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Summary. — Plum pox virus (PPV) isolates are grouped into three clusters differentiated by biological, 
serological, molecular and epidemiological characteristics: Marcus (M), Dideron (D) and Cherry (C). The El 
Amar (EA) isolate that does not fit any of the above groups is also known. Monoclonal antibodies (MAbs) that 
specifically recognize M, D, and C strains of PPV are already available. To complete the set of PPV strain-
specific serological reagents, MAbs against the EA isolate were raised by immunizing BALB/c mice and 
fusing their spleen cells with NS0/1 myeloma cells. After a preliminary characterization by double-antibody 
sandwich enzyme-linked immunosorbent assay (DAS-ELISA), 1 of 13 selected MAbs proved to be EA strain-
specific. This MAb (EA24) reacted equally well with a homologous antigen and several PPV isolates from 
Egyptian apricot trees, supporting the hypothesis of an additional specific PPV group. MAb EA24 did not 
react either with about a hundred PPV isolates belonging to the D and M groups or with PPV-SwC and PPV-
SoC isolates belonging to the C group. The strain specificity of MAb EA24 was confirmed by Western blot 
analysis and immunoelectron microscopy. We conclude that there is now available a set of MAbs which are 
highly specific to the four currently known groups of PPV strains. 
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Introduction 

PPV is one of the most injurious pathogens of stone fruit 
trees as it causes heavy losses to plum, apricot and peach 
crops in most European countries (Dunez and Šutic, 1988). 
PPV isolates are grouped into three clusters (groups) 
differentiated by biological, serological, molecular and 
epidemiological characteristics: Marcus (M), Dideron (D) 
and Cherry (C) (Kerlan and Dunez, 1979; Nemchinov et 
al., 1996). An Egyptian isolate denoted El Amar (EA), which 
does not f i t  any of the above groups is also known. Wetzel 
et al. (1991b) differentiated this isolate from PPV-M and 
PPV-D serotypes on the basis of sequence homology studies. 
Later it was definitively considered a member of distinct 
group o f  PPV strains (Candresse  et al., 1994). The 
differentiation of the EA isolate by restriction fragment 
length polymorphism (RFLP) and polymerase chain reaction 
(PCR) analyses (Wetzel et al., 1991a) proved to be difficult 

because the obtained RFLP pattern was o f  M-like serotype 
whereas the PCR with serotype-specific primers gave 
ambiguous results (Candresse et al., 1998). Hammond et 
al. (1998) performing PCR with primers designed for the 
Nib gene of PPV and using different enzymes in RFLP 
analysis were able to differentiate PPV-EA from PPV-M. 

To date, available serotype-specific MAbs are those raised 
to PPV-D (Cambra et al, 1994), PPV-M (Boscia et al., 
1997a), and PPV-C (Boscia et al., 1997b). A comparative 
analysis of amino acid sequence of the coat protein of  EA 
strain (Wetzel et al., 1991b) and representatives of  the other 
three PPV groups showed about 10% heterology, the surface-
located N-terminal region being the most heterologous. This 
suggested that there is a good chance to select isolate-
specific antibodies provided M A b s  raised against PPV-EA 
are available. Therefore, to complete the set of strain-specific 
MAbs,  the production of  M A b s  against PPV-EA w a s  
undertaken. 
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Fig. 1 
Western blot analysis of  PPV CP preparations with polyclonal antibody (a) a n d  M A b  EA24 (b) 

Size marker (lane 1); PPV-SwC (lane 2); PPV-SoC (lane 3); PPV-EA (lane 4), PPV-M (lane 5); PPV-D (lane 6); PPV-D (lane 6); healthy control (lane 7). 

Materials  a n d  Methods 

PPV-EA purified from Nicotiana benthamiana (Van Osten, 
1972) was used for immunization of BALB/c mice (Harlan Nos-
san, Correzzana). The fusion of immunized splenocytes andNSO/1 
myeloma cells (American type Culture Collection, Rockville) was 
carried out as described by Boscia et al. (1992). Screening of cell 
culture supernatants for hybridomas secreting specific MAbs was 
done by DAS-ELISA (Cambra et al., 1994). Plates were coated 
with IgGs from a polyclonal antiserum (Myrta et al., 1996) and 
extracts of healthy and PPV-EA-infected N benthamiana plants 
were used as antigens. 

