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Summary. - Effects of pH of extraction buffers. pH and titer of 
trapping antisera and their combinations, virus acquisition time and 
virus host on the trapping efficiency of flexuous potato viruses X. 
S and Y (PVX, PVS and PVY) in immune electron microscopy were 
evaluated. Addition of ethylene-diamine-tetraacetic acid to the ex­
traction buffer improved trapping of PVY. adversely affected PVS 
but not PVX. Combinations of antisera had differential adverse 
effect on trapping which was maximum with the mixture of three 
antisera. Mixture of antisera to PVX and PVY had the least adverse 
effect on trapping of PVX and PVY as compared to the mixture with 
PVS antiserum. Trapping of PVX and PVY was good and almost at 
par at all the dilutions of the antisera while that of PVS was good up 
to 1000-fold only. Prolonged virus acquisition time significantly 
increased the number of virions trapped. Trapping was affected both 
by the pH of the antiserum and the extraction buffer, while in the 
case of PVY it was also affected by the host species. 

Key words: PVX; PVS; PVY; buffers: antisera combinations: immune 

electron microscopy 

Introduction 

Immune electron microscopy (IEM) is a well documented and a highly 
sensitive virus detection technique (Milne and Luisoni, 1977; Khurana and 
Garg, 1989). The technique has also been found to be highly effective for potato 
viruses (Roberts and Harrison. 1979; Braun and Opgenorth. 1987; Garg and 
Khurana, 1988; Singh et al., 1990). Factors like type and pH of the extraction 
buffer, antiserum dilution and its pH, incubation period for virions trapping 
(virus acquisition time, VAT) and pre-treatment of the grid with protein-A and 
ethidium bromide (Balen, 1982; Cohen  et al.. 1982; Milne. 1986; Pares and 
Whitecross, 1985; Shukla and Gough. 1979) influence the efficiency of IEM. 
They affect the efficiency of IEM differently for different viruses (Cohen et al.. 
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1982). This paper reports results of the studies on the effect of extraction buffers 
pH as well as of trapping antisera, VAT, antisera combinations and host species 
on trapping efficiency of three common flexuous potato viruses, PVX (potex-
virus), PVS (carlavirus) and PVY (potyvirus). 

Materials and Methods 

Virus extracts. Pure cultures o f  P V X ,  P V S  and P V Y "  maintained in Nicotiana g/uiinosa. potato cv. 
Craig's  Defiance and A', tabacum cv. Havana, respectively at Central Potato Research Institute. 
Shimla were  used.  Besides, potato cv. Kufri Chandramukhi  and  Datura metel were  also inoculated 
with P V Y " .  Crude  virus extracts w e r e  prepared by  homogenizing 0.5 g o f  infected leaf t issue with 
4 ml o f  the b u f f e r  in a mortar with pestle. T h e  slurry thus  obtained w a s  diluted with the b u f f e r  and 
then passed through a loose w a s  o f  cotton wool and the  filtrate served a s  the crude virus extract. 

Buffers. T w o  buf fers ,  namely Sorensen's  phosphate b u f f e r  (PB) (0.1 mol/l. pH 7.2) alone and the 
s a m e  supplemented with 0.1 mol/1 disodium-ethylenediamine-tetracetic acid (PB+EDTA) w e r e  
used to prepare the  virus extracs. Besides these.  PB extraction b u f f e r s  pH 6.0 and 8.0 were  also used.  

Antisera. Polyclonal antisera to purified P V X .  P V S  and P V Y °  (Khurana  et at.. 1987; 1990). raised in 
rabbi ts  h a d  initial microprecipi t in t i ters o f  1:2000. 1:512 a n d  1:512. respectively. P V X  an t i s e rum was  
first d i lu ted 1:4 with 0.85 % saline t o  m a k e  it equa l  t o  t hose  o f  P V S  a n d  P V Y .  T h e n  all t h e  ant isera  
w e r e  di lu ted 1:600. 1:1000 a n d  1:1600 with sal ine f o r  use .  

