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Three Hungarian (No.2, 4 and 9), and a Moldavian (K) plum pox virus isolates were 
compared with a characterized Spanish isolate (5.15) by RT-PCR, ELISA, dot-blot and West­
ern blot analysis. Monoclonal antibodies prepared against the external, intermediate and 
internal sequences of the coat protein of the Spanish isolate were able to differentiate the 
four isolates. Hungarian isolate No. 2 proved to be serologically identical to the Spanish 
isolate, while No. 4 showed appreciable differences and No. 9 could be recognized only by 
the monoclonal antibodies representing the intermedial and internal parts of the coat protein. 
K isolate showed a more distant relationship to other isolates. Our experiment provided the 
first demonstration of the presence of D type isolates in Hungary.

Introduction

Plum pox virus (PPV) is the most severe and 
economically important virus of cultivated stone 
fruit trees in European countries. The virus is a 
member of the proposed genus Potyvirus, family 
of Potyviridae (Barnett, 1992). Its flexuous, rod­
shaped virions are about 700 nm long and 11 nm 
in diameter. The single-stranded 9,7 kb. genomic 
RNA (Lain et al., 1989; Maiss et al., 1989) has a 
poly(A) tail at the 3’end and is linked to a ge­
nome-linked protein at the 5’end (Hari, 1981). The 
RNA is covered with approximately 200 repeating 
copies of a single coat protein (CP) of about 30 
kD (Ravelonandro et al., 1988).

Potyviruses present complex serological rela­
tionship among members. The CP N-terminal re­
gion, located in the surface of the virus particles 
(Shukla et al., 1988) shows the largest difference 
in sequence (Shukla et al., 1989). This region of 
the CP is specially labile in the case of PPV during 
purification (Löpez-Moya, 1994a), representing a 
problem in the production of virus-specific anti­
sera. PPV-specific monoclonal antibodies (MAbs) 
were prepared using different Spanish isolates 
purified in the presence of protease inhibitors (Lo-
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pez-Moya, 1994b). In this paper isolates of PPV 
from Hungary, Moldavia and Spain were com­
pared using a number of MAbs differing in anti­
genic sites by enzyme linked immunosorbent assay 
(ELISA), dot blot and Western blot analysis in or­
der to define the serological relationships among 
these, geographically distant PPV isolates.

Materials and Methods

Virus isolates

The PPV isolates used in this study came from 
the Plant Protection Institute (Budapest) collec­
tion: isolate No. 2 was from apricot (Keszthely), 
isolates No. 4 and No. 9 from plum (Karcag and 
Budapest, respectively) and the K isolate was iso­
lated from sour cherry in Kisinov, Moldavia. A 
previously described Spanish isolate 5.15 from 
apricot (Löpez-Moya, 1994a) was included in all 
experiments.

Isolates were maintained by mechanical inocu­
lation in Nicotiana benthamiana Domin. plants 
kept in a growth chamber.

RT-PCR

A two step reverse transcription-polymerase 
chain reaction (RT-PCR) protocol was preformed 
with total nucleic acid extraction from infected 
plant samples. Briefly, 0.1 g leaf tissue was grinded

0939-5075/97/0500-0391 $ 06.00 © 1997 Verlag der Zeitschrift für Naturforschung. All rights reserved. D

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



392 J.-J. Löpez-Moya et al. ■ Serological Characterization of Hungarian Plum Pox Virus Isolates

in 400 (.il of sterile 25 mM Tris-HCl (pH 7.5) buffer 
containing 25 mM MgCl2, 25 mM KC1 and 1% so­
dium dodecyl sulphate (SDS) (Löpez-Moya et al.,
1995). After two phenol/chloroform extractions 
(1:1) the nucleic acids were precipitated with 1/10 
vol. of 7.5 m NH4-acetate and 2 vol. of 96% etha­
nol. Pellets were washed with 70% ethanol, vac­
uum dried and resuspended in 20 (.il sterile water.

An aliquot of 3.5 |.il sample was adjusted to 20 
j.U reaction volume with 50 |am Tris-HCl (pH 8,9); 
50 m M  KC1; 7.5 m M  MgCl2; 250 (.im of each dNTP; 
20 units of RNasin and 0,75 (.im of the specific 
downstream oligonucleotide primer (see below). 
One unit of Avian myeloblastosis virus (AMV) re­
verse transcriptase was added, and the reaction in­
cubated for 45 min at 42 °C.

PCR reaction was preformed in a 10 (il volume, 
adjusted to 1 Taq reaction buffer, containing 10 
m M  Tris-HCl (pH 8,3); 1.5 m M  MgCl2; 250 jil of 
each dNTP and 0.5 (.il of each oligonucleotide 
primer, corresponding to the nucleotides 8391 — 
8408 in the positive sense and 8900-8883 in com­
plementary sense of the PPV RNA genome (Lain 
et a l, 1989).

