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Abstract .  Purification and preservation of potato virus X from leaf sap of tobacco plants before 
lyophilization was carried out by two methods: 1) precipitation by polyethylene glycol and ultra- 
eentifugation, and 2) precipitation by ammonium sulphate, chromatography on Sephadex G-50 
and ultracentrifugation. The first method is preferable to the second because the final preparation 
contains more virus antigen. Both preparations were strongly infectious and maintained antigenic 
properties after lyophilization. 

To achieve a more gentle course of lyophilization of virus preparations, addition of urotropine 
and dextran T-10 to the virus suspension, purified by the precipitation by polyethylene 
glycol-6000, was examined. Addition of urotropine was proved unsatisfactory, because only anti- 
genie properties were maintained after lyophilization while the infectivity disappeared. But we 
can recommend addition of dextran T-10 up to a concentration of 6 ~o to the preparation of virus 
antigen before lyophilization. The course of ]yophilization is much rapider, the lyophilized product 
can be very easily dissolved in water and is not hygroscopic. The product is strongly infectious 
and gives the serological precipitation reaction in a dilution four times that of X virus antigen 
lyophilized without addition of dextran T-10. 

P r e s e r v a t i o n  o f  p l a n t  v i r u s e s  w i t h  fu l l  b i o l o g i c a l  a c t i v i t y  is  v e r y  i m p o r t a n t  
for  v i r o l o g i c a l  r e s e a r c h ,  b e c a u s e  i t  p e r m i t s  w o r k  in  a l l  s e a s o n s  w i t h o u t  
r e q u i r i n g  f ie ld  or  g r e e n h o u s e  g r o w i n g  o f  h o s t  a n d  i n d i c a t o r  p l a n t s .  

T h e  b e s t  m e t h o d  o f  p r e s e r v a t i o n  o f  p u r i f i e d  a n d  c o n c e n t r a t e d  v i r u s  p r e p a -  
r a t i o n s  is  l y o p h i l i z a t i o n .  T h e  q u a l i t y  o f  t h e  f ina l  p r o d u c t  o f  l y o p h i l i z a t i o n  is 
a f f e c t e d  n o t  o n l y  b y  t h e  m e t h o d  o f  p u r i f i c a t i o n  a n d  c o n c e n t r a t i o n  o f  v i r u s  
b u t  a l so  b y  t h e  w a y  l y o p h i l i z a t i o n  is  c a r r i e d  ou t .  

P r e s e r v a t i o n  b y  l y o p h i l i z a t i o n  s u s p e n s i o n s  o f  p o t a t o  v i r u s  X a n d  Y w h i c h  
w e r e  o b t a i n e d  f r o m  t h e  l e a f  s a p  o f  t o b a c c o  p l a n t s  i n f e c t e d  w i t h  t h e s e  v i r u s e s  
h a s  b e e n  p r e v i o u s l y  d e s c r i b e d  b y  J E ~ O L J E V  a n d  P~ff~A (1957) a n d  b y  
BOJARSKY (1961).  A n t i g e n i c  p r o p e r t i e s  we re  p r e s e r v e d  a f t e r  l y o p h i l i z a t i o n ,  
b u t  t h e  t i t r e s  o f  t h e s e  p r e p a r a t i o n s  we re  low.  A l y o p h i l i z e d  p r e p a r a t i o n  o f  
p o t a t o  v i r u s  X o f  h i g h e r  t i t r e  w a s  l a t e r  p r e p a r e d  b y  ALBRECHTOV~ e t  el.  
(1968).  B u t  r e d u c t i o n  o f  t h e  t i t r e  o f  l y o p h i l i z e d  v i r u s  p r e p a r a t i o n  o c c u r s  
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during lyophilization. We have observed tha t  one reason is the considerable 
hygroscopicity of the lyophilized preparation; another reason is the residual 
humidi ty  in preparations. For this reason we wanted to test  substances which 
would eliminate those undesirable phenomena and would stabilize the virus 
suspension during lyophilization. We used urotropine (Shering) and dextran 
T-10 (Pharmacia, Uppsala).. In addition we compared two methods for pre- 
parat ion of purified and concentrated potato  virus X. In the first method 
precipitation by  polyethylene glycol is used (L~.BER~A~ 1966, A~RnCHTOVA 
and KLi~ 1968), and in the second method ammonium sulphate, column 
chromatography on Sephadex G-50 and ultracentrifugation (A~RECETOVA 
et al. 1968). 

