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Summary. - Properties of coat proteins of red clover mottle virus 
(RCMV) and broad bean stain virus (BBSV) belonging to comovi-
ruses were studied using polyacrylamide gel electrophoresis in the 
presence of SDS (SDS-PAGE), proteolytic cleavage. Western blot 
analysis and monoclonal antibodies (MoAbs). Boiling in the absence 
of detergent did not cause disintegration of virus particles, but the 
latter occurred in the presence of 0.2 % SDS. With 1 % SDS the 
disintegration began at 50 °C and above 60 °C the virus particles 
were completely disintegrated. T h e  relative molecular weights of the 
coat proteins as determinated by SDS-PAGE method were 37.5 
K and 20.5 K for RCMV, and 36.5 K and 22 K for BBCV, respectively. 
A spontaneous shortening of both coat proteins by proteolytic 
cleavage occurred in vino. After  cleavage with V8-protease the larger 
proteins gave 5 and 6 products, respectively (2 and 3 of them being 
the  products of incomplete or  nonspecific cleavage), the smaller 
proteins 4 products. T h e  epitopes distinguished by 7 MoAbs  were 
localized on  only two V8-digest products of the larger coat proteins, 
but  n o  M o A b  binding to  the smaller coat protein was observed. 
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Introduction 

The  comovirus group includes plant viruses with genome divided in two 
single stranded ( + )  R N A  chains packed separately into two identical icosahedral 
capside (Crowther  et a!., 1974). T h e  coat of every particle consists of two proteins 
called L (40 K) and S (20 K), respectively. 

Though the  cowpea mosaic virus, a typical representative of comovirus group, 
was well studied, much  less is known about other comoviruses. Since the 
description of R C M V  (Sinha, 1960) and determination of its basic physical and 
chemical properties (Oxelfelt, 1976), the attention has been paid especially to the 
problems of its infectivity (Valenta and Marcinka, 1968; Laphic et a/'., 1976; 
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Oxelfelt and Abdelmoeti, 1978) and serology (Devergne and Cardin, 1968; Gallo 
and Musil, 1988). 

Similar situation is with BBSV, because after description and basic characteri­
zation of this virus (Gibbs  et at., 1968) only few workers were interested in its 
fur ther  study (Govier, 1975; Gallo and Musil, 1988). 

In this paper we tried to  extend the  knowledge o n  t he  properties of R C M V  and 
BBSV coat proteins using SDS-PAGE, proteolytic cleavage. Western blot 
analysis and  MoAbs.  

Materials and Methods 

Viruses. T p M 3 6  isolate  o f  R C M V  (Mus i l  a n d  Ga l lo .  1984) a n d  V s M  isolate o f  B B S V  (Mus i l  et a!.. 
1978) p ropaga t ed  o n  p e a  w e r e  pur i f ied  a s  desc r ibed  b e f o r e  (Mus i l  ei al.. 1983). Pur i f i ed  v i ruses  w e r e  
d i l u t e d  t o  t h e  c o n c e n t r a t i o n  1 m g / m l  a n d  s t o r e d  at  + 4 ° C .  T h e  c o n c e n t r a t i o n  w a s  d e t e r m i n e d  
spec t ropho tome t r i c a ly  (Boswel l  a n d  G i b b s .  1983). 

Preparation of virus proteins. T h e  coa t  p r o t e i n s  w e r e  p r e p a r e d  b y  precipi t ing t h e  v i rus  nuc le i c  ac id  
in t h e  m i x t u r e  o f  g u a n i d i n e  h y d r o c h l o r i d e  a n d  l i t h i u m  ch lo r ide  ( W u  a n d  B r u e n i n g .  1971). T o  t h e  
p r e p a r e d  p r o t e i n  in  2 5  m m o i / 1  T r i s - H C l  p H  7.0. b o t h  S D S  a n d  2 - m e r c a p t o e t h a n o l  (2 -ME)  t o  a 1 % 
c o n c e n t r a t i o n  w e r e  a d d e d ,  fo l lowed  b y  5 m i n  i n c u b a t i o n  in  boi l ing  wa te r .  A f t e r  coo l ing  t h e  p ro t e in  
w a s  l o a d e d  o n  a S e p h a d e x  G-150  c o l u m n  (1.5 x 4 5  c m )  equ i l ib ra ted  w i t h  25 m m o l / 1  T r i s -HCl  p H  7.0. 
0.1 % S D S ,  0.1 % 2 - M E  a n d  e l u t e d  w i t h  t h e  s a m e  b u f f e r  b y  f l ow  r a t e  3 m l / h r  a t  15 ° C .  Col lec ted  
f r ac t i ons  w e r e  e lec t rophore t ica l ly  ana lyzed .  

