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At the present stage of development of plant virology the study of molecular mechanisms of regulation,
translation and replication of viral RNA is of great interest. Potato virus X (PVX) RNA in viral particles
is not available for in vitro translation, but acquires the ability to be translated as a result of shell
protein phosphorylation. The aim of our study was to investigate the conditions of phosphorylation of
the PVX coat protein in in vitro and in vivo systems, as well as the effect of EDTA and CaCl, on the
phosphorylation in vitro. Methods. The PVX coat protein was obtained by the guanidine chloride method.
The kinase activity of PVX protein in vitro was determined in a standard reaction mixture containing
Mn?* ions, 0.8 mM EDTA, and 2 micro Ci P ATP (3000 Ci/mM). Phosphorylation of the protein in
vivo was carried out by immersing Datura stramonium leaves with symptoms of PVX infection in water
containing K PO, *P. After isolation of PVX from the leaves, the viral coat protein was fractionated by
SDS-PAAG electrophoresis. Fractions of the protein were transferred from the gel by contact manner on a
nitrocellulose filter. The PVX coat protein was detected by immunoblotting using immunoglobulins to PVX
coat protein and rabbit antibodies labeled with peroxidase. The inclusion of labeled phosphorus in the
PVX protein was detected by radioautography. Results. The PVX coat protein was phosphorylated in vitro
in a standard incubation medium containing (gamma ->P) ATP. In contrast, the PVX coat protein cannot
be phosphorylated in the same conditions in the presence of (alpha->P) ATP. In vivo phosphorylated PVX
coat protein was detected by exposing nitrocellulose filter with immunoblot on X-ray film. Additionally,
it was found that the presence of 10 mm EDTA and 10 mm CaCl, inhibited the process of the PVX coat
protein phosphorylation in vitro. Conclusions. The coat protein of potato virus X is able to phosphorylate
in vitro and in vivo systems. The terminal ATP phosphate plays a major role in the phosphorylation of the
PVX coat protein. The presence of EDTA and Ca** influences on the process of protein phosphorylation
in vitro. These agents are able to inhibit the process of phosphorylation of the PVX coat protein. Thus, the
phenomenon of phosphorylation of the PVX coat protein apparently indicates about its participation in
the regulation of the virus reproduction in the infected cell.
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Phosphorylation of capsid proteins is cha-
racteristic for many plant viruses. Phosphorylation
of structural proteins in cauliflower mosaic virus,
potato virus A (PVA), plum beetle virus, etc. is
described [1]. This process is necessary for the
development of viral infection in the plant. It was
shown that the coat proteins of different viruses
can be phosphorylated only in released state [1].
Phosphorylation of the free coat protein of PVA
regulates its ability to interact with virus RNA. At
the later stages of infection, it is dephosphorylated
and the assembly of viral particles is activated
[1, 2]. The phosphorylation of proteins leads
to decreasing of the efficiency of protein-RNA
binding and inhibition of the ability to homologous
protein-protein interactions [3].
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Potato virus X is a typical representative of the
genus Potexvirus. The role of the transport form
of potexviruses performs by either mature viral
particle or by RNA in complex with a coat protein
and one of the three other virus transport proteins
[4]. As far as virus phosphorylated proteins are
involved in the regulation of viral infection inside
cells, it was expected that these viral proteins are
eligible to phosphorylation-dephosphorylation
process during the development of infection [1-4].
The same was shown for the plum shell virus [2, 3].

PVX RNA in the composition of viral particles
is not available to translation in vitro, but acquires
this ability after phosphorylation of the coat protein
[4]. In this regard, the aim of our research was to
study the conditions of phosphorylation of the coat
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protein of potato virus X (PVX protein) in vitro and
in vivo, as well as the effect of EDTA and CaCl, on
phosphorylation of this viral protein in vitro.

