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Summary. - T h e  coat proteins  o f  both ordinary ( P V S° )  a n d  A n d e a n  
(PVS A )  s t r a ins  w e r e  s h o w n  t o  b e  s imi lar  in m o l e c u l a r  we igh t s ,  
p e p t i d e  m a p s ,  a m i n o  acid ana lys is  a n d  reac t ion  t o  a r a n g e  o f  carla-
v i rus  an t i se ras .  
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Introduction 

P o t a t o  v i rus  S (PVS) ,  a m e m b e r  o f  t h e  car lavirus  g r o u p  ( W e t t e r  a n d  M i l n e ,  
1981), is f o u n d  in near ly  all c o u n t r i e s  w h e r e  p o t a t o e s  a r e  g r o w n  ( d e  Bokx,  1970) 
a n d  is c o n s i d e r e d  a s  o n e  o f  t h e  m o s t  i m p o r t a n t  f i l a m e n t o u s  v i r u s e s  in E u r o p e  
(Lecoq  et at., 1988). 

Unt i l  recent ly  all i sola tes  in b o t h  N o r t h  A m e r i c a  a n d  E u r o p e  h a v e  s h o w n  
m a r k e d  s imilar i t ies  o n  indica tor  h o s t s  a n d  p o t a t o  var ie t ies .  S y m p t o m s  o n  
p o t a t o  a r e ,  a t  wors t ,  a mi ld  m o s a i c  a n d ,  o n  ind ica tor  p lan t ,  Chenopodium 

quinoa, local l e s ions  ( d e  Bokx,  1970; Kaczmarek  a n d  d e  Bokx,  1977). H o w e v e r ,  
in r e c e n t  yea r s  in N o r t h  A m e r i c a  a n d  E u r o p e ,  i so la tes  o f  P V S  h a v e  b e e n  
d e t e c t e d  t h a t  i n d u c e  s y s t e m i c  s y m p t o m s  in C.  quinoa, a n d  p r o d u c e  m o r e  
s e v e r e  s y m p t o m s  in va r ious  p o t a t o  cul t ivars  ( R o s e ,  1983; Slack,  1983; D o l b y  
a n d  J o n e s ,  1987). All s u c h  isola tes  h a v e  b e e n  t e r m e d  A n d e a n  s t r a ins  (PVS A ) ,  
d u e  t o  t h e i r  s imilari ty t o  s y m p t o m s  i n d u c e d  b y  a n  isola te  f r o m  P e r u v i a n  varie­
t ies ,  de sc r ibed  by Hinos t roza -Or ihue l a  (1973). 

In t h i s  p a p e r  w e  desc r ibe  t h e  analys is  o f  t h e  coa t  p r o t e i n s  o f  a n  o rd inary  
s t ra in  o f  P V S  f r o m  E u r o p e  ( P V S ° )  a n d  a n  A n d e a n  s t ra in  (PVS A )  inc lud ing  
a c c u r a t e  m o l e c u l a r  we igh t  d e t e r m i n a t i o n ,  a m i n o  acid analys is ,  pep t ide  
m a p p i n g  a n d  w e s t e r n  b lo t  analysis .  

*Ci. D.  Foster:  Au thor  for correspondence 
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Materials and Methods 

Virus purification. Al l  carlaviruses used in this study were  purified as previously described by 
Foster and Mills (1990). 

Isolation of viral coat protein. Equal volumes of dissociation buf fer  (0.02 mol/1 NaH2P04 pH 7.0, 
2 % SDS (w/v), 0.4 % dithiothreitol (v/v)) and virus suspension were  incubated together at 90°C 
fo r  2 min .  Dissociated protein was ei ther  used immediately o r  s tored a t  room tempera ture  unti l  
required.  

Cleveland peptide mapping and amino acid analysis of viral coat protein. Dissociated protein was 
subjected t o  proteolytic digestion essentially as  described by Cleveland (1977). Coa t  protein 
suspension (100 fi 1: approx 200 n%) was incubated at 37°C fo r  30 m i n  with an  assayed vo lume  
(5-50 [ i \ )  o f  specific protease (225 / / g / m l )  in 0.125 mo l / l  Tris-HCl p H  6.8, 0 . 5 %  SDS,  1 0 %  
glycerol. Sample buf fe r  was added  t o  each sample,  boiled fo r  2 m i n  at 90°C, and  analysed by 
polyacrylamide gel electrophoresis (Laemmli ,  1970). 

