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Summary. — T h e  direct double ant ibody  sandwich (DAS) t y p e  
of  enzyme-linked immunosorbent  a s s a y  (ELISA) w a s  used t o  
determine the  degree oť  serological a n d  antigenic differences, 
a m o n g  the  three serotypes  (A, B,  C) of red  clover necrotic mosaic 
v i r u s  (RCNMV). Homologous and heterologous ant ibody  t i tres  
in the used IgOs  t o  isolates TpM34 (serotype A), TpM48 (sero­
t y p e  li) a n d  isolate N o .  6 (serotype  C) a s  d e t e r m i n e d  b y  E L I S A  
were J00- t o  200-fold h ighe r  t h a n  b y  r ing  prec ip i ta t ion  t e s t .  
I n t e n s i t y  of  homologous  a n d  heterologous reac t ions  i n  E L I S A  
d e p e n d e d  o n  t h e  concen t ra t ion  of  an t igen ,  of t h e  I g G  used  f o r  
coa t ing  a n d  of  t h e  labelled I g G .  T h e  I g G  p repa ra t i ons  used  con­
ta ined  50 t o  100 t i m e s  h igher  concen t ra t ion  of  homologous  (sero-
type-specific)  t h a n  heterologous  (interserotype-specific) ant ibodies .  
S u c h  a g r e a t  d i f ference be tween  t h e  t w o  a n t i b o d y  t y p e s  accoun t s  
f o r  a compara t ive ly  high degree  of se lec t iv i ty  of t h e  homologous  
reac t ions .  
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Introduction 

R e d  clover necro t ic  mosaic  v i rus  (RCNMV) of t h e  D i a t h o v i r u s  g r o u p  is 
charac te r ized  b y  a re la t ive ly  g r e a t  an t igenic  va r i ab i l i t y  mani fes ted  b y  the  
occurrence  of 4 d i f fe ren t  se ro types  ( R a o  et at., 1987), 3 of t h e m  i n  Czecho­
s lovakia  (Musil a n d  Gallo, 1982: Musil  et al., 1982) in  all insofar  de te rmined  
v i ru s  isolates. In connect ion  w i t h  t h e  use of polyclonal  a n d  monoclonal  anti­
bodies t o  (lie r ep resen ta t ives  of  t h e  D ian thov i ru s  g roup ,  including the  
R C N M V  isolates, H i ruk i  et al. (1984) f o u n d  a high degree  of specificity (select­
ivi ty)  of se ra  con ta in ing  polyclonal  an t ibod ies  w h e n  tes ted  b y  t h e  direct  
doub le  a n t i b o d y  sandwich  ( l )AS) t y p e  of enzyme-l inked immunosorben t  
a s say  ( E L I S A ) .  O u r  e x p e r i m e n t s  were  a i m e d  a t  t h e  e luc ida t ion  of  selectivity 
of E L I S A  wi th  t hree  se ro types  of R C N M V  a s  well a s  a t  t h e  use  of t h e  direct  
D A S  t y p e  of E L I S A  f o r  d e t e r m i n a t i o n  of serological a n d  an t igen ic  differences 
a m o n g  t h e  R C N M V  sero types  s tud ied .  

•no 
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Materials and Methods 

Virus isolates and antigens. I n  comparative tests  w e  used t h e  purified suspensions of three 
RCNMV isolates, namely TpM34 (serotype A), TpM48 (serotype B), a n d  the  isolate No. 6 (serotype 
C) prepared a s  described (Musil and Gallo, 1982; Musil et al., 1982) a n d  designated fur ther  a s  
virus isolates and antigens 34, 48, a n d  6, respectively.  Nucleoprotein concentrations in the  puri­
fied v i rus  suspensions were de termined spect rophotometr ica l ly  a n d  a d j u s t e d  i n  all  v i rus  isolates 
to  t h e  s a m e  va lue  corresponding t o  t h e  OD260nm = 9-0. T h e  v i rus  suspensions were d i lu ted  f u r t h e r  
in t h e  sampl ing buf fe r  m o s t l y  1 : 500 t o  1 : 5,000 wi th  regard  t o  t h e  purpose  of o u r  s t u d y ,  except­
ionally t h e y  were double-diluted t o  t h e  10~6 va lue  ( to  de te rmine  t h e  t i t r e  of t h e  ant igen) .  

As controls in ELISA t h e  following ant igens  were used ins tead  of R C N M V  ant igen :  a)  sus­
pension of par t ia l ly  purif ied prote ins  f r o m  a hea l t hy  b e a n  p l a n t  (Phaseclus vulgaris L .  cv .  Per­
lička); b) suspension of serologically unrelated v i rus  (e.g. red  clover mott le  virus);  c) the  sampling 
buffer only. The  first t w o  (a a n d  b) control preparations were diluted proportionally to  the dilutions 
of RCNMV antigens. 

Sera and immunoglobulin (IgG) fractions. I n  the  precipitation a n d  immunodiffusion tes t s  
hyperimmune r a b b i t  sera against  34, 48, and 6 RCNMV isolates a n d  the  IgG fractions prepared 
from these sera were employed. Properties a n d  preparation of antisera against  isolates 34 and 
48 were described elsewhere (Musil, 1969; Musil and Gallo, 1982). Antiserum to  the  isolate 6 w a s  
prepared b y  repeated intravenous immunization of the  rabbi t  wi th  2 m l  aliquots of the  purified 
virus suspensions on d a y s  1, 14, and 40; the  animals were  bled on d a y  14 following the  last  
immunization dose. 

