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Summary. - Seven monoclonal antibodies (MoAbs) to alfalfa mosaic 
virus (AMV) isolate T6 were prepared and characterized. One of 
them (amv  4) reacted with the cryptotope, another (amv 5) with the 
neotope and the remaining five with various metatopes. Five MoAbs  
derived from mouse ascitic fluid reacted in immunodiffusion test 
with native virus and two MoAbs  with A M V  coat protein. In 
competetive ELIS A,  homologous MoAbs caused 80-100 °/o inhibi­
tion of the  reaction, but  some reactions were also affected by 
heterologous MoAbs.  T h e  MoAbs  raised against A M V  isolate T6  
could not  by used for  differentiation of the  four  A M V  pathotvpes 
examined. 
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Introduction 

AMV is very common  in Czechoslovakia. It occurs in several pathotvpes 
(Musil et at., 1966), but  n o  differences between them could be established in 
several serological reactions with polyclonal antisera. Similarly in the immuno­
diffusion test, Gallo (1977) found  n o  differences between the  so-called necrotic 
and chlorotic A M V  strains of different pathogenicity. MoAbs  are capable of 
revealing even minute  differences between biologically distinct A M V  isolates 
(Hajimorad and Francki, 1988; Hajimorad  et a!., 1990). The  A M V  coat protein 
consists of several epitopes of different structure and arrangement (Halk et ah. 
1984; Dekker  et al. 1989; Hajimorad  et a!1990). The  aim of the present study 
was to  produce MoAbs  to  A M V  isolate T6  (Gallo, 1980) and to  characterize 
them. 

Materials and Methods 

Antigens. A M V  isolates  T 6  (Ga l lo .  1980). T r M 6 A .  T p M l  a n d  M S M  (Mus i l  et al.. 1966) w e r e  
propaga ted  in  p e a  (Pisum sativum cv. J u r a n )  p l an t s  a n d  pur i f ied  a s  descr ibed  b y  G a l l o  (1980). Pur i f i ed  
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v i r u s  s u s p e n s i o n s  in 0.01 mol/l  phosphate  b u f f e r  p H  7.00 w e r e  stored at - 8 0  ° C .  P repa ra t ion  o f  v i rus  
coa t  p ro t e in  w a s  o b t a i n e d  b y  d i s rup t ing  t h e  v i rus  in d i s rup t ion  b u f f e r  ( W u  a n d  B r u e n i n g .  1971) at  
100 ° C  f o r  5 m i n  o r  at  65 ° C  f o r  3 0  m i n .  Viral  a n t i g e n s  w e r e  d i l u t e d  in  b u f f e r s  r e q u i r e d  b y  t h e  g iven 
EL1SA t e c h n i q u e s .  T h e  s a m e  b u f f e r s  w e r e  u s e d  t o  o b t a i n  a 10-fold d i lu t ion  o f  s a p  f r o m  hea l thy  p e a  
p l a n t s  i nc luded  in t h e  t e s t s  a s  con t ro l .  