A m i n o  acid analysis of  viral coat protein was carried ou t  by Nicgene (Belfast, NI).  Coat  protein 
(0.2 t o  2 mg)  was hydrolyzed by heating in t h e  presence of e i ther  6N HC1 o r  4N methanesu lphonic  
acid containing 0.2 % 3-(2-aminoethyl) indole,  bo th  producing similar results. 

Polyacrylamide slab gel electrophoresis of proteins. Proteins were separated in 10-12.5 % (w/v) 
polyacrylamide slab gels (14 cm long, 1.5 m m  thick) containing 0.1 % S D S  at 50V for  18 h r  as desc­
ribed by Laemmli  (1970) in Tr is /g lycine/SDS based electrophoresis buffer .  Following electropho­
resis, gels were stained fo r  a m i n i m u m  o f  1 h r  in 0.25 % coomassie  b lue  in methanol:water:acet ic  
acid (5:5:1) and destained in 5:5:1, m i n u s  coomassie  blue.  Alternatively, proteins were detected 
by sensitive silver staining procedures  using a commercial  kit (Amersham)  according t o  manufac­
tures  instructions. Unless  otherwise stated t h e  folloving were  used as  molecular  weight markers;  
lysozyme 14,300; B-lactoglobulin 18,400; chymotrypsinogen 25,700; ovalbumin 43,000; bovine 
se rum a lbumin  68,000; phosphorylase b 97,400; myosin 200,000 (Gibco BRL). 

Accurate molecular weight determination by polyacrylamide tube-gel analysis. T h e  molecular  
weight of  viral coat protein was de te rmined  by polyacrylamide gel electrophoresis essentially as 
described by King (1970) using f o u r  polyacrylamide gel concentrat ions (5, 7, 9, 11 %). Different  
s t rength gels were  cast in 11 cm long, 4.5 m m  diameter  siliconised glass t ubes  and  run  simulta­
neously in 0.2 mol/1 phosphate  buffer .  Coa t  protein was prepared as  described and  loaded in 
sample  buf fe r  with electrophoresis cont inuing until  t h e  b romophenol  b lue  tracking dye had r u n  
close t o  t he  end  of t h e  lowest concentrat ion gel. T h e  b romopheno l  b lue  f ron t  was marked by wire 
af ter  alectrophoresis and  t h e  gels stained and  destained.  T h e  mobility of  t he  proteins with respect 
t o  t h e  b romopheno l  b lue  was calculated. T h e  data were analysed using t h e  equat ions  given by 
Rodbard and  Chrambach  (1971) and Frank and  Rodbard  (1975). T h e  retardation coefficient,  KR, 
for  each polypeptide was est imated f r o m  slopes of plots o f  log Rf (electrophoretic mobility) 
against gel strength (%). T h e  molecular  weights o f  t h e  sample proteins  were  subsequent ly  deter­
mined  f rom a plot of  retardation coefficients K R  vs molecular  weight.  

Western blot analysis of proteins. Protein samples  were separated o n  12.5 % polyacrylamide gels 
followed by electroblott ing o n t o  nitrocellulose pre-soaked in t ransfer  buf fe r  (25 mmol /1  Tris-HCl 
p H  8.3,192 mmol/1  glycine, 20 % methanol )  at 60 V (0.22A) fo r  2 - 3  hrs  in a BioRad Trans  Blot Cell 
with water cooling. T h e  t ransfer  blots  were  placed in a solut ion o f  blocking buffer  (5 % dried milk 
powder  in TBS, 0.05 mol / l  Tris-HCl p H  7.5,0.2 mol/1 NaCl)  and  incubated overnight.  Filters were  
washed 5 t imes  in TBS containing 0.05 % Tween-20, t hen  incubated with suitable ant iserum 
(diluted 1:500 in blocking buffer)  fo r  90 min .  Af te r  several washed with TBS-Tween,  b o u n d  anti­
body was detected by incubation with alkaline phosphatase  conjugated goat anti-rabbit Ig (Sigma) 
for  90 min  followed by several washed and  colour  development .  T h e  colour  reaction was deve­
loped with Fast Red (Sigma) (1 mg/ml) ,  25 mmol /1  sodium 1-naphthyl phospha te  in 0.033 mol/1 
Tris-HCl p H  9.5. Reactions were s topped by several washes  with distilled water.  

