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Summarya

The p r i n c i p a l  a i m of  t h e  i n v e s t i g a t i o n  was t o  g a i n  

d e t a i l e d  i n f o r m a t i o n  on t h e  s t r u c t u r e  and r e n l i c a t i o n  of  

c a n i n e  d i s t e m p e r  v i r u s .

The f i r s t  n a r t  o f  t h e  t h e s i s  was i n t e n d e d  t o  n r o v i d e  

i n f o r m a t i o n  on t h e  g r o w t h  o f  t h e  v i r u s  i n  t i s s u e  c u l t u r e  so 

t h a t  a me t ho d  c o u l d  be e s t a b l i s h e d  f o r  t h e  n r o d u c t i o n  o f  t h e  

l a r g e  q u a n t i t i e s  of  v i r u s  r e q u i r e d  f o r  s t r u c t u r a l  and 

b i o c h e m i c a l  s t u d i e s .  The g r o w t h  of  t h e  v i r u s  i n  s e c o n d a r y  

dog k i d n e y  c u l t u r e s ,  p r i m a r y  a l v e o l a r  m a c r o p ha ge  c u l t u r e s ^  

a c a n i n e  e m b r y o n i c  c e l l  s t r a i n ,  and t h e  GH c o n t i n u o u s  dog 

k i d n e y  c e l l - l i n e  was c o m p a r e d .  S e c o n d a r y  dog k i d n e y  c u l t u r e s  

were  t h e  m o s t  s u s c e p t i b l e  t o  t h e  v i r u s  b u t  t h e  h i g h e s t  

y i e l d s  were  o b t a i n e d  f ro m t h e  GH c e l l s .  By c o m p a r i n g  

d i f f e r e n t  m e t h od s  of  i n f e c t i n g  and m a i n t a i n i n g  t h e  c e l l s ,  i t

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

o b t a i n e d  by  i n f e c t i n g  GH c e l l s  i n  m o n o l a y e r  and c o l l e c t i n g  

t h e  medium two o r  t h r e e  t i m e s  pei'  ̂ d a y ,  once a c l e a r l y  

r e c o g n i s a b l e  c y t o p a t h i c  e f f e c t  was n r e s e n t .  At  t h i s  s t a ^ ^ ,  

v i r u s  a c c u m u l a t e d  r a p i d l y  i n  t h e  medium,  maximum t i t r e s  

b e i n g  r e a c h e d  w i t h i n  a few h o u r s  of  a c ha ng e  o f  ’̂ ed ium;  

i t s  s h o r t  h a l f - l i f e  a t  3 7 °0  — h?  m i n u t e s  — p r e c l u d e d  any 

f u r t h e r  I n c r e a s e  i n  i t s  t i t r e .
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The s e c o n d  p a r t  of  t h e  t h e s i s  d e s c r i b e s  an u l t r a -  

s t r u c t u r a l  s t u d y  of  GDV r e p l i c a t i o n ,  an a t t e m p t  b e i n g  made 

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

The e a r l i e s t  e v i d e n c e  o f  i n f e c t i o n  was t h e  a p p e a r a n c e  of  

f o c i  o f  c y t o p l a s m i c  n u c l e o c a n s i d  12 h o u r s  a f t e r  i n f e c t i o n .  

V i r u s  m a t u r a t i o n  o c c u r r e d  by  a b u d d i n g  p r o c e s s  w h i c h  

commenced a t  a r o u n d  l 8 h o u r s ,  and  c o n t i n u e d  a t  maximum r a t e  

o v e r  t h e  21).« 7 2  h o u r  p e r i o d ,  A p r o m i n e n t  f e a t u r e  o f  

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

membrane ,  a f i n e  f r i n g e  o f  s u r f a c e  p r o j e c t i o n s  b e i n g  p r e s e n t  

on t h e  o u t e r  s u r f a c e  o f  t h e  membranes  o p p o s i t e  t h e  

n u o l e o o a p s i d .  I n c l u s i o n  b o d i e s  o c c u r r e d  b e t w e e n  2)i and  

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

n u o l e o o a p s i d  w i t h  a h e a v y  d e p o s i t i o n  of  f i n e  g r a n u l a r  

m a t e r i a l .

P a r t  T h r e e  was c o n c e r n e d  w i t h  t h e  d e v e l o p m e n t  o f  a 

s u i t a b l e  me t hod  f o r  t h e  e x t r a c t i o n  and i d e n t i f i c a t i o n  of  

c y t o p l a s m i c  n u o l e o o a p s i d , N u o l e o o a p s i d  e x t r a c t e d  w i t h  

s o d i um  d e o x y c h o l a t e  and  b an d ed  i n  dens  i t y  g r a d i e n t s  o f  

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

i n  r e l a t i v e l y  s h o r t ,  r i g i d  p i e c e s ,  w h e r e a s  t h a t  e x t r a c t e d  

w i t h  t h e  n o n - i o n i c  d e t e r g e n t s  S t e r o x  SL,  H o n i d e t  P-iiO, 

and T r i t o n  X- 100 ,  and c e n t r i f u g e d  t h r o u g h  c a e s i u m  c h l o r i d e ,  

more c l o s e l y  r e s e m b l e d  t h e  n u c l e o c a n s i d  e x t r a c t e d  f ro m 

c e l l s  by  o s m o t i c  s h o c k  and ex am in ed  w i t h o u t  f u r t h e r  

t r e a t m e n t .  Bas ed  on e l e c t r o n  m i c r o s o o u y ,  S t e r o x  SL a n p e a r e d  

t o  be t h e  m o s t  s a t i s f a c t o r y  o f  t h e  d e t e r g e n t s  t e s t e d  f o r  

e x t r a c t i n g  t h e  n u o l e o o a p s i d ,  e s p e c i a l l y  when u s e d  i n
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c o n j u n c t i o n  w i t h  b o v i n e  s e r um  a l b u n i n  w h i c h  seemed  t o  