Construction of hybrldomas. T h r e e  m o n t h s  o ld  B A L B / c  m i c e  (20 g)  w e r e  i m m u n i z e d  in t raper i to-
nea l ly  o n  t h e  d a y s  0 . 3 0  a n d  8 0  wi th  100 n g  d o s e s  e a c h  o f  pur i f i ed  A M V  T 6  s u s p e n s i o n  m i x e d  w i t h  a n  
e q u a l  v o l u m e  o f  c o m p l e t e  F r e u n d ' s  a d j u v a n t  (Di fco) .  A n  add i t iona l  d o s e  o f  200 n% v i rus  in  
p h o s p h a t e  b u f f e r e d  sa l ine  w a s  g iven in t ravenous ly  o n  t h e  d a y  102. T h r e e  d a y s  la t te r  b l o o d  s a m p l e s  
w e r e  t a k e n  f r o m  t h e  re t roorbi ta l  s i n u s  a n d  assayed  b y  E L I  S A f o r  virus-specif ic  an t i body .  T h e  m i c e  
w i t h  h ighes t  a n t i b o d y  t i ter  w a s  killed a n d  its sp l een  w a s  d i ssec ted  aseptically.  T h e  s p l e e n  cells w e r e  
f u s e d  w i t h  S P 2 / 0  m o u s e  m y e l o m a  cel ls  in t h e  ra t io  o f  4 :1  b y  a m o d i f i e d  m e t h o d  o f  L a n e  et al. (1986). 
M y e l o m a  a n d  hybr id  cells w e r e  g r o w n  in D u l b e c c o ' s  m o d i f i e d  Eag le ' s  m e d i u m  ( D M E M )  a t  37  ° C  in 
a n  a t m o s p h e r e  c o n t a i n i n g  7.5 % C 0 2 .  T h e  m e d i u m  c o n t a i n e d  0.6 % N a H C O - ,  a n d  w a s  s u p p l e m e n t e d  
w i t h  0.005 % g e n t a m y c i n e .  1 m m o l / 1  s o d i u m  pyruva te  a n d  10 % h e a t e d  h o r s e  s e r u m .  T h e  se lec t ion  
m e d i u m  ( D M E M - H A T )  u s e d  f o r  cul t ivat ion o f  cells a f t e r  f u s i o n  w a s  s u p p l e m e n t e d  w i t h  0.1 m m o l /  
1 h y p o x a n t h i n e ,  0.16 m m o l / l  t h y m i d i n e .  0.004 m m o l / 1  a m i n o p t e r i n e .  0.0028 m m o l / 1 2 - m e r c a p t o e t h a -
no l ,  2 °/o h u m a n  u m b i l i c o r d  s e r u m  a n d  15 % h o r s e  s e r u m .  T h e  cells w e r e  s e e d e d  in D M E M - 2  x H A T  
m i x e d  w i t h  a n  e q u a l  v o l u m e  o f  c o n d i t i o n e d  m e d i u m  L S P 2 / 0  c u l t u r e  s u p e r n a t a n t s  at  a dens i ty  o f  
3 X 105 cel ls  p e r  well  o f  mic ro t i t r a t ion  pla te  ( F l o w  Labora to r ies ) .  F r o m  7 t o  10 days  a f t e r  f u s i o n  t h e r e  
fo l l owed  a c r e e n i n g  b y  P T A - E L I S A  f o r  h v b r i d o m a  p o p u l a t i o n s  p r o d u c i n g  a n t i - A M V  an t ibody .  
Se lec ted  h y b r i d o m a  p o p u l a t i o n s  w e r e  sub j ec t ed  t o  5-fold c l o n i n g  ( T o r r a n c e  et al.. 1986). M o u s e  
asci t ic  f l u id s  w e r e  p r e p a r e d  accord ing  t o  J o n e s  et al. (1990). 

I so typing  o f  t h e  M o A b s  o b t a i n e d  w a s  carr ied o u t  b y  i m m u n o d i f f u s i o n  test  w i t h  c o m m e r c i a l  
an t i se ra  agains t  m o u s e  i m m u n o g l o b u l i n  subc lasses  (Mi l e s  Labora tor ies ) .  

Immunoglobulins f r o m  ascitic f l u id s  w e r e  pur i f f i ed  b y  a m m o n i u m  s u l p h a t e  precipi ta t ion a n d  
s u b s e q u e n t  af f in i ty  c h r o m a t o g r a p h y  o n  DEAE-Af f i -ge l  b l u e  (Bio-Rad)  o r  D E A E  52-cellulose 
(Serva) .  I m m u n o g l o b u l i n  c o n c e n t r a t i o n s  w e r e  assaved  spec t ropho tomet r i ca l lv  ( G a l l o  a n d  Va len t a .  
1985). 

