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Ribonucleases (RNases) are present in base-level amounts in intact plants, but this level is able to
increase greatly under stress conditions. The possible cause for such an increase is protection against plant
RNA-virus attack. Buckwheat burn virus (BBV) is a highly virulent pathogen that belongs to Rhabdoviridae
family. In our study, we have analyzed the correlation between RNase activity and resistance of different
buckwheat cultivars to BBV infection. Two cultivars, Kara-Dag and Roksolana, with different sensitivities
to BBV have been used. Kara-Dag is a cultivar with medium sensitivity to virus and Roksolana is a tolerant
cultivar. It has been shown that the base level of RNase activity in Roksolana cultivar was in most cases higher
than the corresponding parameter in Kara-Dag cultivar. Both infected and uninfected plants of Roksolana
cultivar demonstrated high RNase activity during two weeks. Whereas infected plants of Kara-Dag cultivar
demonstrated unstable levels of RNase activity. Significant decline in RNase activity was detected on the 7th
day post infection with subsequent gradual increase in RNase activity. Decline of the RNase activity during
the first week could promote the virus replication and therefore more successful infection of upper leaves
of plants. Unstable levels of RNase activity in infected buckwheat plants may be explained by insufficiency
of virus-resistant mechanisms that determines the medium sensitivity of the cultivar to BBV. Thus, plants of
buckwheat cultivar having less sensitivity to virus, displayed in general higher RNase activity.

Key words: plant defence mechanism, ribonuclease (RNase) activity, buckwheat (Fagopyrum esculen-
tum), Rhabdoviridae family, buckwheat burn virus (BBV).

mechanism is a complex process that includes

interaction of the components at different levels
[1, 2]. Research of various details and peculiarities
that underlie it is a highly relevant issue, because the
obtained information, may help further increase vi-
rus resistance of economically-valuable plants.

Ribonucleases (RNases) are a group of en-
zymes that hydrolyze both own [3] and foreign
RNAs [4, 5]. RNases may have diverse functions in
plants, including protection against pathogens’ at-
tack [4-7]. Some works suggest that nucleases may
be a part of non-specific defence against plant virus-

I t is well known that plant virus-resistance
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es (phytoviruses). For example, in some experiments
RNases cause aggregation or degradation of virions
[8]. Plant pathogenesis-related (PR) class 10 proteins
exhibit a ribonucleolytic activity and this activity
may increase in plant cells after viral attack [9, 10].
RNases play an important role in RNA silencing es-
tablishment — general plant defence against viruses
[2, 11]. Moreover, transgenic plants expressing bo-
vine pancreatic RNase, Zinnia elegans RNase Il or
dsRNA-specific ribonuclease, were protected against
some viruses/ viroids (tobacco mosaic virus, tomato
mosaic virus, tomato spotted wilt virus, buckwheat
burn virus, potato spindle tuber viroid, chrysanthe-
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mum stunt viroid) or characterized by a delay in the
appearance of symptoms on plants inoculated with
cucumber mosaic virus or potato virus Y [12-15].
Transgenic plants of Nicotiana benthamiana over-
expressing the cytosolic exoribonuclease Xrn4p
have indicated increased level of tombusvirus RNA
degradation [16]. Contrariwise the exoribonuclease
Xrn4p-silenced N. benthamiana plants promoted
tombusvirus RNA accumulation [6], thus confirm-
ing that exoribonuclease Xrn4p was involved in
virus RNA degradation. Plant endoribonuclease
RNase MRP is involved in tombusvirus RNA deg-
radation as well [17].

In a study concerning correlation between virus
resistance and ribonuclease activity of plants one of
phytorhabdovirus has been used — buckwheat burn
virus (BBV). The viral disease was found on the
buckwheat fields in Khmelnytskiy region, Ukraine,
and then the pathogen — BBV — was characterized
[18]. This object (BBV) was chosen due to its high
pathogenicity for buckwheat plants. In case of infec-
tion, plants either die or their generative organs get
damaged. This may decrease the yields of buckwheat
for up to 80%. Apart from buckwheat, BBV affects
other valuable crops from different families — tobac-
CO, potato, pea, pepper, tomato, cucumber and others
[18]. Selection of the buckwheat cultivars resistant to
BBV may greatly increase the crop production.