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

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

c e l l  RNA and p e r m i t t e d  d e t e c t i o n  of  n u c l e o c a n s i d  by  

r a d i o a s s a y .  By t h i s  m e a n s , t h e  b u o y a n t  d e n s i t y  of  tVie 

n u o l e o o a p s i d  i n  c a e s i u m  c h l o r i d e  was f o u n d  t o  be 1 , 2 8 -  

1 . 3 0  g / o c o

The a im  o f  P a r t  F o u r  was t o  o b t a i n  a m e t h o d  o f  

p u r i f y i n g  t h e  v i r u s  by  e q u i l i b r i u m  d e n s i t y  g r a d i e n t  

c e n t r i f u g a t i o n .  The d i s t r i b u t i o n  o f  i n f e c t i v i t y ,  r a d i o ­

a c t i v i t y  and  v i r u s  p a r t i c l e s  In  d e n s i t y  g r a d i e n t s  o f  

p o t a s s i u m  t a r t r a t e ,  s u c r o s e ,  and  c a e s i u m  c h l o r i d e  was 

c o m p a r e d .  The s h a r p e s t  b a n d i n g  was f o u n d  In  p o t a s s i u m  

t a r t r a t e .  The v i r u s  had  a b u o y a n t  d e n s i t y  o f  1 , 2 0  g / o c  i n  

p o t a s s i u m  t a r t r a t e ,  and i n  s u c r o s e ,  and 1 , 2 3  g / c o  i n

c a e s i u m  c h l o r i d e .

H i g h l y  c o n c e n t r a t e d  and  p u r i f i e d  v i r u s  was t h e n  u s e d  

f o r  t h e  s t u d i e s  o f  t h e  v i r a l  p o l y p e p t i d e s  ( P a r t  F i v e ) ,  

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

and  RNA ( P a r t  S i x ) ,  At l e a s t  s i x  p o l y p e p t i d e s  were  p r e s e n t  

i n  t h e  v i r u s  p a r t i c l e ,  b u t  f o u r  of  t h em  wer e  d e r i v e d  f r o m  

l a r g e r  p r o t e i n  m o l e c u l e s .  Two p o l y p e p t i d e s  wer e  f o u n d  t o  

be a s s o c i a t e d  w i t h  t h e  n u o l e o o a p s i d .  Ra te  z o n a l  

s e d i m e n t a t i o n  o f  t h e  n u c l e o c a n s i d  and v i r a l  RNA l a b e l l e d  

w i t h  t r i t i a t e d  u r i d i n e ,  i n d i c a t e d  t h a t  i t  o c c u r r e d  i n  

s u b g e n o m i c  l e n g t h s .  T h i s  f i n d i n g  was u n e x r e c t e d  s i n c e
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e l e c t r o n  m i c r o s c o p y  o f  n u o l e o o a p s i d  e x t r a c t e d  by  osmotric 

s h o c k  and e x a m i n e d  w i t h o u t  f u r t h e r  t r e a t m e n t  i n d i c a t e d  t h a t  

i t  e x i s t e d  p r e d o m i n a t e l y  i n  u n i t  Lengths  o f  a p p r o x i m a t e l y  

1 . 1  u  w h i c h  i s  r e g a r d e d  as  t h e  l e n g t h  c o n t a i n i n g  t h e  f u l l  

genome of  p a r a m y x o v i r u s e s .
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INTRODUCTION

S i n c e  f i r s t  d e s c r i b e d  b y  J e n n e r  i n  i 8 09 p  c a n i n e  

d i s t e m p e r  h a s  b e e n  r e c o g n i s e d  a s  one o f  t h e  m os t  i m p o r t a n t  

d i s e a s e s  o f  t h e  d o g .  I t . , , i s  a h i g h l y  c o n t a g i o u s  a c u t e  o r  

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

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

a nd  l e u k o p a e n i a .  H y o e r k e r a t o s i s  o f  t h e  f o o t  p a d s  i s  s e e n

i n  some d o g s ,  A p r o p o r t i o n  o f  a f f e c t e d  a n i m a l s  d e v e l o p  

n e r v o u s  m a n i f e s t a t i o n s  and  t h e s e  may o c c u r  e i t h e r  d u r i n g  

t h e  a c u t e  p h a s e  o f  t h e  d i s e a s e  o r  s e v e r a l  weeks  o r  e ve n  

mo n th s  l a t e r .  Due t o  t h e  i n t r a c t a b l e  c h a r a c t e r  o f  t h e  

e n c e p h a l i t i s ,  many a f f e c t e d  dogs  have t o  be  d e s t r o y e d  and 

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

O t h e r  s p e c i e s  i n  t h e  O r d e r  C a r n i v o r a  ai^e a l s o  s u s c e p t i b l e  

t o  c a n i n e  d i s t e m p e r  and t h e  m o r t a l i t y  r a t e  v a r i e s  g r e a t l y  

b e t w e e n  s p e c i e s .

