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SUMMARY: The v i s c o s i t y  o£ s o l u t i o n s  o f  c a l f  t h y m u s  DNA i s  d e -  
c r e a s e d  a f t e r  i n c u b a t i o n  w i t h  p r e p a r a t i o n s  o f  c h i c k  i n t e r f e r o n  
o£ l o w  p r o t e i n  c o n t e n t  i n d u c e d  e i t h e r  by  U V - i n a c t i v a t e d  NDV v i -  
r u s  o r  b y  P o l y i n o s o n i c : p o l y c y t i d y l i c  a c i d  ( p o l y  I : C ) .  The t i -  
me c o u r s e  o f  t h e  r e a c t i o n  s u g g e s t s  an  e n d o n u c l e a s e  a c t i v i t y  a n d  
p r e l i m i n a r y  a n a l y s i s  o f  p r o d u c t s  c o n f i r m s  t h i s .  The a c t i v i t y  
i s  r e s i s t a n t  t o  pit 2 f o r  5 d a y s ,  i s  n o t  f o u n d  i n  mock i n t e r f e -  
r o n  p r e p a r a t i o n s  and  i s  a s s o c i a t e d  w i t h  i n t e r f e r o n  p r e p a r a t i o n s  
p u r i f i e d  b y  c h r o m a t o g r a p h y  on C M - S e p h a d e x °  

A t t e m p t s  made t o  d e t e c t  n u c l e a s e  a c t i v i t y  i n  i n t e r f e r o n  

p r e p a r a t i o n s  h a v e  b e e n  r e p o r t e d  t o  be  u n s u c c e s f u l  ( 1 ) °  E n d o -  

n u c l e a s e  a c t i v i t y  i s  n o t  a l w a y s  d e t e c t a b l e  by  f o l l o w i n g  l i b e -  

r a t i o n  o f  s m a l l  m o l e c u l e s ,  e s p e c i a l l y  when op t imum c o n d i t i o n s  

a r e  n o t  known~ w h e r e a s  d e c r e a s e  i n  v i s c o s i t y  o f  DNA s o l u t i o n s  

p r o v i d e s  a s e n s i t i v e  m e t h o d  f o r  d e t e c t i o n  o£ e n d o n u c l e a s e  a c t i -  

v i t y .  U s i n g  t h i s  m e t h o d ,  we h a v e  o b t a i n e d  e v i d e n c e  f o r  t h e  

p r e s e n c e  o£ an  e n d o n u c l e a s e  a c t i v i t y  i n  p r e p a r a t i o n s o f  c h i c k  

i n t e r f e r o n .  

k~TERIALS AND METIIODS 

C e l l s .  P r i m a r y  c u l t u r e s  o f  c h i c k  e m b r y o  f i b r o b l a s t s  (CEF) w e -  

r e  p r e p a r e d  f r o m  10 d a y  o l d  e m b r y o s  and  g r o w n  i n  r e i n f o r c e d  

~ a g l e s  medium c o n t a i n i n g  5% c a l f  s e r u m ,  B i c a r b o n a t e  c o n c e n t r a -  

t i o n  was  2 . 2  g / l  a n d  p e t r i  d i s h e s  w e r e  g r o w n  i n  a n  a t m o s p h e r e  

o£ 5% CO2. 

V i r u s e s .  V a c c i n i a  v i r u s  was g rown  a n d  t i t r a t e d  i n  C ~ ' .  New- 

c a s t l e  D i s e a s e  v i r u s  (NDV) was  g rown  i n  t h e  a l l a n t o i c  c a v i t y  
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o£ l 0  d a y s  e m b r y o n a t e d  e g g s  a n d  a s s a y e d  a s  p l a q u e s  on C ~ " .  F o r  

p r o d u c t i o n  o f  i n t e r f e r o n ~  NDV p r e p a r a t i o n s  w e r e  i r r a d i a t e d  w i t h  

UV a s  d e s c r i b e d  b y  P a u c k e r  ( 2 ) .  

