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In 1956 a new method was proposed for isolat ing and purifying an imal  and plant  viruses [4]. The method 
was based on the deprote in iza t ion  of a suspension containing the virus by means of fluorocarbon (Freon - 112). 

These experiments  were repeated [2, 3], and the method of fluorocarbon (Arcton-63)  purif icat ion was suc -  
cessfully used for isolat ing and e lect ron microscope studying of the Rous sarcoma virus. A deta i led  descript ion of 

fluorocarbon purif icat ion of this virus is given in another work [9]. In this investigation, carried out with the B 77 
chicken fibromyxosarcoma virus, the author was able,  after sixfold t reatment  of the tumor extract  with flurocarbon 
(Ledon- 113), to apprec iably  purify it from nonviral  protein and with subsequent ul t racentr i fugat ion to obtain a 
residue of highly ac t ive  virus. Even more effect ive was a sixfold extract ion with Freon of a suspension of the virus 
pre l iminar i ly  prec ip i ta ted  on the ul tracentr ifuge.  

The successful deve lopment  of methods of purifying Rous virus from tissue proteins is of  pr imary importance 

for investigations involving a number of problems: the interrelationship of this virus with the tumor cel l ,  the a n t i -  
genic and immunogenic  properties of Rous virus, the genetic and b iochemica l  investigations of viral  RNA, and 
others. The method of  dif ferent ia l  centr i fugat ion [1, 6, 8] previously used for purifying this virus proved to be 

insufficiently effect ive for the aforementioned purposes, since the viral  preparat ion obtained in this case contained 
an apprec iable  admixture  of tissue tumor protein. The combined method of purif icat ion with the use of f luro- 
carbon (Freon-  113) and ul t racentr i fugat ion has defini te  advantages in this respect.  At  the same t ime the afore 

ment ioned works, where fluorocarbon was used for Rons virus purif ication,  contain cer ta in  contradictions.  Thus, 
according to some data [8] ul t racentr i fugat ion of the Freon-purifiedRons virus at  144,000 g led to the formation of 
a smal l  dense prec ip i ta te  having a weak oncogenic act ivi ty .  The supernate, on the other hand, contained the bulk 
of the act ive virus, tn another study [9] opposite results were obtained: i t  was possible to prec ip i ta te  the bulk of 
the virus by ul t racentr i fugat ion at 80,000 g from an extract  pre l iminar i ly  purified by Freon. 

In connection with the contradictory data in the l i terature and in view of the great importance of the prob-  

lem of purifying oncogenic viruses, we considered it expedient  to obtain our own exper imenta l  data on this prob-  
lem. 

M E T H O D  

The present study was carried out with Rous sarcoma (Carr strain) passaged on 4 - w e e k - o l d  White Russian 
chicks by means of a ce l l  suspension. The tumor, freed from hemorrhagic and necrot ic  areas, was extracted with 
0.02 M phospha te -c i t r a te  buffer (pH 7.2) with sucrose (0.25 M solution). The buffer was used in a quanti ty equal  
to 1 /5 -  1/10 of  tissue weight. A solution of hyalouronidase in an end concentrat ion of 1% was added to the e x -  
tract.  The tissue was ground in a blenderat  16,000 rpm for 8-  10 min or at 9000 rpm for 15- 20 rain~ After h o m o -  
genizat ion the extract  was centrifuged at  5000 rpm for 15 rain. Al l  these and subsequent manipulat ions were done 

at  0-  2 ~ To the supernate of the extract  (SE) we added fluorocarbon (Freon- 113) in a volume equal  to half  the 
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Purification of Virus by the Method of UltracentrifugationA fter Its Twofold Purificationwith Freo~ 

No, of 
Experiment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

SE after 2-fold Freon 
treatment 

Virus 

titer 

1 : 10 0 0 0  
1 : 2 5  0 0 0  
1 : 5 0 0 0  
1:1 0 0 0  
1 : 10 000 
1:1 000 
1 : 10 000 
1 : 5 0  0 0 0  
1:100 
1 : 1 000 

Pro rein 

(in m$/ml) 

3,12 

3~75 
1,2 
2,92 
2,t) 
2,12 
5, (~8 
2,5 

Virus 

tger 

1 : 50o 
1 : 1 000 
1 : 1 000 
1:10 
1 : 100 
1 : lO0 
1 : 500 
1 : 5  000 

1:10 

Precipitate after 
ultracentrifugation 

Pro tein 

(in mE/m1) 

0,76 

0,72 
0,1 
0,3t 
o, 75 
0,5 

,67 
,3~ 

SE after 

ultracentrifugation _. 

Virus Protein 

titer _ (inmg_/m 1 ) 

t : 10 2,58 
1:10 
- 2,52 
--- 1 , 0 6  

t : 10 2,47 
.... 1 , 6 2  
- - 1 , 8 7  

1 : 10 5,06 
.... 2,34 

Comment:  The preparation is biologically inactive; the unfilled lines indicate that 

the protein was not determined. 

volume of the SE. The mixture of SE and Freon was thoroughly mixed in a blender at 16,000 rpm for 3- 5 rain and 

then centrifuged at  3000 rpm for 5 min. The supernate of the extract formed here (SE I) contained the virus, and 

the precipitate consisted of a compound of the tumor protein and Freon. Treatment  with Freon was done 5- 6 times 
until  the addition of Freon caused the formation of the precipitate, and a thin white film formed at the boundary 

of the interaction of the SE and Ereon. 