I n  1905p CaiTC r e p o r t e d  t h a t  c a n i n e  d i s t e m n e r  was 

c a u s e d  by a v i r u s ,  b u t  i t  was n o t  u n t i l  1 92 6 ,  when Dunkin  

a nd  L a i d l a w  c a r r i e d  o u t  t h e i r  c l a s s i c a l  s t u d i e s ,  t h a t  t h i s  

was c o n f i r m e d .  Be t ween  1926  and  19)[8,  l i t t l e  f  u r t h e r  

r e s e a r c h  was c a r r i e d  o u t  b u t  s i n c e  t h e n ,  many n o t a b l e  

c o n t r i b u t i o n s  t o  o u r  k n owl edg e  o f  c a n i n e  d i s t e m p e r  have  

e m e r g e d .  T he se  h ave  r e c e n t l y  b een  r e v i e w e d  i n  d e t a i l  b y
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A p p e l  and G i l l e s p i e  ( 1 9 7 2 ) .  However ,  r e l a t i v e l y  l i t t l e  

wo rk  h as  b een  done  on t h e  r e p l i c a t i o n  o f  t h e  v i r u s  and 

on i t s  m a o r o m o l e c u l a r  s t r u c t u r e .

Knowledge  o f  t h e  mech an i s ms  i n v o l v e d  i n  c a n i n e  

d i s t e m p e r  v i r u s  (CDV) r e p l i c a t i o n  s h o u l d  b e n e f i t  r e s e a r c h  on 

one of  t h e  m os t  i m p o r t a n t  a s p e c t s  of  d i s t e m p e r ,  n a ^ ^ l y  t h a t  

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

I n  man,  i t  h a s  b e e n  shown t h a t  m e a s l e s  v i r u s  c an  p e r s i s t  i n  

t h e  b r a i n  i n  a n o n - i n f e c t i o u s  fo rm f o r  a c o n s i d e r a b l e  

numb er  of  y e a r s  ( H a m i l t o n  e t  a l . ,  1973)  b u t  t h i s  d e f e c t i v e  

i n f e c t i o n  e v e n t u a l l y  r e s u l t s  i n  a f a t a l  n e u r o l o g i c a l  

d i s e a s e  known as  s u b a o u t e  s c l e r o s i n g  p a n e n c e p h a l i t i s  (SSR'S),  

S i n c e  GDV i s  c l o s e l y  r e l a t e d  t o  m e a s l e s  v i r u s ,  a n t i g e n i c a l l y  

a s  w e l l  as  s t r u c t u r a l l y  ( W a rr e n ,  1 9 ^ 0 ;  ^ a t e r s o n  e t  a l , ,

1 9 6 3 ;  B r e e s e  and de B o e r ,  1973 )j> i t  m i g h t  be e x n e o t e d  t h a t  

i t  t o o  woul d be c a p a b l e  o f  p e r s i s t i n g  i n  t h e  b r a i n  i n  a 

d e f e c t i v e  f o r m ,  E v i d e n c e  t h a t  t h i s  d oe s  i n d e e d  o c c u r  has  

b e e n  p r o v i d e d  by I . i n c o l n  ©t_^ 1̂  ̂ ( 1 9 7 1 | 1 9 7 3 )  i n  s t u d i e s  of  

" o l d - d o g - e n o e p h o l i t i s " , V i r t u a l l y  n o t h i n g  i s  known a b o u t  

t h e  m e c ha n i s ms  by w h i c h  t h e  p r o d u c t i o n  of  c o m p l e t e  v i r u s  i s  

p r e v e n t e d  i n  t h e s e  a n i m a l s .  B e f o r e  s u c h  m e c ha n i s ms  can  be 

e l u c i d a t e d ,  a f u l l e r  k nowl edge  o f  n o r m a l  p r o d u c t i v e  GDV

i n f e c t i o n  i s  c l e a r l y  r e q u i r e d .  T h i s  can  be o b t a i n e d  mos t  

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

A l s o ,  b e f o r e  t h e  s t u d y  of  v i r a l  r e n l i c a t i o n  can be 

e x t e n d e d  t o  t h e  m o l e c u l a r  l e v e l ,  i t  i s  o b v i o u s  t h a t  t h e  

m a c r o m o l e c u l s r  s t r u c t u r e  o f  t h e  v i r u s  mus t  f i r s t  be
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e s t a b l i s h e d .  Pop e x a m p l e ,  i f  t h e  p r o t e i n s  c o u l d  be 

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

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

t o  d e t e r m i n e  t h e i r  s e q u e n c e  and  d u r a t i o n  o f  s y n t h e s i s  

w i t h i n  i n f e c t e d  c e l l s .  T h u s ,  i f  s u c h  d a t a  w e r e  e s t a b l i s h e d  

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

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

o c c u r r i n g  i n  d e f e c t i v e  i n f e c t i o n .

The a ims  of  t h e  i n v e s t i g a t i o n  u n d e r  r e n o r t  were  

c o n c e r n e d  w i t h  p r o v i d i n g  f u r t h e r  i n f o r m a t i o n  on b o t h  of  

t h o s e  s u b j e c t s .  The wo rk  i n v o l v e d ,  f i r s t l y ,  an 

u l t r a s t r u c t u r a l  e x a m i n a t i o n  of  CDV r e p l i c a t i o n  i n  c e l l s  

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

c h a r a c t e r i s a t i o n  o f  t h e  v i r a l  p r o t e i n s  an d  RNA, The l a t t e r  

s t u d y ,  o f  n e c e s s i t y ,  c a l l e d  f o r  t h e  d e v e l o p m e n t  o f  m e t ho ds  

f o r  (1)  t h e  g r o w t h  o f  t h e  l a r g e  amount s  o f  v i r u s  r e q u i r e d  

f o r  b i o c h e m i c a l  s t u d y ,  (2)  t h e  p u r i f i c a t i o n  o f  t h e  v i r u s  

and (3)  t h e  e x t r a c t i o n  o f  n u o l e o o a p s i d  f rom i n f e c t e d  c e l l s  

an d  i n t a c t  v i r u s  p a r t i c l e s ,

A m a j o r  p a r t  o f  t h i s  t h e s i s  i s  t h e r e f o r e  c o n c e r n e d  

w i t h  t h e  s o l u t i o n  o f  t h e s e  p r o b l e m s ,  and  i t  i s  hoped t h a t  

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

t e c h n i c a l  b a c k g r o u n d  f o r  f u t u r e  i n v e s t i g a t i o n s  o f  CDV 

s t r u c t u r e  and r e p l i c a t i o n .