Double antibody sandwich (DAS) ELISA. All ELISA work was carried ou t  as described by Clark 
and  A d a m s  (1977) using the  doub le  ant ibody sandwich me thod .  PVS Ig and  PVS specific enzyme-
conjugated Ig were supplied by Bioreba A G ,  Switzerland. 
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Results and Discussion 

Analysis of PVS coat protein 

Purif ied v i r u s  particles o f  both ordinary (PVS°  A .  V.)  a n d  A n d e a n  (PVS A  C E  
7260/12)  s t r a ins  w e r e  d i s r u p t e d  t o  yield t h e  viral coa t  p ro t e in .  Ana lys i s  by 
po lyacry lamide  gel  e l ec t rophores i s  in 12.5 % s lab  ge l s  c o n t a i n i n g  S D S ,  s h o w e d  
P V S A  a n d  P V S 0  coa t  p r o t e i n s  t o  h a v e  s imi lar  m o l e c u l a r  w e i g h t s  o f  M r  34,000 
a n d  33,800 respect ively  (Fig.  1, l anes  1 a n d  2, Fig.  2 ,  l a n e s  3 a n d  4).  T r a c e  
a m o u n t s  o f  a l ower  M r  spec ies  cons i s t en t ly  p r e s e n t  in b o t h  p repa ra t ions  w e r e  

A B C  
1 2  1 2  1 2  1 2 

< 1  

< 2  

f í r .  1 
Cleveland peptide mapping of ordinary and Andean coat proteins 

Coomassic blue staining o ľ a  15 % polyacrylamide gel. Lane 1, P V S A ;  Lane 2, P V S 0  coat protein. 
(A) Staphytoccocus aureus V 8  
(B) Trypsin 
(C) Chymotrypsin 
(M) Molecular weight markers 1 (68,000), 2 (43,000), 3 (25,700), 4 (18,500), 5 (14,300). 
Positions of possible unique fragments arc indicated (open arrows) 
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p r e s u m e d  t o  b e  a proteolytic degradat ion product.  Detai led w o r k  w i t h  potato 
v i r u s  X ( P V X )  coat protein indicated that  t h e  appearance o f  a s e c o n d  m i n o r  
protein b a n d  w a s  d u e  t o  action b y  plant  proteases  (Koenig  et al.t 1978). T o  
d e t e r m i n e  a n  accurate molecular  weight ,  e l iminat ing  any  variability o f  M r  wi th  
variation in g e l  s t renght,  t h e  coat prote ins  w e r e  ana lysed  at  f o u r  d i f f e r e n t  ge l  
concentrat ions a n d  t h e  molecular  w e i g h t s  d e t e r m i n e d  a s  descr ibed  in  Materials 
and Methods. Plott ing KR d e t e r m i n e d  in v a r y i n g  g e l  s t rengths ,  against  m o l e ­
cu la r  w e i g h t s  o f  k n o w n  s t anda rds ,  gave  v a l u e s  o f  M r  34 ,000+/ -200  f o r  P V S A  a n d  
33 ,700+/ -100  f o r  P V S °  a s  m e a n s  f r o m  3 e x p e r i m e n t s .  

T h e  n u m b e r  o f  p e p t i d e s  r e su l t i ng  f r o m  d iges t ion  o f  viral  c o a t  p r o t e i n s  b y  t h e  
p r o t e a s e s  t ryps in ,  c h y m o t r y p s i n  a n d  V 8  ( Staphy loccocus  aureus) w a s  a s s e s s e d  
a f t e r  t h e  e n z y m a t i c  d iges t ion  a n d  sepa ra t i on  o f  t h e  p e p t i d e s  b y  e l ec t rophores i s  
o n  15 % po lyacry lamide  gels ,  essent ia l ly  a s  de sc r i bed  b y  C l e v e l a n d  (1977). F ig .  
1 s h o w s  t h a t  e a c h  e n z y m e  p r o d u c e d  s imi lar  p a t t e r n s  f o r  b o t h  P V S °  a n d  P V S A .  
T r y p s i n  a n d  c h y m o t r y p s i n  d id  h o w e v e r ,  i n d u c e  o n e  add i t i ona l  p e p t i d e  in  P V S A  

