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bstract

The ability to control plant viral diseases with chemicals has great potential value for agriculture, but few chemicals are available to date due
o the difficulty in obtaining effective drugs. IMP dehydrogenase is an enzyme which catalyzes the conversion of inosine 5′-monophosphate to
anthosine 5′-monophosphate in the de novo purine nucleotide synthetic pathway, and is considered a sensitive target for antiviral drugs. Two
MPDH inhibitors, tiazofurin (TR) and mycophenolic acid (MPA), were tested for their inhibitory effect on Grapevine leafroll-associated virus 3

GLRaV-3) in in vitro grapevine explants. TR administration produced plantlets characterized by negative ELISA readings. No PCR products were
btained from these samples. This was confirmed by the absence of viral particles. MPA was essentially ineffective against GLRaV-3 replication
n Sangiovese explants. This is the first report of GLRaV-3 eradication in grapevine explants following TR administration.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Chemical procedures, one of the experimental approaches
or restoring parts of infected plants to health, have been eval-
ated for their ability to interfere with virus replication in host
issue. So far, few chemicals have been found to eliminate or
ubstantially reduce replication of phytoviruses (Griffiths et al.,
990) as compared to the broad range of therapeutic chemicals
vailable against human viruses.

With regard to inhibitors of the inosine monophosphate
ehydrogenase (IMPDH) group, two types of compounds
ndowed with antiviral activity have been described (Jager et
l., 2002; De Clercq, 2002): synthetic nucleoside inhibitors,
uch as tiazofurin (2-�-d-ribofuranosylthiazole-4-carboxamide)
TR) and non-nucleoside inhibitors, such as mycophe-
olic acid (6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-1,3-di-
ydroisobenzofuran-5-yl)-4-methyl-hex-4-enoic acid) (MPA).
MP dehydrogenase is an enzyme which catalyzes the con-

ersion of inosine 5′-monophosphate (IMP) to xanthosine 5′-
onophosphate (XMP), an essential step in the biosynthesis of

urine nucleotides. By blocking the conversion of IMP to XMP,

∗ Corresponding author. Tel.: +39 050 2210560; fax: +39 050 2210559.
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MPDH inhibitors bring about a reduction in the supply of the
recursors of RNA and DNA synthesis (Franchetti et al., 1996).

TR is a synthetic C-nucleoside, an analogue of Ribavirin (1-
-d-ribofuranosyl-1,2,4-triazole-3-carboxamide), which exerts

ts action on IMPDH activity through its active metabolite
hiazole-4-carboxamide adenine dinucleotide (TAD), an ana-
ogue of the cofactor nicotinamide adenine dinucleotide (NAD)
ormed from TR monophosphate via its 5′-phosphate (Franchetti
t al., 1996; Weber et al., 1996; Jager et al., 2002). TR has pro-
ressed to phase IIII clinical trials in patients with acute leukemia
Jayaram et al., 2002).

MPA, a very potent non-nucleoside IMPDH inhibitor, is
roduced by fermentation of several Penicillium species. The
ompound binds to IMPDH after NADH is released but before
MP is produced (Link and Straub, 1996). Like TR, MPA blocks

he production of necessary precursors for RNA and DNA syn-
hesis (Kitchin et al., 1997). MPA is used clinically to prevent
ejection of transplanted organs (Holt, 2002). MPA also has
ctivity against several viruses such as hepatitis B virus (HBV)
nd dengue virus (DV) (Gong et al., 1999; Diamond et al., 2002).

GLRaV-3 belongs to the genus Ampelovirus (Martelli et

l., 2002). It is characterized by a positive-sense ssRNA
nd organized into 13 ORFs which have been completely
equenced (Ling et al., 2000). Eight serologically distinct
iruses, Grapevine Leafroll-associated Viruses (GLRaV-1 to 8),

mailto:apanatto@agr.unipi.it
dx.doi.org/10.1016/j.antiviral.2006.10.007
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re associated with the Leafroll complex (Dovas and Katis,
003). The complex is an economically important disease of
rapevine, causing yield losses ranging from 3 to 68% and reduc-
ions of berry sugar concentration (Walter and Martelli, 1997).