Two units of Taq DNA polymerases were added 
and the reaction incubated in an automatic ther­
mal cycle (Perkin-Elmer 9600) with a cycle profile 
of 92 °C/45“, 42 °C/30\ 72 °C/1\ for 40 cycles giv­
ing the last cycle 10 min final elongation step at 
72 °C. The final product of the reaction was ana­
lyzed in 10 fil aliquots in 1.0% agarose gel in Tris- 
borate-EDTA buffer, containing 0.5% ethydium 
bromide (Sambrook et al., 1989).

ELISA

Two different ELISA procedures were pre­
formed: in the first protocol, direct ELISA, plates 
were coated with samples containing the antigen. 
In the other protocol indirect double antibody 
sandwich (IDAS ELISA) plates were coated with 
anti-PPV polyclonal antibody to trap later the an­
tigen. Both procedures used PPV-specific MAbs 
and anti-mouse horseradish peroxidase conjugate 
(HRPO) to detect the presence of the antigen in 
the samples.

Polystyrene plates were coated overnight at 4 °C 
directly with 100 j.tl of 1:20 w/v plant extract in 0.05 
m sodium carbonate buffer (CB) pH 9.6, or coated 
previously with 1 (il/ml polyclonal antibody (Sa­

nofi) in CB and then incubated overnight with 1:20 
w/v plant extract in 0.15 m NaCl; 0.1 m sodium 
phosphate buffer (PBS) pH 7.4, containing 0.2% 
nonfat powered milk. After each step plates were 
washed with PBS plus 0.05% Tween-20.

MAbs were added at 0.1-1.0 jig in PBS, fol­
lowed by goat-anti mouse HRP conjugate, and 
both incubations performed for 3 h at 37 °C. Reac­
tions were developed adding chromogen/substrate 
solution containing o-phenylene-diamine/H20 2. 
Absorbance was measured at 450 nm after addi­
tion of 50 [il well of 3 n  H2S 0 4.

Dot-blot

Extracts were prepared from fresh plant tissue 
(1:40 w/v) in Tris-HCl (pH 6.8), containing 30 mM 
ascorbic acid and 0.2% 2-mercaptoethanol. The 
mixtures were denatured by heating for 5 min at 
100 °C. After the blocking step in 5% skim milk 
powder in PBS, sheets w'ere incubated first with 
MAbs at 0.1 |.ig/ml in PBS and then with peroxi­
dase labeled anti-mouse antibody. The enzyme ac­
tivity was visualized using 4-chloro-naphtol and
h 2o 2.

SDS-PAGE and Western blot

Crude plant extracts (1:20 w/v) were prepared 
in 0.625 m Tris-HCl (pH 6.8) buffer, containing 30 
mM ascorbic acid, mixed with equal volume of 
Laemmli buffer, containing 2% SDS and 2% 2- 
mercaptoethanol and denatured by heating for
2 min at 100 °C (Laemmli, 1970). Products were 
electrophoresed in a 5-12.5% , 1 mm wide discon­
tinuous (SDS-PAGE) gel, and electroblotted 
(Towbin et al., 1979) onto a nitrocellulose mem­
brane, blocked with 1% skim milk powder in PBS 
for 30 min and incubated with the MAbs and de­
veloped as described above for the dot-blot 
assays.

Results

PCR analysis

No differences between the five PPV isolates 
were observed in the mobility of the amplified 
product after RT-PCR. Only a slightly lower rela­
tive proportion of the band was observed in the 
case of the isolate 4 (Fig. 1). The results indicate
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Fig. 1. Analysis of R T -PC R  amplification of PPV - 
RNA from N. benthamiana infected samples. Lane 1, 
Hinfl digested pUC 18 as size markers. Lanes 2,3.4,5 and 
6: samples of plant infected with PPV isolates 2,4,9, K 
and 5.15, Lane 7: healthy plant used as negative control. 
Electrophoresis was performed on a 1% agarose gel 
stained with ethydium bromide.

an equivalent size for N-terminal region of all the 
isolate CPs.

ELISA and Dot blot assay

Three previously described PPV-specific MAbs 
(Löpez-Moya et al., 1994b) directed against super­
ficial (1EB6), intermediate (4DG11) and internal 
(3C6) CP regions were used in both ELISA and 
dot-blot procedures. MAbs 1EB6 and 4DG11 re­
acted well both in DAS and indirect ELISA pro­
cedures, while MAb 3C6 exhibited a higher reac­
tivity in the indirect ELISA assay, indicating that 
the internal region is better exposed when the viri­
ons are partly degraded in the protein adsorbed in 
the plates (Löpez-Moya et al., 1994b). Results are 
summarized in Table I.

While in IDAS-ELISA isolates 2,4 and 5.15 
were detected by the three MAbs, isolate 9 and K 
failed to be detected by 1EB6. Isolates 2 and 9 
were detected with 4DG11, but 4 was not. Sero­
logical properties of the isolates can clearly 
discriminate them. Similarities among isolates 
were found in indirect ELISA, where the MAb 
3C6 recognized all virus isolates, indicating that

Table I. Reactivity of three Mabs to five PPV isolates in 
IDAS-ELISAa or in indirect ELISAb.

Mabs Healthy 2 4 9 k 5.15

1EB63 _ c + + _ +
4DG1 l a - + - + • +
3C6b - ++ ++ ++ ++ ++

a Micotitre plates were coated with polyclonal antibody, 
incubated with extracts from healthy or PPV infected 
plants before Mab incubation.