Materials and methods

Potato virus X was obtained from Datura
stramonium leaves with typical symptoms of
infection. To the leaves homogenate was added up
to 3 volumes of sodium phosphate buffer (pH 8.0),
which contained 0.2% mercaptoethanol. The filtrate
was centrifuged at 3000 g for 10 minutes. The
supernatant was centrifuged for 10 min at 10000 g.
Next, Triton X-100 was added to the supernatant
to final concentration 0.5% and the mixture was
incubated for 30 min. The virus was precipitated
with PEG 6000, bringing it to a final concentration
of 4.5% and NaCl to 2%. The virus precipitate
was obtained after centrifugation at 10000 g for
15 minutes and dissolved in phosphate buffer
(pH 7.0). The virus concentration was determined
on a Specord spectrophotometer at a wavelength of
260 nm in UV light [5].

Structural viral protein was obtained by the
method [6]. To 1% suspension of potato virus X
an equal volume containing 5.3 M guanidine,
3.3 M LiCl, 0.01 M 2-mercaptoethanol, 0.02 M
boric acid, 0.01 M NaOH was added. The mixture
was incubated at 4 °C with periodic stirring for
2 days. Under such conditions, the protein goes into
solution, and RNA forms precipitate. The protein
solution was centrifuged. The purified protein
was then dialyzed against one hundred times the
volume of distilled water for two days, the water
was periodically changed. Protein concentration
was measured on a spectrophotometer, using the
absorption coefficient [6].

Rabbit antiserum to PVX protein was obtained
by immunizing the rabbit intravenously every
7 days for a month. Then, after 10 days, blood was
collected and serum was separated. Serum titer
was determined by double diffusion in 1% agar as
described by Ouchterlony [7]. Serum with a titer of
1:32 was used in the work.

Phosphorylation of PVX protein in vivo was
determined as follows. Chopped leaves of Datura
stramonium infected with PVX with specific
symptoms were immersed in distilled water
containing 375 mCi of **P, and incubated for 5 days
until the leaves completely absorbed the labeled
water. Potato virus X was isolated from the leaves.
The PVX coat protein was fractionated by SDS-
PAGE. The protein from the gel was transferred to
nitrocellulose filter by contact manner. Immunoblot
of PVX coat protein was carried out by Towbin [8].
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Specific serum to PVX coat protein and peroxidase-
labeled anti-rabbit antibodies were used for this
purpose.

The kinase activity of the studied proteins
in vitro was determined as described in [9]. The
following reaction mixture comprised of: 20 mM
Tris HC1 pH 7.4, 10mM MnCl,, 0.8mM EDTA and
2 micro Ci **P ATP (3000 Ci/mM). The standard
mixture was prepared 2 times more concentrated;
an equal volume of test proteins was added and
incubated for 60 min at 37 °C. In order to fractionate
the proteins in SDS PAGE, trichloroacetic acid
was added to the samples to a final concentration
of 10%. The insoluble fraction was washed three
times with alcohol, dissociating buffer was added,
heated at 100 °C for 5 minutes and analyzed
in 8-20% gradient PAGE. The electrophoresis
was performed according to Laemmli [10].
Phosphorylated in vitro and in vivo proteins were
detected by radioautography on RM-1 film. For this
purpose, the dried gel or nitrocellulose filter was
exposed to the film for 12 hours.

Results

The previously obtained solution of PVX
protein was measured using spectrophotometer.
Fig. 1 shows the absorption spectrum of the protein
in UV light at 280 nm.

The molecular weight of PVX protein was
determined by 10% SDS-PAGE and corresponded
to 29 kD (Fig. 2).
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Fig. 1. UV spectrum of PVX protein
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Fig. 2. Electrophoregram of the PVX protein:
1 — markers, 2 — PVX protein of 29 kD weight