Chemotherapy for generating virus-free grapevines has not
een pursued; the few studies available in the literature focus
ainly on Ribavirin, 2,4-dioxohexahydro-1,3,5-triazine (DHT)

nd ((S)-9-(2,3-dihydroxypropyl)adenine) (DHPA) (Monette,
983; Barba et al., 1990; Panattoni and Triolo, 2003).

The aim of this research was thus to assess the antiviral action
f TR and MPA against a widespread ssRNA virus: Grapevine
eafroll-associated Virus 3 (GLRaV-3) in Vitis vinifera L. cv
angiovese explants.

. Materials and methods

.1. Sources of in vitro-material

In vitro grapevine explants were obtained from field-grown
. vinifera cv Sangiovese naturally infected by GLRaV-3.
elected plants were transferred to the insect-proof green-
ouse and assayed by the ELISA test for several years,
gainst Grapevine leafroll associated ampelovirus (GLRaV)-
to 8; Grapevine fleck maculavirus (GFKV), Grapevine fanleaf
epovirus (GFLV), Grapevine vitivirus A (GVA), Grapevine
itivirus B (GVB), Arabic mosaic nepovirus (ArMV), at the
ppropiate time for each virus. ELISA was followed by RT-
CR assay discarding material with mixed infections, in order

o use explants characterized by GLRaV-3 single infection.
An accession from the same variety, maintained in the green-

ouse and known not to be infected by any of the above men-
ioned viruses, was used to generate the collection of healthy
ontrol explants.

Internodes were collected and surface sterilized before trans-
er to culture tubes with fresh Quorin–Lepoivre (1977) medium.
ll explants were maintained in a controlled environment cham-
er that assured maintenance of sanitary condition, with a tem-
erature regime of 22 ± 1 ◦C, 16 h photoperiod, 50 �E m−2 s−1,
nd transferred to proliferating medium at 30 day intervals. After
n acclimatization period, the sanitary condition of each plantlet
as confirmed by the ELISA test. Therapeutic drugs were added

eparately to the proliferation medium for treated replicates. At
he same time, untreated explants were maintained on drug-free
roliferation medium.

.2. Antiviral drugs

TR (Kirsi et al., 1983) was kindly provided by Prof. Jayaram
Indiana University School of Medicine, Indianapolis, Indi-
na); MPA (Allison and Eugui, 2000) was purchased from
igma–Aldrich (St. Louis, MO).

Drugs were hydrated in stock solution and, immediately

rior to use, ultra-filtrated and added to proliferation medium.
he experimental design involved drug administration for three
onsecutive subcultures, for a total treatment duration of 90
ays.

b
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A preliminary screening on healthy explants submitted to 30
ays of administration at several concentrations was carried out
o determine drug-induced phytotoxicity (Table 2). To define
he phytotoxic levels, the number of dead explants out of total
reated explants was counted at the end of the first subculture
or each dose.

.3. Virus detection by ELISA

The ELISA test was performed according to the method
escribed by Clark and Adams (1977). Tissue samples from
ealthy (HC) and infected (IC) explants were used as negative
nd positive controls, respectively.

Polyclonal antibodies to GLRaV-1 to 8, GFKV, GFLV, GVA,
VB, ArMV (Agritest kit) were used in ELISA tests with a

ample dilution ratio 1:10.
After each treatment (30 days), surviving explants were

ounted. The apical portion was then transferred to fresh supple-
ented medium, and the residue was assayed with the ELISA

est. Absorbance at OD405 nm was recorded by photometry
Titertek multiskan).

Readings were normalized as R value (OD-treated
xplant/OD-HC), identifying the R = 2 threshold which dis-
inguishes the positive response versus the negative response
Monette, 1983).

