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A p r e p a r a t i o n  of the T-an t igen  of v i rus  SV-40 was isola ted f rom an ex t r ac t  of golden h a m s t e r  
t u m o r s  by prec ip i ta t ion  with ammonium sulfate followed by f ract ionat ion on DEAE-ce l lu lose .  
Despite  100-fold pur i f ica t ion  of the p r e p a r a t i o n  it contained t r a c e s  of cel l  pro te ins  as i m p u r -  
i t i es .  T r e a t m e n t  of cal f  thymus  DNA with the p repa ra t ion  of T-an t igen  in the p re sence  of 
magnes ium ions cons iderab ly  reduced  the v i scos i ty  of the DNA solution during the f i r s t  hour  
of  incubation.  The T-an t igen ,  if inact ivated by heating, o r  the analogous f rac t ion  f rom n o r m a l  
h a m s t e r  t i s s u e s  had no such act ion.  During cent i r fugat ion in a suc rose  gradient  the s ed imen-  
ta t ion constant  of h a m s t e r  DNA was reduced a f t e r  t r e a t m e n t  with T-an t igen  f rom 28 S to 16 S, 
co r r e spond ing  to a reduct ion of about 4-5 t i m e s  in the m o l e c u l a r  weight of the DNA. It can be 
concluded f rom these  r e su l t s  that  the pa r t i a l l y  pur i f ied  p repa ra t ion  of T-an t igen  of v i rus  SV- 
40 p o s s e s s e s  endonuclease  ac t iv i ty .  
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One of the cen t ra l  p r o b l e m s  in v i rus  ca rc inogenes i s  is the study of the m e c h a n i s m s  of integrat ion of 
v i rus  DNA with the genetic appara tus  of the cel l .  It has been postulated that  encogenic v i ru se s  have a s y s -  
t em to incorpora te  t he i r  DNA act ive ly  into the DNA of the host cel l  and that  the key enzyme of this 
s y s t e m  is one coded by a v i rus  pos se s s ing  the p r o p e r t i e s  of an endonuclease;  f rom the t ime  of its a p p e a r -  
ance it mus t  belong to the " ea r l y "  v i rus  proe t ins  and immunologica l ly  it mus t  be ident ical  to the T - a n t i -  

gen [31. 

The poss ib le  nuc lease  act ivi ty  of the T-an t igen  of v i rus  SV-40 was invest igated.  

EXPERIMENTAL METHOD 

A 10%extract of hamster tumors, induced by virus SV-40, was used as the source of the T-antigen. 
The T-antigen was purified under the control of the complement fixation test (CFT) modified for Takaehi's 
micromethod. The sera of hamsters with tumors, with a titer of not less than 1 : 40-1 : 80, were used as 
the immune sera. The basic test was carried out in the cold, for 18 h at 4~ using the serum in a titer 
of 1 ; 4 with the addition of 1.5 and 2 doses of complement. The T-antigen was purified in two stages. 

A. Preliminary Purification of the T-antigen by Successive Precipitation of Proteins with Ammon- 
ium Sulfate [4]. The 10%extract, after centrifugation at 105,000 g for I h, was used for purification. Dry 
ammonium sulfate was added to the protein extract slowly in the proportion of 0.14 g to 1 ml of solution, 
with constant mixing in the cold for 30 min. The precipitate was removed by centrifugation, the super- 
natant was collected, and the same quantity of ammonium sulfate was again added to it, after which the pre- 
cipitation procedure was repeated. The precipitates obtained after the first and second procedures were 
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Fig. ! .  Frac t ionat ion  of T-an t igen  on DEAE-cel lu lose :  1) p r o -  
tein (A 280); 2) T-an t igen  (t i ter  in CFT).  

Fig. 2. Changes in v i scos i ty  of DNA t r ea t ed  with p repa ra t ion  of 
T-an t igen  and pancrea t i c  DNAase: ) inact ivated T-ant igen;  2) f r a c -  
t ion of no rm a l  t i s sue  analogous to T-ant igen;  3) v i scos i ty  of o r -  
iginal  DNA; 4) act ive p repa ra t ion  of T-ant igen;  5) pancrea t i c  DNAase.  
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Fig. 3. Changes in sedimenta t ion  
of DNA af te r  t r e a t m e n t  with p r e p -  
a ra t ion  of T-an t igen .  Cen t r i fuga-  
t ion in suc rose  gradient :  1 ) n e u t r a l -  
or iginal  DNA; 2) DNA +I-ant igen;  
3) alkaline - or iginal  DNA; 4) 
DNA + T-an t igen ,  

dissolved in I/I0 of the initial volume of 0.14 M NaCI solution. 