The biological  activity of the fractions obtained after Freon treatment (SE I-SE IV) was tested by intra-  

cutaneous inject ion of the test materials into two fresh chickens. At the same time the SE of the ini t ia l  extract 

was titered on these same chickens. The protein in the test samples was determined by the micro-Kjeldahlmethod.  

R E S U L T S  

It was estimated in the experiments that a 5 - 6 -  fold treatment of the extract with Freon causes about a 

30% drop in the protein content, the biological activity of the virus in this case dropping about 10- 100 times. To 

elucidate the question as to whether such a drop of activity during Freon treatment  is associated with mechanical  

precipitation of the virus together with protein, we set up experiments in which the precipitate (Freon + protein) 
was resuspended in the starting volume of buffer, thoroughly mixed in a blender for 5-10 min, and centrifuged at 

3000 rpm. The supernate was titered on chickens. 

The results obtained confirmed the assumption that a certain portion of the virus is mechanica l ly  precipitated 

with the protein upon treating the extract with Freon. Here we observed a direct relationship between the mass of 
precipitate and its content of virus: the largest precipitate formed after the first addition of Freon contained virus 

in a 1:100-1:10 titer. The volume of the precipitate after the second treatment of the extract with Freon was 

appreciably less, and the precipitate either did not contain the virus at a l l  or contained it in a small  quantity. 
Taking these data into account, we carried out al l  subsequent experiments in the following manner: the precipitate 

of protein with Freon was suspended each time in 20- 30 ml  of buffer, mixed in a blender, and centrifuged. The 

supernate was added respectively to SE I - IV and only after this was the next extraction with Freon done. With this 
setup of the experiments the first two extractions with Freon as a rule did not cause a drop in the activity of the 
virus in comparison with the starting SE. However, with 5- 6- fold treatment with Freon the activity of the virus 
dropped by a factor of 10-100. These data indicate that in addition to mechanica l  loss of the virus its partial 

inact ivat ion occurred during the long treatment with Freon. 

Taking this fact into account, and also that the bulk of the protein is precipitated by Freon in the first two 

extractions, in subsequent experiments we purified the virus in the following manner: the supernate of the tumor 
extract was treated twice with Freon and then the virus was precipitated in the ultracentrifuge at 39,000 rpm for 
1 ~  h at 0-2*. The precipitate,  which formed as a thin film, was resuspended in 5-10  mlo f  buffer or Earl's 
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solution (pH 7.2) and thoroughly ground in a manual  glass mixer.  The volume of the suspension was brought up to 

the in i t ia l  volume, after which the resuspended prec ip i ta te  and supernate, which were taken in descending dilutions, 

were in jected intracutaneously into 2 chickens. In each exper iment  t i t rat ion of the in i t ia l  extract  and the SE after 

twofold t rea tment  with Freon and of the prec ip i ta te  and SE after ul t racentr i fugat ion was done on the same pair of 

chickens. 

The results of these experiments  are given in the table.  They indicate  that with the proper centr ifugation 

conditions i t  is possible to prec ip i ta te  from the extract  the bulk of the virus (experiments No. 2, 3, 6, 8). i t  is 
necessary, however, to note that in a number of experiments  (No. 1, 4, 5, 7, 9, 10) the virus t i ter  in the prec ip i ta te  
was 20-100 times lower than in the extract  before ultracentrifugation.  The supernate after ul t racentr ifugat ion was 
either comple te ly  without virus or it contained it in an insignificant quantity. At the same t ime the bulk of  the 

tumor protein (about 83% on the average) remained in the supernate. For further purif icat ion of the viral  prec ip i ta te  
from other proteins, we set up exper iments  in which the prec ip i ta te  obtained after  ul t racentr i fugat ion of the Freon-  
purified extract  was again subjected to 2 - 3  fold t rea tment  with Freon by the method described above. The prepa-  
rations obtained were t i tered on chickens and we invest igated the protein content (by the mic ro -Kje ldah l  method 
or test with ace t ic  acid). 

The obtained results indicate  that the above-desc r ibed  combined method (purif icat ion of  the extract  with 
Freon before and after ul tracentr ifugation) makes it possible to obtain highly purified preparations which do not 
contain slight traces of  tissue protein. 

However, we were not able  to obta in  by this method a highly ac t ive  viral  suspension: in two experiments  
the preparations were inact ive  in general ,  in two the titer of  virus reached 1 : 10, and only in two experiments 
was i t  1 : 100. These results are in contradic t ion with the data ci ted above [9], according to which highly ac t ive  
viral  preparations could be obtained after  sixfold t rea tment  with Freon of a suspension of virus prec ip i ta ted  at  
80,000 g. At  the same t ime investigators who have purified infectious viruses by means of  fluorocarbons have 
noted in a number of cases inact iva t ion  of  these viruses during purif ication.  For example ,  the t i ter  of Aujeszky 
virus after threefold t rea tment  of the infectious culture liquid with Ledon-113 dropped from 108 to 102 TIDs0/ml [7]. 
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