.4. Biomolecular assay by RT-PCR tests

Total RNA was extracted from grapevine samples using com-
onents of the Plant RNeasy kit from Qiagen according to the
ethods described by MacKenzie et al. (1997). Approximately

.2 g tissue was ground in liquid nitrogen, then homogenized
ith 2 ml of lysis buffer composed of 4 M guanidine isoth-

ocyanate, 0.2 M sodium acetate pH 5.0, 25 mM EDTA, 2.5%
w/v) PVP-40 and 1% (v/v) 2-mercaptoethanol.

The homogenate was incubated for 30 min at 37 ◦C. One
illilitre aliquot of the lysate was then transferred to a micro-

entrifuge tube, mixed with 100 �l of 20% (w/v) sarkosyl, and
ncubated for 10 min at 70 ◦C with shaking. The mixture was
pplied to a Qiashredder spin column (Qiagen) and centrifuged
or 2 min at maximum speed in a microcentrifuge. After adding
.5 vol ethanol to the cleared lysate, aliquots were loaded onto an
Neasy (Qiagen) column, and centrifuged for 30 s at 8000 × g.
fter washing the column with buffer RW1 (Qiagen), DNase I

ncubation mix (Qiagen) was applied to the column. RNA was
luted in 100 �l of RNase-free water and stored at −80 ◦C or
sed for RT-PCR.

For amplification of GLRaV-3 three primer pairs, designed
o amplify fragments from the HSP-70 gene located in ORF
, were used. For each primer sequence, annealing temperature
dopted and amplicon size are shown in Table 1.

.5. RT-PCR amplification
RNAs were detected using a one-step RT-PCR procedure
ased on the Qiagen One Step RT-PCR kit. A 50 �l reaction vol-
me containing 5 �l of total RNA (about 500 ng) was used. The
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Table 1
DNA primer pairs for RT-PCR amplification of GLRaV-3

Name Sequence Annealing temperature (◦C) Amplicon size (bp) Nucleotide position (nt)

LC1a cgctagggctgtggaagtatt 52 546 10979–11525
LC2a gttgtcccgggtaccagatat

C629b gatgctttcgcgtatttcttg 54 300 11923–12223
H330b cggcacgatcgtactttctaa

Nolasco Forc tacagatacgattttgaatgga 52 322 11711–12033
Nolasco Revc ctgaaaaacgcgcttaaat

Name, sequence, annealing temperature, amplicon size and nucleotide position are shown.
a Turturo et al. (2005).
b MacKenzie et al. (1997).
c Mansinho et al. (1999).

Table 2
Mortality observed for each drug, after 30 days administration for healthy V. vinifera cv Sangiovese explants at different concentrations

Drugs (�g/ml) 0 20 40 60 80 150 200 250

M a

T
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3
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9
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3
6
9

ycophenolic acid (MPA) 0 (15) 0 (15) 0 (15)
iazofurin (TR) 0 (15) 0 (15) 1 (15)

a Number of dead explants out of total treated healthy explants.

T-PCR mixture contained 1× one step RT-PCR buffer, 400 �M
f each dNTP, 0.6 �M of both forward and reverse primers, 2 �l
f one step RT-PCR enzyme mix (a Qiagen enzyme blend con-
aining OmniscriptTM, SensiscriptTM Reverse Transcriptases

nd HotStartTaqTM DNA polymerase). Amplification was car-
ied out in a thermocycler (GenAmp PCR System 9700, PE
pplied Biosystems). The cycling profile was as follows: a first

tep at 50 ◦C for 31 min (reverse transcription), followed by

2

t

able 3
ortality observed for MPA (A) and TR (B) administration, for infected V. vinifera c

90 days)

reatment days (A) MPA (�g/ml)

0 20 40 60

0 0 (15)a 0 (15) 0 (15) 0
0 0 (15) 0 (15) 0 (15) 0
0 0 (15) 0 (15) 0 (15) 0

reatment days (B) TR (�g/ml)

0 20 40

0 0 (15)a 0 (15) 2 (15)
0 0 (15) 0 (15) 3 (13)
0 0 (15) 0 (15) 4 (10)

a Number of dead explants out of total treated infected explants.

able 4
herapeutic efficacy, expressed as ELISA-negative assays, of different concentration
angiovese explants.