Coating of grids with antisera and virion trapping. C o l o d i o n - c o p p e r  grids were  coated with d i f ferent  
d i lu t ions  o f  individual ant isera  a s  well a s  the i r  combina t ion  by f loat ing o n  20 p \  d r o p s  f o r  20 m i n  
fol lowed by wash ing  with 30 d r o p s  o f  distilled wa te r  a n d  dra in ing  briefly by touching  t h e  grid edge  
with filter paper.  T rapp ing  o f  vir ions was  carried o u t  by i m m e d i a t e  t ransfer  o f  ant isera  coated grids 
o n t o  20 n \  d r o p s  o f  c r u d e  virus extracts.  In all cases,  un less  o therwise  stated,  t h e  react ion proceeded  
fo r  I h r  at 37 " C  in h u m i d  Petri d ishes .  G r i d s  were  t h e n  washed  a n d  dra ined as  m e n t i o n e d  a b o v e  a n d  
negatively s ta ined with 2 % a q u e o u s  uranylacetate .  

Effect of buffers. Vi rus  extracts  used  w e r e  prepared in t h e  t w o  bu f f e r s  (PB a n d  P B - E D T A )  at a final 
di lut ion o f  1:2000 f o r  P V X .  a n d  1:30 fo r  P V S  a n d  PVY.  G r i d s  coa ted  wi th  1:1000 di luted individual 
ant isera  were  used  fo r  t rapping a s  already described.  

Effect of pH of antiserum and extraction buffer. P V X  a n d  P V S  extracted in P B  a n d  P V Y  in 
P B  + E D T A ,  p H  6.0. 7.2 a n d  8.0 at final d i lu t ion (w/v )  o f  1:2000 f o r  PVX a n d  1:30 f o r  P V S  a n d  P \ T  
w e r e  used .  G r i d s  w e r e  coa ted  with 1:1000 di luted ant isera  p H  6.0. 7.0 a n d  8.0. 

Effect of antisera combinations. PVX a n d  P V S  extracted in P B  p H  7.2 a n d  P\"Y in P B  + E D T A  p H  
7.2 were  u sed .  C o m b i n a t i o n s  of  ant isera  f o r  coat ing t h e  grids w e r e  P V X - P V S .  P V X + P V Y .  
P V S  + P V Y  a n d  P V X + P V S + P V Y .  Each  combina t ion  h a d  t h e  s a m e  th r ee  d i lu t ions  o f  1:600. 1:1000 
a n d  1:1600 ( i . e .  individual ant isera  in t h e  mix tu res  h a d  these  di lut ions) .  

Effect of simultaneous trapping for more than one virus. Vi rus  extracts  prepared a s  descr ibed in 
p r e c e d i n g  p a r a g r a p h  a n d  t h e i r  m i x t u r e s  i . e .  P V X + P V S .  P V X  + P V Y .  P Y S - P V Y  a n d  
PVX + P V S  + PVY having t h e  s a m e  individual virus concent ra t ion  (1:2000 for  P V X  a n d  1:30 fo r  P V S  
a n d  P VY)  were  used .  Trapp ing  was  d o n e  by coat ing  grids with individual ant isera  a s  well a s  the i r  
comb ina t i ons  where  di lut ion o f  each  an t i se rum w a s  main ta ined  at 1:1000. 

Effect of VAT. G r i d s  coa ted  with individual ant isera  di lu ted 1:600 a n d  1:1000 w e r e  used  t o  t rap  
virions. Vi rus  extracts  u sed  h a d  a final d i lu t ion o f  1:4000 for  P V X  (with PB). 1:100 fo r  P V S  (with PB) 
a n d  PVY (with PB + E D T A ) .  V A T  was  1. 6 a n d  24 hr.  G r i d s  w e r e  incubated  fo r  1 h r  at 37 ° C  a n d  t h e n  
t ransferred t o  4 " C  for  6 h r  a n d  24 hr.  

