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Summary.  - Four mouse monoclonal antibodies (MoAbs) against potato virus S Andean strain (PVSA) 
were tested. While MoAbs 2 and 3 reacted only with complete virions and were apparently specific for epitopes 
dependent on quaternary structure, MoAbs 1 and 4 appared to be conformation independent and reacted with 
exposed regions on native virions as well as on the surface of dissociated coat protein subunits. This seems to 
be  an evidence of metatope existence. The results of competitive binding tests together with reaction patterns 
of individual MoAbs suggest that the used MoAbs reacted with at least two different epitopes on PVS A  particles 
or polypeptide subunits. Immunoblot analysis of proteolytically cleaved PVS A  capsid protein (CP) confirmed 
close proximity of epitopes recognized by MoAbs 1 and 4. Anti-PVS polyclonal antibody recognized both 
intact CP and its natural or artificial digest, while the MoAbs bound to intact CP only. These results indicate 
that the surface virus-specific epitopes are located near the terminus of CP molecule as it is characteristic for 
potyviruses. 
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I n t r o d u c t i o n  

PVS is a carlavirus affecting almost all cultivars of pota­
toes worldwide. Hinostroza-Orihuela (1973) and Santillan 
etal. (1980) described variant isolates of PVS from several 
South American potato cultivars that produced systemic 
mottle symptoms and necrosis in Chenopodium quinoa 
Wild., and were more efficiently transmitted by aphids or by 
contact than the previously studied isolates of PVS (PVS0) 
commonly occuring European countries. The name Andean 
strain of PVS (PVSA; Jones et al., 1981) was introduced to 
distinguish isolates with such properties from PVS°. Iso­
lates of PVSA have been found in some breeders* selections 
and potato cultivars in Germany and Netherlands (Dolby 

Abbreviations: ATA = antibody-trapped antigen; CBTs = com­
petitive binding tests; C P  = capsid protein; ELISA = enzyme-
linked immunosorbent assay; MoAbs = monoclonal antibodies; 
PBS = phosphate buffered saline; PTA = plate-trapped antigen; 
PVSA = potato virus S Andean strain; SDS-PAGE = SDS-poly-
acrylamide gel electrophoresis 

and Jones, 1987), and since they are more efficently trans­
mitted by aphids and cause more severe symptoms on pota­
to cultivars than PVS0 ,  the potential for spread to potato 
stocks in other European countries is a cause for concern. 
However, PVSA is serologically indistinguishable f rom 
PVS 0  in tests with polyclonal antisera (Weidemann and 
Koenig, 1990). For this reason MoAbs against PVSA were 
produced (Čeřovská and Filigarová, 1995). In this study we 
attempted to extend the knowledge on the PVSA  antigenic 
properties using our four MoAbs in various types of ELISA 
and competitive binding tests, and in Western blot analysis 
of PVSA CP and its proteolytic digests. 

M a t e r i a l s  a n d  M e t h o d s  

Virus. PVSA propagated in Chenopodium quinoa or Lyc-
opersicon esculenlum cv. Něvskij was purified as described 
by Čeřovská and Filigarová (1995). Purified virus was 
stored as a lyophylizate. 
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Viral-capsid protein was prepared by precipitating the 
viral nucleic acid by the mixture of guanidinium hydro­
chloride and lithium chloride (Wu and Bruening, 1971). 
Proteolytic cleavage by endoproteinase Gluc-C from Sta­
phylococcus aureus strain V8 (V8-protease, Sigma), trypsin 
(Sigma), thermolysin (Serva) and chymotrypsin (Serva) was 
carried out as described by Šubr et al. (1993). 

SDS-polyacrylamide electrophoresis (SDS-PAGE) of 
proteins was run according to Laemmli (1970). 

MoAbs against PVSA were prepared by immunization of 
Balb/c mice with native virus (Ceřovská and Filigarová, 
1995). 

lmmunohlot analysis was carried out in a semidry sys­
tem according to Hirano and Watanabe (1990). Nitrocellu­
lose membranes (0.45 ^m,  Serva) were dried and stained 
immunospecifically as described by Šubre/ al. (1993). 

EĹISA techniques (plate-trapped antigen - PTA ELISA 
and antibody-trapped antigen - ATA ELISA) were essen­
tially those described by Čeřovská and Filigarová (1995). 