The t h e s i s  i s  d i v i d e d  i n t o  s i x  p a r t s ,  v i z .
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1)  D e v e l o p m e n t  of  a c e l l - c u l t u r e  s y s t e m  f o r  t h e  g r o w t h  

o f  CDV.

2) U l t r a s t r u c t u r a l  s t u d i e s  of  CDV i n f e c t i o n  i n  GH c e l l s .

3)  E x t r a c t i o n  and i s o l a t i o n  o f  n u c l e o c a n s i d  f r o m  i n f e c t e d  

c e l l s .

10 P u r i f i c a t i o n  of  t h e  v i r u s *

5) S t u d y  o f  t h e  p o l y p e p t i d e s  o f  t h e  v i r u s ,

6)  S t u d y  of  t h e  s i z e  o f  t h e  n u c l e o c a n s i d  and RNA o f  t h e  

v i r u s ,
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PART ONE

INTRODUCTION AND REVIEW OF THE' LITERATURE

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

d e s i r a b l e  t h a t  t h e  o e l l - o u l t u r e  s y s t e m  e mp loye d  s h o u l d  be 

h i g h l y  s u s c e p t i b l e  to-; and  c a p a b l e  o f  s u p p o r t i n g  t h e  

g r o w t h  o f ,  t h e  v i r u s  t o  a h i g h  t i t r e .  Bu t  i f  t h i s  i s  t o  

t h r o w  a ny  l i g h t  on t h e  mechan i sms  of  i n f e c t i o n  i n  v i v o , 

i t  i s  i m p o r t a n t  t h a t  t h e  s y s t e m  u s e d  s h o u l d  be a s  s i m i l a r  

a s  p o s s i b l e  t o  t h a t  o c c u r r i n g  i n  v i v o  i . e . ,  t h e  c e l l -  

c u l t u r e s  s h o u l d  be d e r i v e d  f r o m  t h e  n a t u r a l  h o s t  and t h e  

v i r u s  s t r a i n  e m pl o y ed  one w h i c h  ha s  n o t  b e e n  a d a p t e d  t o  

l a b o r a t o r y  a n i m a l s ,  e m b r y o n a t e d  e ggs  o r  c e l l - c u l t u r e s  

d e r i v e d  f ro m s p e c i e s  w h i c h  a r e  n o t  n a t u r a l l y  s u s c e p t i b l e *  

I n  t h e  c a s e  o f  GDV, t h e r e  i s  no ce 11 " -v i rus  s y s t e m  w h i ch  

f u l f i l l s  b o t h  o f  t h e s e  c r i t e r i a .

The Onder s t e p o o r t  and  L e d e r l e  s t r a i n s  o f  CDV, b o t h  

o f  w h i c h  a r e  h i g h l y  e g g - a d a p t e d ,  w i l l  grow i n  c u l t u r e s  o f  

c h i c h  embryo f i b r o b l a s t s .  I r r e s p e c t i v e  of  t h e  c o m p o s i t i o n  

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

c y t o p a t h o g e n i c  e f f e c t  (CPE) c h a r a c t e r i s e d  by  r o u n d i n g  up 

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

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



e q u a l  vo lu me s  o f  b o v i n e  a m n i o t i c  f l u i d  and  E a r l e ’ s s a l i n e

c o n t a i n i n g  2% c a l f  s e r u m  (Karzon and B u s s e l l ,  1 9 5 9 ) .

Maximum t i t r e s  o f  v i r u s  r a n g e  f rom lO^PFU p e r  ml  w i t h  t h e

O n d e r s t e p o o r t  s t r a i n  ( B u s s e l l  and K a r z o n ,  1 96 2)  t o

10^*'^EIDr-n p s r  ml w i t h  t h e  L e d e r l e  s t r a i n  ( G a b a ss o  o t  a l , „

1 9 5 9 ) .  B o t h  c a n  be a d a p t e d  t o  t h e  Vero  l i n e  of  A f r i c a n

g r e e n  monkey k i d n e y  c e l l s  ( S h i s h i d o  e t  a l , , 1 9 6 7 ) ,  v i r u s
9t i t r e s  r e a c h i n g  a r o u n d  lO'TGTD^^ p e r  m l ,  b u t  n e i t h e r  can 

be s e r i a l l y  p r o p a g a t e d  i n  dog c e l l - c u l t u r e s  ( B u s s e l l  and 

K a r z o n ,  1 9 6 5 a ) .

A r e m a r k a b l e  v a r i a n t  o f  t h e  O n d e r s t e o o o r t  s t r a i n  was

d e s c r i b e d  by B u s s e l l  and Kar zon  ( 1 9 6 5 b ) ,  T h i s  a r o s e

d u r i n g  t h e  f i r s t  p a s s a g e  i n  AV-3  c e l l s  ( c o n t i n u o u s  human

a mn ion)  o f  v i r u s  w h i c h  had  b een  p a s s a g e d  6I4 t i m e s  i n  c h i c k

embryo f i b r o b l a s t s  and 13 t i m e s  i n  f e r r e t  k i d n e y  c u l t u r e s .