MPA 250 mg/l TR 80

reatment days ELISA-negative (%) ELISA

0 2/4a (50%) 3/5a

0 – – –
0 – – –

a Number of ELISA-negative/assayed explants.
0 (15) 0 (15) 9 (15) 9 (15) 12 (15)
3 (15) 8 (15) 15 (15) 15 (15) 15 (15)

5 min incubation at 95 ◦C and 35 cycles at 94 ◦C for 30 s, the
ppropriate annealing temperature (Table 1) for 45 s, then 72 ◦C
or 60 s. The final extension step was at 72 ◦C for 5 min.
.6. Analysis of amplified products

Aliquots (25 �l) of the PCR products were analyzed by elec-
rophoresis on 1.5% agarose gel in 1× TBE buffer, stained with

v Sangiovese explants at different concentrations, during the three subcultures

80 150 200 250

(15) 0 (15) 7 (15) 10 (15) 11 (15)
(15) 0 (15) 5 (8) 5 (5) 4 (4)
(15) 0 (15) 2 (3) – –

60 80 150 200 250

3 (15) 10 (15) 15 (15) 15 (15) 15 (15)
0 (12) 5 (5) – – –
2 (10) – – – –

s of MPA and TR administrations, at varying times on infected V. vinifera cv

mg/l TR 60 mg/l

-negative (%) ELISA-negative (%)

(60.0) 3/12a (25.0)
– 6/12 (50.0)
– 4/10 (40.0)
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ig. 1. ELISA test after 30, 60 and 90 days of MPA administration (A) and TR
ean value obtained by separating ELISA-negative from ELISA-positive data

egative response. Bars referred to standard deviation.

0 �g/ml ethidium bromide and photographed over an UV tran-
illuminator. Fragment size was determined by comparison with
NA molecular markers (Invitrogen and MBI Fermentas).

. Results

.1. Drug toxicity on explants

No mortality on untreated healthy control explants was
bserved due to the micropropagation technique.

The lack of bibliographic information on the phytotoxicity
f these two drugs made it necessary to consider a wide range
f concentrations, although the highest concentrations showed
levated toxicity, suggesting probable difficulty in completing
he 90 days of therapy.

The mortality values recorded for explants propagated on
edium supplemented with the two drugs at different concen-

rations are indicated in Tables 2 and 3, referring to healthy
nd infected plantlets, respectively. No appreciable differences
etween the two groups were observed.

.1.1. MPA treatment
No toxic effect on MPA-treated healthy explants was detected

p to 80 �g/ml concentration. At the three highest doses, marked
lantlet decline was observed, resulting in 60.0, 60.0 and 80.0%
ortality, respectively, at the end of 30 days of administration

Table 2).
Infected explants treated at 20, 40, 60 and 80 �g/ml concen-
rations also showed no drug-induced phytotoxicity. In contrast,
ortality levels of 46.6, 66.6 and 73.3% were recorded after

0 days at the doses of 150, 200 and 250 �g/ml, respectively
Table 3A), thus exhibiting values close to the healthy samples.

w
d
n

nistration (B) on in vitro V. vinifera cv Sangiovese/GLRaV-3. R represents the
ch subculture, R = 2 as threshold value distinguished the positive response vs.

The 150 �g/ml concentration allowed treatment to be contin-
ed up to the third cycle, although due to a marked increase in
ortality only one viable explant was obtained.
Administration of 200 �g/ml did not allow the five plantlets

urviving after 30 days of treatment to remain viable up to the
hird treatment cycle. It was therefore necessary to interrupt
reatment after 60 days.

The 250 �g/ml dose manifested elevated drug-induced phy-
otoxicity, causing treatment to be stopped after 60 days on
upplemented medium.

.1.2. TR treatment
In healthy explants TR administration induced a slight phy-

otoxic effect as early as the 40 �g/ml dose (6.6% mortality).
levated values were recorded at higher doses, reaching 20.0%
t 60 �g/ml, 53.3% at 80 �g/ml and 100% at the highest doses
Table 2).