ELISA. F o u r  t ypes  o f  th i s  assay w e r e  e m p l o y e d  us ing  b u f f e r s  desc r ibed  b y  Clark  a n d  A d a m s  
(1977) w i t h o u t  bacter ios ta t ics  a n d  100 f j \  to ta l  v o l u m e  t h r o u g h o u t .  P la te - t raped  a n t i g e n  E L I S A  
( P T A - E L I S A ) :  d i rec t  b i n d i n g  o f  t h e  an t igen  (1 / /g / rn l  na t ive  v i rus  o r  coa t  p ro te in )  p r o c e e d e d  in  
coa t ing  b u f f e r a t 4 ° C f o r l 8 h r .  A f t e r  wash ing ,  e i t h e r  m e d i a  f r o m  h y b r i d o m a  c u l t u r e s  o r  ascit ic f l u id s  
d i l lu ted  in  s a m p l e  b u f f e r  f r o m  1:100 t o  1:4 096 000 w e r e  a d d e d  a n d  a l lowed  t o  react  a t  3 5  ° C  f o r  1 h r  
o n  s h a k e r  i n c u b a t o r  ( D y n a t e c h ) .  T h e n  t h e r e  fo l lowed  w a s h i n g  a n d  add i t ion  o f  c o m m e r c i a l  
peroxidase- labe l led  s w i n e  a n t i - m o u s e  I g G  ( Ins t i tu te  o f  Se ra  a n d  Vacc ines .  P rague )  d i l lu ted  1:5 000 in 
s a m p l e  b u f f e r  s u p p l e m e n t e d  wi th  5 % sk im mi lk  p o w d e r .  T h e  reac t ion  p r o c e e d e d  at  3 5  ° C  f o r  1 h r  
a n d  at  4 ° C  f o r  1 h r .  An t ibody - t r apped  E L I S A  ( A T A - E L I S A ) :  t h e  d iagnos t ic  p la tes  w e r e  coa t ed  at  
3 5  ° C  f o r  4 h r  wi th  rabbi t  a n t i - A M V  I g G  (polyclonal  a n t i s e r u m  p r o d u c e d  in o u r  labora tory)  d i l lu ted  
in  coa t i ng  b u f f e r  t o  a 1 concen t r a t i on .  T h e n  t h e r e  fo l lowed  wash ing ,  a d d i t i o n  o f  an t igen  a n d  
f u r t h e r  s t e p s  a s  in P T A - E L I S A .  C o m p e t i t i v e  b i n d i n g  tes t  E L I S A  ( C B T - E L I S A ) :  t h e  d iagnos t ic  p la tes  
w e r e  c o a t e d  w i t h  a n t i - A M V  I g G  a n d  a l lowed  t o  react  w i t h  t h e  a n t i g e n s  a s  desc r ibed  u n d e r  A T A -
E L I S A .  A f t e r  wash ing ,  non- labe l l ed  M o A b s  w e r e  a d d e d  in d i l lu t ions  y ie ld ing  a n  approx imate ly  
e q u a l  a b s o r b a n c y  in P T A - E L I S A .  T h e  reac t ion  p r o c e e d e d  at  3 5  ° 5 f o r  3 h r  o n  a s h a k e r  incuba to r .  
A f t e r  wash ing ,  va r ious  d i l lu t ions  (1:5 000 - 1:20 000)  o f  a lkal ine  phospha tase - labe l l ed  M o A b s  in b o t h  
h o m o l o g o u s  a n d  h e t e r o l o g o u s  c o m b i n a t i o n s  w e r e  a d d e d  (Fig.  3). T h e  reac t ions  p r o c e e d e d  at  3 5  ° C  
f o r  3 h r  o n  a shaker - incuba to r .  T h e  resu l t s  w e r e  c o m p a r e d  wi th  t h o s e  o f  d o u b l e  a n t i b o d y  sandwich  
ELISA (Clark and Adams.  1977). T h e  MoAbs  were  labelled with alkaline phosphatase t y p e  M I  S 
(S igma)  accord ing  t o  G a l l o  a n d  V a l e n t a  (1985). Each  c o m b i n a t i o n  w a s  t e s t ed  at  least  in dup l ica tes  
a n d  t h e  t e s t s  w e r e  r u n  twice.  

T h e  s u b s t r a t e s  f o r  h o r s e  rad ish  pe rox idase  a n d  a lkal ine  p h o s p h a t a s e  w e r e  o - p h e n y l e  d i a m i n e  
( F l u k a ;  0.5 m g / m l )  a n d  4-n i t rophenyl  p h o s p h a t e  b i s  (2-amino-2-ethyl-1 .3-propanediol )  salt ( S e n a :  
0.8 m g / m l ) .  respectively.  T h e  A 4 g n  a n d  A 4 , 0  v a l u e s  w e r e  r ead  o n  a D y n a t e c h  s p e c t r o p h o t o m e t e r .  

In all t e s t s  desc r ibed  a b o v e  w e  u s e d  M o A b s  p r o d u c e d  in o u r  labora tory  against  p o t a t o  leafrol l  
(Lu tcov i rus )  a n d  b r o a d  b e a n  s ta in  ( C o m o v i r u s )  v i ruses  a s  cont ro ls .  
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Double immunodiffusion (ID) tests w e r e  carried out  in 0.8 °o aga rose  ( S e n a ) ,  s u p p l e m e n t e d  in  
s o m e  e x p e r i m e n t s  w i t h  2 % po lye thy lene  glycol ( P E G )  6 000 ( G o d i n g .  1986: Masalski  a n d  H a r i s o n .  
1987), i n  0.1 m o l / 1  p h o s p h a t e  b u f f e r  p H  7.00. T h e  precipi ta t ion b a n d s  w e r e  s t a ined  w i t h  a m i n o  black 
10B (Serva).  