BBV has negative-sense RNA genome and,
taking into consideration its structural organiza-
tion, may be included into Rhabdoviridae family
[19]. So another motivation for involving BBV was
that mechanism of rhabdovirus reproduction differs
from that of positive-sense RNA genome viruses —
tobacco mosaic virus, potato virus Y, bean pod mot-
tle virus studied earlier in a similar sphere [8, 20-22].

Materials and Methods

Plant material and infection by the pathogen.
Among 120 buckwheat cultivars from the collec-
tion of Podolsky State Agricultural and Technical
University (Ukraine) the two most perspective ones,
but different in susceptibility to BBV, have been
chosen for the current research. Kara-Dag is a me-
dium sensitive cultivar and Roksolana is a tolerant
one. Seeds of buckwheat were sown directly into the
soil and next seedlings and adult plants have been
cultivated in greenhouse conditions. One month old
plants have been mechanically infected by rubbing
the viral preparation containing 0.5 mg/ml BBV in
buffer (which contained 1 M glycine, 0.01 M MgCl,,
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pH 7.0) in the presence of carborundum powder on
dorsal face of low leaves. Taking into consideration
that mechanical damage may influence RNase ac-
tivity, the control plants have been left intact. Af-
ter inoculation plants were transferred back to the
greenhouse conditions. The day of the inoculation
was designated as a day zero.

Virus preparation. BBV particles have been
isolated from the sap of infected tissues of Nico-
tiana rustica plants with visible mosaic symptoms
and purified using polyethylene glycol 6000 pre-
cipitation followed by three cycles of differential
centrifugation [23]. The purity of BBV preparation
was controlled using both spectrophotometer and
electron-microscopic methods. The extinction fac-
tor E 260/280 nm of BBV was about 1.2. This ratio
is typical of purified buckwheat burn virus. The vi-
ral suspension was applied on the grid with formvar
support film and contrasted by 2% phosphotungstic
acid pH 6.8-7.0 and examined in electron microscope
JEM-123 [23].

Determination of RNase activity. In the course
of the experiment, every 3 days after infection un-
damaged mature buckwheat leaves were taken to
analyze the changes in RNase activity. For cur-
rent research, we have chosen spectrophotometric
method for determination of RNase activity. Unlike
the popular qualitative method for RNase activity
detection via discoloration of band on a gel, spec-
trophotometric method is a quantitative one. Using
of spectrophotometric method has allowed us to
compare our own results with results obtained by
other researchers. There are several variants of the
spectrophotometric method. We selected the method
described by Galiana et al. [24]. One gram of fresh
leaf tissue was grinded in liquid nitrogen using a
mortar and a pestle; for extraction of soluble frac-
tion containing proteins 1 ml of 50 mM Tris-HCI
buffer (pH 7.0) was added. After 10 min centrifu-
gation at 10 000 g and 4 °C, the supernatant con-
taining fraction of soluble proteins from leaf tissue
was collected and used for analyzing the RNase ac-
tivity. As our study focused on enzyme activity of
RNases, we use name protein extract to emphasize
that proteins in extracts were under our concerning,
but it does not mean that extracts did not have other
components. Other components have not been de-
termined. To standardize of experimental conditions
and compare amounts of total soluble proteins (TSP)
in extracts obtained from uninfected and infected by
BBV plants, the quantity of TSP was measured. It
has been performed according to Bradford’s method

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, Vol. 86, N 3



Y. R. SINDAROVSKA, O. I. GUZYK, L. V. YUZVENKO et al.

[25] using bovine serum albumin as a standard. The
content of TSP in leaf tissue extracts was about 0.2-
0.5%. Protein extracts with 5 pug of TSP were incu-
bated for 2 h at 37 °C in 250 pl of 50 mM Tris-HCI
(pH 7.0) buffer containing bovine serum albumin
(0.01%) and yeast RNA (400 pg/ml) as substrate for
action of RNases. After incubation, the remaining
RNA was precipitated with ethanol in the presence
of 2.5 M ammonium acetate and resuspended in
500 pl of water. To make sure the purity of samples,
optical density was measured at 260 and 280 nm us-
ing spectrophotometer BioPhotometer (Eppendorf).
For pure sample of RNA ratio 260/280 nm should be
around 2. Total RNase activity was detected by de-
creased absorption at 260 nm compared with nega-
tive control. Reaction mixture with buffer addition
was used as a negative control. Addition of purified
bovine pancreatic RNase A (5 ug, Sigma R-6148)
into reaction mixture served as positive control.