P r e p a r a t i o n s  o f  I n t e r f e r o n .  ( a )  V i r a l - i n d u c e d .  F i v e  d a y  o l d  

c u l t u r e s  o f  CEF w e r e  w a s h e d  t w i c e  w i t h  p h o s p h a t e  b u f f e r e d  s a l i -  

ne  (PBS) a n d  U V - i r r a d i a t e d  NDV was  a d d e d  c o n t a i n i n g  l e s s  t h a n  

10 p l a q u e  f o r m i n g  u n i t s  ( p . f o u . ) / m l  b u t  w i t h  an  i n f e c t i n g  r a t i o  

o f  200  p . f . u ,  p e  r c e l l  c a l c u l a t e d  f r o m  t h e  i n i t i a l  t i t r e .  A f t e r  

2 h r  a t  3 7 ° ,  t h e  v i r u s  was r e m o v e d ~  t h e  c e l l s  w a s h e d  t w i c e  w i t h  

PBS a n d  med ium w i t h o u t  s e r u m  a d d e d .  The medium was h a r v e s t e d  

f r o m  t h e  c u l t u r e s  a f t e r  i n c u b a t i o n  f o r  24 h r  a t  37 ° ,  a d j u s t e d  

t o  p H 2  a n d  k e p t  5 d a y s  a t  4 ° b e f o r e  r e a d j u s t i n g  t h e  pH t o  n e u -  

t r a l i t y .  Mock i n t e r f e r o n  p r e p a r a t i o n s  w e r e  p r e p a r e d  u s i n g  UV- 

i r r a d i a t e d  a l l a n t o i c  f l u i d  i n  p l a c e  o f  NDV. ( b )  P o l y _ I : C  i n d u -  

c e d  i n t e r f e r o n .  U s i n g  a s o l u t i o n  o f  p o l y  I : C  ( l O  ~ g / m l )  a n d  

D E A ~ - d e x t r a n  ( 1 0  p g / m l )  i n  p l a c e  o f  UV-NDV, i n t e r f e r o n  was p r e -  

p a r e d  a s  d e s c r i b e d  a b o v e .  I n t e r f e r o n  was  a s s a y e d  i n  a p l a q u e  

a s s a y  u s i n g  v a c c i n i a  v i r u s  ( 3 )  a n d  one  u n i t  i s  d e f i n e d  a s  t h e  

a m o u n t  r e q u i r e d  t o  r e d u c e  t h e  n u m b e r  o f  p l a q u e s  b y  50%. 

V i s c o s i t y m e a s u r e m e n t  s .  Tile r e l a t i v e  v i s c o s i t y  ( ~ )  o f  s o l u t i o n s  

o f  c a l f  t h y m u s  DNA, p r e p a r e d  b y  t h e  m e t h o d  o f  Kay  e t  a l  ( 4 ) ,  

was  m e a s u r e d  u s i n g  an  O s w a l d  v i s c o s i m e t e r .  A f t e r  m i x i n g  t h e  

DNA a n d  i n t e r f e r o n  p r e p a r a t i o n s ,  ~ was  m e a s u r e d  i m m e d i a t e l y  

( ~ 0 )  a n d  a t  v a r i o u s  i n t e r v a l s  ( ~$ ) .  When t h e  r e a c t i o n  r a t e  i s  

c o n s t a n t  t h e n  l o g ~ - - ~ = K T  , w h e r e  K i s  a c o n s t a n t  ( 5 ) °  

P a p e r  C h r o m a t o g r a p h ~ .  o f  r e a c t i o n  m i x t u r e s  was  done  a s  d e s c r i -  

b e d  b y  F e l i x  e t  a l  ( 6 ) ,  w h i l e  p a p e r  e l e c t r o p h o r e s i s  was p e r f o r -  

med on ~ h a t m e n  No° 3 b ~  p a p e r  a t  pH 3 . 5  u s i n g  0 , 0 5  M s o d i u m  c i -  

t r a t e  i n  t h e  a p p a r a t u s  a n d  u n d e r  t h e  c o n d i t i o n s  p r o p o s e d  b y  