Data recording. In each exper iment ,  v i rus  particles were  c o u n t e d  at a displayed magnif icat ion o f  
21 000 x o n  a f luorescent  screen (5x4 cm) .  T e n  c o u n t s  f r o m  each  grid squa re  w e r e  m a d e  ( C o h e n  et 
at.. 1982) a n d  their  m e a n  calculated.  F i f teen  such  m e a n s  were  de t e rmi ned  f r o m  15 squares  o f  th ree  
grids per  t r ea tment .  T h e  g rand  m e a n  did not  differ  significantly f r o m  individual m e a n s .  
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Results 

Effect of buffers 

The results (Table 1) revealed that extraction of PVY with PB caused 
aggregation of virions while PB supplemented with EDTA prevented it and 
resulted in uniform distribution of virions on the grid. However, addition of 
EDTA to PB for the extraction of PVX had no effect both on trapping and 
distribution of virions. On the contrary, trapping and distribution of PVS was 
better with PB alone and adversely affected when PB had been supplemented 
with EDTA. 

Effect of pH 

Results on the effect of pH of the extraction buffer as well as that of the 
antiserum on trapping of virions are given in Fig. 1. Trapping of PVX was higher 
with antiserum having pH 8.0 and the highest when extraction buffer pH was 7.2. 
On the other hand, trapping of PVS was higher with antiserum having pH 6.0 
and the highest with combination of antiserum pH 6.0 and extraction buffer pH 
either 6.0 or 8.0. Trapping of PVY also depended on the host species. Crude 
virus extract from potato cv. Kufri Chandramukhi was maximal with a combina­
tion of antiserum pH either 7.0 or 8.0 and extraction buffer pH 7.2. while the best 
combination in case of N. tabacum cv. Havana was the antiserum pH 6.0 or 8.0 
and the extraction buffer pH 7.2. On the contrary, the best combination in the 
case of PVY infected Datura metel was the antiserum pH 7.0 or 8.0 and the 
extraction buffer pH 6.0. The ratio of maximal to minimal trapping varied from 
about 3 to 10 depending on the virus, the pH of the extraction buffer and that of 
the trapping antiserum. 

Effect of dilutions and combinations of antisera 

Data on the effect of antisera dilutions and their combinations on trapping are 
illustrated (Fig. 2). Maximal trapping in the case of PVX and PVY was observed 
with 1:1000 dilution and only slightly lower with antisera diluted to 1:600 and 
1:1600. In the case of PVS, it was maximal with 1:600 but markedly reduced at 
1:1600 dilution. Trapping of PVX and PVY was satisfactory with a mixture of 
PVX+PVY antisera at all the dilutions tested but reduced greatly with a mixture 
of PVX+PVS+PVY, or PVX+PVS, or PVY + PVS antisera. In other words. 

Table 1. Effect of  extraction buffer o n  trapping of potato viruses i n  I E M  

A v e r a g e  n u m b e r  o f  v i r u s  pa r t i c l e s  o n  t h e  s c r e e n  

P V X  P V S  P V Y  

P B  
P B + E D T A  

23 .5  ± 2 . 5  
22.5 ± 2 . 2  

7.6 ± 1 . 4  
3.3  ± 0 .5  

A s a r e a a t e s  
1CL2 ± 1.8 
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Fig. 1 
Effect o f  host. pH o f  extraction buffer  and antiserum on trapping o f  potato viruses 

PVS (A), I'VX (B). PVY (C. D. E). Source o f  PVY: Potato (C). \icoiianci tabacitm cv. Havana (D). 
Datura metel (E), p i l  o f  extraction bufľcr 6.0 (O). 7.2 (A) and  8.0 (•). 
Ordinate: average number  o f  trapped virions. Abscissa: pH o f  antiserum. 
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mixing of PVS antiserum with that against PVX or PVY adversely affected the 
trapping of PVX and PVY. Similarly, trapping of PVS was also reduced upon 
mixing its antiserum with either PVX or PVY or both. 