Results 

W e  obtained a total of 48 hvbridomas producing anti-AMV MoAbs. Seven of 
these were subjected t o  cloning and all were found  to  be  of the IgG class: five 
belonged to the  I g G l  and two t o  the  IgG2a subclass. In  two types of ELIS A 
(PTA, ATA), most  of these MoAbs  reacted with both native virus and coat 
protein in different titers. T h e  differences in M o A b  avidities to  native virus and 
coat protein were more  marked in A T A  than P T A  ELISA. M o A b  amv 5 reacted 
only with native virus and  M o A b  amv 4 did so only with coat protein. W e  thus  
obtained MoAbs  to  three types of epitope, namely  amv 4 to cryptotope. amv 5 to  
the neotope and the  other MoAbs  to  the  metatopes. Fo r  their characteristics see 
Table 1. 

In ID  tests, MoAbs  derived f rom serum-free media reacted well with 
commercial antisera used for immunoglobulin isotyping. but not  with AMV. By 
contrast, MoAbs  f r o m  mou še  ascitic fluids reacted in ID test as follows: with the 
exception of amv 4 and a/?ľv'18 all gave a precipitation reaction with native virus; 
only amv 4 and amv 10 reacted with virus coat protein (Table 1). Rabbit anti-
AMV serum (Fig. 1A) obtained by intravenous immunization with native virus 
contained mainly antibody to native virus (in the form of purified virus or 
infected plant sap), as well as antibody to healthy pea proteins; no reaction was 
obtained with virus coat protein. M o A b  amv 4 reacted only with virus coat 

Table 1. Reaction of dif ferent M o A b s  with A M V  antigens in  PTA ELISA. A T A  ELISA and  ID test 

M o A b  Isotype P T A  ELI S A*' A T A  E L I S A *  ID test' M o A b  Isotype 

N Y  CP N Y  CP N Y  CP 

amv 3 I g G l  64 2 1024 16 + 
amv 4 IeG2a 32 1024 0.1 512 - + 
amv 5 I s G l  4 0.5 512 0.5 + -

amv 10 I s G l  128 256  1024 512 + + 
amv 11 I g G l  64 1 512 32 -f- -

amv 18 IaG2a 32 1 128 64 - -

amv 20 I g G l  16 2 64 64 + -

4 Titer o f  M o A b  (in thousands)  
** Presence ( + ) or a b s e n c e  (-) o f  precipitin l ines  
N V  - native A M V  
CP - A M V  coat protein 
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Fig. 1 
ID tes ts  o f  d i f ferent  M o A b s  with d i f fe rent  ant igens  

A n t i b o d i e s :  rabbit  a n t i - A M V s e r u m  (A).  M o A b  aim 4 (B). M o A b  aim 10 (C) and  pln (D). Native 
A M V  (a). A M V  coat protein (b). s a p  f r o m  A M V  infected p e a s  (c) a n d  sap  f r o m  heal tby  p e a s  (d). 

protein (Fig. IB) and MoAb  amv 10 gave a precipitation reaction with both 
native virus and coat protein (Fig. 1C). MoAb to PLRV used as control gave no 
ID reaction with any of the test antigens (Fig. ID). The virus-specific MoAb gave 
no reaction with healthy pea proteins; we obtained such reactions when 
screening our hybridomas, but we did not examine the respective antibodies in 
detail. MoAbs  amv 3, amv 5, amv 11 and amv 20 reacted in ID tests only with 
native virus (Fig. 2a), with the formation of a coalescing precipitin lines. 
Similarly, a coalescing precipitin line was produced by MoAbs  amv 4 and amv 10 
with coat protein, while the other MoAbs  did not react (Fig. 2b). The presence of 
PEG in agarose had no effect on the formation of precipitin lines. 

CBT ELISA showed that our MoAbs were directed against 7 different 
epitopes. An inhibition of the antigen-labelled antibody reaction higher than 

11 . 4 4 0  5 ® 5 11 4 4 5 a  

Fig. 2 
I I )  t es t s  o f  d i f f e ren t  M o A b s  wi th  na t ive  A M V  a n d  A M V  coa t  p ro te in  

M o A b s :  amv 4. 5. 10 a n d  11. Na t i ve  A M V  (a) .  A M V  coa t  p ro te in  (b).  
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N o n - l a b e 1 -
led a n v  

A l k a l i n e  p h o s p h a t a s e - l a b e 1  led a n v  

3 5 l O  1 1  1 8  2 0  

l O  

11 

18 

20 

P e r  c e n t  i n h i b i t i o n  o f  b i n d i n g  o f  l a b e l l e d  a n u  

80-100 2 0 - 8 0  0 - 2 0  

Fig. 3 
Reaction o f  different M o A b s  in CBT ELISA 

80 % was obtained with all MoAbs in homologous reactions. With the exception 
of the homologous reaction, MoAbs  amv 11. amv 18 and amv 20 did not inhibit 
any reaction of antigen with labelled MoAb. A n  inhibition in the range from 20 
to 80 % was caused by MoAb  amv 3 and amv 5 with labelled amv 18. and 
mutually by amv 5 and amv 10. The inhibition per cent varied greatly between 
individual experiments in spite of a standard procedure employed (Fig. 3). 
MoAb  amv 4 was excluded from this testing, because in pilot experiments it 
caused no inhibition of the reaction of labelled MoAb with native virus. 