Material and Methods 

C h e m i c a l  a n d  P l a n t  M a t e r i a l  

We used polyethylene glycol-6000 (Koch and Light), original solution 
of 20% urotropine (Hexamethylentetramin)  (Schering) and original solution 
of 20% dextran T-10 (Pharmaeia Uppsala). Plants  of tobacco hybrid (Nico- 
tiana tabacum L.) S 390-1 from Velk:# Bs infected with pota to  virus X, 
were the virus source. 

Crude E x t r a e t  

One hundred grams of frozen leaves of tobacco plants (freezing time one hour) 
infected with potato  virus X were homogenized in a mortar  with 80 ml 
of 0-007 ~ phosphate buffer, pH 7.8, which contained 0-01 ~ veronal, 0-01 M 
eysteine and 0-007 ~ EDTA (MUI~DRY and I~6HMER 1958). The sap was 
expressed through silon cloth and centrifuged at 9 000 • g for 10 minutes. 
We then proceeded according to two different methods. 

V i r u s  P u r i f i c a t i o n  ~ M e t h o d  I. 

We added to a 50 ml portion of supernatant  0.73 g NaC1 (solution 0.25 
NaC1) and 6.25 g polyethylene glycol-6000 (to a concentration of 12.5%) 
slowly and under stirring, and the mixture was then centrifuged at 10 000xg  
for  15'minutes. The sediment was dissolved in 12 ml of 0.01~ phosphate buffer, 
p i t  7.0, and centrifuged in a Spinco L centrifuge for one hour at 40000 rev./min, 
the sediment was dissolved in 5 ml of 0-01 • phosphate buffer, p t I  7.5, and 
insoluble material was removed by  centrifugation at 5000x g for 10 minutes. 
The supernatant  containing the purified X virus in the concentration 1"27 mg 
of virus protein in 1 ml, was then lyophilized. 

M e t h o d  II.  

We added to another 50 ml portion of supernatant  a cold saturated 
solution of ammonium sulphate to a concentration of 38% and the mixture 
was kept  for about  30 minutes in an icebox. The precipitate was then sepa- 
ra ted  b y  centrifugation for 10 minutes at  9 000 x g. The sediment was dissolved 
in 10 ml of 0.01 M phosphate buffer and briefly centrifuged to remove coarse 
insoluble particles. The supernatant  was chromatographed on a Sephadex 
G-50 column, equilibrated with 0.01 M phosphate buffer, pH 7.8, and eluted 
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with the same buffer. Fractions which reacted positively with homologous 
antiserum, were combined and centrifuged on the Spinco L. ultracentrifuge 
for 1 hour at 40 000 rev./min. The sediment was dissolved in 5 ml of 0.01 M 
phosphate buffer, p H  7.5 and again centrifuged for 5 minutes at  3 000xg .  
The virus purified in this way  was lyophilized on a special apparatus  for 
lyophilization "Laboratornl  pot?eby".  

Experiments with Dextran 

In experiments with dextran we proceeded as follows: Purified virus was 
obtained from 50 g of leaves of  tobacco plants infected with potato  virus X 
using precipitation by  polyethylene glycol. The sediment after ultracentri- 
fugation was suspended in 5 ml of phosphate buffer and divided into 4 por- 
tions of 1.25 ml for lyophilization. Dextran T-10 was added in these variants: 
1) without  addition of dextran, 2) addition of dextran to 3%, 3) to 4.5%, 
and 4) to 6%. Lyophilization was carried out  on a laboratory glass apparatus.  

Results 

Both virus preparations obtained from the same clarified sap were tested 
for their relative amount  of virus antigen. The relative amount  of virus anti- 
gen was found by  the determination of virus end-point dilution of  sap 
with positive reaction. The results of serological precipitation reactions are 
given in Table 1. 

TABLE 1 
P:RECIPITATIOI~ reaction with homologous antiserum 

Preparation 
of potato 
virus X 

Before lyo- 
philization 
:Method I .  
lViethod II .  

After lyo- 
philization 
l~ethod I. 
Method II .  

Dilution of virus antigen 

1]4 1/8 1/16 1]32 1/64 : 1/128 1/256 1/512 

-4-4--4-4--4-4-3 -4-4--4-4--4-4-3 -4-4--4-4--4-4-3 -4--4-3 -4--4-3 -4-4--4-4--4-4-2 -4--4-2 -4--4-2 
-4--4--4-3 -4--4--4-3 -4--4--4-3 -4--4-3 -4--4-2 -4-1 -- --  

-4--4-3 -4--4--4-2 -4--4-2  . . . . .  
-4--4--4-2 -4 - -4 -2  . . . . . .  