The f rac t ions  were  labeled as follows: f rac t ion  t) 0-20% s a t u r a -  
t ion with ammonium sulfate,  f rac t ion  II) 20-40% saturat ion,  f r a c -  
t ion Ill) not p rec ip i ta ted  at 40% satura t ion.  

The f rac t ions  were  dialyzed overnight  against  soIutions 
of the requ i red  ionic s t rength  (for the CFT, 0.14 M NaC1 solu-  
tion; for  f ract ionat ion on a column with DEAE-cel lu lose ,  0.02 M). 

B. Ion-Exchange Chromatography  of DEAE-Cel tu lose  [51. 
The following solutions were  used: for  equi l ibrat ing the DEAE- 
cel lulose and applying the prote in  - a 0.02 M sodium-phosphate  
buffer ,  pH 6.5 (solution 1); for  p repa r ing  the concentra t ion  g rad-  
ient - a 0.4 M NaC1 solution, 0.02 M sodium-phosphate  buffer ,  
pH 6.5 (solution 2). F rom 20 to 50 mg  prote in  f rom f rac t ion  II 
was applied to a column m e a s u r i n g  9 • 1.5 cm,  the column was 
washed with 30 ml  of solution 1, a f t e r  which the prote ins  were  
eluted with a smooth  NaC1 concentra t ion gradient  (30 ml  of each  

solutions 1 and 2). Fractions of 3 ml were collected. In some experiments a linear-stepwise gradient was 
used, so that the resolving power of the method was increased; the gradient was interrupted in the zone 
0.15 M NaCl. The protein concentration in the resulting fractions was determined spectrophotometrically, 
the NaCl concentration with the IRF-23 refraetometer, and the CFT was carried out in order to detect T- 
antigen in them. The purity of the preparations of the T-antigen was verified by electrophoresis in poly- 
arylamide gel: 7.5%gei, pH 9.5, current to the tube 3 mA, time 2 h. 

DNA was obtained from calf thymus for the viscosimetric tests by the usual method with sodium dode- 
eylsulfate and extraction with a mixture of chloroform and butyl alcohol. H3-1abeled DNA was obtained by 
the same method from transplantable hamster cells of line KhRO. The cells were grown in Eagle's medium 
with 10%serum in the presence of thymidine-H 3 in a dose of 4-6 #Ci/ml. To obtain DNA molecules homogen- 
eous in size, gel filtration was carrietl out through a column with Sepharose 2B (size of column 35 • 1.2 cm, 
0.01 M tris-buffer, 0.14 M NaCl, pH 7.8). The fractions collected contained about 50 ttg/ml DNA with a 
specific activity of 5000 pulses/min/~g. 

To detect hypothetical nuclease activity of the "early" virus proteins the action of T-antigen on the 
DNA was investigated by two methods: 1) viscosimetry; 2) sedimentation. 

I. The decrease in viscosity of the DNA solutions, which reflects the decrease in molecular weight 
of the DNA, was studied in the presence of T-antigen or nucleases. Fractions containing the maximal quan- 
tity of T-antigen were chosen for the investigation, part of the solution of T-antigen was inactivated by heat- 
ing to 56~ for 30 rain (control). The incubation mixture was prepared in the proportion of 1 #g DNA in 
the presence of Mg ++ ions (5 x 10 -3 M), pH 7.8. Incubation was carried out directly in the capillary vis- 
cosimeter, placed in a water bath at 37~ so that dynamic observations were possible. The relative vis- 
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cos i ty  was de te rmined  expe r imen ta l ly ,  the reduced  v i scos i ty  (7 red) was calculated,  and the graph of r e -  
duced v i scos i ty  v e r s u s  incubation t ime  was plotted.  