Plates were coated with extracts from healthy or PPV 
infected plants.
c Reactivity below 2 times ( - ) ,  above 10 times (+) or 
above 20 times (++) the readings obtained with unin­
fected plant extract.

the same serological reactions can be obtained for 
dot blot analysis (Fig. 2).

H 2 4 9 K 5 .1 5

1EB6 ,

I__  ___
4DG11 v * * *

3EC6 * •

Fig. 2. Dot blot with three Mabs (lEB 6,3D gll and 3C6) 
of extracts from plants infected with 4 Hungarian iso­
lates (2,4,9 and K) and isolate from Spain (5.15). H. sam­
ple from healthy plant.

Western -  blot analysis

Isolates 2, 9, K and 5.15 showed in SDS-PAGE 
a similar apparent CP size around 36kD, as shown 
in Fig. 3 in a Western blot analysis with 3C6 MAb. 
Isolate 4 exhibited a larger CP, around 38 kDa. 
These results confirmed the differences between 
isolate 4 and the others, in terms of the electro- 
phoretical mobility of the CP.

Similar mobilities of CPs were observed using 
Western blot with other MAbs, with the same ex­
ceptions in reactivity as previously described in 
ELISA or dot-blot procedures.

Discussion

PPV genome encodes one large polyprotein of 
350 kDa, which is processed into several func­
tional proteins, produced in equimolar amounts. 
Most final proteins revealed a high degree of sim­
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Fig. 3. Western blot with monoclonal antibody 3C6 of 
extracts from plants infected with PPV isolates 2,4,9, K 
and 5.15. H, sample from healthy plant. Isolate 4 shows 
a CP with a larger size, around 38 kDa.

ilarities among members of the group. Conse­
quently, not all proteins were suitable for classifi­
cation and identification virus species and strains 
by conventional ELISA (Adamolle et al., 1994). 
Two serological groups of PPV isolates were de­
scribed by Kerlan and Dunez (1979): a severe 
PPV-M (Marcus) strain and a milder PPV-D (Did- 
eron) strain. The major differences between PPV 
strains were found in the N termini of the CP. This 
region has been shown to be exposed on the sur­
face of the particle. On the basis of monoclonal 
antibodies raised against the different regions of 
the PPV-CP, strains could be differentiated and 
classified (Cambra et al., 1994; Candresse et al., 
1994; Deborre et al., 1994; Löpez-Moya et al., 
1994a; Asensio et al., 1995).

Monoclonal antibodies recognized different epi­
topes of CP reacted differently with the isolates 
used in our experiments, indicating that different 
serotypes of PPV occurred in Hungarian stone- 
fruit plantations. It was possible to characterize 
and compare Hungarian isolates different from 
the Spanish isolate 5.15, which was the original 
isolate used for MAb production and previously 
characterized (Löpez-Moya et al., 1994a). This iso­
late showed serological identity with Hungarian 
isolate 2 both in DAS-ELISA and IDAS-ELISA.

Experiments described earlier (Asensio et al.,
1995) that MAb 4DG11 reacted only with the D 
type isolates. In our experiments all Hungarian 
isolates gave a positive reaction with this MAb in­
dicating that all of them could be classified as D 
type. Until now only one Hungarian PPV isolate 
(SK68, isolated by M. Nemeth) was compared se­
rologically with other European isolates. In these 
experiments SK68 was classified as a typical M 
type (Deborre, 1994).

Tests with 1EB6 MAb demonstrated slight dif­
ferences between isolates 2 and 4. Only the MAbs 
representing the most conversed sequences of the 
internal epitopes of CP were able to recognize iso­
late 9, indicating the distant relationship of this 
isolate to others. K isolate reacted only with the 
MAbs of internal and intermedial epitopes, espe­
cially in dot blot experiments, demonstrating the 
unique nature of this isolate. The isolate is proba­
bly the same sour cherry isolate which was consid­
ered as an unusual strain of PPV (Deborre et al., 
1994; Nemchinov et al., 1994).

The results of the present study showed that 
MAbs raised against Spanish PPV strains were 
suitable for detection and differentiation of Hung­
arian PPV isolates. Until now, only one Hungarian 
isolate (SK68), belonging to the M type, was char­
acterized by complete nucleotide sequence (Pal- 
kovics et al., 1993). The isolates used in our experi­
ments demonstrated the presence of isolates of D 
serotype, too. The great variability of the isolates 
was probably due to the geographically short dis­
tance from the origin of the virus.

Our results suggest that the spread of other, oc­
casionally more virulent PPV strains in the Car­
pathian Basin should be considered. Isolates of 
different serotypes did not show significant differ­
ences in test plants. The usefulness of the test plant 
detection method underlines the need of using dif­
ferent diagnostic methods. Comparison of serolog­
ical methods based on MAbs, electrophoretic mo­
bility of CP, immunocapture RT-PCR showed 
complete correlation and confirmed the existence 
of the two major serogroups (Bousalem et al.,
1994). Survey of dominance and distribution of 
these serotypes needs a more detailed study
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