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Changes in ribonuclease and glucose-6-phosphate
dchydrogenase activities induced by beet necrotic yellow
vein virus in sugar beet

I BURKETOVA. M. SINDELAROVA. P. RYSANEK and L. SINDELAR

Insiitte of Experimental Botamy, Academy of Sciences of the Czech Repuhlic.
Ner Karlovee [a, CZ-160 00 Prajie 6, Coech Republic

Abstract

Activilies of host ribonucleases and glucose-6-phosphate  dehydrogenase were
studied in three cultivars (Monosvalof, Steffi and Rimini) of sugar beet differing in
their resistance 1 beel necrotic yellow vein virus (BNYVV). No differences were
found in the susceplibility of cultivars to BNYVV between mechanically inoculated
and Polymmyxa befae (a natural fungal veetor of the virus) infected plants. but the
culmination of reproduction curves of BNYVV in mechanically inoculated plants
was observed one week carlier than in plants inoculated by means of P. betae. The
activities of ribonucleases corresponded with virus multiplication. In roots, activities
of ribonucleases reached a maximum at day 7; in leaves, maximum activity was
found at day 21 in ¢v. Monosvalof, and at day 14 in cv. Steffi. The relatively resistant
cullivar Kimini showed much lower activities, The activity of glucose-6-phosphate
dehydrogenase was only slightly increased at the time of culmination of the BNYVV
reproduction curve in ¢vs. Monosvalof and Steffi.

Adelitional key words: Beta vulgaris, oxidative pentose phosphate pathway. Polvinxa heiue.

Introduction

Modulation of plant ribonuclease (RNase) activities is connected with plant
development and different biotic or abiotic stresses, these enzymes bemng supposed 1o
play a role in the regulation of RNA levels and turnover. Their role in senescence,
oametophytic self-incompatibility or their changes caused by plant growth regulators,
heat shock. light. O, deprivation or fungal clicitors have being previously reported
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{Abbler and Green 1996, McKeon et al. 1991, Fennoy ef al. 1997).

Increased RNase activitics during virus infections have been were intensively
studied (e.g. Diener 1961, Reddi 1959, Lusso and Kué 1995, Burketova 1995,
Sindelatova er al. 1997) and a quantitative relationship between the content of the
virus and the activity of this complex of enzymes was expressed by a linear
correlation (Sindelai es of. 1988, 1990, Sindelatova er af. 1997). These findings
indicate the possible role of host ribonucleases in virus multiplication by the
utilization of nucleoside precursors for viral RNA biosynthesis (Sindelaf es af. 1990,
Sindelafova ef al. 1990).

In addition to ribonucleases, a reductive pentose phosphate pathway (during
photosynthesis) and/or an oxidative pentose phosphate pathway (mainly in the dark),
are another possible source of intermediates required for viral RNA binsynthesis to
be considered. Changes in activities of the enzymes involved in the oxidative pentose
phosphate pathway induced by viral infections were investigated, e.g., by Solymosy
and Fatrkas (1962). Simons and Ross (1 9713 and Huth (1973). The linear correlation
between the activity of glucose-6-phosphate dehydrogenase (G6PDH, rate-limiting
enzyme of this pathway) and the reproduction curve of the virus was found in
Nicotiana fabacum ev. Samsun infected with potato virus Y (PVY) (Sindclar 1986)
and TMV (Sindeldfova er af. 1997). Increased activity of G6PDH was alse found in
potato plants infected with PVY (Sindelaf ef al. 1990, Burketova 1995). These key
enzymes could be used as markers of resistance to virus multiplication in tobacco
(TMV) and potato (PVY) (Sindelaf er al. 1990, Burketova 1995),

Beet necrotic yellow vein virus (BNYVV) causes an important disease of sugar
beet (Bera vidgaris 1) called rhizomania. This disease is churucterised by massive
lateral proliferation of rootlets on the main root resulting in severe stuniing and
consequent reduction in the sugar content. Yield reduction is caused by lack of a
well-developed taproot (Harveson and Rush 1993). Beet necrotic yellow vein virus
contains four species of single-stranded RNA. In field conditions, the virus is
transmitted by a soil-borne fungus Polvmyxa betae Keskin (Plasmodiophoraceae)
infecting lateral roots (Tamada 1975, Putz 1977). Root infection occurs by means of
zoospores that originate from zoosporangia or cystosori. During the multiplicative
phase of P hetae, a plasmodium is formed within the plant cell and can become
contaminated with BNYVV. The plasmodium then differentiates into either a
zoosporangium. giving risc 1o new zoospores, or thick-walled resting spores called
cystosori, which can survive for many years in the soil (Harveson and Rush 1993).

the objective of the present study was to elucidate the participation of the
pathways mentioned in the reproduction of beet necrotic yellow vein virus, which
~ multiplies prevalently in roots, and to determine their contingent connection with
plant resistance.