Proteolytic cleavage. T h e  e n d o p r o t e i n a s e  G l u - C  f r o m  Staphylococcus aureus, s t ra in  V 8  (V8-
p ro tease ,  S igma)  w a s  u s e d .  A f t e r  bo i l ing  f o r  5 m i n  w i t h  1 % S D S  a n d  1 % 2 - M E  t h e  p r o t e i n s  w e r e  
c leaved in 125 m m o l / 1  T r i s - H C l  p H  7.6. W e  u s e d  1 / /g  o f  p r o t e a s e  f o r  c leavage o f  2 0 - 5 0  ̂ g  p ro te in .  
T h e  c leavage  w a s  carr ied o u t  a t  3 7  ° C  f o r  1 h r  a n d  s t o p p e d  b y  bo i l ing  f o r  1 m i n .  

Electrophoresis. T h e  S D S - P A G E  o f  p ro t e in  w a s  r u n  acco rd ing  t o  L a e m m l i  (1970). T h e  gels  w e r e  
silver s t a i n e d  a s  desc r ibed  b y  B l u m  et al. (1987). s t o r e d  in  disti l led w a t e r  a t  + 4  ° C  o r  d r i ed  b e t w e e n  
t w o  c e l l o p h a n e  shee t s .  L o w  m o l e c u l a r  w e i e h t  s t a n d a r d s  (Pha rmac ia )  w e r e  u s e d  f o r  d e t e r m i n a t i o n  o f  
M r .  

MoAbs against RCMV (MoAbs 2-5) and BBSV (MoAbs L 6. 7) w e r e  p r e p a r e d  b y  i m m u n i z a t i o n  o f  
B a l b / c  m i c e  w i t h  na t ive  v i ru se s  a s  desc r ibed  b e f o r e  ( G a l l o  a n d  Mat i sová .  1993). 

Western blot analysis. T h e  cel lulose nitrate o r  nylon m e m b r a n e s  (Schleicher and  Schuell .  0.45 //m) 
w e r e  employed.  T h i s  procedure  w a s  carried o u t  in a s e m i d r y  s y s t e m  according to  Hirano and  
W a t a n a b e  (1990). T h e  m e m b r a n e s  w e r e  dried at 8 0  ° C  f o r  15 m i n  a n d  s t a ined  immunospec i f i ca l ly  
a f t e r  b lo t t ing .  T h e  M o A b s  w e r e  d i lu t ed  1000-fold. 10 °/o n o n  f a t  mi lk  w a s  u s e d  f o r  b lock ing  in all 
s t eps .  T h e  m e m b r a n e s  w e r e  usual ly  s o a k e d  ove rn igh t  in  t h e  so lu t i on  o f  p r imary  a n d  f o r  2 - 4  h r  in  t h a t  
o f  s e c o n d a r y  a n t i b o d y .  W e  u s e d  s w i n e  a n t i - m o u s e  I g G  c o n j u g a t e d  w i t h  ho r se rad i sh  pe rox idase  
(ÚSOL,  Prague)  and  d iaminobenzidine  hydrochloride (Sigma) a s  substrate.  

Results and Discussion 

Both RCMV and BBSV preparations gave a SDS-PAGE pattern characteristic 
for all comoviruses: two groups of protein bands, L and S. It was not 
substantially influenced by the 2-ME concentration in the sample. On the other 
hand 0.2 % SDS at 100 ° C  for 3 min  was sufficient for full disintegration of virus 
particles. In further  experiments we usually used 1 % SDS. Strong reciprocal 
affinity of  proteins (protein - protein binding) caused their reassociation after 
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SDS removal. This fact resulted, e.g. in the impossibility to separate the coat 
proteins by "native" electrophoresis. The presence of only 0.1 % SDS either in 
the electrophoretic or chromatographic system was sufficient to keep the 
proteins solubilized and mutually separable (data not shown). 