2. The sed imenta t ion  of the DI~A was inves t igated during centr i fugat ion in a suc rose  gradient  a f t e r  
t r e a t m e n t  with T-an t igen .  Doub le - s t r anded  b reaks  in the DNA could be de te rmined  by sedimenta t ion  in a 
neu t ra l  gradient ,  s i ng l e - s t r anded  b reaks  only in an alkaline gradient ;  consequently,  the sedimenta t ion  of 
H3-1abeled DNA was studied in both neu t ra l  and alkaline grad ien ts .  The DNA was t r e a t ed  with the T-an t igen  
p r e p a r a t i o n s  as follows. To a sample  of DNA-H 3 in a volume of 0.1-0.15 ml ,  containing not more  than 5-8 
#g DNA, 0.1 ml  of a p r epa ra t i on  of T-an t igen  containing 30-50 ~g pro te in  was added. To each  sample  one 
drop of 0.025 M MgCI~ was added. A l l  the solut ions were  made up in t r i s - b u f f e r ,  pH 7.8. The s amp le s  
were  incubated for  2 h at 37~ or  at 0~ (control) and centr i fuged in 5 -20%suc rose  densi ty gradients  at 
neu t ra l  and alkaline pH va lues .  The volume of the gradient  was 4.8 ml ;  the conditions of centr ifugation:  
SW50 ro to r ,  44,000 r p m ,  180 rain. The f rac t ions  were  col lected two drops  at a t ime f rom the bottom of 
the tube on f i l t e r  pape r s ,  fixed and washed with TCA solution, a f t e r  which the radioac t iv i ty  of the s amples  
was counted in a sc in t i l la t ion s p e c t r o m e t e r .  The sed imenta t ion  constants  and m o l e c u l a r  weight of the 
doub le - s t r anded  DI~A were  ca lcula ted  by the fo rmula  of Bergey  and Hershey  and by the appropr ia te  equa-  
t ions [1]. 

EXPERIMENTAL RESULTS 

Frac t iona t ion  of the T-an t igen  with ammon ium sulfate showed that  p rac t i ca l ly  all  the T~-antigen was 
p rec ip i t a t ed  at 20-40% sa tura t ion  (fract ion II); f rac t ion  I contained only t r a c e s  of T-an t igen  and f rac t ion  III 
conta inednone wha tever .  Only f rac t ion  II was t h e r e f o r e  used  for  the subsequent  pur i f ica t ion.  

A typ ica l  g raph  of ion-exchange c h r o m a t o g r a p h y  of the T-an t igen  on DEAE-cel lu lose  is shown in Fig. 
1. Al toge ther  41.2 m g  pro te in  of f rac t ion  II in a volume of 16 m l  was applied to the column. Frac t ions  
1-10 contained p ro te in  not adso rbed  on DEAE-ce l lu lose  and eluted with 0.02 M phosphate buffer .  F rac t ions  
f rom 11 to 30 were  col lec ted  dur ing the run through of NaC1 solution in a smoothly  increas ing  concen t r a -  
t ion f rom 0.02 to 0.4 M. With the aid of the CFT,  T-an t igen  was found in f rac t ions  f rom 18 to 26, the l a r g -  
e s t  amount  in f rac t ions  20 and 21, in  which i ts  t i t e r  was 1 : 32. The beginning of elution of the T-an t igen  
under  these  conditions began with 0.18 M NaC1 and reached  a m a x i m u m  with 0.21-0.23 M. No T-an t igen  
was detec ted  in the o ther  f rac t ions .  To e s t ima te  the degree  of pur i f ica t ion of the T-an t igen  f rom cel l  p r o -  
t e ins ,  the f rac t ion  with the m a x i m a l  content of antigen was studied by e l e c t r o p h o r e s i s  in po lyary lamide  
gel. Staining r evea l ed  four  bands of p ro te ins .  Calculat ions showed that  the method used yielded a p r e p a r a -  
t ion of T-an t igen  with an app rox ima te ly  100-fold degree  of puri f icat ion,  although it was not homogeneous:  
it contained at l ea s t  th ree  cel l  p ro t e ins .  