Effect of simultaneous trapping 

Results of studies on simultaneous trapping of more than one virus with 
a combination of antisera are given in Fig. 3. Simultaneous trapping resulted in 
reduced number of virions i. e. trapping of two or three viruses from a mixture 
resulted in less than half the number of virions which could have been trapped 
by individual antiserum. Further, when a virus trapped with individual homolo­
gous antiserum was decorated, about 50 °o of the virions got dislodged during 
decoration. Simultaneous trapping followed by decoration also revealed that 
trapping of PVS and PVY together resulted in disproportionately higher amount 
of PVS even thouah the mixture contained sliehtlv hiaher concentration of 
PVY. 
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E f f e c t  o f  c o m b i n a t i o n  o f  ant i se ra  o n  trap ­

p i n g  o f  p o t a t o  v i r u s e s  
O r d i n a t e :  a v e r a g e  n u m b e r  o f  v i r i o n s  t r a p ­
p e d  w i t h  a n t i s e r a  ( c o l u m n s ) .  A b s c i s s a :  d i ­
l u t i o n  o f  a n t i s e r a .  

In i t ia l  t i t e r  o f  all  a n t i s e r a  w a s  a d j u s t e d  t o  
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Fig. 3 
Simultaneous trapping o f  potato viruses in 

IEM with mixtures o f  antisera 
A :  trapping antisera. B: decorating antisera 
Virions decorated I black columns I. Virions 
left undecorated (hatched columns). 
Ordinate: average number  o f  virions trap­
ped. Abscissa: antisera (mixtures). 

EJject of V A T 

VAT had a marked effect on trapping of virions (Table 2). Per cent increase in 
trapping with a VAT of 6 hr as compared to 1 hr was 49-79 (for PVS) and 186-
194 (for PVY). while with 24 hr VAT it was 193-198 (for PVS) and 800 (for PVY). 
An increase in trapping of PVX virions with increase in VAT was higher than 
that observed in PVS but lower than that in PVY. 

Table 2. Effect of VAT on trapping of potato viruses in IEM 

Increase in trapping in 

Antiserum 
dilution PVX PVS PVY 

6 hr 24 hr 6 hr 24 hr 6 hr 24 hr 

1:600 
1:1000 

I III 
110 

280 
280 

79 
49 

198 
193 

194 
1 8 6  

800 
560 

100% - trapping at VAT 1 hr 
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Discussion 

Trapping efficiency of the three fiexuous potato viruses, PVX. PVS and PVT. 
differed with the extraction buffer, antiserum dilution, combinations of antisera 
and the VAT. Addition of EDTA to the PB for extraction of the viruses did not 
reduce trapping of PVX and PVY but did so in the case of PVS. EDTA may 
interfere with the release of PVS virions from host cells during extraction, or 
with the binding of virions to antibodies on the grid. 

Dilutions of antisera also influenced the trapping efficiency which was 
observed to differ for different potato viruses. Since homologous titers of the 
antisera used were brought to the same level, it might be due to different 
amounts of antibodies required for optimal trapping of different viruses depen­
ding on their intrinsic affinity (de San Roman et al., 1988). Thus, optimal 
trapping in the case of PVX and PVY was at 1:1000 diluted antiserum but in the 
case of PVS it was at 1:600. The increase in VAT from 1 to 6 and 24 hr. 
progressively increased the number of virions trapped. Such an increase in 
trapping with increase in VAT has also been reported (Cohen et al.. 1982: Pares 
and Whitecross, 1985). Increase in VAT may be particularly useful when virus 
titer in the extract is very low. 

The level of trapping varied according to the virus. pH of the trapping 
antiserum and the extraction buffer, and the host species. Trapping in the case of 
PVY was also affected bv the host species as reported earlier by Cohen e; al. 
(1982). 

The detection of any of the suspected viruses with a combination of antisera is 
advantageous for saving time and labour as reported in ELISA (Banttari and 
Franc, 1982; Salazar, 1979). provided it does not affect the sensitivity of IEM. 
The results revealed that coating with PVX+PVY antisera trapped PVX or PVY 
with a comparatively less adverse effect than with mixture of antisera including 
PVS, which trapped lesser virions. This effect could be probably due to the 
competition amongst different antibodies for the sites on the grids. However, 
a greater adverse effect of PVS antibodies could not be explained. 
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