Materials and methods

Plants: Three cultivars differing in their resistance to rhizomania were used. Sceds of
Beta viidgoris L. susceplible cv. Monosvaldt, and partly resistant cvs. Stefli and
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Rimini were surface sterilised in commercial hypochlorite (dilution 1:10, for 10 min)
and sown into moist sand. After one weck, seedlings were transplanted to pots [illed
with perlite, and watered regularly with hall strength Steiner (1984) nutrient solution.
Afler a further two weeks, plants were inoculated with BNYVV. All experiments
were carried out in a 16-h photoperiod (photon flux density of 60 umol m?2s'yand a
wemperature of 24 °C.

Pathogens and inoculation: Soil infested with Pelvmyxa betae Keskin containing
BNYVV was collected from Lrstein region in Alsace (France). Two different types
ol inoculation were used. In the first system, the plants were inoculated by means of
P. hetae zoospores directly in the infested soil. In the second system, omitting the
fungus, sugar beet plants were mechanically inoculated by vortexing the roots with
inoculum and carborundum for 45 s as described Koenig ef al. {(1991). The inoculum
was obtained grinding the roets of BNY VYV infected sugar beets in 0.01 M HEPES
buffer, pH 6.5, in the ratio 1:10 (m/v) and passing the homogenate through a bacterial
filter (0.45 pm! Milipore Corporation, Bedford, USA) to remove contingent
zoospores and cystosori. Control plants were treated with IIEPES buffer in the same
way. Mechanically infected plants were cultivated in petlite in Steiner solution as
described above,

Sample collection and homogenate preparation: Doth root and leaf samples
represented by 10 plants were collected at pre-determined intervals. Part of samplie
(0.5 g) was [rozen at -18 °C and stored for quantitative analysis of BNYVV by
DAS-CELISA. The enzyme activitics, protein and chlorophyll contenls were measured
immediately. The homogenate for their determination was prepared by grinding fresh
tissue at 0 -4 °C with a mortar and pestle in 20 mM Tris-HCI buffer (pH 7.0y
containing 1 mM EDTA, 30 mM 2-mercaptoethanol, 2.5 mM MgCl,y, 10 % insoluble
polyvinylpyrrolidone (Polvelar AT saturated for 30 min with extraction buffer) and
fine silica sand in a ratio 1:5 (m/v). For the estimation of cnzyme activities and
protein content, the extract was centrifuged for 10 min at 20 000 g

Glucosc-()—phn'sphntc dehydrogenase (EC 1.1.1.49) activity was determined according
0 Brown and Wwray (1908}, The rate of NADPH generatlon was monliored
spectrophotometrically at 340 nm. The assay mixture (0.3 cm®) contained 25 umol
Tris-11C1 buffer (pH 8.0, pH optimum of the enzyme), 0.625 pmol MgCl,, 1.25 umol
NADP", 1.25 umol glucose-6-phosphate, and 50 mm’ of homogenate (10 times
diluted by 100 mM Tris-HCI buffer with 12.5 mM MgCl,, pH 8.0).

Ribonuclease activity was measurcd according to Cheo (1971). The assay mixture
consisted of 0.3 cm’ of yeast RNA (1.17 mg in 1 cn® of 0.15 M acetate buffer,
pH 5.5, which was RNase pH optimum) and 50 mm’ of homogenate. After
30-60 min incubation, enzyme reaction was stopped by addition of 3 cm’
precipitation solution. The mixture was left for 1 h at 0 °C, then centrifuged for
10min at 5000 g. The amount of degraded RNA in the supernatant was
spectropholometrically determined at 260 nm. One unit of RNase activity was
arbitrarily characterized as a change in absorbance by the value of 1.0 per hour.
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Chlorophyll content was estimated spectrophotometrically at 652 am according to
Arnon (1949).