Markham a n d  S m i t h  ( 7 ) .  
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RESULTS AND DISCUSSION 

E f f e c t  o f  i n t e r f e r o n  p r e p a r a t i o n s  on v i s c o s i t y  o f  s o l u t i o n s  o f  

c a l f  t hymus  DNAo P r e p a r a t i o n s  o f  c h i c k  i n t e r f e r o n  w e r e  c o n c e n -  

t r a t e d  t w e n t y  f o l d  b y  a d s o r p t i o n  t o  D o u c i i  a t  pit 5 °0  and  e i u -  

t i o n  i n  0 . 6  M p h o s p h a t e  pH 7o~8). T h i s  s t e p  e f f e c t e d  o n l y  a iO 

f o l d  p u r i f i c a t i o n ,  b u t  t h e  p r o t e i n  c o n t e n t  o f  t h e  p r e p a r a t i o n s  

was l o w ( a p p r o x ,  iO0 p g / m l )  and  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  i n -  

t e r f e r o n  was 9 , 0 0 0  u n i t s / m g  p r o t e i n  i n  t h e  c a s e  o£ v i r a l  i n d u -  

c ed  m a t e r i a l  and  i , 8 0 0  u n i t s / m g ,  p r o t e i n  i n  t h e  e a s e  o£ p o i y  

I : C  i n d u c e d  i t e r f e r o n .  Mock i n t e r f e r o n  p r e p a r a t i o n s  were  a l -  

so  c o n c e n t r a t e d  on D o u c i i  and  c o n t a i n e d  t h e  same amoun t  o£ p r o -  

t e i n .  S a m p l e s  o£ t h e s e  h t e r f e r o n  p r e p a r a t i o n s  were  u s e d  i n  t h e  

work  r e p o r t e d  b e l o w .  S o l u t i o n s  o£ c a l f  t hymus  DNA c o n t a i n i n g  

Mg ++ w e r e  i n c u b a t e d  w i t h  i n t e r f e r o n  and  mock i n t e r f e r o n  p r e p a -  
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INCUBATION TIME (min) 

F i g °  1 .  5 . 5  mi o f  a 1 mg/ml s o l u t i o n  o£ c a l f  t hymus  DNA i n  O.IM 
p h o s p h a t e  b u f f e r  pH 5 . 0  c o n t a i n i n g  5 X 10-°M Mg ++ was m i x e d  w i t h  
0 °5  ml o£ D o u c i i  c o n c e n t r a t e d  c h i c k  i n t e r f e r o n  i n d u c e d  by  U V - i n a -  
c t i v i a t e d  NDV ( c u r v e  A) P o l y  I : C  ( c u r v e  B) o r  w i t h  D o u c i l  c o n c e n -  
t r a t e d  mock i n t e r f e r o n  ( c u r v e  C ) .  At  i n t e r v a l s ,  t h e  t i m e  t a k e n  
f o r  t h e  m i x t u r e  t o  f l o w  b e t w e e n  t h e  two marks  on t h e  v i s c o m e t e r  
was m e a s u r e d  ( t ) .  The o r d i n a t e  - d r  r e p r e s e n t s  t h e  d e c r e a s e  i n  
t h i s  t i m e  a t  e a c h  p o i n t .  Curve  A~ 660 u n i t s  i n t e r f e r o n  c u r v e  B 
150 u n i t s .  
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r a t i o n s  a n d  t h e  v i s c o s i t y  m e a s u r e d  a t  v a r i o u s  t i m e s .  F i g .  1 

shows t h a t  t h e  v i s c o s i t y  o f  t h e  DNA s o l u t i o n  d e c r e a s e d  a f t e r  

i n c u b a t i o n  w i t h  v i r a l - o r  p o l y - I : C  i n d u c e d  b u t  was p r a c t i c a l l y  

u n a f f e c t e d  by  p r e p a r a t i o n s  o f  mock i n t e r f e r o n .  