The IgG fractions were isolated a s  proposed b y  Clark a n d  A d a m s  (1977) with  a modification 
using the IgG separation on DEAE-52 cellulose (SERVA)  column. A p a r t  of IgG solution w a s  
used for  coating a n d  the  rest  w a s  conjugated wi th  alkaline phosphatase (type V I 1 ,  SIGMA; 
1,000 U per ml) a s  described b y  Clark and A d a m s  (1977). 

Serological tests. The basic direct D A S  t y p e  of E L I S A  w a s  carried out  b y  the  procedure of 
Clark and Adams  (1977) on microtitration plates  (Novogen, ÚMG, Czechoslovakia). Wells  of the  
plates were coated wi th  IgG directed to  the  individual RCNMV isolates. The  initial  solutions 
(1 mg/ml) were diluted according to  the  purpose of experiments(most f requently  1 : 500,1  : 1,000). 
To detect the antigen captured b y  ant ibody adsorbed on the  wells, anti-34, anti-48, a n d  anti-6 
IgG fractions (1 mg/ml) were conjugated with  alkaline phosphatase in a required dilution (mostly 
in the range f rom 1 : 200 t o  1 : 1,600). The  antigen, i.e. appropriately diluted suspensions of 
purified RCNMV isolates, w a s  added in 100 JJLI volumes.  A f t e r  incubation f o r  4 hr  a t  37°C wi th  
conjugated I g G ,  subs t r a t e  (4-ni t rophenylphosphate  bis/2-amino-2-ethyl- l ,3-propanediol/  salt) 
was added  in 110 (j.1 volumes  of d ie thanolamine  buffer  ( p H  9.8) p e r  well. T h e  react ion w a s  s topped  
af te r  30 m i n  a t  37°C b y  t h e  add i t ipn  of 50 (jil of 3 mol/1 N a O H  p e r  well. T h e  resul ts  were eva lua ted  
spectrophotometrically b y  absorbancy  measurements  a t  410 n m  (Dynatech  MR-250 spectropho­
tometer) .  T h e  ob ta ined  absorbancy  values  were wi th in  a r ange  f r o m  0.001 t o  3.000. A s  posi t ive 
reaction was  considered t h a t  w i th  a n  absorbancy  va lue  higher  t h a n  0.01 a f t e r  sub t rac t ing  t h e  
absorbancy va lue  of t h e  appropr i a t e  control  sample .  

Titres of homologous a n d  heterologous ant ibodies  i n  t h e  init ial  hype r immune  sera  a n d  the i r  
IgG f rac t ions  were de termined b y  t h e  r ing  precipi ta t ion t e s t  a n d  b y  t h e  agar-gel double  diffusion 
test (Musil a n d  Gallo, 1982). 

Results 

Titre of precipitating antibodies 

I n  hyper immune sera f r o m  which t h e  IgG fract ions were obtained,  t h e  
ti tre of precipitating ant ibody t o  t h e  homologous antigens as determined b y  
the  r ing precipitation tes t  was  640 (anti-6;and anti-34 sera) a n d  1,280 (anti-48 
serum). I n  t h e  IgG fractions purified f rom these antisera a n d  ad jus ted  t o  t h e  
same concentration (1 mg/ml), t h e  t i t re  of precipitins reacting with  homo­
logous ant igen dropped t o  80 (anti-6 and  anti-48 IgG) a n d  160 (anti-34 IgG), 
respectively. I n  contrast ,  t h e  antibodies reacting with  heterologous antigen 
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Fig.  1 Fin. 2 
Fig. I. Reaction of the  throo RCNMV isolates (No. 34, 48, and 0) with antisera against  serotypes 

A, 13, and C in immunodiffusion tost. 
Central wells:  antisera a — TpMs4, b — TpM4g, c— 6 
Per iphera l  wells: an t igens  34, 48, a n d  6 

Fig. 2. Reac t ions  of R C N M V  isolates (34, 48, a n d  (J) w i th  ant i-34,  48, a n d  6 IgG in immunodi f ­
fus ion tos t .  
Central  wells: IgG ant i -34 (A), au t i -48  (B), an t i -6  (C) 
Per iphera l  wells: an t igens  34, 48, a n d  6 
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ELISA of gradual  dilutions of 34,48, a n d  
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t i t red  in anti-34 s e r u m l l  : 20 t o  ant igen  No. 6 a n d  1 : 8 t o  ant igen  48;  i n  
anti-6 s e r u m  t h e  a n t i b o d y  t i t r e  t o  ant igen  4 8  reached 1 : 10 t o  1 : 20, b u t  n o  
ant ibody  levels  t o  ant igen  34  could b e  detected.  Final ly,  in anti-48 s e r u m  
antibodies  t o  ant igens  6 a n d  34  w e r e  present  i n  t i t r e s  1 : 8 0  a n d  1 : 160, 
respect ively.  T h e  presence of these  a n t i b o d y  g r o u p s  in t h e  e x a m i n e d  s e r a  
w a s  confirmed also b y  agar-gel  immunodi f fus ion  t e s t  (Fig. 1). O n  t h e  other  
hand,  t h e  t e s t s  u s e d  d i d  n o t  detect  a n y  a n t i b o d y  a c t i v i t y  t o  heterologous 