T i t r e s  o f  6*0 -  6 . Blog^^TGID^^^ p e r  ml wer e  o b t a i n e d  i n

AV-3 o e l l - c u l t u r e s  and  t h e  v i r u s  p r o v e d  h i g h l y

c y t o p a t h o g e n i c  f o r  b o t h  p r i m a r y  r h e s u s  monkey k i d n e y  c e i l s

and c o n t i n u o u s - g r e e n  monkey k i d n e y  c e l l s .  I t  a l s o  was

c y t o p a t h i c  f o r  t h e  P i e l d s t e e l  l i n e  of  c o n t i n u o u s  dog k i d n e y ,

w h i c h  was shown t o  be r e f r a c t o r y  t o  a l l  o t h e r  O n d e r s t e p o o r t

v a r i a n t s  t e s t e d .  S u b s e q u e n t  work  ( Ran ki n  e t  a 1 , ,  1972)
7 q

showed t h a t  t i t r e s  o f  u p  t o  1 0  TGTB^^ n e r  ml wer e  o b t a i n ­

a b l e  i n  AV-3 c e l l s  i n f e c t e d  w i t h  t h i s  v a r i a n t ,  Hen-2  c e l l s  

we r e  a l s o  f o u n d  t o  be h i g h l y  s u s c e p t i b l e  t o  i t  ( P h i l l i p s  

and B u s s e l l ,  1973)  and p r o v i d e d  higher* y i e l d s  o f  v i r u s  t h a n  

d i d  Ver o  c e l l s  ( App el  and Rob son ,  1 9 7 3 ) .



I t  wou l d  seem t h a t  t h e  B u s s e l l  v a r i a n t  o f  t h e

O n d e r s t e p o o r t  s t r a i n  r e p r e s e n t s  a r a r e  m u t a n t s  Thus t h e

p a r e n t  v i r u s  p a s s a g e d  6/4 t i m e s  i n  c h i c k  embryo f i b r o b l a s t s

c o u l d  n o t  be c o n t i n u o u s l y  c u l t i v a t e d  i n  AV-3  c e l l s  and*

a f t e r  13  p a s s a g e s  i n  f e r r e t  k i d n e y  c u l t u r e s *  f a i l e d  t o

grow i n  t h e  P i e l d s t e e l  l i n e  o f  c o n t i n u o u s  dog k i d n e y  c e l l s
'i 14

and  grew t o  a t i t r e  o f  o n l y  10 * TGID^^ p e r  ml i n  t h e  WS 

l i n e  o f  c o n t i n u o u s  human amnion  ( B u s s e l l  a n d  Kargon*

1 9 6 # b) o  I t s  i m p o r t a n c e  l i e s  i n  i t s  s u i t a b i l i t y  f o r  

n e u t r a l i s a t i o n  t e s t s  (Appel  and  Robson* 1973)  and  c e r t a i n  

b i o c h e m i c a l  s t u d i e s  ( Wat e r s  and  B u s s e l l ,  l97! i )  t h o u g h ,  f o r  

t h e  r e a s o n s  a l r e a d y  g i v e n ,  i t s  n a s s a g e  h i s t o r y  makes i t  

l e s s  t h a n  i d e a l  f o r  s t u d i e s  on t h e  n a t u r a l  o e l l - v i r u s  

i n t e r a c t i o n *

S i m i a n  c e l l s  h a v e  b e e n  u s e d  f o r  t h e  g r o w t h  o f  two 

o t h e r  s t r a i n s  o f  CDV* H a r r i s o n  e t  a l «, ( 1968)  f i r s t  a d a p t e d  

t h e  CSL (Commonweal th Serum L a b o r a t o r i e s )  s t r a i n  t o  

f e r r e t  k i d n e y  c u l t u r e s  and  f r o m  t h e r e  p a s s a g e d  i t  37 

t i m e s  i n  t h e  d i p l o i d  c e l l - s t r a i n  BS^C-1  d e r i v e d  f r o m  

A f r i c a n  g r e e n  monkey k i d n e y  c u l t u r e s *  T h i s  was done ad a 

means  o f  a t t e n u a t i n g  t h e  v i r u s  f o r  v a c c i n e  p r o d u c t i o n .

g A
Y i e l d s  o f  1 0 - 1 0  TCID^^ p e r  ml were  o b t a i n e d  b u t  n o t  

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

o c c u p i e d  t h e  whol e  o f  t h e  c e l l - s h e e t *  L a v e n d e r  and Bewsey 

(1 9 7 3 ) a d a p t e d  an a t t e n u a t e d  v a r i a n t  o f  t h e . - S n y d e r  H i l l  

s t r a i n  t o  t h e  LLG-MK^ l i n e  o f  c o n t i n u o u s  r h e s u s  monkey 

k i d n e y ,  a g a i n  f o r  v a c c i n e  p r o d u c t i o n .  T i t r e s  m o s t l y



r a n g e d  f r o m  t o  mi and  s i n o e  a OPE

was n e v e r  s e e n  i n  t h i s  s y s t e m ,  i t  was p o s s i b l e  t o  make 

m u l t i p l e  h a r v e s t s  o f  i n f e c t e d  c u l t u r e  medium* O t h e r  t h a n  

t h i s ,  n e i t h e r  o f  t h e s e  s y s t e m s  seems t o  h a v e  any  s p e c i a l  

a d v a n t a g e  o v e r  t h a t  o f  dog c e l l - o u l t u r e s  i n f e c t e d  w i t h  a 