20kD

To a standard reaction medium containing 1 —
(gamma **P) ATP and 2 — (alpha *’P) ATP an aliquot
of 20 pL of PVX protein solution was added. The
phosphorylation products were thoroughly washed
off from the label, fractionated in SDS-PAGE, the
gel was dried and exposed to X-ray film. As can
be seen from the autoradiography (Fig. 3), PVX
protein was phosphorylated in in vitro system
contained (gamma 32P) ATP and not phosphorylated
in a system with (alpha **P) ATP. Having such
properties, the structural viral protein, apparently,
may be involved in the regulation of protein
synthesis in the infected cell. Fig. 4 shows the
autoradiography of phosphorylation of PVX protein
in in vivo system. Autoradiographs were obtained
after exposure to X-ray film of the nitrocellulose
filter after immunoblotting using anti-PVX protein
serum. Thus, PVX protein can be phosphorylated in
PVX-infected Datura stramonium leaves. It should
be noted that along with the phosphorylation of the
viral protein, products of its proteolytic cleavage
can also be phosphorylated. This proteolysis,
apparently, is a result of activity of cell proteases.

Viral proteins transferring from cell to cell can
be phosphorylated-dephosphorylated by cellular
kinases and phosphatases, and viruses use these
processes for the development of infection. The
genomes of most plant viruses do not encode their
own protein kinases thus they utilize plant cell
enzymes such as calcium- and cyclin-dependent
protein kinases. The last ones are involved in
the regulation of the cell cycle. In addition,
their activity is regulated by phosphorylation-
dephosphorylation. In this regard, our next task was
to investigate the effect of chelating agent EDTA,
as well as Ca*" on the process of phosphorylation
of the PVX protein. These reagents were separately
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added to the standard incubation medium to the
final concentration 10mM both. The 20 pL of PVX
protein in concentration 1 mg/mL was added to the
reactions and incubated as mentioned above. The
results of the reaction were visualized in 10% SDS-
PAGE with subsequent detection on X-ray film.
The obtained autoradiography of the viral protein
indicates that the presence of 10 mM EDTA and
10 mM CaCl, inhibited the process of phos-
phorylation of the PVX protein in the in vitro
system (Fig. 5).
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Fig. 3. Autoradiography of in vitro
phosphorylated PVX protein.
1 — phosphorylated PVX protein;
2 — not phosphorylated PVX protein

7 PVX protein

Fi g. 4. Phosphorylation in vivo of the PVX
protein: A — an immunoblot with anti-PVX
protein-serum; B — an autoradiography
of the **P-labelled PVX protein from
32P-treated leaves of Datura stramonium
with specific symptoms of PVX infection;
PP — proteolysis products
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Fig. 5. The effect of EDTA and CaCl, on
phosphorylation of PVX protein in vitro —
radioautography **P-labelled proteins:

1 — phosphorylated **P-labelled PVX protein
from the standard incubation medium (C);
2 — (C)+10mM EDTA+PVX protein
(phosphorylation inhibited);

3 - (O)+10mm CaCl,+PVX protein
(phosphorylation inhibited)

Discussion

Phosphorylation is the process of transferring
a terminal phosphate group from ATP to the
corresponding serine or threonine residue. This
process is carried out by protein kinases. These
enzymes differ in substrate specificity and in the
mechanisms of regulation of their activity. There
are a number of activators of protein kinases —
cyclic adenosine monophosphate (cAMP), ions of
calcium, magnesium, manganese, double-stranded
RNA, and others [3].

Currently, the study of molecular mechanisms
of regulation of translation and replication of viral
RNA are still extremely significant. Oparka and co-
authors [11] proposed a model according to which,
the viral RNA becomes available for translation in
infected cell after phosphorylation of the virus coat
protein by host plant kinases. In the subsequent
cycle of virus reproduction, RNA is “dressed”
by the coat protein. Thus, it become temporarily
excluded from translation and replication, and
moving though plasmodesma to neighbor cells. It
is possible that phosphorylation is responsible for
the destruction of the replicative complex.