Oxelfelt (1976) described the absence of the S protein band in some RCMV 
electrophoretic runs, when the virus was warmed to 50 °C and the gel was 
stained with Coomassie Brilliant Blue (CBB). W h e n  investigating the degree of 
R C M V  disintegration in the  presence of 1 % SDS at various temperatures we 
ascertained that the  disintegration of virus particles began just  at 50 ° C  and that 
the L protein band was really markedly more  distinct than the  S protein band 
(Fig. 1). I n  contrast, the  S protein but  not  the  L protein band was well visible in 
BBSV preparation at this temperature (Fig. 2). This could be caused by greater 
mutual  affinity of L-L than S-S, and S-L proteins, respectively. In  this connec­
tion the  S protein solubilization occurs earlier due  the  conditions at the limits of 
denaturation. O n  the  other hand,  for RCMV f rom this consideration follows the  
greater association ability of the S rather than the  L proteins. W e  do  not  assume 
that it was caused by an artefact during silver staining, because the proteins of 
either virus stained equally well under  usual conditions of the  sample prepara­
tion (100 °C). T h e  existence of affinity between the  same S or  L molecules was 
also documented by the  fact, that t he  association occurred with the  isolated coat 

a b c d e f 

Fig. 1 
T e m p e r a t u r e  d e p e n d e n c e  o f  R C M V  dis in­
tegra t ion  deg ree  i n  t h e  p r e s e n c e  o f  1 % 

S D S  
S D S  e lec t rophores i s  in  1 4 %  P A G .  L a n e s  
a - e :  t e m p e r a t u r e s  o f  4 0  ° C ,  4 5  ° C ,  50 ° C .  
55 ° C ,  a n d  6 0  °C ,  respect ively.  L a n e  f :  c o n ­
trol  s a m p l e  (100 °C) .  
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proteins preparations after their dialysis against the buffer solution without SDS, 
and that the warming in the presence of detergent was required for their 
resolubilization. 

A b o v e  50 °C, the  degree of dependence of protein disintegration o n  an 
increased temperature was very steep, eg. at 60 °C for 5 min both viruses were 
fully disintegrated as well as by boiling (Fig. 1 and 2). This  observation 
corresponds to  the results of RCMV thermal inactivation studies (Musil and 
Lesková, 1969), when the infectivity of the sap from infected plants decreased 
1000-times between 50 ° C  and 60 °C, and about  10 000-times between 50 ° C  and 
65 °C, respectively. 

Using the SDS-PAGE method  we determined the relative molecular weights 
of coat proteins as 37.5 K (35.5 K) and 20.5 K (19.5 K) for RCMV. and 36.5 K (34 
K) and 22 K (20.5 K) for BBSV, respectively. W h e n  the  virus preparations were 
allowed to  stand in vitro (in Tris or  phosphate buffer  p H  7.0 at + 4 ° C ) .  the 
proteolytic shortening of protein chains t o  the  values showed in parentheses was 
observed and the  concentration of shortened chains in the  samples was 
gradually growing. In the case of S proteins the chains with original molecular 
weights even fully disappeared, but  with L proteins this process was less distinct. 
Such an  in vitro and also in vivo (in the  host plants) proteolysis - not  

a b c d e f 

r :  

t 4 

n m m 

Fig. 2 
T e m p e r a t u r e  d e p e n d e n c e  o f  B B S V  dis in­
tegra t ion  d e g r e e  in t h e  p r e s e n c e  1 °o S D S  
Elec t rophore t i c  c o n d i t i o n s  a n d  l anes  a - f  a s  
in Fig.  1. 
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Table 1. Molecular weights of V8-digest products of RCMV and BBSV L coat proteins 

5J 

M r  o f  f r a g m e n t  (in thousands)  
V i r u s  

A 1  A 2  A 3  B C D 

R C M V  29.0 27.0 15.5 14.0 12.0 
B B S V  27.0 25.0 23.5 14.0 13.5 12.0 

accompanied by a loss of infectivity - is well known with comoviruses and it is 
causally connected with the existence of so-called electrophoretic forms of virus 
particles (Niblett and Semancik, 1969; Musil and Gallo, 1986). 