diges t s  c o m p a r e d  w i t h  P V S ° .  T h e s e  u n i q u e  b a n d s  m a y  b e  d u e  t o  t h e  sl ightly 
larger  M r  o f  t h e  coa t  p r o t e i n  o f  P V S A  o r  a s l ight  var ia t ion  i n  t h e  a m i n o  acid 
s e q u e n c e  a t  t h e  c leavage  s i tes  o f  t h e s e  p ro t ea se s .  T h e  u s e  o f  t h e s e  u n i q u e  
p e p t i d e s  a s  a d iagnos t i c  f e a t u r e  is clearly h i n d e r e d  b y  t h e  c lose  p rox imi ty  o f  

Table 1. Amino acid analysis of the  PVS A  and P V S °  coat proteins 

A m i n o  acid Trema ine  and  
Goldsack PVS A (CE)  PVS°(Roy)  

Asp 16 16 18 
G lu  17 19 20 
Ser 10 10 10 
Gly 9 10 12 
His  3 3 4 
Arg * 11 13 11 
T h r  8 6 8 

Ala 13 18 16 
Pro 11 16 15 
Tyr  3 3 3 
Val 10 9 10 

Meth  6 7 7 
Cys 1 1 1 

l ie  10 8 8 

Leu 9 10 10 

Phe  4 5 5 
Lys 4 6 4 

Total  144 160 162 
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o t h e r  m a j o r  pept ides  a n d  similarity in t h e s e  reg ions  wi th  t h e  ordinary isolate.  
T h e s e  initial r e s u l t s  indicate that  t h e  coat proteins  o f  P V S °  a n d  P V S A  a r e  h igh ly  
h o m o l o g o u s .  T h i s  w a s  f u r t h e r  c o n f i r m e d  b y  a m i n o  ac id  ana lyses  o f  t h e  c o a t  
p r o t e i n s  o f  t h e  t w o  s t r a ins  ( P V S °  R O Y  a n d  P V S A  C E  7260/12) .  T h e  r e s u l t s  a r e  
s u m m a r i z e d  i n  T a b l e  1 w i t h  t h e  n u m b e r  o f  r e s i d u e s  o f  e a c h  a m i n o  acid ca lcu­
l a t ed  f r o m  p i c o m o l e s  o b t a i n e d  f r o m  t h e  ana lys is  a s s u m i n g  t h e  p r e s e n c e  o f  a 
s ingle  cys te ine .  T h e  r e s u l t s  i nd ica t e  t h a t  t h e  t w o  s t r a ins  a r e  essent ia l ly  s imi lar  
w i t h  o n l y  s l ight  var ia t ions ,  w i t h  a m a x i m u m  d i f f e r e n c e  i n  v a l u e s  o f  2 r e s idues .  
I n d e e d  b o t h  e s t i m a t e s  w e r e  i n  c lose  a g r e e m e n t  w i t h  a n  a m i n o  ac id  c o m p o s i ­
t i o n  f o r  P V S  prev ious ly  r e p o r t e d  b y  T r e m a i n e  a n d  G o l d s a c k  (1968). 