Dilution 
of leaf 

sap from 
healthy 
plants 

1/4 

m 

m 

Amount  of virus antigen in the preparation obtained with the first method, 
and that  obtained by  precipitation with polyethylene glycol, was before 
lyophilization about  fourfold tha t  of the preparation obtained with the second 
method (using ammonium sulphate, Sephadex G-50 and ultracentrifugation). 
Precipitation with polyethylene glycol results in a more concentrated virus 
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preparation in comparison with tha t  obtained by precipitation with ammo- 
nium sulphate, when the starting material  is the same. One possible reason 
could be the fact tha t  the non-ionogenic polymer, polyethylene glycol, acts 
more gently on the virus protein than  ammonium sulphate. Losses in virus 
protein take place when the virus is precipitated with cold saturated solution 
of ammonium sulphate to 38 % saturation, because of its partial denaturation.  

However during lyophilization there were losses of X virus antigen pre- 
pared by both methods. The X virus preparation obtained using precipi- 
tat ion by polyethylene glycol resulted in a better lyophilized product  only 
because of the higher content  of virus antigen before lyophilization. 

Infect ivi ty of both lyophilized preparations was determined, after dissolv. 
ing, on plants of Nicotiana tabacum and Datura stramonium. Both prepa- 
rations were strongly infectious. 

Because of the high hygroscopicity of the end product which is the main 
reason for losses during lyophilization, we tried, as we had done with antisera 
(JER~CIOLJEV and ALBRECHTOV~. 1968), to lyophilize purified and concentrated 
X-virus preparations with addition of stabilizing substances such as uro- 
tropine and dextran T-10. 

Urotropine, added to the purified X virus before lyophilization up to the 
concentration 4.5% was found unsuccessful. Losses of X virus antigen were 
greater during lyophilization with urotropine than without  it. Though the 
preparation maintained antigenic properties, the infectivity disappeared 
completely; the preparation without urotropine was infectious. 

Good results were obtained with dextran T-10 as stabilizing material. 
Lyophilization of X virus antigen occured with dextran much quicker than 
without  it, and the lyophilized product  could be very easily dissolved in 
water. The course of lyophilization and the characteristics of the product  are 
given in Table 2. 

TABLE 2 

OBSERVATIO~ of the course of lyophilization 

Lyophilized antigen 

Variant 

Original 

+ 3 %  of dextran T-10 

+ 4 , 5 %  of dextran T-10 

+ 6 %  of dextran T-10 

Time necessary 
for 

lyophilization 
Hours 

3 

3 

2 

1.5 

Character 
of the 

lyophilized 
preparat ion 

compact 

very light, 
soft 

light, soft 

white, light, 
soft 

Character  
af ter  

dissolving 

faint ly 
t roubled 

very faint ly 
troubled 

very faint ly 
troubled 

very faintly 
troubled 

Infect iv i ty  
on Da tu ra  

s t ramonium 
plants 

strong 

medium 

strong 

strong 

Infect ivi ty of the lyophilized X virus antigen with addition of dextran T-10 
was tested on Datura stramonium plants and it was found tha t  the lyophilized 
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virus antigen maintained strong infectivity. I t  gave a serological precipitation 
reaction with homologous antiserum even at the dilution 1/512--1/!024 in 
comparison with the dilution 1/256 of the original lyophilized antigen. The 
presence of dextran T- 10 did not disturb the serological precipitation reaction. 

Sensitivity of serological precipitation reaction of different variants with 
homologous antiserum is given in Table 3. 

TXB~E 3 
SEI~,OLOGICAL PRECIPITATION reaction of potato virus X antigen with homologous antiserum. -- 
Sensitivity of different variants .  

Lyophilized 
antigen 

Variant  

Original 
+ 3 %  of dext ran  

T-10 
+ 4 , 5 %  of dext ran  

T-10 
+ 6 %  of dextran 

T-10 

Dilution of virus antigen 

1/32 1/64 1/128 1/256 1/512 1/I024 

+ + + 3  + + 3  + + 3  + + 2  -- -- 

+ + + 3  + + + 3  + + 3  + + 3  + + 2  

+ + + 3  + + 3  + + 3  + + 3  + 1  -- 

+ + + 3  + + + 3  + + + 3  + + 3  + + 2  + 1  

Dilution 
of leaf 

sap from 
heal thy  
plants  

1/32 

Lyophilization of potato virus X antigen, purified and concentrated using 
precipitation by polyethylene glycol 6000 and ultracentrifugation, occurred 
most favourably when 6% of dextran T-10 was added. The lyophilized X 
virus antigen, light, soft and easily soluble in water, is best sealed in small 
vials in vacuum and kept in an icebox. We suppose that under these conditions 
the lyophilized X virus antigen will maintain all biological properties and 
will store better than lyophilized X virus antigen without addition of dex- 
tran T- 10. 
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