A T A  ELISA with the 7 MoAbs  described above revealed no significant 
differences between the A M V  pathotvpes TrM6A. TpMl and MSM used either 
as native virus or coat protein. 

Discussion 

Halk et al. (1984) and Halk (1986) were the first to prepare MoAbs to A M Y :  
they found that in the course of immunization antibodies are formed which are 
capable to react with corresponding epitopes on native virus (neo- and meta-
topes) and with viral coat protein (crvptotopes). Similar conclusions were 
reached by Hajimorad et al. (1990) who moreover detected in AMY' the presence 
of an epitope reacting with the respective MoAb only if the virus was fixed with 
glutaraldehyde. This epitope was presented in all AMY7 isolates they had 
examined. Hajimorad et al. (1990) raised their MoAbs by immunization with 
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a mixture of several A M V  isolates (pathotypes) and found that the MoAbs  were 
pathotype-specific. W e  used only one A M V  pathotype for immunization and 
tested the resulting MoAbs  with other A M V  pathotypes which were at our 
disposal. In contrary to Hajimorad et at. (1990) we failed to detect any pathotype-
specificity in our MoAbs  what might be due to the different A M V  pathotypes 
tested. This might suggest a great antigenic homogenity of the latter in spite of 
differences in pathogenecity (different host range, disease symptoms and 
replication dynamics). 

W e  obtained two types of MoAbs  isotype (IgG.l and IgG2a). Hajimorad et al. 
(1990) described IgGl and IgM anti-AMV MoAbs. It is difficult to explain why 
we did not obtain any IgM MoAb. W e  found no relationship between M o A b  
isotype and the respective epitope: IgGl detected the neotope (AMV 5) and 
metatopes (amv 3, 10, 11, 20), IgG2a detected the cryptotope (AMV 4) and 
metatope (amv 18). 

In titrating MoAbs  by two types of ELISA with two antigens (native virus and 
coat protein) we found that a MoAb reacting with the cryptotope (amv 4) reacted 
in PTA ELISA also with native virus, but it did not so in A T A  ELISA. A s  
distinct from other MoAbs.  a MoAb to the neotope (amv  5) showed a low titer in 
PTA ELISA, and gave no or very slight reaction in A T A  ELISA with coat 
protein. A s  revealed by CBT ELISA. the remaining MoAbs  detected metatopes 
in a different manner. MoAb  amv 10 reacted well both native virus and coat 
protein in PTA ELISA and A T A  ELISA. as well as in ID test. A similar M o A b  
was described by Hajimorad et at. (1990). 

The decresed ability of  labelled M o A b  amv 18 to react with homologous 
epitope after its reaction with MoAb  amv 3 and amv 5 suggests that the reaction 
of the latter two MoAbs  with their respective epitopes induced such conformati­
onal change in the epitope reacting with amv 18 that its reaction was partially 
inhibited. Reaction of  amv 18 with its own epitope, however, did not inhibit 
reaction of labelled MoAbs  amv 3 and  amv 5 with their respective epitopes. I n  
this case metatope reactions were involved. Similar inhibitions occured also in 
reactions of MoAbs  amv 5 and  amv 10. but here mutual  influence of conformati-
onally distinct epitopes (neo- and metatope) was involved. In the  other MoAbs  
we observed either n o  such mutual  influence or  it was insignificant (20-0 %). 

T h e  present results and those reported by Halk et al. (1984). Halk (1986) and 
Hajimorad  et al. (1990) offer evidence that A M V  coat protein contains several 
immunogenic regions arranged in different conformational structures. W e  failed 
to  detect epitopes specific for A M V  pathotypes. though such evidently d o  exist 
(van Vloten-Doting  et al., 1968; Hajimorad  et al., 1990). A M V  is cosmopolitan 
RNA virus with a presumably high mutation frequency. Our  results might 
suggest that the latter does  not affect the open reading frame for coat protein 
very much.  
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