Competitive binding tests (CRTs) were done with Mo­
Abs biotinylated according to Bayer and Wilchek (1980). 
They were performed both in consecutive and simultaneous 
arrangement. Wells of microtiter plates were coated with 
anti-PVS IgCi (1 ng/ml, 37'C, 4 hrs), washed, pure virus 
antigen (1 (ig/ml) was added to each well and incubated 
overnight at 4 'C.  In consecutive CBT, first the unlabelled 
MoAb(2 hrs, 37'C) and then the biotinylated MoAb (2 hrs, 
37'C) were added. In simultaneous CBT, instead of the last 
step the mixture of unlabelled and biotinylated MoAbs was 
added (4 hrs at 37'C). After an additional overnight incuba­
tion with the avidin-alkaline phosphatase conjugate and 
washing the substrate (4-nitrophenyl phosphate, Serva) was 
added. To assess a non-specific binding of biotinylated an­
tibody, control wells were coated with PBS. In positive con­
trol, in which no competition occured, biotinylated antibod­
ies were added to wells with PVSA containing no competing 
antibodies. The absorbance of these wells was taken for 100% 
and used as a reference for estimation of the competition 
level of each unlabelled antibody. 

Results and Discussion 

Differentiation of ľ VSA epitopes by EIJSA 

The epitope specificity of different MoAbs was deter­
mined by ELISA with the I'VSA virions or CP adsorbed to 
plates directly (PTA ELISA) or through polyclonal antibody 
(ATA ELISA). MoAbs I and 4 readily detected purified 
PVSA in both PTA and ATA ELISA, whereas MoAbs 2 and 
3 detected the virus only in ATA ELISA (Table 1). The in­
fluence of  direct antigen binding onto the plastic plate sur­
face on the disclosure of normally hidden epitopes is known 

Table 1. Reactivity o f  M o A b s  wi th  virions (PVS A )  a n d  viral C P  

(PVS A -CP) in  different E L I S A  techniques  

M o A b s  

ATA E L I S A  PTA E L I S A  

M o A b s  

PVS A  P V S A - C P  P V S A  P V S A - C P  

1 + + + + 

2 + - _ 

3 + - -

4 + 4 + + 

A M S  values  h igher  than t he  threefold  o f  background  (+ )  o r  in the  r ange  o f  

b a c k g r o u n d  ( - ) .  

(Joisson et al., 1993). Thus while MoAbs 1 and 4 reacted 
with the epitopes present both on intact and altered virus 
particles, MoAbs 2 and 3 did so with epitopes occuring 
only on intact virus particles. The results obtained with 
the isolated CP  subunits by the same ELISA techniques 
were in accordance with those mentioned above. 

Thus all epitopes were surface-located, those recognized 
by MoAbs 1 and 4 were contiguous metatopes, while those 
recognized by MoAbs 2 and 3 were discontiguous neotopes 
(Van Regenmortel, 1990; Šubr et al., 1994). 

Competition analysis 

To obtain further information on epitope discrimination 
and topological epitope relationships, a series of CBTs was 
done. The results of simultaneous and consecutive CBTs 
were similar (Table 2). They revealed that the used MoAbs 
could be divided into two groups. MoAbs 1 and 4 competed 
with each other but they both did not compete with MoAbs 
2 and 3 and vice versa. 

An inhibition of antibody binding may occur due to 
a competition for the same epitope. Alternatively, an inhibi­
tion of binding of a second antibody specific for another 
epitope may occur if the epitopes are in close proximity or 
overlap. An inhibition may also be due to steric hindrance 
caused by the first antibody. Or, the first antibody may pre­
vent the access for a second antibody by altering the con-

Tablc 2 .  Compet i t ive  b inding  tests with M o A b s  t o  PVS A  

Unlabelled 

M o A b s  

Biotinylated M o A b s  Unlabelled 

M o A b s  

1 2 3 4 

1 0 /20  79 /85  100/100 0 / 0  

2 90 /90  0 / 0  35 /38  80/85 

3 80 /75  0 / 0  0 / 0  70/78  
4 0 /0  65 /70  100/90 0/15 

A^,, w a s  recorded  a f t e r  incubat ion  at 3 7 ' C  a f t e r  6 0  mins .  T h e  va lues  

represent rat ios o f  activities ( % )  remain ing  a f t e r  b locking  in consecutive/ 

s imultaneous CBT.  100% = activity o f  t he  s a m p l e  wi thout  blocking.  
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Fig.  1 
I m m u n o b l o t  ana lys i s  o f  P V S A  C P  

Rabbit polyclonal antibody against P V S  (Čeřovská and Filigarová, 1995) (a), anti-PVSA  M o A b  1 (b) and anti-PVSA  M o A b  4 (c). CP unclcavcd (iancs 1) 
or cleaved b y  V8-protcasc (lanes 2), trypsin (lanes 3), chymotrypsin (lanes 4 )  and thcrmolysin (lanes 5). 

formation of the second epitope or even the entire antigen 
(Kubánek et al., 1991). 