Fig. i 
ELISA of gradual  dilutions of anti-34, 
anti-48, a n d  anti-6 conjugates  w i t h  ho­
mologous an t igens  c a p t u r e d  b y  homolo­
gous I g G  (coat  I g G  d i lu ted  1 : 500, a n t i ­
gen d i lu ted  1 : 1000) a n t i - 3 4  con juga t ed  

I g G  (x), an t i -48  (9), a n t i - 6  ( O )  
Ahscissa: reciprocals  of con juga t e  di lut­
ion x 102 

Ordinate :  absorbance  a t  410 n m  (logio 
value) 
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- 1 -

- 2 -

1 
64 

i 
256 1024 4096 
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Table 1. Reactions in ELISA of anti-G, anti-34, and anti-48 
conjugates  (diluted 1 : 800 (I) and 1 : 1,600 (II) with 

liomolo||ous RC.VMV anti | |en (diluted 1 : 2,000) hound to 
different concentrations of coating IgG 

Dilution of Absorbance a t  410 rim wi th  conjugates  
coating IgG unti-fi anti-34 anti-48 

J II I II I I I  

1 : 500 1.427 0.719 3.000 2.171 1.379 0.730 
1 : 1.000 1.290 0.697 3.000 2.011 1.252 0.710 
1 : 2.000 1.140 0.628 3.000 1.843 0.992 0.565 
1 : 4.000 0.806 0.464 3.000 1.705 0.703 0.444 

antigens  in the  IgG fract ions except  of  t h e  anti-48 IgG which showed a 
t i t re  of 20 t o  antigen 34; no antibodies t o  antigen 6 were  detected b y  t h e  
tes t s  in question. I n  t h e  concentrated IgG preparations, however,  antibodies  
responsible f o r  cross-reactions wi th  heterologous antigens could b e  f o u n d  
(Figs. 1 and  2). 

ELISA of antigens 6, 34, and 48 with homologous IgG 

Antigens  6, 34, and 48 captured in t h e  wells  coated w i t h  homologous anti­
b o d y  reac ted  till a d i lu t ion of  2 x 1 0 - 6  (ant igen 6) o r  10~6 (an t igen  34 a n d  
48) using homologous  c on juga t e s  d i lu ted  1 : 800 a n d  1 : 1,600, respect ively .  
T h e  an t igen  reac t ion  va lues  r anged  f r o m  di lu t ions  2 x 10~4 t o  2 x 10~6 

decreasing propor t iona l ly  w i t h  t h e  d i lu t ion coefficient (Fig.  3). 
T h e  t i t r e s  of  labelled homologous  a n t i b o d y  in  t h e  con juga t e s  (as t e s t e d  

w i t h  an t igens  d i lu ted  1 0 - 3  a n d  w i t h  2 x 1 0 - 3  d i lu t ion of homologous  coa t ing  
IgG)  reached  t h e  va lues  10~5 in  an t i -6  a n d  an t i -48  I g G ,  a n d  5 X 10~6 i n  
an t i -34  I g G .  T h e  t i t r e  of labelled a n t i b o d y  w a s  a b o u t  two-fo ld  lower  w h e n  
t e s t ed  w i t h  c on juga t e s  absorbed  t o  t h e  e x t r a c t  f r o m  t h e  h e a l t h y  b e a n  p l a n t .  

Tnble 2 .  React ions in ELISA of an t i -6 ,  ant l -34,  and  ant i -48  
conjugates  (diluted f r o m  1 : 800 t o  1 : 3.200) with different 

dilutions of homologous ant igen (1 : 5,000—I, 
1 : 10,000—11, 1 : 20,000—111) and  with  a 1 : 500 dilution 

of coatinn IgG 

Con juga te  Absorbanco a t  410 n m  w i t h  con juga tes  
dilution an t i -6  an t i -34  ant i -48  

1 I I  I I I  I I I  I I I  I I I  I I I  

1 : HOI) 1.304 0.715 0.435 3.000 1.49 0.72 1.50 0.93 0.60 
1 : 1.600 0.6(1 0.47 0.29 1.52 1.05 0.57 0.66 0.49 0.33 
1 : 3.200 0.30 0.25 0.19 0.84 0.62 0.40 0.35 0.24 0.17 
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Table 3.  Reactions in ELISA oí anti-6, anti-34, and anti-48 
conjugates with homologous antigen bound to the heterologous 

coating IgG(dilution of coating IyG 1 : 500, 
or antigens 1 : 500—I a n d  1 : 1,000—11, o i  conjugates  

1 : 200—1 : 800) 

Coat — A g  — con jug.  Absorbance  a t  410 n m  w i t h  conjug .  d i lu ted  
1 : 200 1 : 400 1 : 800 

I I I  I I I  I I I  

anti-6 — No.  34—anti-34 
anti-6—No.48 —anti-48 
anti-34 —No. 6 —anti-6 
anti-48 —No.6—anti-6 
anti-48 —No. 34 —anti-34 
anti-34 — No.48 — ant i -48 