Thus, at the 20 �g/ml concentration no mortality was detected
n infected plantlets, allowing the entire therapeutic cycle to be
ompleted (Table 3B). At 40 and 60 �g/ml mortality occurred
fter no more than 30 days of administration, with values of 13.3
nd 20.0%, which rose to 26.6 and 33.3%, respectively, at the
nd of the third subculture.

The 80 �g/ml dose resulted in 66.6% mortality after 30 days
f administration, rising to 100% mortality in the subsequent
ycle.

.2. Effects of chemotherapy on GLRaV-3
ELISA readings (R) of treated and untreated infected explants
ere examined at the end of each therapeutic period. All
ata represent the mean value obtained by separating ELISA-
egative from ELISA-positive data for each subculture.
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Fig. 2. Analysis of RT-PCR products from TR (80 mg/l) treated in vitro
Sangiovese/GLRaV-3. Lane H, healthy control; lanes 1–3, TR treated ELISA-
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This is the first report on TR and MPA administration aimed at
egative explants; lanes 4–6, infected control; lane M, DNA markers (MBI Fer-
entas).

.2.1. MPA treatment
As shown in Fig. 1A, MPA was ineffective against GLRaV-3

n V. vinifera cv Sangiovese explants up to 200 �g/ml concentra-
ion, although OD values of treated plantlets decreased during
he later stages of treatment, without ever reaching OD values
f healthy plantlets.

Only 250 �g/ml MPA made it possible to obtain ELISA-
egative explants after 30 days of administration, but the trial
ould not be completed due to the low survival rate of plantlets
Table 4).

.2.2. TR treatment
Fig. 1B shows R values for TR treated explants. At 60 �g/ml

oncentration, up to 30 days, plantlets were characterized by
bsence of differences in optical density between treated ELISA-
egative explants and healthy samples (25%), and also showed
o OD differences between treated ELISA-positive explants and
he infected control. After 60 days, 50.0% of treated explants
howed OD values lower than the threshold, and at the end of
herapy (90 days) similar data were found.

.3. Biomolecular assay

RT-PCR amplification was carried out in order to determine
he health status of ELISA-negative explants. All primer pairs
ere tested for the ability to detect GLRaV-3, using as template
NAs from untreated in vitro samples, along with RNAs from

he MPA and TR treated plantlets. Agarose gel electrophoretic
nalysis of RT-PCR reactions revealed the presence of three
NA bands, of the expected size (546, 322, 300 bp), for the
LRaV-3 IC explants, referring to each primer pair.
No PCR products were obtained from the ELISA-negative

amples, in any combination of primers, for both drug treat-

ents, thereby confirming the absence of viral particles, in

greement with the results of the immunoenzymatic assay
Figs. 2 and 3).

e
a
a

ig. 3. Analysis of RT-PCR products from MPA (250 mg/l) treated in vitro
angiovese/GLRaV-3. Lane M, DNA markers (MBI Fermentas); lane H, healthy
ontrol; lanes 1–3 MPA treated ELISA-negative explants; lanes 4–6, infected
ontrol.

. Discussion

The genomic similarity between some phytoviruses and some
nimal viruses has prompted the suggestion that compounds
hich have shown efficient results against animal viruses should

lso be screened for efficacy against plant viruses. Tiazofurin and
ycophenolic acid belong to the class of IMPDH inhibitors that

nclude drugs currently being investigated in medical antiviral
esearch programs.