No mutual influence between both pairs of MoAbs indi­
cates that the binding sites of these MoAbs are not topo-
logically related and no conformational changes of MoAbs 
1 and 4 binding sites by binding of MoAbs 2 and 3 occur. 
Thus the two groups of epitopes are spacially distant on 
the mature CP. On  the contrary, MoAbs 1 and 4 recognized 
topologically very closely related or identical epitopes as 
did MoAbs 2 and 3 too. However, discrete epitopes may 
occur close each to other and behave as one site in CBT 
(Schmaljohn et al., 1983). 

Table 2 also shows that MoAb 3 completely blocked the 
binding of MoAb 2 while MoAb 2 blocked the binding of 
MoAb 3 only by about 60%. Such a result may reflect greater 
affinity of MoAb 3 or different actual concentration of spe­
cific IgG in respective MoAb preparations (MoAbs were 
not affinity-purified). 

Competing antibodies can be further characterized by 
comparison of competition curves obtained in assays per­
formed by simultaneous and consecutive procedures. Com­
petition curves are influenced by the affinity and concentra­
tion of the unlabelled antibody relative to the labelled anti­
body. A comparison of simultaneous and consecutive com­
petition curves suggests which of these factors affect more 
significantly the competition ability of the unlabelled anti­
body (Brezovský and Berkower, 1984; Hosang, 1985). 

In our case, both pairs of MoAbs gave gradually grow­
ing competition curves in both simultaneous and consecu­
tive CBTs (data not shown). Thus the mutual competition 
of respective MoAbs was rather more affinity - then con­
centration-based. 

Immunoblot analysis 

The results of immunoblot analysis fitted those obtained 
by ELISA. While MoAbs 1 and 4 reacted with the denatur-
ated PVSA CP immobilized on nitrocellulose membrane 
(Fig. lb,c), MoAbs 2 and 3 did not. 

The proteolytic cleavage of CP followed by immunoblot 
analysis with MoAbs 1 and 4 showed no difference between 
peptide patterns obtained. This fact proved that these Mo­
Abs recognized either very close (probably overlapping) 
epitopes or even the same epitope. V8-protease or trypsin 
cleavage of CP destroyed these epitopes (Fig. lb,c). 

In SDS-PAGE the PVSA CP migrated as two double bands 
of 39K and 35K, respectively. The faster protein was appar­
ently produced by proteolysis of CP  in vitro and/or in vivo. 
This was proved by excision of respective bands from the 
gel and their subsequent proteolysis by V8-protease result­
ing in identical peptide patterns (data not shown). 

The rabbit polyclonal antibody against PVS reacted in 
immunoblot analysis both with slow and fast zones (Fig. la). 
However, MoAbs 1 and 4 bound only to the slower zone 
corresponding to intact CP. 

A similar phenomenon is known in potyviruses, where 
significant proteolysis occurs in vitro, leading to  a loss of 
both N-  and C-termini of CP, normally exposed on the sur­
face of native virions. In such a way, potyviruses lose their 
virus-specific epitopes. However, the resulting modified viral 
particles preserve their reactivity with broadly (group) spe­
cific antisera (Shuklae/  al., 1988; Shukla and Ward, 1989). 

Our results may indicate an analogical CP processing for 
the viruses of the Carlavirus genus, particularly PVSA. One 
or both CP terminal regions probably bear most of immu-
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nocpitopes,  b e c a u s e  the react iv i ty  o f  t h e  polyc lonal  anti­
b o d y  w i t h  p r o c e s s e d  C P  w a s  s i g n i f i c a n t l y  w e a k e r  t h a n  tha t  

w i t h  in tac t  CP. O n  t h e  o t h e r  h a n d ,  P V S A - s p e c i f i c  M o A b s  

b o u n d  t o  in tac t  C P  only.  T h u s  t h e  C P  a r r a n g e m e n t  in  t h e  

c a p s i d  o f  c a r l a v i r u s e s  s e e m s  t o  s h a r e  s o m e  s imi la r i ty  w i t h  

t ha t  o f  p o t y v i r u s e s  a l t h o u g h  n o  se ro log ica l  r e l a t i onsh ip  b e ­

t w e e n  t h e s e  v i ra l  t a x a  d o e s  ex is t .  
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