0.26 0.07 0.15 
0.67 0.43 0.56 
0.19 0.10 0.14 
0.87 0.52 0.55 
3.00 1.96 3.00 
0.10 0.05 0.08 

0.09 0.13 0.05 
0.36 0.43 0.34 
0.09 0.11 0.07 
0.42 0.50 0.34 
1.51 3.00 1.33 
0.04 0.06 0.03 

I n  r eac t i ons  of  g r a d u a l l y  d i l u t e d  I g G  c o n j u g a t e s  w i t h  h o m o l o g o u s  a n t i g e n  
t he  a b s o r b a n c e  v a l u e s  w e r e  p r o p o r t i o n a l  t o  t h e  deg ree  o f  c o n j u g a t e  d i l u t i o n s  
except  t h o s e  h i g h e r  t h a n  10~ 5  o r  lower  t h a n  1 0 - 3 ,  w h e n  t h e  a b s o r b a n c e  v a l u e s  
did n o t  a l w a y s  s h o w  a l inea r  d e p e n d e n c e  o r  t h e y  w e r e  h i g h e r  t h a n  3 .000 
(Fig. 4) .  

R e a c t i o n s  of  a n t i g e n s  w i t h  h o m o l o g o u s  labe l led  a n t i b o d y  w e r e  i n f luenced  
t o  a lesser e x t e n t  a lso  b y  t h e  deg ree  of  d i l u t i o n  of  t h e  u s e d  c o a t i n g  I g G ,  e .g .  
t he  r e a c t i o n  v a l u e s  o f  a n t i g e n s  d i l u t e d  5 x 10~4  w h e n  c a p t u r e d  b y  t h e  c o a t i n g  

Fig.  5 

ELISA of ant i-34,  ant i -48,  a n d  ant i -6  
conjugates w i th  homologous a n d  hetero­
logous an t igens  cap tu red  b y  homologous 
IgG coa t  (coat  I g G  di lu ted  1 : 500, an t i ­

gen  di luted 1 : 1000) 
Combinations: 34-34-34 (X X )  

48-48-48 ( • • )  
6- 6- 6 ( O - . - . - O )  

34-34-48 ( •  • )  
34-34- 6 ( O  O )  
48-48-34 ( X  X )  
48-48- 6 ( O  O )  

6- 6-34 ( x  X )  
6 - 6 - 4 8  

Abscissa: reciprocals of con juga te  di lut ion 
X 102 
Ordinate: absorbance  a t  410 n m  (logio 
value) 



41 (i MUSIL, M., & GALLO, J .  

CC o o at O O Ti ; 

» "S 
í t " = Z g _ 

I = l |  

u C - "C 5Í JZ — -
%. — !• S 

2 « - *, M O O O O O W O O  

. o o 
i d « d c 

4, S * Í 8 2  x S Ä O l í J M O N i O O l f l ®  o ^ ^ o e o o o o o  
p i d d w d d w d o  

bc 3 

t>C 
< 

O 

-ť oo oo cc -t co •t cc .j. .j. O M ^ -M 4J « 
.J. .J, .J, tí tí tí C *j v í í i i C tí tí i i Cfl eS cfi 1 1 1 ' | i I Tf Tř "f oo I I I CO M C5 *t 
® . ® ® 6 6 ó 6  
.5 ,5 .5 ^ y* & Ä 

I I I I I I I Tf M" ^ oo CO CD CO M M M ^ 
-*_< -í—> -*—< -*—• -*—> -*—• 

títítítítíCtítítí cCaScíaJcSaJ-JaJÄ 



E L I S A  F O R  RCNMV 4 1 7  

IgG diluted f r o m  2 x 1 0 - 3  t o  2.5 x 10~4 were  n o t  directly proportional  
t o  t h e  dilution of coating IgG, because instead of the  expected two-fold only 
1.1 —1.4-fold decrease of t h e  absorbance va lues  w a s  demonstrated (Table 1). 

Reactions of ant igens  6 a n d  4 8  w i t h  t h e  homologous conjugate  d id  n o t  
di f fer  substant ia l ly  within a certain range  of  dilution of  t h e  antigens  a s  well  
a s  of t h e  coating a n d  conjugated  IgG. Only antigen 34 g a v e  higher absorbance  
va lues  t h a n  g a v e  antigens  6 a n d  4 8  aga ins t  t h e  homologous con jugate  in  all 
experiments  carried o u t  under  t h e  s a m e  conditions (Table 2). 