Our results showed no toxic effects on grapevine explants
fter MPA administration up to 80 �g/ml, and up to 20 �g/ml in
R plantlets. A dose-dependent toxicity was recorded for higher
rug concentrations, resulting in 73.3% death rate at 250 �g/ml
PA and 100% death rate at 150 �g/ml TR administration.
PA had no detrimental effects on GLRaV-3, although only a
eak virostatic action was achieved. The 250 �g/ml MPA for 30
ays was the only concentration that made it possible to obtain
LRaV-3-free grapevine explants confirmed by RT-PCR, but

he damaging effects produced on explants showed the impos-
ibility of using this dose for therapy on grape. These results
onfirm the findings of the initial screening, in which elevated
ortality levels were already detected after 30 days of treatment.
TR 60 �g/ml for 30 days was the lowest dose of this drug

hat produced a strong reduction in virus replication, below
evels detectable by ELISA test. The immunoenzymatic assay
onfirmed the antiviral action throughout all treatment cycles,
nd RT-PCR established that TR was capable of eradicating this
irus and achieved a substantial rate (50.0%) of GLRaV-3 free
xplants surviving in vitro. The health of treated explants, dur-
ng the year after the healing treatment, confirmed the antiviral
ctivity of TR against GLRaV-3.

With regard to 80 �g/ml, while this dose produced an appre-
iable rate (60.0%) of GLRaV-3-free explants, it caused rapid
xplant death, indicating that such a concentration cannot be
tilized.
radicating plant viruses, as the only chemotherapic experiment
gainst GLRaV-3 was performed on a combination of meristem-
tic cultures and Ribavirin treatment (Barba et al., 1990). Thus
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n the present study, the biochemical mechanism underlying the
ntiviral action of the two drugs was not investigated. It is likely,
owever, that it involves the same metabolic pathway reported
or IMPDH inhibitor activity against animal viruses (Franchetti
t al., 1996; De Clercq, 2001; Jager et al., 2002). In future studies
e will assess the effective mechanism of action of this drugs in
lant tissue by addition of exogenous guanosine (Damonte et al.,
004). Therefore, this research should be regarded as a prelim-
nary stage within a broader chemotherapy-based experimental
pproach for control of some of the major plant diseases. The
ositive results obtained with the use of TR on grapevine leave
wo important problems unresolved: (i) the theoretical presence
f toxic residues in berries and (ii) the possibility that chemother-
pic treatment may cause mutagenic alterations.

cknowledgement

The authors are grateful to Prof. H.N. Jayaram for providing
he test compounds and for critically reading this manuscript.

eferences

llison, A.C., Eugui, E.M., 2000. Mycophenolate mofetil and its mechanisms
of action. Immunopharmacology 47, 85–118.

arba, M., Cupidi, A., Martino, L., 1990. Comparison of different methods to
obtain virus-free grape propagative material. In: Proceeding of 10th Meeting
of the International Council for the Study of Viruses and virus-like Diseases
of the Grapevine, Volos, Greece, pp. 399–406.

lark, M.F., Adams, A.N., 1977. Charateristics of a microplate method for
enzyme-linked immunosorbent assay for the detection of plant viruses. J.
Gen. Virol. 37, 475–483.

amonte, E., Pujol, C.A., Coto, C.E., 2004. Prospects for the therapy and pre-
vention of dengue virus infections. Adv. Virus Res. 63, 239–285.

e Clercq, E., 2001. Vaccinia virus inhibitors as a paradigm for the chemotherapy
of poxivirus infections. Clin. Microbiol. Rev. 14, 382–397.

e Clercq, E., 2002. Highlights in the development of new antiviral agents. Mini
Rev. Med. Chem. 2, 163–175.

iamond, M.S., Zachariah, M., Harris, E., 2002. Mycophenolic acid inhibits
dengue virus infection by preventing replication of viral RNA. Virology
304, 211–221.

ovas, C.I., Katis, N.I., 2003. A spot multiplex nested RT-PCR for the simulta-
neous and generic detection of viruses involved in the aetiology of grapevine
leafroll and rugose wood of grapevine. J. Virol. Methods 109, 217–226.
ranchetti, P., Cappellacci, L., Grifantini, M., 1996. IMP dehydrogenase as a
target of antitumor and antiviral chemotherapy. Il Farmaco 51, 457–469.

ong, Z.J., De Meyer, S., Clarysse, C., Verslype, C., Neyts, J., De Clercq, E.,
Yap, S.H., 1999. Mycophenolic acid, an immunosuppressive agent, inhibits
HBV replication in vitro. J. Viral Hepat. 6, 229–236.