Molecular weights of RCMV coat proteins determined in our experiments 
differed from 40 K and 22.2K (18.3 K) values described before (Oxelfelt, 1976). It 
is possible that different virus isolates or strains were analyzed or - what is more 
probable - that w e  used a more sensitive system and detection (slab gels stained 
with silver instead of rod gels stained with CBB employed in Oxelfelťs 
experiments (Oxelfelt, 1976)). 

By the use of V8-protease for the RCMV and BBSV coat proteins digestion, 
w e  obtained exactly defined polypeptide chains (Tables 1 and 2), irrespective of 
whether disintegrated complete viruses or isolated coat proteins were digested 
(Fig. 3). Both viruses gave analogous digest products. The 23.5 K and 25 K BBSV 
polypeptides arose from the 27 K precursor either as a result of an incomplete 
proteolysis at specific sites or due to a partial protease nonspecificity as follows 
from the same reactivity of these bands in the Western blot analysis. Similarly, 
27 K polypeptide appeared in some cases of RCMV digestion. 

Of seven MoAbs available, the MoAbs 1-4 were group-specific, the MoAb 
5 RCMV-specific and the MoAbs 6 and 7 BBSV-specific (which applies to 
RCMV and BBSV, but not to other comoviruses). None of these MoAbs bound 
to the S proteins. Except for epitopes 2 and 3 localized on the C fragments, all 
other epitopes were on the A fragments (Fig. 4). 

The most immunogenic sites of both studied comoviruses are evidently 

Table 2.  Molecular weights of V8-digest products of RCMV and BBSV S coat proteins 

V i r u s  
M r  o f  f r a g m e n t  (in thousands)  

a b c d 

R C M V  
BBSV 

17.5 
18.0 

16.0 
16.5 

12.5 
12.5 

11.5 
11.5 
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a b c d e f g h 

Fig. 3 
SDS-PAGE electrophoresis  o f  R C M V  and  
BBSV coat proteins  c leavage b y  V8-prote-

a s e  
SDS-electrophoresis  in 14 % P A G .  Nondi-
ges ted  controls:  (a) R C M V .  (b) RCMV-S.  
(c) R C M V - L .  (i) B B S V .  Digested samples :  
(d)  R C M V - L / V 8 .  (e) R C M V - S / V 8 .  ( f )  
R C M V 7 V 8 .  (h) B B S V / V 8 .  (g) M r  s tan ­
da rds :  p h o s p h o r y l a s e  b (94 K) ,  a l b u m i n  (67 
K),  o v a l b u m i n  (43 K ) ,  c a r b o n i c  a n h y d r a s e  
(30 K) .  t ryps in  i nh ib i to r  (20.1 K)  a n d  a- lac-
t a l b u m i n  (14.4 K) .  

localized o n  these two digest products of the  major  coat proteins. T h e  n u m b e r  of 
epitopes statistically agrees with the  fragment length. T h e  A fragment is about 
twice longer than C fragment and contains also approximately twice more  
epitopes. 

Because the  MoAbs  were obtained f rom mice immunized with native viruses, 
the  localization of epitopes indicates that two A and C fragments originated f rom 
the  L protein part, which on  the  native virus particles is directed toward the 
exterior so that it is more  easily accessible to the  immune  system response. O n  
the  contrary, the S protein appeared to be a very poor  immunogen  by our  
immunization method.  

Fig. 4 
W e s t e r n  b lo t  analysis  o f  R C M V  a n d  B B S V  

coa t  p r o t e i n s  a f t e r  V8-proteolvs is  
BBSV ( lane  a).  R C M V  ( lane  b) .  M o A b s  1-
7 ( l anes  1-7). 

a b  a b  a b  a b  a b  a b  a b  

1 2 3 A 5 6 7 
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