Reactions of antigens 6, 34, and 48 captured by the antibody in heterologous 
coating IgG with their homologous conjugates 

Intens i ty  of t h e  reaction of conjugated  anti-6, anti-34, a n d  anti-48 IgG 
w i t h  homologous antigen captured, however,  b y  t h e  ant ibody  present  in t h e  
heterologous coating IgG w a s  lower t h a n  t h a t  observed  a t  t h e  completely 
homologous reaction. The  highest  react iv i ty  w a s  found  w i t h  antigen 34 which 
bound t o  t h e  ant ibody  in  t h e  coating anti-48 IgG in such a n  e x t e n t  t h a t  t h e  
result ing v a l u e  of 3.000 in i t s  reaction w i t h  homologous antigen w a s  similar 
t o  t h a t  observed w i t h  t h e  completely homologous antigen. However,  in t h e  
reaction of t h e  same conjugate  w i t h  antigen 34 bound t o  t h e  ant ibody  in  coat­
ing  an t i -6  I g G ,  t h e  abso rbance  va lue  w a s  0.26 only ,  i.e. i t  r ep resen ted  a p p r o x ­
i m a t e l y  1/40 of t h a t  of t h e  comple te  homologous  reac t ion .  Similar ly ,  lower  
abso rbance  va lues  f r o m  0.11 t o  0.19 a n d  f r o m  0.06 t o  0.10, respect ively ,  w e r e  
d e m o n s t r a t e d  w h e n  an t i -6  a n d  an t i -48  I g G  con juga t e s  were  a d d e d  t o  t h e  
homologous  an t igens  b o u n d  t o  t h e  heterologous coa t ing  an t i -34  I g G .  H i g h e r  
i n t ens i ty  of reac t ion  w a s  observed  i n  t h e  combina t ion  of homologous  I g G  
con juga te s  w i t h  an t igen  N o .  48 b o u n d  t o  t h e  an t i -6  I g G  coa ted  a n t i b o d y  
(absorbance  va lues  f r o m  0.43 t o  0.67) a n d  w i t h  an t igen  N o .  6 b o u n d  t o  t h e  
coa ted  an t i -48  I g G  a n t i b o d y  (absorbance  va lues  f r o m  0.50 t o  0.87). Dif fer­
ences i n  t h e  i n t ens i t y  of  homologous  reac t ions  of t h e  con j uga t e s  w i t h  t h e  
an t igens  b o u n d  t o  t h e  a n t i b o d y  i n  he tero logous  coa t ing  I g G  were  p rese rved  
also w h e n  us ing  d i lu t ions  of  ant igens ,  con juga t e s  a n d  coa t ing  I g G  o t h e r  
t h a n  shown  i n  T a b l e  3. T h e  va lues  of reac t ions  of t h e  s a m e  d i lu t ions  of 
an t igens  w i t h  con juga t e s  d i lu t ed  f r o m  1 : 200 t o  1 : 800 were  n o t  p ropo r t i ona l  
t o  t h e  degree of  d i lu t ion  of t h e  con juga t e s  used ,  because  i n s t ead  of  two- fo ld  
on ly  1.1 t o  1.4-fold decrease of abso rbance  va lues  w a s  no t i ced  (Table  3). 

Reactions of antigens 6, 34, and 48 with the heterologous conjugate 

Ant i -6 ,  ant i -34,  a n d  an t i -48  I g G  con juga t e s  r e a c t e d  less in tens ive ly  w i t h  
heterologous an t igens  c a p t u r e d  b y  homologous  coa t ing  I g G  a s  c o m p a r e d  
w i th  homologous  an t igens .  I n  reac t ion  of an t i -6  c o n j u g a t e  w i t h  a n t i g e n  4 8  
a n d  34, respect ively,  t h e  abso rbance  v a l u e  w a s  50- a n d  100-fold lower  t h a n  
t h a t  o b t a i n e d  i n  reac t ion  w i t h  homologous  an t igen .  Similarly,  40- t o  100-fold 
lower abso rbance  va lues  were  f o u n d  i n  reac t ion  of an t i -34  c o n j u g a t e  w i t h  
an t igen  6 a n d  4 8  t h a n  w i t h  homologous  an t igen  34. T h e  an t i -48  c o n j u g a t e  
r eac ted  also 30- t o  60-fold less in tens ive ly  w i t h  an t igen  34 a n d  a n t i g e n  6 t h a n  
in t h e  comple te ly  homologous  reac t ion  w i t h  an t igen  4 8  (Table  4 ;  F ig .  5). 
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Tablo 5. Iteactions i n  KLISA of anti-(i, anti-34, and anti-48 conjugates 
w i th  heterologous RCNMV antigens bound to the 

heterologous antibodes of the  same ( A )  or different (II) 
type as  the used con jugate  

Coat — Ag — con jug .  Absorbance  a t  410 n m  wi th  conjug .  di luted 
1 : 200 1 : 400 1 : 800 1 : 1600 

A:  an t i -6  — No.34 — ant i -6  
an t i -6  — N o . 4 9  — ant i -6  
ant i -34—No.48—anti-34 
a n t  i-34 — No .6  —ant i-34 
an t i -48  — No.6  — ant i -48 
ant i -48  - No.34 - an t i -48  

0.03 
0.03 
0.02 
0.17 
0.03 
0.15 

0.01 
0.01 
0.01 
0.05 
0.02 
0.05 

0.00 
0.00 
0.01 
0.03 
0.01 
0.02 

0.00 
0.00 
0.00 
0.01 
0.01 
0.01 

B :  ant i -48  —No.34 —anti-6 
ant i -34 — No.49  —anti-6 
ant i -48 — No.6—anti-34 
an t i -6  —No.48—anti-34 
anti-S — No.34 — an t  i-48 
ant i -34 -No.6  unti-48 