It is possible to assume that in the middle and
late stages of virus infection there is an inhibition
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of protein kinase activity in PVX infected cells,
which contributes to the formation of mature
virions. It is known that protein kinases of total
tobacco leaf extract are able to phosphorylate the
coat protein of the potato virus A, as well as the
transport protein of tobacco mosaic virus (TMV).
Both kinase reactions were independent of Ca**
and were activated by Mn?" more efficiently than
Mg?** [1, 4]. A possible mechanism of stimulation
of protein kinases by divalent metal cations is the
formation of a complex of these cations with ATP,
and subsequent use of this complex by the enzyme
[1].

The authors [12] showed that the binding
of TMV RNA with a transport protein leads to
inhibition of its translation in vitro. It has been
suggested that in vivo activation of the transport
protein-RNA complex occurs during its passage
through the plasmodesma and is carried out by
phosphorylation of the transport protein.

Earlier, we detected in mRNP (informosomes)
the in vitro phosphorylated proteins induced by
the PVX in Datura stramonium plants. A protein
with cAMP-dependent protein kinase activity was
detected in these virus-specific informosomes. This
protein was identified as an RNA-dependent RNA
polymerase and able to direct the synthesis of a
double-stranded RNA in the replication system in
vitro [13]. There is information about the role of
phosphorylated capsid protein of potato virus A in
the initiation of viral RNA translation, as well as its
relationship with RNA-dependent RNA polymerase
[14]. Phosphorylation of protein components of
RNA replication complex has been shown for three
groups of viruses [2, 13, 14].

There are also data on the in vivo phosphorylation
of the TMV capsid protein [15].

Regulation of viral RNA replication and
translation by phosphorylation of capsid proteins
is characteristic of Hepacivirus C virus [16, 17].
Thus, the effect of capsid protein phosphorylation
on viral genome expression is essential for both
plant and animal viruses. The research on the
processes of phosphorylation-dephosphorylation
of capsid proteins in cells during viral infection
and their impact on the reproduction of viruses is a
highly relevant topic in virology.

Thus, the capsid proteins of potato virus X
can be multifunctional after the processes of
phosphorylation-dephosphorylation. We have
shown that PVX protein is able to phosphorylate
in in vitro and in vivo systems. The phenomenon
of phosphorylation of the PVX coat protein occurs
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due to association with plant protein kinases during
reproduction of the virus.

POCPOPUITIOBAHHA
KAIICUAHOT' O BIUVIKA X-BIPYCY
KAPTOILJII B CUCTEMAX
IN VITROYIINVIVO

JI.0. Makcumenxo, H.H. ITapxomenko

Inemumym mikpobionocii i sipyconoeii
im. JILK. 3abonomnoco HAH Yxpainu,
8yn. Axademika 3abonomnozo, 154,
Kuis, 03143, Vkpaina