C o n d i t i o n s  a f f e c t i n  6 t h e  r a t e  o f  r e a c t i o n .  The opt imum pH was 

f o u n d  t o  be 6 . 5  and  d i v a l e n t  c a t i o n s  w e r e  shown t o  be e s s e n -  

t i a l  t o  t h e  r e a c t i o n ,  s i n c e  i t  was c o m p l e t e l y  i n h i b i t e d  by  e -  

t h y l e n e d i a m i n e  t e t r a a c e t a t e  (~DTA)o U s i n g  0 . 1  M sod ium a c e t a -  

t e  b u f f e r  ( o p t i m a l  c o n c e n t r a t i o n )  a t  pH 6 .3~Co  ++ and  Mn ++ we -  

r e  shown t o  be e f f e c t i v e ,  Mg ++ l e s s  so  and Ca ++ n o t  a t  a l l .  

Z v i d e n c e  f o r  e n d o n u c l e a s e  a c t i v i t y o  The r a p i d  i n i t i a l  d e c r e a s e  

i n  v i s c o s i t y  upon  a d d i t i o n  o f  i n t e r f e r o n  p r e p a r a t i o n s  t o  a DNA 

s o l u t i o n  ( f i g .  2a )  i s  i n  i t s e l f  e v i d e n c e  f o r  e n d o n u c l e o l y t i c  

a c t i v i t y .  T h i s  i n d i c a t i o n  i s  s t r e n g t h e n e d  by  t i l e  o b s e r v a t i o n  

t h a t ,  a s  t h e  r e a c t i o n  p r o g r e s s e s ~  t r a c e s  o n l y  o f  t r i c h l o r o -  

0.0~ 

~ 0.0~ 

y 

B 

$ 

INCUBATION TIME (rain) 

~ o  (a) cha~ge in relative viscosity (~) of I mg/ml solutions 
of calf thymus DNA in O.INi acetate buffer pH 6°5 after incubati~ 
with interferon (curves A,B,D) or mock interferon (curve C)o Mn 

++ r (curves B and C), Co (curve Ai3or EDrA (curve D) were added to 
a final concentration of 5 X I0 M. 

(b) Acid soluble material produced during incubation of 
DNA with interferon using conditions as for curve B in figure 2 
(a). Ordinate gives percentage of 0D260 of original DNA solution 
rendered TCA soluble, 
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a c e t i c  a c i d ( T C A )  s o l u b l e  p r o d u c t s  a r e  r e l e a s e d ,  n o t  e x c e e d i n g  

1% o f  t h e  t o t a l  s u b s t r a t e  e v e n  a f t e r  2 h r  o£ i n c u b a t i o n  ( f i g .  2~. 

• h e  a c i d - s o l u b l e  m a t e r i a l  h a s  n o t  b e e n  c h a r a c t e r i z e d ,  b u t  t h e  

a b s o r p t i o n  s p e c t r u m  w h i c h  a t  f i r s t  shows a p e a k  a t  270  nm, s h i -  

f t i n g  t o  260 nm as  t h e  r e a c t i o n  p r o g r e s s e s  c o u l d  i n d i c a t e  an  

i n i t i a l  p r e d o m i n a n c e  o f  p y r i m i d i n e s  i n  t h e  s m a l l  n u c l e o t i d e s  r e -  

l e a s e d .  P a p e r  c h r o m a t o g r a p h y  showed t h a t  m o n o n u c l e o t i d e s  w e r e  

n o t  f o r m e d ,  w h i l e  p a p e r  e l e c t r o p h o r e s i s  c o n f i r m e d  t h a t  t h e  DNA 