0.00 
0.02 
0.02 
0.15 
0.02 
0.03 

0.00 
0.01 
0.01 
0.08 
0.01 
0.01 

0.00 
0.00 
0.01 
0.03 
0.01 
0.01 

0.00 
0.00 
0.00 
0.01 
0.00 
0.00 

Very low ab.sorbance va lues  were observed i n  reactions of  individual anti­
gens  with  heterologous IgGs  when the  same  animal  species w a s  used as  source 
o f  t h e  ant ibody  both  for coat ing and for the  conjugate.  In  such cases values  
f rom 0 .02  t o  0 .03  in reaction of  ant igen 4 8  with  anti -34 IgG and o f  ant igen 6 
w i t h  anti-48 IgG were found;  somewhat  higher values  from 0.15 t o  0.17 
were detected in the  reaction o f  antigen 6 in combination w i t h  anti -34 IgG 
a n d  o f  antigen 34 in combination with  anti-48 IgG.  I n  contrast w i t h  these  
results obtained w i t h  conjugates  diluted 1 : 200, in  reactions using more 
di luted (from 1 : 400  t o  1 : 1,600) conjugates in some  cases either n o  react iv i ty  
w a s  found or it  could b e  hardly detected,  i.e. t h e  absorbance value  w a s  0.01 
on ly  (Table  5). 

I n  complete ly  heterologous reactions, i.e. when  antigen captured b y  hetero­
logous I g G  coat  was  al lowed t o  react with  heterologous IgG conjugate other 
t h a n  t h a t  used for coating,  low absorbance va lues  (0.01—0.04) or absence 
o f  react iv i ty  was  observed e v e n  wi th  conjugates  diluted 1 : 200. T h e  use  o f  
higher conjugate dilution in several cases g a v e  n o  posit ive reaction wi th  t h e  
absorbance va lue  less than 0.01 (Table 5). 

Characterization of the antibody in the antisera and their IgG fractions 

immunodif fus ion  t e s t s  and E L I S A  allow t o  differentiate t h e  type-specific 
ant ibody from ant ibody reacting wi th  the  heterologous antigen. Type-
spocific antibodies  (aA in anti-34, b B  in anti-48, and cC in anti-6 IgG) i n  
antisera and their IgG fractions arc i n  the  highest  concentration corresponding 
t o  t h e  ant ibody  titre found in the  reaction wi th  homologous antigen.  B y  
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A b  a n t i - £ 8  

i 1 1 
A b  a n t i - 6  

i — i — i  

Fifl. e 
Scheme of representation of antibody 
groups in anti-6, anti-34, a n d  anti-48 IgG 
a n d  their interaction with  corresponding 
antigenic determinants of the  RCNMV 

isolates No. 6, 34, a n d  4 9  

contrast, f u r t h e r  a n t i b o d i e s  respons ib le  f o r  t h e  r e a c t i v i t y  w i t h  hetero logous  
ant igens  w e r e  i n  a s u b s t a n t i a l l y  l o w e r  concentrat ion  i n  al l  ant isera  a n d  I g G  
fract ions  i n  quest ion.  O f  these  m i n o r  ant ibod ies ,  2 g r o u p s  w e r e  p r o v e d  i n  t h e  
anti-34 IgG, n a m e l y  g r o u p  a B  react ing  w i t h  a n t i g e n  48 (serotype B),  t h e  
g r o u p  aC react i ve  w i t h  a n t i g e n  6 (serotype C); t h e  a B  a n t i b o d y  g r o u p  p a r t i ­
cipated also i n  t h e  latter reaction. Similarly, in  anti-48 I g G  the  b A ant ibody 
group reacted specifically w i t h  antigen 3 4  (serotype A),  whereas t h e  group bC 
reacted w i t h  antigen 6 b u t  participated also i n  t h e  reaction w i t h  ant igen 34. 
In  anti-6 IgG,  t h e  group c A  reacted w i t h  antigen 34 a n d  t h e  group c B  w i t h  
antigen 48, though  either ant ibody  group w a s  hardly detectable  b y  b o t h  
immunodiffusion t e s t  a n d  E L I S A .  

Representation of antigenic determinants in the RCNMV isolates 

Based o n  t h e  representation of  ant ibody groups i n  individual antisera a n d  
their IgG fractions as  well  as  o n  their react iv i ty  i n  immunodiffusion tes t  a n d  
ELISA,  t h e  antigenic determinants  i n  individual R C N M V  isolates can  b e  
arranged as  follows: 

I n  t h e  isolate N o .  3 4  three antigenic determinants were found,  the  major 
being t h e  A a  determinant  reacting w i t h  serotype-specific a A  ant ibody  group 
present only  i n  t h e  homologous antiserum. Further t w o  determinants,  n a m e l y  
Ab and Ac,  are o f  minor importance corresponding t o  t h e  a B  a n d  aC antibodj^ 
groups i n  homologous  anti -34 serum and enabling react iv i ty  w i t h  b A  a n d  
cA groups in anti-48 a n d  anti-6 sera. Also i n  t h e  isolate 48 apart  f rom t h e  
major serotype-specific B b  antigenic determinant  reacting on ly  w i t h  b B  
antibody group present i n  the  homologous  antiserum, t w o  minor antigenic  
determinants can be  distinguished, namely  B a  and B e ,  corresponding t o  t h e  
bA and bC ant ibody groups in t h e  homologous antiserum or t o  t h e  a B  a n d  c B  
antibody groups in t h e  anti-34 and anti-6 serum, respectively.  I n  t h e  isolate 
6, the  major type-specific Cc antigenic determinant  reacts w i t h  corresponding 
serotype-specific ant ibody group cC present only  i n  t h e  homologous anti­
serum; t h e  t w o  minor antigenic determinants  Ca and Cb correspond t o  minor 
cA and c B  ant ibody groups in the  homologous antiserum, and/or t o  bC 
and aC ant ibody groups in t h e  anti-48 a n d  anti -34 sera, respectively.  