A study of the act ion of the T-an t igen  p r epa ra t i on  on DNA by the v i s c o s i m e t r i c  method showed that  
the v i scos i ty  of DNA incubated with T-an t igen  was reduced by more  than half  a f t e r  10 min  (Fig. 2). T - a n t i -  
gen, inac t iva ted  by heat ,  had no such p r o p e r t y .  Fo r  compar i son ,  the r e su l t s  of t r e a t m e n t  with pancrea t i c  
DNAase,  a n e n z y m e w i t h t h e  p r o p e r t i e s  of endonuclease  [2], is given; the enzyme was used  in a propor t ion  
of 1 ~g to 200 ~g DNA. The act ion of T -an t igen  was exhibited only in the p r e sence  of Mg ++ ions.  The de-  
c r e a s e  in the v i scos i ty  of  the DNA o b s e r v e d  cannot be explained by complex  fo rmat ion  between the DNA 
and p ro te ins ,  for  the v i scos i ty  of the pure  DNA was indist inguishable f rom the v i scos i ty  of the DI~A t r ea t ed  
e i the r  with inact ivated T-an t igen  or  with native T-an t igen  in the absence of magnes ium ion. The ob- 
s e r v e d  dec r ea se  in v i s cos i t y  can only be explained by the fo rmat ion  of b r eaks  in the DNA molecu les .  

The p rob lem of whether  the nuclease  act ivi ty  thus  d i scove red  belongs to the T-an t igen  o r  not r e -  
mained  unsolved,  for  cel l  nuc leases  could have been eluted at the same  t ime .  The same procedure  of p u r -  
i f icat ion was accord ingly  c a r r i e d  out with t i s sue  ex t r ac t s  f rom a healthy h a m s t e r  (l iver,  kidneys) .  The 
r e su l t s  (Fig. 2) show that  the f rac t ions  of no rma l  t i s sue s  analogous to the p r epa ra t i on  of T-an t igen  did not 

change the v i s cos i t y  of the DNA solution. 

Degradat ion  of DI~A a lso  was obse rved  during the study of the action of T-an t igen  on it by the method 
of sed imenta t ion  in neu t ra l  and alkaline sucrose  grad ien ts .  T r e a t m e n t  of DIqA-H 3 with the p repa ra t ion  of 
T-an t igen  led to a dis t inct  shift  of the peaks  toward  the l igh ter  f r a c t i o n s ( F i g .  3). DNA samples  incubated 
with T-an t igen  at 0~ contained DNA f r agmen t s  analogous to the or ig ina l  un t rea ted  DNA. The s ed imen ta -  
t ion constant  of the un t rea ted  DNA in these  expe r imen t s  was about 28 S, but a f t e r  t r e a t m e n t  with T-ant igen  
it fel l  to 16 S, co r r e spond ing  to a d e c r e a s e  of 4-5 t i m e s  in the m o l e c u l a r  weight of the double -s t randed  
DNA; this sugges ts  induction of b r eaks  in both s t rands  of the DI~A. The same  pa t t e rn  was obse rved  a lso  
on sedimenta t ion  of the denatured  DI~A in an alkaline gradient .  
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It can be concluded f rom the resu l t s  of viscosimet~T and sedimentat ion analysis  that the par t ia l ly  
purif ied prepara t ion  of T-ant igen  pos se s se s  undoubted nuclease activity.  To judge f rom the breaking up 
of the DNA molecules  into re la t ive ly  large fra~oznents, this act ivi ty is endonuclease in cha rac t e r .  However,  
a final conclusion on this ma t t e r  can be drawn only a f t e r  it has been shown whether  the mononucleotide 
f ract ion is increased  a f t e r  t r ea tmen t  of DNA with the T-ant igen.  

The prepara t ion  of the T-ant igen  thus obtained st i l l  contained cer ta in  cell  proteins  as i m p u r i t i e s ,  
and the data on its biological  activity given here  must  thus be regarded  as sti l l  p re l imina ry .  The absence 
of nuclease act ivi ty in a f ract ion obtained f rom the normal  cel l  of ~n animal of the same species ,  analogous 
to T-ant igen,  is an important  but not an unambiguous argument  in support  of the nuclease activity of the 
"ea r ly"  proteins of SV-40 v i rus .  A final conclusion must  await the obtaining of a homogeneous p r e p a r a -  
tion of the T-ant igen.  
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