All data are expressed as the mean + standard
deviation (SD). Differences in means between groups
have been tested using the Mann-Whitney U test and
considered to be statistically significant at P < 0.05.

Results and Discussion

Buckwheat burn virus particles were isolated
from tissues of N. rustica plants with visible symp-
toms of infection: reduction and yellowing of upper
leaves, wrinkled leaves, chlorotic spots, and partial
leaf necrosis at the later stage. The purity of viral
preparation was verified prior to the study of buck-
wheat burn virus effect upon RNase activity of dif-
ferent buckwheat cultivars.

Electron-microscopy method proved that viral
particles correspond to BBV by their bacilli-shape
morphology and the size of viral particles was 230-
270x75-90 nm (Fig. 1). Any contaminations by othes
viruses was not observed.

As it was reported earlier by Spivak et al. dif-
ferent buckwheat cultivars have dissimilar sensitivi-
ty to buckwheat burn virus [13]. Some cultivars have
severe damages if infected by BBV, but others are
only slightly injured by the virus. The possible cause
is different RNase activity of the cultivars. So we
have determined the RNase activity of uninfected
and infected plants of two buckwheat cultivars with
different resistance to virus. Roksolana is a tolerance
to BBV buckwheat cultivar and Kara-Dag is a me-
dium sensitive to BBV buckwheat cultivar.

Every three days during three weeks leaves
from uninfected buckwheat plants of two cultivars
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Fig. 1. Electron microscopy detection of buckwheat
burn virus particles

were collected and used for extraction. Extracts ob-
tained from leaf tissues of uninfected buckwheat
plants were tested for activity of RNases (activity of
uninfected plants named as base RNase activity). To-
tal RNase activity was determined as the decrease of
absorption at 260 nm relative to the control without
adding the protein extract. We measured total RNA
absorption at 260 nm after incubating the reaction
mixture containing yeast RNA with plant extracts.
So the more active plant RNases were, the less intact
RNA remained in the solution and the less values of
absorption at 260 nm were observed. It should be
noted that the base nuclease activity observed during
experimental time in the slightly-injured Roksolana
cultivar was higher in most cases than the corre-
sponding parameter in medium-injured Kara-Dag
cultivar. RNase activity in leaf protein extracts from
Roksolana buckwheat cultivar was close to the one
of purified RNase A (Fig. 2). It should be noted that
control and experimental reaction mixtures has been
supplied with equal quantity of total proteins (5 ug),
but the control mixture was supplied with purified
RNase A only and experimental reaction mixture
was supplied with extracts containing total soluble
cell proteins (not only plant RNases). Thus we may
conclude that some plant RNases have more enzy-
matic activity.

Uninfected plants of medium-injured buck-
wheat cultivar Kara-Dag were characterized by
decreasing of RNase activity after 10th day. Plants
infected with BBV demonstrated a sharp decrease of
RNase activity on the 7th day, with its slow subse-
quent increase. The highest level of RNase activity
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Fig. 2. Ribonuclease activity of uninfected control buckwheat plants of Roksolana and Kara-Dag cultivars
(n = 6). Each value represents M + SD. * Significantly different compared with those RNase A control sample
(P < 0.05), # Significantly different compared with those in Roksolana variety (P < 0.05)

in leaves was detected on the 16th day after plant
infection. At the first days viruses begin the replica-
tion. So decline the RNase activity during the first
week could promote the virus replication and, there-
fore, increase the number of virus particles. Great
numbers of virus particles may be more successful-
ly spread throughout the plant and cause systemic
disease in spite of subsequent increasing of RNase
activity (Fig. 3). It may be related to activation of
RNase synthesis in response to systemic viral infec-
tion. But this does not ensure prevention of the infec-
tion of upper leaves. At this time the symptoms of
disease were visible. Unstable levels of RNase activ-
ity may contribute to viral expansion across the plant
and therefore determine the medium level of injury
of buckwheat cultivar itself.