was s p l i t  s i n c e  t h e r e  was movement  o f  t h e  U V - a b s o r b i n g  m a t e r i a l  

f r o m  t h e  o r i g i n  u n d e r  c o n d i t i o n s  w h e r e  t h e  DNA i n c u b a t e d  w i t h  

mock i n t e r f e r o n  moved o n l y  s l i g h t l y .  ~ u r t h e r  c o n f i r m a t i o n  o f  

t h e  e n d o n u c l e o l y t i c  d e g r a d a t i o n  o f  t h e  s u b s t r a t e  was o b t a i n e d  

by  g e l  f i l t r a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  t h r o u g h  ~ e p h a d e x  G- 

200 t h a t  e x c l u d e s  p o l y m e r s  o~ m o l e c u l a r  w e i g h t  2XlO 5 o r  h i g h e r .  

T w e n t y  f i v e  p e r c e n t  o f  t h e  DNA i n c u b a t e d  w i t h  v i r a l  i n d u c e d  b u t  

n o t  w i t h  mock i n t e r f e r o n  p r e p a r a t i o n s  was r e t a r d e d  on t h e  c o l u m n ,  

i n d i c a t i n g  t h a t  h y d r o l y s i s  d i d  o c c u r .  Of t h e  h y d r o l y s i s  p r o d u c t s  

more  t h a n  70% w e r e  o n l y  s l i g h t l y  r e t a r d e d  i n d i c a t i n g  a m o l e c u l a r  

w e i g h t  n o t  much l e s s  t h a n  2X105.  

R e l a t i o n  o f  t h e  e n d o n u c l e a s e  a c t i v i t y  t o  X n t e r £ e r o n .  The m a t e r i -  

a l  c o n c e n t r a t e d  on D o u c i l  was c h r o m a t o g r a p h e d  on C M - s e p h a d e x  ( 1 )  

u s i n g  a pH g r a d i e n t  f o r  e l u t i o n .  I n t e r f e r o n - c o n t a i n i n g  f r a c t i o n s  

t o  w h i c h  b o v i n e  a l b m a e n  h a d  b e e n  a d d e d ,  w e r e  c o m b i n e d  and  r e c o -  

n c e n t r a t e d  by  a b s o r p t i o n  t o  and  e l u t i o n  f r o m  D o u c i l .  F i g u r e  

5 shows t h a t  t h e  e n d o n u c l e a s e  a c t i v i t y  was s t i l l  p r e s e n t  i n  t h e  

i n t e r f e r o n  p r e p a r a t i o n °  A g a i n ,  e v e n  t h o u g h  t h e  i n i t i a l  r a t e  o f  

r e a c t i o n  was f a s t ,  t h e r e  was a m a r k e d  d e c r e a s e  a f t e r  30 m i n u t e s  

i n c u b a t i o n .  

From t h e  a b o v e  e v i d e n c e  i t  s e e m s  c l e a r  t h a t  an  e n d o n u c e l a -  

s e  i s  r e l e a s e d  i n t o  t h e  medium by  c e l l s  p r o d u c i n g  i n t e r f e r o n °  
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01C 

o 

3o 6'0 sb ,~o 
INCUBATION TIME (min) 

Fig~  3o Change  i n  r e l a t i v e  v i s c o s i t y  o f  s o l u t i o n s  o f  c a l f  t h y -  
mus DNA a f t e r  i n c u b a t i o n  w i t h  t h e  c o n c e n t r a t e d  I n t e r f e r o n - c o n -  
t a i n i n g  e l u e n t  f r o m  CM-sephadexo  C o n d i t i o n s  as  f o r  c u r v e  B f i -  
g u r e  2 ( a ) .  U n i t s  o f  i n t e r f e r o n - l O 0 ,  