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

I s o l a t i o n  o f  v i r u l e n t  GDV i n  dog k i d n e y  (DK) c u l t u r e s  

was f i r s t  r e p o r t e d  by Ro ck bor n  (1958)*  F o r t y - t w o  d a ys  

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

f r o m  an  i n f e c t e d  dog* he o b s e r v e d  g e n e r a l i s e d  d e g e n e r a t i o n  

a nd  v a c u o l a t i o n  o f  c e l l s .  D u r i n g  s u b s e q u e n t  p a s s a g e *  t h e  

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

u n t i l ,  by  t h e  e i g h t h  p a s s a g e ,  o n l y  two d a ys  we r e  r e q u i r e d *

By t h e  f o u r t h  day* n umer ous  s y n c y t i a  wer e  s c a t t e r e d  

t h r o u g h o u t  t h e  c e l l - s h e e t ,  B i t t l e  e t  a l ,  (1 961 )  i s o l a t e d  

v i r u s  by  i n o c u l a t i n g  DK c u l t u r e s  w i t h  a s u s p e n s i o n  

p r e p a r e d  f r o m  t h e  s p l e e n  o f  an i n f e c t e d  d o g .  The t i m e  

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

r e d u c e d  f r o m  10  d a ys  i n  t h e  i n i t i a l  p a s s a g e  t o  n i n e  d a ys  

b y  t h e  2 1 s t  p a s s a g e ,  a f t e r  w h i c h  no f u r t h e r  r e d u c t i o n  i n  

t i m e  o c c u r r e d .  I n  t m - s t a i n e d  p r e p a r a t i o n s ,  t h e  CPE was 

c h a r a c t e r i s e d  b y  v a c u o l a t i o n  w h i c h  r e s u l t e d  i n  t h e  

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

I n  s t a i n e d  p r e p a r a t i o n s ,  t h e s e  i s l a n d s  wer e  s e e n  t o  be 

s y n c y t i a  c o n t a i n i n g  up t o  60  n u c l e i ,  S e r i a l - ’s t u d i e s , 

h o w e v e r ,  showed t h a t  s y n c y t i u m - f o r m a t i o n  was n r e c e d e d  b y



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

t h e s e  b e i n g  f o u n d  up t o  t h r e e  d ay s  b e f o r e  s y n c y t i a  wer e  

o b s e r v a b l e .  A c i d o p h i l i c  i n t r a n u c l e a r  i n c l u s i o n s  we r e  

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

o c c u r r e d  i n  s i n g l e  c e l l s  a s  w e l l  as  i n  t h e  l a t t e r ,  

T n f e c t i v i t y  t i t r e s  o f  t h e  1 5 t h*  16th*  2 0 t h  an d  2 1 s t  

p a s s a g e s  r a n g e d  f r o m  o n l y  10^ " ^  t o  lO^ '^TCID^Q p e r  0^,2 m l .

As H a r r i s o n  e t  a l , ( 1968)  s t a t e d *  v i r u l e n t  CDV i s  

n o t  e a s y  t o  grow i n  c e l l - c u l t u r e , D e s p i t e  r e p e a t e d  

a t t e m p t s *  C a b a s s o  e t  a l , (1 9 5 9 ) wer e  u n a b l e  t o  i s o l a t e  

t h e  v i r u s  by  t h e  i n o c u l a t i o n  o f  c u l t u r e s  o f  d og  a nd  f e r r e t  

t i s s u e s  WTith s u s p e n s i o n s  o f  o r g a n s  f rom i n f e c t e d  a n i m a l s .  

Hop per  (1959)  i n o c u l a t e d  DK c u l t u r e s  w i t h  v i r u l e n t  v i r u s  

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

b y  f e r r e t  i n o c u l a t i o n *  i t  p r o v e d  n e g a t i v e .  V i r u s  s u r v i v e d  

f o r  f o u r  b l i n d  p a s s a g e s  i n  f e r r e t  k i d n e y  c u l t u r e s  an d  f o r  

two b l i n d  p a s s a g e s  i n  f e r r e t  t r a c h e a l  c u l t u r e s .  Those  

r e s u l t s  s u g g e s t e d  t h a t  f e r r e t  c u l t u r e s  m i g h t  be more 

s u s c e p t i b l e  t h a n  dog  c u l t u r e s  and f u r t h e r  s u p n o r t  f o r  

t h i s  h y p o t h e s i s  came f ro m t h e  work  o f  V a n t s i s  (1959)  

who f o u n d  t h a t  f e r r e t  k i d n e y  c u l t u r e s  w^re  more s u s c e p t i b l e  

t h a n  m o n o l a y e r s  o f  dog l u n g  which* i n  t u r n *  we r e  s l i g h t l y  

more s e n s i t i v e  t h a n  DK c u l t u r e s ,

B u s s e l l  a n d  K a r s o n  ( 196 5a )  a t t e m p t e d  t o  i s o l a t e  t h e  

S n y d e r  H i l l  s t r a i n  o f  v i r u s  by  t h e  i n o c u l a t i o n  o f  a 

s u s p e n s i o n  o f  i n f e c t e d  s p l e e n  i n t o  b o t h  dog an d  f e r r e t  

k i d n e y  c u l t u r e s  b u t ,  d e s p i t e  two b l i n d  p a s s a g e s  a t  26  d a y



i n t e r v a l s  i n  t h e  DK c u l t u r e s  and  s i x  p a s s a g e s  i n  t h e  

f e r r e t  c u l t u r e s ,  no OPE was s e e n .  F a i l u r e  a l s o  a t t e n d e d  

t h r o e  a t t e m p t s  t o  i s o l a t e  v i r u s  f rom n a t u r a l  o a s e s  o f  

d i s t e m p e r  by  t h e  i n o c u l a t i o n  o f  DK and f e r r e t  k i d n e y  

c u l t u r e s  w i t h  s u s p e n s i o n s  o f  s p l e e n .  A much g r e a t e r  

m e a s u r e  of  s u c c e s s  vias a c h i e v e d  by V a n t s i s  ( 1959)  who 

r e p o r t e d  t h e  i s o l a t i o n  o f  v i r u s  f rom nu me r ou s  c a s e s  of  