Antigenic comparisons of carlaviruses by Western blot analysis 

W h e n  e q u a l  q u a n t i e s  ( m g )  o f  p u r i f i e d  P V S 0  a n d  P V S A  i sola tes ,  d e t e r m i n e d  
b y  s p e c t r o p h o t o m e t r y ,  w e r e  serially d i l u t e d  a n d  t e s t e d  aga ins t  P V S  a n t i s e r u m  
( B i o R e b a  A G )  b y  E L I S A ,  s imi lar  d i l u t i o n  e n d  p o i n t s  w e r e  o b t a i n e d  i n  all e x p e ­
r i m e n t s  f o r  b o t h  s t ra ins .  S imi la r  r e s u l t s  w e r e  o b t a i n e d  f o r  b o t h  s t r a ins  w h e n  
coa t  p r o t e i n s  w e r e  ana ly sed  b y  W e s t e r n  b l o t t i n g  u s i n g  c o m m e r c i a l  P V S  an t i ­
s e r u m  ( resu l t s  n o t  p r e s e n t e d ) .  H o w e v e r ,  a n u m b e r  o f  i n t e r e s t i ng  o b s e r v a t i o n s  
w e r e  o b t a i n e d  w h e n  t h e  c o a t  p r o t e i n s  o f  H e l e n i u m  v i r u s  S ,  A m e r i c a n  h o p  
l a t e n t  v i rus ,  a n d  t h e  t w o  P V S  s t r a ins  w e r e  ana ly sed  b y  W e s t e r n  b lo t t i ng  u s i n g  a 
n u m b e r  o f  car lavirus  an t i se ra ,  k ind ly  p r o v i d e d  b y  D .  J .  Barbara ,  E a s t  Mai l ing .  
T h e  r e s u l t s  p r e s e n t e d  i n  F ig .  2 clearly s h o w  t h a t  t h e  a n t i s e r u m  t o  pop la r  m o s a i c  
v i r u s  ( P M V )  w a s  u n a b l e  t o  d e t e c t  a n y  o f  t h e  c o a t  p r o t e i n s  t e s t e d ,  t h o u g h  w a s  
ab l e  t o  d e t e c t  P M V  i n  i n f e c t e d  s ap  ( r e su l t s  n o t  p r e s e n t e d ) .  A m e r i c a n  h o p  l a t e n t  
( A H L V )  an t i s e ra  e x h i b i t e d  a s t r o n g  h o m o l o g u s  r eac t ion  b u t  n o  c ross  react ivi ty 
w i t h  H e l V S  o r  P V S  c o a t  p ro t e in s .  A f a i n t  c ross  r eac t i on  w a s  o b t a i n e d  w i t h  h o p  
m o s a i c  v i r u s  ( H M V )  an t i s e r a  a n d  A H L V  c o a t  p ro t e in .  S t r o n g  c ross  r eac t ions  
w e r e  o b t a i n e d  b e t w e e n  I m p a t i e n s  l a t e n t  v i r u s  ( ILV),  H M V  a n d  H e l V S  an t i ­
se ra ,  w i t h  H e l V S  c o a t  p r o t e i n  a n d  t o  a l e s se r  e x t e n t  P V S  coa t  p r o t e i n .  T h u s  
H M V ,  P V S ,  I L V  a n d  H e l V S  s e e m  ant igenica l ly  s imi lar ,  w i t h  A H L V  dis tan t ly  
r e l a t ed  t o  H M V  b u t ,  a s  w i t h  P M V ,  d i s t inc t  f r o m  t h e  m a j o r i t y  o f  v i r u s e s  a n d  
f r o m  e a c h  o t h e r .  S imi la r  obse rva t i ons  h a v e  prev ious ly  b e e n  r e p o r t e d  b y  A d a m s  
a n d  Barba ra  (1982) b a s e d  o n  d i rec t  a n d  F (ab) 2 -based  E L I S A .  T h e  r e s u l t s  
p r e s e n t e d  h e r e  h o w e v e r ,  w e r e  o b t a i n e d  b y  W e s t e r n  b l o t  analysis ,  f r o m  polyac-

Fig. 2 
Western  blot  analysis of  carlavirus coat proteins 

Lane  1, American hop  latent virus; lane 2, He len ium virus S; lane 3, pota to  virus S ° ;  lane 4, pota to  
virus S A .  (M) molecular  weight markers.  
PAGE-GEL,  coomassie  b lue  stained gel equivalent  t o  t h e  Wes te rn  blots reacted with:  
AHLV,  American h o p  latent virus antisera 
HelVS,  Helen ium virus S antisera 
ILV, Impat iens  latent virus antisera 
H M V ,  H o p  mosaic  virus antisera 
PMV,  Poplar mossaic virus antisera 



190 FOSTER, G. D. & MILLS, P. R. 

ry lamide  g e l s  containing SDS,  ref lect ing  h o m o l o g i e s  at t h e  a m i n o  acid level  v ia  
s e q u e n c e  epitopes.  