Uninfected and infected plants of slightly-
injured Roksolana cultivar were characterized by
constant high RNase activity during first two weeks
(Fig. 4). We supposed that highly active RNases pro-
mote destruction of the virus RNA, especially dur-
ing the first week, and thus interfere with spreading
of BBV into upper uninfected leaves. On the 16th
day RNase level in infected buckwheat plants de-
creased relatively to base RNase level of the unin-
fected plants, but later reincreased back. Despite the
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transient decreasing of RNase activity on the 16th
day it may be concluded that infectious process is
very weak. Symptoms of disease were slightly visib-
le on the upper uninfected leaves. In this way high
RNase activity in the leaves of infected plants helps
limit the infection process, preventing virus dissemi-
nation.

As it was shown by Sindelafova et al. [26] a hy-
persensitive cultivar of tobacco plants infected with
of tobacco mosaic virus (TMV) demonstrated higher
RNase activity than the susceptible ones. Since hy-
persensitive reaction is one of the variations of plant
resistance these observations confirm our results.

Our data does not correspond with the re-
sults demonstrated by Burketova et al. [20]. In this
work it was indicated that the higher RNase activity
promoted RNA biosynthesis of beet necrotic yellow
vein virus and was found in the susceptible cultivar
of sugar beet. Other work reported about the same
results with potato virus Y (PVY) — susceptible
potato cultivar demonstrated higher level of RNase
activity, but the reliability of data was confirmed
not for all experimental time [20]. Testing of sus-
ceptible tobacco cultivar and transgenic breeding
line producing coat protein of PVY has demon-
strated that increased RNase activity was detected
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Fig. 3. Ribonuclease activity of uninfected and infected buckwheat plants, Kara-Dag cultivar (n = 6). Each
value represents M + SD. * Significantly different compared with those RNase A control sample (P < 0.05),
# Significantly different compared with those in uninfected plants (P < 0.05)
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Fig. 4. Ribonuclease activity of uninfected and infected buckwheat plants, Roksolana cultivar (n = 6). Each
value represents M + SD. * Significantly different compared with those RNase A control sample (P < 0.05),
# Significantly different compared with those in uninfected plants (P < 0.05)
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for susceptible cultivar if infected by PVY whereas
transgenic line had invariable level of RNase activi-
ty both in infected and healthy plants [27]. Sindela
and Sindelafova have observed positive correlation
between RNase activity in tobacco and PV repro-
duction as well [28]. The work of Sindelafova et al.
suggested that RNase activity is positively correlated
with the susceptibility of tobacco cultivars to PVY
[22]. This fact is obvious for susceptible cultivars.
But both RNase activity and PVY content in tolerant
and resistant cultivars of infected tobacco did not
differ significantly. In all mentioned works authors
have used viruses with positive-sense RNA ge-
nome, so their RNA was infectious. In our research,
negative-sense RNA genome virus was used, so its
RNA was not infectious. Also it was supposed that
using the host RNA degraded by the plant RNases
for virus RNA biosynthesis is triggered only when
the sources of nucleotides formed de novo are insuf-
ficient for the synthesis of a high virus content (as in
a case TMV or for a very fast virus RNA synthesis
(for example, potato virus X) [29]. But buckwheat
burn virus has a slow rate of systemic infection; one
of the possible reasons is slow virus RNA synthesis.
The content of BBV in infected tissues is not as high
as TMV one.

On the other hand, our data correlate with data
demonstrated by Trifonova et al. [15]. In the men-
tioned article, it has been demonstrated that trans-
genic tobacco line expressing gene of RNase Il of
Zinnia elegans and demonstrating lower RNase
activity had higher viral antigen accumulation and
quicker symptoms appearance than transgenic to-
bacco line with high RNase activity. But in both
cases transgenic plants with heterologous gene of
RNase Il were better protected from infection of
TMV than control non-transgenic plants.