Representation o f  individual antigenic determinants  i n  R C N M V  isolates 
34, 48, a n d  6 a s  well  a s  their interaction t o  t h e  found  ant ibody group i s  
schematically presented in Fig .  6. 
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Discussion 

A s  f o l l o w s  f r o m  t h e  presented  results, t h e  d i rect  D A S  E L I S A  a p p e a r e d  
s u i t a b l e  n o t  o n l y  t o  d i f f e rent ia te  b e t w e e n  i n d i v i d u a l  R C N M V  serotypes,  b u t  
also t o  d e t e r m i n e  t h e  degree  o f  the i r  serological  a n d  ant igen ic  d i f ference,  
respect ive ly .  I n  three  R C N M V  isolates represent ing  A .  B, C serotypes,  t h e  
a b o v e  m e n t i o n e d  t e c h n i q u e  p r o v e d  a p a r t  f r o m  h o m o l o g o u s  also heterologous  
react ions  w h i c h  w e r e  a d e q u a t e  t o  t h e  i n d i v i d u a l  g r o u p s  o f  a n t i b o d i e s  i n  t h e  
IgG f r a c t i o n s  used  a n d  t o  t h e  representat ion  o f  corresponding  ant igen ic  
d e t e r m i n a n t s  o n  t h e  v i r i o n s  o f  isolates u n d e r  s t u d y .  

H o m o l o g o u s  react ions d i f f e r e d  in  the ir  intensit} 7  f r o m  heterologous  ones  
in s u c h  a n  e x t e n t  t h a t  t h e  u s e d  o p t i m a l  c o n j u g a t e  d i l u t i o n s  w h i c h  g a v e  
a b s o r b a n c e  v a l u e s  f r o m  1.000 t o  3.000 in  t h e  h o m o l o g o u s  reaction, d i d  n o t  
react  w i t h  heterologous  a n t i g e n  a t  all or  reacted w i t h  it  i n  a v e r y  l o w  i n t e n ­
s i ty  o n l y  (absorbance values o f  0 .010  —0.020).  I n t e n s i v e  p o s i t i v e  react ions o f  
s u c h  d i l u t e d  c o n j u g a t e s  (i.e. m o r e  t h a n  1 : 1,000) w i t h  t h e  h o m o l o g o u s  a n t i g e n  
i n d i c a t e  t h e  h i g h  spec i f ic i ty  o f  t h e  IgG fract ion  i so lated  f r o m  t h e  p o l y c l o n a l  
R C N M V  ant isera  a s  d e m o n s t r a t e d  b y  d i rect  D A S  E L I S A  also w i t h  o t h e r  
R C N M V  isolates a n d  o t h e r  m e m b e r s  o f  t h e  D i a n t h o v i r u s  g r o u p  (Hiruki  et al., 
1984). T h e s e  authors,  h o w e v e r ,  d i d  n o t  o b s e r v e  i n  t h e  direct  D A S  E L I S A  
a n y  react ion w i t h  heterologous  a n t i g e n  w h e t h e r  b e t w e e n  t h e  m e m b e r s  o f  
t h e  D i a n t h o v i r u s  g r o u p  o r  b e t w e e n  t h e  R C N M V  isolates used,  w h i c h ,  t o  a 
certain e x t e n t ,  corresponded  t o  t h e  findings o f  K o e n i g  (1978) u s i n g  s o m e  other  
v i r u s  species. I n  contrast,  in  o u r  e x p e r i m e n t s  t h e  heterologous  react ions  w e r e  
d e m o n s t r a t e d  b y  E L I S A  in  all three  i n v e s t i g a t e d  R C N M V  isolates (serotypes 
A ,  B,  C). T h e  heterologous  react ions w e r e  l i m i t e d  t h o u g h  b y  s u b s t a n t i a l l y  
l o w e r  representat ion  o f  " interserotype-speci f ic"  t h a n  "serotype-speci f ic"  
a n t i b o d y  n o t  o n l y  i n  t h e  I g G  f ract ions  used,  b u t  also in  t h e  in i t ia l  antisera.  