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

m a t e r i a l  f rom t h o s e  a n i m a l s .  However ,  a l t h o u g h  c u l t u r e s  

i n o c u l a t e d  w i t h  b l o o d  o r  o r g a n  s u s p e n s i o n s  f rom e s s e s  of  

e a r l y  a c u t e  d i s t e m p e r  showed a CPE w i t h i n  a s  l i t t l e  as  

t h r e e  t o  f o u r  d a y s ,  f o u r  t o  f i v e  wee to we r e  r e q u i r e d  when 

t h e  m a t e r i a l  was t a k e n  f ro m a d v a n c e d  o a s e s  o f  t h e  d i s e a s e ,  

t h i s  v a r i a t i o n  b e i n g  c o n s i d e r e d  due t o  d i f f e r e n c e s  i n  t h e  

amoun ts  o f  v i r u s  p r e s e n t  i n  t h e  i nocu lumu

I n  a n  a t t e m p t  t o  f i n d  a more s e n s i t i v e  me t hod  of  

v i r u s  i s o l a t i o n ,  V a n t s i s  (1959)  p r e p a r e d  m o n o l a y e r s  f r o m 

t h e  k i d n e y s  o f  e x p e r i m e n t a l l y  i n f e c t e d  f e r r e t s  and f r o m  

t h e  l u n g s  a n d - k i d n e y s  o f  n a t u r e l l y - i n f e . o t e d  d o g s .  I n  t h i s  

way,  v i r u s  was i s o l a t e d  f ro m one o r  b o t h  o r g a n s  o f  12 dogs  

end  s e v e n  f e r r e t s ,  a CPE b e i n g  o b s e r v a b l e  as  e a r l y  as  s i x  

o r  s e v e n  d a y s  f o l l o w i n g  s e e d i n g  o f  t h e  c e l l s .  The same 

m et hod  was e mployed  by  C o r n w e l l  e t  a i ,  ( 1965)  i n  t h e  

a d a p t a t i o n  t o  t l s s u e - c u l t u r e  of  t h e  Gl asgow 8I4I  s t r a i n  and 

by H a r r i s o n  e t  a l ,  ( 1968)  i n  t h e  a d a p t a t i o n  o f  t h e  CSL 

s t r a i n ,  Kas za  (1 9 6 8 ) ,  T h i e l  e t  a l ,  ( 1 9 6 8 ) a n d  S m i t h  

e t  a l ,  (1 9 7 0 ) a l s o  u s e d  t h i s  t e c h n i q u e  s u c c e s s f u l l y .



2. f

B u s s e l l  an d  K a r s o n  ( I 9 b 5 e ) ?  on t h e  o t h e r  band* s u c c e e d e d  

i n  o n l y  on© o f  f i v e  a t t e m p t s  t o  i s o l a t e  v i r u s  b y  t h e  

d i r e c t  g r o w t h  o f  k i d n e y  c e l l s  from, n a t u r a l l y - i n f e c t e d  

d o g s .  I n  t h e  one s u c c e s s f u l  a t t e m p t *  a few s m a l l  

c y t o p l a s m i c  i n c l u s i o n  b o d i e s  were  s e e n  on t h e  l 6 tb.  d ay

p o s t  s e e d i n g *  b u t  s y n c y t i a  wer e  n o t  f o u n d  u n t i l  t h e  3 ij-th 

day* The y i e l d  o f  v i r u s  on d a y  30 was o n l y  

l C ^ ' 2 - 1 0 ^ ' ^ T 3 I D g Q  p e r  ml»

A more s e n s i t i v e  met hod  o f  i s o l a t i o n  was d e s c r i b e d  

b y  A p pe l  and  J o n e s  (1967)  o The se  w o r k e r s  p r e p a r e d ,  

c u l t u r e s  o f  a l v e o l a r  m a c r o p h a g e s  f rom SPF d o gs  and 

i n o c u l a t e d  them w i t h  v i r u l e n t  v i r u s .  I n  a l l  c a s e s *  

s y n c y t i a  wer e  p r o d u c e d  w i t h i n  two t o  f i v e  d a y s  o f  

i n o c u l a t i o n  an d  v i r u s  r e p l i c a t i o n  was shown b y  s e r i a l  

p a s s a g e .  S y n c y t i a  were  a l s o  f o u n d  when a l v e o l a r  m a c r o p h a g e  

c u l t u r e s  w e r e  p r e p a r e d  f r o m  dogs  w i t h  a c u t e  d i s t e m p e r .  

S i m i l a r  r e s u l t s  we r e  o b t a i n e d  b y  W r i g h t  e t  a l , (197U) and 

b y  Pos t © (1971)® The l a t t e r  p r e p a r e d  c u l t u r e s  o f  

a l v e o l a r *  h e p a t i c ,  s p l e n i c  and  p e r i t o n e a l  m a c r o p h a g e s  

f r o m  n e o n a t a l  dogs  an d  f e r r e t s .  Two v i r u l e n t  and  one 

a t t e n u a t e d  s t r a i n  o f  v i r u s  we r e  f o u n d  t o  grow i n  e a c h  

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

1 0 ^*^  t o  1 0 ^*^TGID^q p e r  ml f o r  t h e  a t t e n u a t e d  v i r u s  and  

1 0 ^*^ t o  lO^^^TCID^Q p e r  ml f o r  t h e  v i r u l e n t  v i r u s .  