The content of BNYVV was determined by double antibody sandwich ELISA (DAS-
ELISA) (Clark and Adams 1977) using rabbit Ig(; and conjugate with alkaline
phosphatase (Boehringer Mannheim. Wien. Austria and/or Loewe Biochemica,
Sauerlach, Germany). Absorbance was measured at 405 nm.

Results and discussion

The course of BNYVV infection, expressed hy reproduction curves of the virus.
depended on the type of inoculation. In mechanically infected plants, the virus
reproduced more quickly and reached the maximum values from 14 to 21 d after
inoculation in the susceptible cultivar Monosvalof (Fig. 1.4). In plants infected with
BNYVV viag P. betae, the culmination of the reproduction curve was recorded one
week later (Fig. 18). In the late stages of the infection (from day 21 in mechanically
inoculated, from day 28 in P. betae infected plants), the BNY VYV reproduction curves
slightly declined in susceptible cultivars. This was probably caused by a decreasing
portion of BNYVV infected roots in the sample, because of the lower mass of fine
lateral roots which contain the highest amounts of BNYVV and/or by lowcred
viability of rhizomania discased plants.

The highest content of BNYVV was found in the susceptible cultivar Monosvalof.
In the relatively resistant cultivar Rimini, the virus mulliplied 1o a lesser exient. The
same effect was evident following both types of inoculation, indicating that the
resistance to rhizomania in the cultivars studied is based less on resistance to the
vector than to virus multiplication. Virus was not delected in icaves, neither in
mechanically inoculated nor in P. petae infected plants of any cultivars, by FLISA
during the course of the experiment {data not shown).

In spite of the fact, that virus multiplies exclusively in roots, the photosynthetic
apparatus was affected in cultivars displaying higher contents of BNYVV, e.g.,
chlorophyll content (Table 1) in mechanically infected plants of cultivars Monosvalél
and Stefli was decreased within the whole period of the experiment in comparison
with healthy control plants (statistically significant by pair /-test).

The most pronounced changes were detecled in the activities of ribonucleases,
which corresponded with virus multiplication. In mechanically inoculated roots
{Fig. 1), the activity of RNase dramatically increased immediately after inoculation
and reached maximum values of 184.2 % in the susceptible ¢v, Monosvalsf and
161.2 % in relatively resistant cv. Steffi at day 7. In roots of plants inoculated via
. betare, maximum RNasc activity was found at day 14 (244.0 %) in cv. Monosvaldf,
and at day 71 (1693 %) in cv. Steffi. In resistant cultivar Rimini, RNase activities
were cnhanced only moderately to 125 % at day 28.

In leaves, conversely, a decrease in RNases activities was observed followed by
their increase. In mechanically inoculated plants. maximum sctivity was foind at day
21 in ¢v. Monosvalol (155.0 %) and at day 14 in cv. Steffi (135.4 % of healthy
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control). Relatively resistant cultivar Rimini showed much lower activity (105.2 %)
which was not statistically significant. In plants inoculated vie . betae, RNase
activitics eradually increased to 198.2 % at day 28 in ev. Monosval U and at day 21 to
1690 % in ov. Steffi. In resistant ov. Rimini, the activity reached only 125.1 % and
the difference between infected and control plants was not statistically significant.
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Fig. 1. Reproduction curves of BNYVV in reots determined by ELISA, and RNase activitics in
roots and leaves of mechanically inoculated (4) and £, eree inoculated (B) supar beet plants of
cultivars differing m therr resistance o BNY VYV (susceptible - cv. vionosvalol, relatively reslstant -
evs. Stelfi, Rimini), expressed in % of heallhy control. Asferisks indicate significant (r-test,
I < 0.05) differences between BNY VV infected and healthy plants.

Table 1. Changes in chlorophyll content [mg g (Em] in sugar beet cultivars mechanically inoculated

with BNYVV measured at day 7, 14, 21 and 28 post inoculation {d.piy. Means + SEor 10)
d.p.i. Monosvaldl Stefli Rimini
healthy BNYVV healthy BNYVV healthy BNYVV
7 151000 13040065 1444009 1.19+008 [138+0.10 120008
14 141 +0.04 1331004 1506008 140:£010 1.46+009 129007
21 1274002 1154007 133+007 1276005 108005 124+005
28 1.28 + 0.08 .20 L 0.06 124+ 012 1.20 £ 0.09 123 +0.03 136 2 0.03
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With the exception of leaves of ey, Monosvuldl cultivated in P betae infested soll,
RNase activities both in roots and leaves decreased at the end of the experiment and
the difference between BNY VYV infected and healthy plants was not significant. The
same was found both in plants inoculated mechanically and by P. betae.