I n  anti-34, anti-48, a n d  anti-6 IgG, t h e  d irect  D A S  E L I S A  c o n f i r m e d  t h e  
presence o f  a t  least  three  d i f f e r e n t  a n t i b o d y  groups .  Of t h e m ,  i n  i n d i v i d u a l  
serotypes  o n e  g r o u p  w a s  represented  b y  m u t u a l l y  d i f f e r i n g  "serotype-speci f ic  
a n t i b o d i e s "  react ing  w i t h  h o m o l o g o u s  a n t i g e n  o n l y  a n d  reaching  s u b s t a n t i a l l y  
h i g h e r  t i tres  t h a n  o t h e r  g r o u p s  o f  v irus-specif ic  ant ibod ies .  F u r t h e r  t w o  
m i n o r  a n t i b o d y  g r o u p s  present  i n  i n d i v i d u a l  I g G  fract ions  (" interserotype-
specif ic  a n t i b o d i e s " )  w e r e  respons ib le  f o r  t h e  react ion w i t h  hetero logous  
ant igens .  I t  can  b e  a s s u m e d  t h a t  a p a r t  f r o m  these  a n t i b o d y  groups,  i n  t h e  I g G  
f r a c t i o n s  cou ld  b e  p r e s e n t  also f u r t h e r  m i n o r  a n t i b o d y  g r o u p s  corresponding  
t o  t h e  serotypes  d i f f e r e n t  f r o m  those  u s e d  in  o u r  e x p e r i m e n t s .  

B a s e d  o n  t h e  d i f f e r e n t  i n t e n s i t y  o f  h o m o l o g o u s  a n d  heterologous  reactions, 
o n e  c a n  suggest  t h e  proport iona l  representat ion  o f  i n d i v i d u a l  a n t i b o d y  g r o u p s  
i n  t h e  I g G  fract ions  a n d  t h e  proport iona l  representat ion  o f  ant igen ic  deter ­
minants  corresponding t o  the individual ant ibody groups i n  t h e  isolates 
representing three RCNMV serotypes.  More object ive evaluat ion o f  the  E L I ­
S A  results can be  achieved b y  their comparison wi th  those  o f  precipitation 
and immunodiffusion tes ts  which better  discriminate whether one or more 
ant ibody groups wi th  corresponding antigenic determinants  participate i n  
t h e  resulting reaction. A detailed analysis  of  qualitative differences between 
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three  R C N M V  isolates  a s  f o u n d  b y  i m m u n o d i f f u s i o n  t e s t  a n d  o f  q u a n t i t a t i v e  
d i f ferences  as  d e t e r m i n e d  b y  d i rect  D A S  E L I S A  e n a b l e d  a m o r e  c o m p l e x  
a n d  a d e q u a t e  a n a l y s i s  o f  d i f ferences  observed,  w h i c h  w e r e  n o t  poss ib le  w i t h  
t h e  u s e  o f  a s ing le  serological  t e c h n i q u e  o n l y .  

T h e  resu l ts  o f  h o m o l o g o u s  a n d  hetero logous  react ions  o f  t h r e e  d i f f e r e n t  
serotypes  i n  t h e  d i rect  D A S  E L I S A  r e v e a l e d  t h a t  i n d i v i d u a l  R C N M V  sero­
types  showed a greater degree o f  serological difference t h a n  t h a t  found,  e.g.  
between t h e  strains o f  maize chlorotic mot t l e  virus (Uyemoto ,  1980) or be­
tween  t h e  representatives o f  t h e  Comovirus group (Gallo a n d  Musil, 1988). 
The  great  degree o f  se lect iv i ty  (specificity) o f  reactions o f  individual R C N M V  
serotypes i n  t h e  direct D A S  E L I S A  is considerably similar t o  t h a t  o f  reactions 
with  other viruses, e.g. t h e  strains o f  "Andean pota to  latent  virus", barley 
yel low dwarf virus,  broad b e a n  wi l t  virus, prunus necrotic ringspot virus, a n d  
tobacco mosaic  virus (Koenig,  1978; Barbara  et al., 1978; R o c h o w  a n d  Car-
michael, 1979; Bar-Joseph a n d  Salamon,  1980; V a n  Regenmortel ,  1982; 
D'Arcy  a n d  Hewings ,  1986). The  results o f  our experiments  w i t h  t h e  three 
RCNMV serotypes indicate t h a t  under certain conditions a n d  certain mode  
of performance o f  t h e  direct D A S  E L I S A ,  t h e  resulting reaction m a y  appear 
as entirely selective-specific disproving a n y  serological relation w i t h  other 
serotypes. Of t h e  factors l imiting heterologous reaction, main ly  l o w  concen­
tration o f  ant ibody groups responsible for  interserotype reactions i n  t h e  
antisera a n d  I g G  fractions used, b u t  also minor representation o f  adequate  
antigenic determinants  o n  t h e  virions o f  individual serotypes should b e  t a k e n  
into consideration. I n  addition, t h e  resulting E L I S A  reaction can  b e  affected 
b y  different av id i ty  o f  individual ant ibody groups participating i n  b o t h  
homologous a n d  heterologous reactions. 

F r o m  t h e  practical po int  o f  v iew,  t h e  obtained d a t a  indicate t h a t  i n  spon­
taneously infected hos t  p lants  R C N M V  antigen should b e  tes ted  i n  parallel 
for all serotypes found  i n  a g iven  local ity o f  t h e  region studied,  or o n  t h e  
contrary, for  tes t ing  the* samples,  a mixture  o f  I g G  containing ant ibody  
t o  all expected  serotypes should b e  used  t o  ensure a sufficiently h igh reliabil ity 
of R C N M V  detection,  regardless o f  whether i t  belongs t o  t h e  indiv idual  
serotypes. 
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