Sindelaf et al. has demonstrated that the protein
content had decreased since the first day after inocu-
lation of potato plant leaves with PVY in comparison
with the control non-infected plant leaves [29]. In our
own research, we have not noticed decrease in the
level of total soluble proteins (TSP) when ‘Roksola-
na’ cultivar infected by BBV was used, except the
16th day when such a decrease (but statistical not
reliable) was observed. The levels of TSP were simi-
lar for infected and uninfected plants in the same
experimental day and the means lied between 2-4.5
mg TSP/g fresh weight of leaves. The level of TSP
of Kara-Dag cultivar uninfected and infected with
BBV varied during the same experimental day. The
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means lied between 1.3-5.5 mg TSP/g fresh weight of
leaves. But the most prominent decrease the level of
TSP of infected plants compared with control plants
was observed on the 4th and 7th days after inocula-
tion when the level of TSP decline twice. On the 7th
day the RNase activity was the lowest. The absence
of changes in protein content was also reported
by Sindelafova et al. [26] when PVY and TMV or
mixed PVY/ TMV infections in tobacco plants or
tobacco chloroplasts only were studied. The same
results — absence of TSP content changes — were
reported for crude homogenates from healthy and
PVY infected plant tissues of susceptible and re-
sistant breading line of tobacco [27].

Taking into consideration the obtained data,
we may conclude that the level of ribonuclease ac-
tivity is positively correlated with the resistance of
buckwheat cultivar to buckwheat burn virus (nega-
tive-sense RNA genome virus). Thus determination
of RNase activity level may facilitate screening of
buckwheat cultivars more resistant to virus infection.

The work was supported by the State Agen-
cy on Science, Innovations and Informatization of
Ukraine (DZ/492-2011).
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SITHY «/lepskaBHUN LEHTP IHHOBAIIHHUX
6ioTexHosoriiy, Kuis

Pubonykneasun (PHKasu) B HeymikomxeHHx
pOCIMHAX MPUCYTHI HA IEBHOMY PiBHi, SIKHH MOXe
pi3k0 MiABMIIMTHCS B yMOBax crpecy. Moxin-
BOIO MIPUYMHOIO HOTO MiJBUIIEHHS € 3aXHCT pOC-
nuH Bix atraku PHK-BmicHux Bipycis. Bipyc omiky
rpeukn (BOI') € BucCOKOBipyJIeHTHUM 30yIHU-
KOM, KU HanexuTh a0 poxuuu Rhabdoviridae.
Y HamoMmy JOCHiI)KEHHI MH TpoaHaji3yBalH
Kopensiito Mk aktuBHICTIO PHKa3u Ta crifikicTio
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pizHuX coptiB rpeuku no BOI. Bynu Bukopucrani
nBa coptu «Kapa-Jlar» i «Pokconanay» 3 pi3HOMO
gyTtnusicTio 10 BOI: «Kapa-Jlar» — copT i3 cepen-
HBOIO YYTIUBICTIO 0 Bipycy, «Pokcomana» — To-
nepantHuit copt. I[lokazano, mo 0a30BHil piBEeHBb
aktuBHocTi PHKasu B pocinunax copty «Pokco-
JlaHa» B OUIBLIOCTI BUIAJKIB OyB BHUIIMM, HIXK
y pociauHax copty «Kapa-Jlar». IudikoBani Ta
HeiHdikoBaHi pocnuHu copty «Pokconanay manu
BUCOKY akTHBHicTh PHKa3 mpoTsirom ABOX THIKHIB,
TOMi sIK B iH(iKoBaHMX pociuH copty «Kapa-lar»
piBenb aktuBHOocTi PHKa3 Oy HecTabinmbHUM.
3nauHe 3HMKeHHs akTuBHOCTI PHKa3 BusBieHo
Ha 7-i JIeHb MIiCIIsl 3apaskeHHs 3 MOJAIbIINM MTOCTY-
noBuM 30inbieHHsM aktuBHOcTi PHKa3. 3Hmken-
Hs aktuBHOCTI PHKa3 mpotsirom neprioro THkHs
MOXe€ CIPHATH perutikanii Bipycy i iH(piKyBaHHIO
BEPXHIX JHCTKIB pociauH. HectabinbHi piBHI
aktuBHocTi PHKa3 y 3apaxkenux pocimHax rped-
KM MOXXHa IOSCHUTH HEJOCTaTHICTIO MEXaHi3My
BIpyCOCTIHKOCTI, SIKMH BU3HAa4Ya€ Cepe/Hiil piBeHb
qyTIArBOCTI copTy 0 BOI. Takum unHOM, pOCIHHH
I'PEYKH MEHII Uy TJIMBI A0 BIpyCY 1 B LiJIOMY I€MOH-
CTPYIOTh BUINY akTHBHIcTH PHKas3.