In conclusion,  it appears  that  t h e  distinct biological propert ies  o f  A n d e a n  a n d  
ordinary s trains  o f  P V S  are  n o t  re f lected  in substant ia l  d i f f e r e n c e s  in physico-
chemical  properties.  T h e  coat proteins  o f  t h e  t w o  strains  w e r e  s imilar  in s ize,  
a m i n o  acid content  a n d  peptide maps .  T h i s  similarity w a s  a l so  re f lected  in 
s imilar  r e s p o n s e s  f o r  t h e  t w o  strains  in serological  tes ts ,  f o r  a w i d e  r a n g e  o f  anti-
s e r a  in W e s t e r n  blot  analysis,  and P V S  antisera  in E L I S A .  

R e f e r e n c e s  

Adams,  A .  N., and Barabara, D. J. (1982): T h e  use  of F(ab)2-based ELISA to detect serological 
relationship among carlaviruses.  Ann. Appl. Biol. 101, 495-500. 

Bokx, J. A .  d e  (1970): Reactions of various plant species to inoculation with potato virus S. Nether-
land J. Plant. Pathol. 76, 70-78. 

Clark, M. F., and Adams, A .  N. (1977): Characteristics of thew microplate method of enzyme-
linked immunosorbent assay for the detection of plant viruses.  J. gen. Virol. 34, 475-483. 

Cleveland, D. W., Fischer, S. G., Kirchner, M. W.,  and Laemmli, U. K. (1977): Peptide mapping 
by limited proteolysis in sodium sulphate and analysis by gel electrophoresis.  J. Bio. Chem. 252, 
1102-1106. 

Dolby, C. A., and Jones, R. A .  C. (1987): Occurence o f  the Andean strain o f  potato virus S in 
imported potato material and its ef fects  on potato cultivars. Plant. Pathol. 36, 338-388. 

Foster, G. D., and Mills, P. R. (1990): Evidence for  the role o f  subgenomic RNA species in the 
production o f  Helenium virus S coat protein during  in vitro translation. Virus Research 17, 
61-70. 

Frank, R. N., and Rodbard, D. (1975): Precision of sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis for the molecular weight estimation of a membrane glycoprotein: Studies on 
bovine rhodopsin.  Arch. Biochem. Biophys. 171, 1-13. 

Hinostroza-Orihuela, A .  M. (1973): Some properties o f  potato virus S isolated from Peruvian 
potato varieties. Potato Research 16, 244-250. 

Kaczmarek, U., and Bokx, J. A .  (1977): Comparison for  the protection o f  potato virus S .Potato 
Research 20, 127-130. 

Koenig, R., Tremaine, J. H., and Shepard, J. F. (1978): In situ degradation o f  the protein chain o f  
potato virus X at the N- and C-termini. J. gen. Virol. 38, 329-337. 

Laemmli, U. K. (1970): Cleavage of structural proteins during the assembly o f  the head o f  bacte­
r iophage T4. Nature 227, 680-685. 

Lecoq,  H., Lot,  H., Kleinhempel ,  H., and Kegler, H .  (1988): The Plant Viruses (Ed.) R. G .  Milne,  
P l enum Press, New York and London .  

Rodbard,  D. ,  and  Chrambach ,  A.  (1971): Estimation of molecular  radius, f r ee  mobility, and  
valence using polyacrylamide gel electrophoresis.  Anal. Biochem. 40, 95-134. 

Rose,  D .  G .  (1983): S o m e  properties of  an unusual  isolate of pota to  virus S. Potato Research 26, 
49-62. 

Slack, S. A. (1983): Identification of an isolate of  an Andean  strain of pota to  virus S in Nor th  
America.  Plant. Dis. 67, 786-789. 

T remine ,  J.  H.,  and Goldsak,  (1968): T h e  s t ructure  of regular viruses in relation t o  their  subuni t  
a m i n o  acid composi t ion.  Virology 35, 227-237. 

Wet te r ,  C. ,  and Milne,  R. G .  (1981): Handbook of Plant Virus Infection. Compara t ive  diagnosis - E. 
Kurstak (Ed.), Elsevier /Nor th-Holand Biomedical Press. Biomedical Press. 