Characterization of MAbs by DAS-ELISA.The obtained MAbs 
were first tested against the homologous antigen (PPV-EA), 
a French isolate of PPV-M, an Italian isolate of PPV-D (ISPAVE 
31), a sweet cherry PPV-C isolate (PPV-SwC), and a sour cherry 
PPV-C isolate (PPV-SoC). Selected MAbs were subjected to fur­
ther controls to ascertain their strain-specificity by extensive indi­
rect DAS-ELISA against 119 characterized PPV isolates belong­
ing to the M, D, C and EA strains. These tests were carried out in 
comparison with other MAbs, namely 5B universal for PPV iso­
lates, 4DG5 specific to PPV-D (Cambra et al, 1994), AL specific 
to PPV-M (Boscia et al., 1997a), AC and TUV, both specific to 
PPV-C (Boscia et al., 1997b). 

Western blot analysis was described by Hu etal. (1990). Disso­
ciated CPs from crude sap of plants infected with PPV-EA, PPV-M, 
PPV-D, PPV-SoC and PPV-SwC isolates were blotted onto two 
nitrocelluloses membranes and incubated separately with MAb 
EA24 and IgGs from a polyclonal antiserum in 2% non-fat milk 
in phosphate-buffered saline. The membranes were washed, incu­
bated in anti-mouse and anti-rabbit IgG solutions, respectively, 
and developed with Sigma Fast Kit. The MW-SDS-70 Kit (Sig­
ma) for molecular weights of 10,000 - 70,000 was used as refer­
ence marker. 

Electron microscopy. MAb EA24 in the form of diluted ascitic 
fluid was used for decoration of particles of the homologous virus 
and PPV-SwC (Milne, 1993). 

Resul ts  a n d  Discussion 

Of  the 420 hybridoma cultures obtained 13 reacted pos­

itively in DAS-ELISA with PPV-EA but not with healthy 

plant extracts. These lines continued to secrete antibodies 

after transferring, cloning and successive cycles o f  freezing 

and thawing in liquid nitrogen. 
In preliminary DAS-ELISA tests, M A b  EA24 recog­

nized only the homologous antigen (PPV-EA) but not PPV-M, 
PPV-D, PPV-SwC, and PPV-SoC. Later, this M A b  react­
ed equally well with the homologous antigen and seven 
PPV isolates f r o m  Egyptian apricot trees. The  strain-spe­
cif ici ty o f  M A b  EA24 was conf i rmed  by  the  behaviour 
o f  the other serotype-specific MAbs.  In particular, M A b  
5B reacted with all the P P V  isolates, while all isolates 
that were not recognized by M A b  EA24 were  recognized 
by the PPV-D-specific M A b  4 D G 5  (35), PPV-M-specif-
ic M A b  A L  (75), PPV-C-specific M A b s  T U V  and A C  (2) 
(Table 1). 

In Western blot analysis (Fig. 1), M A b  EA24 recognized 
specifically only the C P  of  PPV-EA but did not react with 
extracts from plants of  N. benthamiana infected with PPV-M, 
PPV-D, PPV-SwC, and PPV-SoC isolates. The polyclonal 
antiserum recognized all the PPV isolates tested. 

In immunoelectron microscopy, M A b  EA24 decorated 
homologous particles but not those o f  PPV-SwC. 

In conclusion, a newly produced MAb (EA24) proved 
to b e  PPV-EA strain-specific. It reacted also with several 
PPV isolates f rom Egyptian apricot trees not  belonging to  
any of the traditional PPV groups This f inding supports 
a hypothesis that the E A  strain is an  additional PPV sero­
type. A set of MAbs that are highly specific for  the recog­
nition of  the four  currently known groups o f  PPV sero­
types is now available. 
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Table 1. Characterization of  M A b  EA24 in DAS-ELISA with 
dif ferent PPV isolates in comparison with PPV-universal M A b  5B 
a n d  M A b s  specific to Marcus (AL), Dideron (4DG5) a n d  Cherry 

serotypes (AC and TUV)  

No. of 
isolates Strain 

MAbs No. of 
isolates Strain 5B EA24 AL 4DG5 AC TUV 

75 M + - + -

35 D + - + -

2 C + -
- - + + 

7 EA + + 
-
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