The RNase activity in lcaves corresponded with the reproduction curves of
BNYVV., whereas in roots 1t increased nutinly in the initial stages of infection,

The changes in activity of G6PDIT were not as pronounced as the changes in
activity of RNases. In mechanically inoculated plants {Fig. 2). statistically significant
increases were found both i Teaves and roots of susceptible cv. Monasvalod! (119 and
115 %, respectivelyy and in Teaves of partly resistant ¢v, Steffi (116 %) at the time of
the culmination of BNYVV repraduction curve. A similar course was detected in
P betae infected plants (data not shown).
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Fig. 2. Glueose-6-phosphate dehydrogenase (GEPDID activity in rools {0 and leaves (B) of
mechanically inaculated <ipar beet plants of three cultivars dilfering in their resistunee 1o BNYVV
expressed in % of healthy conteol. Asrerivks indicate sienificant (7 < 0.05) differences between
BNYVV infected and healthy plans.

In roots of mechanically inoculated plunts of ¢vs. Monosvalat and Stelli. the
content of proteins was inereased at the time of maximum BNYVV reproduction
{(Table 23, Statistically significant differences were detected at day 21 and 28 in
cv. Monasvalofand at day 21 in ev. Stefti. In ev, Rimini no significant changes were
deteeted. No changes were observed in protein content in leaves ol any cultivar. Gel
electrophoresis (SDS-PAGE)Y did not reven! nesw protein handy, with the exception of
the band corresponding to BNY VYV coat protein in infected roots {data not shown),
which indicates only quantitative protein changes.

Similarly to our previous experiments (Sindelai e o4 1990, Sindelafova o el
1997, Burketovd 1995), virus inlection increased activities of both RNase and
GOPDIL though, to a different extent. In cultivars exhibiting a high content of
BNYVV (Monosvalof and Stef1h), the activities ol RNasce increased [irst in roots Just
afler their mechanical inoculation, followed by a signilicant increase ol the activity in
lcaves. In contrast, the activity of GOPDIT reached only lower values (116 - 118 %)
when compared 1o healthy controll This indicates, that e way ol degrading host
RNAs by ribonucleases plays a more important role in the multiplication of BNYVV
than the oxtdalive pentose phasphate cyele. The same trend was observed in potato
plants inlected with PVY (Burketova 19933, In sugar beet plants inoculated vie
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P betae, reproduction of BNYVV as well as changes in enzyme activities started
Jater. Probably, less rhizodermal cells were inlected ot initial stages ol infection until
roosporangia were formed and new zoospores released.

Table 2. Changes in protein content [mg g'(Cn.Y] in sugar beet cultivars mechanically noculated with
BNY VY measurcd al day 7, 14, 21 and 28 post inoculation (d.p.i). Means £ Sk ne 10)

dpi.  Monosvalsf Stelt Rimini
healthy BNYVV healthy BANYVV heaithy BNYVV
Roots 7 140+ 007 1224005 1344003 1242007 143015 1.58+0.13
14 1702005 1TR6+0.06 1.7720.08 1921005 188+0.0% 199+0.06
21 1R7+0.08 223+ 0.00%% 189+ 0.06 227+ 0.09**2.03+0.11 2001 0.09
28 200+ 0.05 22210.08% 2.05+0.12 2.04+0.08 1941008 188012

Leaves 7 362+032 385+043 3615027 363024 A00+025 396+0.19
14 ASG+041 4624034 5344040 5234038 S014031 5040107
21 A8T+ 046 4700044 481 +041 S06+053 4641031 4841035
28 485+0.10 4981019 554035 601-054 53590031 5811039

* _the difference is significant al 0.01 < /7 < 0.05; " -at /< G.01.

All these results lead to the conclusion that the degradation of host RNAs by
RNases could participate in BNY VY - RNA biosyniiiesis. while the and oxidative
pentese phosphate pathway plays a less important role in this process
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