Peswome

Ha cywyacHomy ertami po3BHTKY BipycoJorii poc-
JIMH BEJMKHUN 1HTEPEC MPEICTABIISE BUBYCHHS MOJIC-
KYJSIPHUX MEXaHI3MiB PeryJisilii MpoIeciB TPAHCIIAIIT
1 perutikanii Bipycanx PHK. PHK X-Bipycy kaprormii
(XBK) y ckiiazi BipyCHHUX YacTOK HEIOCTYITHA JIJIS
TpaHCIALil in vitro, ane HaOyBae 31aTHOCTI TPAHCIIIO-
BaTHCh B pe3ynbTati GpochopuntoBanus Oinka 00o-
JIOHKH. MeTOI0 HAIIIOTO JOCIHIKeHHS OyJI0 BUBUCH-
Hs1 ymoB (hochoprnroBanas Oinka XBK B cucremax
in vitro i in vivo, a Takox BBy EJITA ta CaCl,
Ha ¢ochopuroBaHHS BipyCHOTO OijKa B CHUCTEMI
in vitro. Metonu. Kancunnuii 6inox XBK ozepxy-
BaJM IyaHIIMH-XJOPUIHUM MeTofoM. B cranmapt-
Hill peakmiitHiil cymimi, sika MicTuiaa iorn Mn?* Ta
0,8 mM EDTA i 2 mikpo Ci- rama **P AT®(3000 Ci/
mM), BU3HAYaJU 3[aTHICTh KarcuaHoro Oimka XBK
dochopuiroBatucs in vitro. ®ocHopuiroBaHHS Bi-
pycuoro Oinka XBK in vivo mpoBouiH IIISTXOM 3a-
HYPIOBaHHS JIUCTS [ypMaHy 3 CHMIITOMAMH YPaKCHHS
XBK 'y Bony, sixa mictuna K.PO, *P. XBK Buninsmm 3
mucta Datura stramonium, OTpuMaHui 010K (pak-
IOHYBAJIH METOJIOM enekTpodope3dy B [IAATL. dpak-
1ii OLIKa 3 TeNI0 KOHTAKTHIM YHHOM ITEPEHOCHIIN Ha
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HITPOIICTIONO3HUHN (iNBTp, BIpYCHHH Oi7TOK BHSBIIS-
JY METOJOM IMYHOOJOTY 3 3aCTOCYBaHHSIM IMYHO-
m100yniHiB 10 Oinka XBK i aHTHKpOISUNX aHTHUTI,
MIYEHHX MTepOoKCcHaa3010. BkirouenHs Migenoro ¢oc-
¢dopy B 6inok XBK BUSABISIM METOJIOM PajlioaBTO-
rpagii Ha i PM-1. Pe3yabraTn. BeranosieHo,
10 KarncuaHui 6110k X-BipyCy KapTOIull 34aTHHUM
(dhocdopunroBaTuch y CTaHAAPTHOMY iHKyOariii-
HOMY CEpENOBHII in Vitro, sike mictuino( rama ->2P)
AT®. Ha Binminy Bix nporo 0inok XBK y cranmapt-
HOMY 1HKyOAQI[ifHOMY CEepeOBHUII MPU HASIBHOCTI
(ampa-*P) AT® e dochopumoerbes. Takum du-
HOM, KiHneBuil Gpocdar ATO Bimirpae rosoBHY poib
y ¢docdopumosanni 6inmka XBK. Maroun Taki Biac-
THUBOCTI, CTPYKTYpHHI BipycHHI 010K, MaOyTh, Oepe
y4acTh y peryisiiii CHHTEe3y Bipyccrenudigaux 0ii-
KiB B iH(}ikoBaHi# KiiTHHI. DochopritboBaHMA Karl-
cunnuil 6utok XBK B cucremi in vivo OyB BUSBICHUI
LUIIXOM €KCTIOHYBAaHHS HITPOLETIONO3HOrO (BiIbTpy
3 IMyHOOJIOTOM BipyCHOTO OilKa Ha PEHTTEHIBCHKii
wiiBni PM-1. Takum unHOM, OyB onepkaHuit pami-
oasrorpad dochopunsoBanoro in vivo dinmka XBK.
HasBricTh B iHKyOamiiHi#i cucremi in vitro 10 MM
EITA ta 10 MM CaCl, npurnivysano npouec ¢oc-
¢dopmmroBanns 6inka XBK. SBurie dpocdoprntoBan-
Hs KarcugHoro 6inka XBK, MaOyTb, BUKOPUCTOBY-
€THCS B IIpOIIECaxX PEMpPOAYKIii Bipycy B iH(pikoBaHIN
xkriTuHi. BucnoBku. Kancunuuii 6inox X-Bipycy
KapToIUIi 31aTHUN (PochOoprITIOBaTUCH B CHCTEMax
in vitro 1 in vivo. binok XBK ¢docdopunroerbes 3a-
BIsIKH KiHneBoro pochary ATD. Ha mporuec dpocdo-
pUIIIOBAHHS OiNKa in vitro BIuBae HasiBHicTh EJITA
ta ionis Ca?’, L1i areHTH 37aTHI IPUTHIYYBATH MPOIIEC
tdhochopmtoBanns BipycHoro Oinka XBK.

Krouosi cnosa: X-Bipyc KapToILTi, KaricUHUA Oi-
1ok XBK, dochopunroBanns, npoTeiHKiHa3H.
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