~ h e t h e r  t h e  enzyme i s  r e l a t e d  s p e c i f i c a l l y  t o  i n t e r f e r o n  and  i t s  

a c t i o n  a s  y e t  r e m a i n s  t o  be  s e e n .  I t  i s  p o s s i b l e  t h a t  c e l l s  t r e -  

a t e d  w i t h  UV-NDV v i r u s  o r  p o l y  I : C  may s e c r e t e  o r  l e a k  p r o t e i n s  

t o  a g r e a t e r  d e g r e e  t h a n  u n t r e a t e d  c e l l s .  I t  s h o u l d  be  e m p h a s i -  

z ed  t h a t  v i r u s  was n o t  m u l t i p l y i n g  i n  t h e s e  c e l l s  w h i c h  showed  

no c y t o p a t h o l o g i c a l  e f f e c t .  Even  so  t h e  c i r c u m s t a n t i a l  e v i d e n c e  

t h a t  t h e  enzyme a c t i v i t y  i s  n o t  i n a c t i v a t e d  a t  pH 2~ i s  n o t  p r e -  

s e n t  i n  mock i n t e r f e r o n  p r e p a r a t i o n s  and  i s  n o t  s e p a r a t e d  f r o m  

i n t e r f e r o n  by  c h r o m a t o g r a p h y  on C M - s e p h a d e x  m e r e l y  a l l o w s  t h e  

p o s s i b i l i t y  t h a t  t h e  enzyme a c t i v i t y  may be r e l a t e d  t o  t h e  i n t e r -  

f e r o n  m o l e c u l e .  C e r t a i n l y  o t h e r  p r o t e i n s  a r e  p r e s e n t  i n  t h e  c h r o .  

m a t o g r a p h e d  p r e p a r a t i o n s ,  some o f  w h i c h  can  be s e p a r a t e d  f r o m  i n -  

t e r f e r o n  by  a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  and  some o f  w h i c h  p r o -  

b a b l y  c a n n o t  ( 9 ) .  I t  w i l l  be d i f f i c u l t  t o  d e t e r m i n e  c o n c l u s i v e -  

l y  w h e t h e r  t h e  two a c t i v i t i e s  b e l o n g  t o  t h e  same m o l e c u l e ,  

E v e n  i f  t h e  n u c l e a s e  a c t i v i t y  i s  n o t  a p r o p e r t y  o f  t h e  i n -  
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t e r f e r o n  p r o t e i n ~  i t  c o u l d  s t i l l  p l a y  a r o l e  i n  i n t e r f e r o n - a s s o -  

c i a t e d  v i r a l  r e s i s t a n c e .  The i n t e r f e r o n  p r e p a r a t i o n s  u sed  r e -  

p r e s e n t  medium, h a r v e s t e d  f rom c e l l s  24 h r  a f t e r  t h e  s t i m u l u s  t o  

i n t e r f e r o n  p r o d u c t i o n °  At t h i s  t ime  c e l l s  were  r e s i s t a n t  t o  i n -  

f e c t i o n  so t h a t  any  o t h e r  p r o t e i n s  e s s e n t i a l  t o  t h e  a n t i v i r a l  

s t a t e  would  be p r e s e n t  i n  t h e  c e l l s  and p o s s i b l y  i n  t h e  medium. 

One h y p o t h e s i s  which  can  be c o n s i d e r e d  i s  t h a t  t h e  e n d o n u -  

c l e a s e  a c $ i v i t y  d e m o n s t r a t e d  h e r e  i s  a s s o c i a t e d  w i t h  t h e  i n t e r -  

f e r o n  p r o t e i n  which  a c t s  on h o s t  n u c l e i c  a c i d  g i v i n g  a p r o d u c t  

which  i s  an i n d u c e r  o f  v i r a l  r e s i s t a n c e  and i n t e r f e r o n  p r o d u c t i o n .  

P r e l i m a r y  r e s u l t s  i n d i c a t e  t h a t  r i b , n u c l e i c  a c i d s  a r e  a l s o  s p l i t  

by p r e p a r a t i o n s  o f  c h i c k  i n t e r f e r o n °  
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