protoplast experi-
ments in the future.

It was shown that LQD261 and LQD233 are compe-
tent in cell-to-cell movement [20], while LQNF {2] and
LQDY9/142 (unpublished data) are incompetent. Analy-
sis of LQD233 showed that C-lerminal truncation by 31
amino acids of the 30-kDa protein lowered considerably
but did not eliminate the ability to promote virus cell-to-
ceil movement [20]. Ouher groups shiowsd simiiar resulis
[21,22]. The data presented heye might indicatc that
these amino acid residues 234-261 of the 30-kDa pro-

tein contain the targel site(s) of phosphorylation. Com-
bining the available informations, one possibility is that
phosphorylation is not directly related to the cell-to-cell
movement function of the 30-kDa protein. On the other
hand, rather conversely, malfunction of the LQI»233
protein in cell-to-cell movement might indicate another
possibility that host plants modulate/enhance the cell-
to-cell movement function through this phosphoryla-
ticx: by an unrevealed kinase.

Atabekov and Taliansky [23] mentioned the possibil-
ity that the 30-kDa protein might be phosphorylated in
plants by a cAMP-dependent kinase. This conclusion
was based on experimental data suggesting that the
thermosensitive defect in cell-tc-cell movement of the
Ls! stroin could be complemented by addition of ex-
ogenous cAMP {23]. It would be interesting to sce
whother cAMP has some effscts on the function of the
30-kDa protein via phosphorylation.

As a whole, it is shown that the truncation of amino
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acids 234 to 261 of the 30-kDa protein was unfavorable
for in vivo phosphorylation. The simplest model is that
the target site(s) for this phosphoerylation is (are) located
at amino aeid residucs 234-261 of the 30-kDa protein.
The amino acid residues 234-261 of this protein are
mapped in regions B and C [24]. There are juxtaposed
basic amino acids in the region B, It is reported that the
cAMP-dependant kinase of animals or yeasts phospho-
rylates serine residues in a context of the motif
XRRXSX' [25]). In the 30-kDa protein, there are no
amino acid sequences which fit completely with this
motf, while our preliminary phosphoamine acid analy-
ses of the intact 30-kDa protein showed that serine res-
idues are phosphorylated. We do not know at present
which serine residue(s) in the 30-kDa protein is (are)
phosphorylated since no direct amino acid analysis has
as yet been performed.
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