Knrwo4uoBi cioBa:MexaHi3MHU3aXHUCTY POC-
JIMH, aKTUBHICTh pubonykieasu (PHKa3m), rpeuxa
(Fagopyrum esculentum), ponuna Rhabdoviridae,
Bipyc omiky rpeuku (BOI').
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Pubonykneassr (PHKa3bl) B HemoBpexiceH-
HBIX PAaCTEHHSX MPHUCYTCTBYIOT Ha OIpeJesieH-
HOM YPOBHE, KOTOPBIH MOXKET PE3KO BO3PACTH B
YCIOBUSAX cTpecca. Bo3MOXHOW NpUUMHON ero
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YBEIUYEHUs SIBJISIETCS 3allUTa pacTeHHM OT ara-
ku PHK-cogepxkamumu Bupycamu. Bupyc oxora
rpeunxu (BOI') sBisieTcss BBICOKOBHPYJIEHTHBIM
BO30ynMTENEM, KOTOPBIA OTHOCHTCS K CEMEUCTBY
Rhabdoviridae. B mamem wcciemoBaHNE MBI IIPO-
aHAJU3MPOBAIM KOPPEIALUIO MEXKIy aKTHBHO-
ctbio PHKa3 1 ycTOMYMBOCTBIO Pa3IMYHBIX COPTOB
rpeunxu k BOI. bpuin ucmonb3o0BaHbl JBa COp-
ta — «Kapa-[ar» u «Pokconana» — ¢ pa3znuuHoil
qyBCTBUTENBHOCTRIO K BOI': v copTa «Kapa-Jlar» —
CpeaHsAs 4yBCTBUTEIBHOCTh K BHpYycCy, «Pokcoia-
Ha» — TOJepaHTHBIN copT. [lokazaHo, 9TO 6a30BBII
ypoBeHb aktuBHOCTH PHKa3z B pacrenusx copra
«Poxconana» B OONBLUIMHCTBE CIy4aeB BhIILE, YUEM B
pactenusnx copta «Kapa-Iar». UadumupoBanubie
1 HeMH(PHUIHMPOBAaHHbBIE pacTeHus copra «Pokcomna-
Ha» MPOSBIAIOT BbICOKYI0 akTuBHOCTH PHKas3 B Te-
YeHHUE JBYX HEAeNb, TOrJa KaK y HHPUIIMPOBAHHBIX
pactenuit copra «Kapa-/lar» ypoBeHb aKTHBHOCTH
PHKa3 nectabunbHblil. 3HAYNUTEIBHOE CHIDKEHHE
aktuBHoctu PHKa3 oOnapysxeno Ha 7-if neHb 1oc-
JIe 3apaKeHHs C MOCIEAYIOIUM IIOCTEINECHHBIM €€
yBenudyeHueM. CHupkeHne aktuBHocTH PHKaz B
TEUYEHHE IIE€PBOM HEAEIM MOXET CII0cOOCTBOBATH
peIIMKaluy BUpyca ¥ HHOUIIUPOBAHUIO BEPXHUX
JTUCTHhEB pacTeHui. HecTaOunbHble YpOBHU aKTHB-
Hoctu PHKa3 B 3apakeHHBIX PaCTEHUSIX I'PEUUXU
MOXHO OOBSACHUTH HEAOCTATOYHOCTHIO MEXaHHU3Ma
BUPYCOYCTOMYUBOCTH, KOTOPBIM ONMpenesieT cpe-
HUH ypOBEHb UYYBCTBUTEJIBHOCTH copta K BOI.
Takum 00pa3oM, pacTeHus I'peUUXH, MEHEE UyB-
CTBUTEJBHBI K BUPYCY U B LIEJIOM MPOSIBISAIOT Oojiee
BBICOKYIO akTuBHOCTH PHKa3.

KnmoueBbie cnoBa: MEXaHWU3MBI 3alllu-
THl pacTeHHH, aKTHBHOCTh puOoHykiea3sl (PHK-
asel), Tpeunxa (Fagopyrum esculentum), cemeiicTBo
Rhabdoviridae, Bupyc oxora rpeunxu (BOT).
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