W

W

earch 73 (2007) 206–211 211

riffiths, H.M., Slack, S.A., Dodds, H.J., 1990. Effect of chemical and heat
therapy on virus concentrations in vitro potato plantlets. Can. J. Bot. 68,
1515–1521.

olt, D.W., 2002. Monitoring mycophenolic acid. Ann. Clin. Biochem. 39,
173–183.

ager, W., Salamon, A., Szekeres, T., 2002. Metabolism of the novel IMP dehy-
drogenase inhibitor benzamide riboside. Curr. Med. Chem. 9, 781–786.

ayaram, H.N., Yalowitz, A., Arguello, F., Greene, J.F., 2002. Toxicity and effi-
cacy of benzamide riboside in cancer chemotherapy models. Curr. Med.
Chem. 9, 787–792.

irsi, J.J., North, J.A., Mc Kernan, P.A., Murray, B.K., Canonico, P.G., Huggins,
J.W., Srivastava, P.C., Robins, R.K., 1983. Broad-spectrum antiviral activity
of 2-beta-d-ribofuranosylselenazole-4-carboxamide, a new antiviral agent.
Antimicrob. Agents Chemother. 24, 353–361.

itchin, J.E.S., Pomeranz, M.K., Pak, G., Washenik, K., Shupack, J.L., 1997.
Rediscovering mycophenolic acid: a review of its mechanism, side effects
and potential uses. J. Am. Acad. Dermatol. 37, 445–449.

ing, K.-S., Zhu, H.-Y., Jiang, Z.-Y., Gonsalves, D., 2000. Effective application
of DAS-ELISA for detection of grapevine leafroll associated closterovirus-
3 using a polyclonal antisierum developed from recombinant coat protein.
Eur. J. Plant Pathol. 106, 301–309.

ink, J.O., Straub, K., 1996. Trapping of an IMP deydrogenase-substrate cova-
lent intermediate by mycophenolic acid. J. Am. Chem. Soc. 118, 2091–
2092.

acKenzie, D.J., McLean, M.A., Mukerji, S., Green, M., 1997. Improved RNA
extraction from woody plants for the detection of viral pathogens by reverse
transcription-polymerase chain reaction. Plant Dis. 81, 222–226.

ansinho, A., Teixera Santos, M., Sequiera, Z., Sequiera, C., Correia, P.K.,
Sequiera, O.A., Nolasco, G., 1999. Detection of grapevine viruses by RT-
PCR of double stranded RNA templates. Petria 9, 183–186.

artelli, G.P., Agranovsky, A.A., Bar-Joseph, M., Boscia, D., Candresse, T.,
Coutts, R.H.A., Dolja, V.V., Falk, B.W., Gonsalves, D., Jelkmann, W., Kara-
sev, A.V., Minafra, A., Namba, S., Vetten, H.J., Wisler, G.C., Yoshikawa,
N., 2002. The family Closteroviridae revised. Arch. Virol. 147, 2039–
2044.

onette, P.L., 1983. Virus Eradication Through in vitro Techniques. The Inter-
national Plant Propagators’ Society, vol. 33, pp. 90–100.

anattoni, A., Triolo, E., 2003. Chances of antiviral drugs in Vitis vinifera
infected explants. In: Proceeding of 14th Meeting of the International Coun-
cil for the Study of Viruses and virus-like Diseases of Grapevine, Bari, Italy,
p. 244.

uorin, M., Lepoivre, P., 1977. Etude de millieux adaptes aux cultures in vitro
de prunus. Acta Horticulture 78, 437–442.

urturo, C., Saldarelli, P., Yafeng, D., Digiaro, M., Minafra, A., Savino,
V., Martelli, G.P., 2005. Genetic variability and population structure of
Grapevine leafroll-associated virus 3 isolates. J. Gen. Virol. 86, 217–
224.
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