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

i n c l u s i o n s  was f o u n d  I n  a l l  v i r u s - c e l l  c o m b i n a t i o n s ,  b u t  

m ar k ed  n u c l e a r  a b n o r m a l i t i e s  were  d e t e c t e d  o n l y  i n



a l v e o l a r  m a c r o p h a g e s  i n f e c t e d  w i t h  v i r u l e n t  v i r u s .

P o s t e  ( 1 9 7 0 ) a l s o  f o u n d  t h a t  s u s p e n s i o n  c u l t u r e s  o f  dog 

l y m p h o c y t e s  s u p p o r t e d  t h e  g r o w t h  of  v i r u l e n t  v i r u s *  

However* i n  none  o f  t h e s e  s y s t e m s  d i d  t h e  t i t r e s  p r o d u c e d  

e x c e e d  t h o s e  o b t a i n e d  by Imap^awa e t  a i , ( 1963)  arid

C o r n w a l l  e t  a l ,  ( l 9 7 0 )  f r o m ITDGK c e l l s  (Madin and  D a r b y  

c o n t i n u o u s  c a n i n e  k i d n e y )  i n f e c t e d  w i t h  t h e  Ro ck bo r n  and 

Glasgow 641  s t r a i n s  o f  v i r u s  r e s p e c t i v e l y ;  Imagawa e t  aX«, 

( 1963)  r e p o r t e d  t h a t  t i t r e s  of  up t o  lO^ '^TOTD^^ u e r  ml 

c o u l d  be o b t a i n e d  f o r  a t  l e a s t  15 weeks  f ro m t h e s e  c e l l s .  

F u r t h e r m o r e ,  by  p a s s a g i n g  t h e  v i r u s  f o u r  t i m e s ,  e a c h  t i m e  

w i t h  a g r e a t e r  number  of c o i l s  and  more v i r u s  t h a n  on t h e  

p r e v i o u s  o c c a s i o n ,  C o r n w e l l  e t  a i « (1971)  managed  t o  

o b t a i n  t i t r e s  o f  10^®^ t o  lO^^^TGID^^ p e r  ml* s u f f i c i e n t  

when c o n c e n t r a t e d  by u l t r a c e n t r i f u g a t i o n  t o  p e r m i t  t h e  

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

c o n d i t i o n s .  I t  t h e r e f o r e  seemed t h a t  u se  o f  a dog  

k i d n e y  c e l l - l i n e  m i g h t  be t ne mos t  s u i t a b l e  c e l i - s y s t e m  

f o r  t h e  a u t h o r ' s  p r o p o s e d  s t u d i e s .

The a im o f  t h i s  p a r t  o f  t h e  i n v e s t i g a t i o n  was t o  

f i n d  a s y s t e m  f o r  p r o d u c i n g  t h e  q u a n t i t i e s  o f  CDV 

r e q u i r e d  f o r  t h e  s t u d y  of  v i r u s  s t r u c t u r e  and r e p l i c a t i o n .  

T h i s  wo r k  commenced w i t h  a b r i e f  i n v e s t i g a t i o n  of  t h e  

q u a n t a l  a s s a y  s y s t e m  i n  g e n e r a l  u se  f o r  t h e  t i t r a t i o n  o f  

d o g - k i d n e y  a d a p t e d  s t r a i n s  o f  v i r u s  ( E x p e r i m e n t s  1 , 1  and 

1 , 2 ) ,  T h i s  s y s t e m  was t h e n  a p p l i e d  t o  a c o m p a r i s o n  o f  

v i r u s  p r o d u c t i o n  i n  f o u r  t y r e s  o f  can in© c e l l - c u l t u r © , a s



d e s c r i b e d  i n  E x p e r i m e n t s  ,.u3 and A s t u d y  was t h e n

mad© o f  some v a r i a b l e s  g o v e r n i n g  v i r u s  p r o d u c t i o n  and  a 

m e t hod  o f  p r o d u c i n g  l a r g e  amount s  o f  v i r u s  was e v o l v e d  

( E x p e r i m e n t s  l « 5 - l a 0 ) «

/



U

MATERIALS AND METHODS,

( 1 )  P r i m a r y  and s e c o n d a r y  dog k i d n e y  c u l t u r e s *  O u i t u r e s .  

o f  dog k i d n e y  c e l l s  wer e  p r e p a r e d  b y  a m o d i f i c a t i o n  o f  

t h e  m e t h od  d e s c r i b e d  b y  V a n t s i s  ( 1959)*  D ono r  a n i m a l s  

we r e  m o s t l y  “ s t r a y s "  a w a i t i n g  d e s t r u c t i o n  and  c o n s e q u e n t l y  

v a r i e d  w i d e l y  i n  age  a nd  b r e e d *  K i d n e y s  w e r e  r emoved 

s c e p t i c a l l y  a nd  t h e  c o r t i c e s  were  f i n e l y  mi no ed *  The 

t i s s u e  f r a g m e n t s  wer e  was hed  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 n e  (PBS) an d  t h e n  t r a n s f e r r e d  t o  a f l a s k  c o n t a i n i n g  

0 .25% t r y p s i n  i n  E a r l e ’ s b a l a n c e d  s a l t  s o l u t i o n  (DBS).

T h i s  was p l a c e d  on a m a g n e t i c  s t i r r e r  and  t r y p s l i i i s a t i o n  

a l l o w e d  t o  p r o c e e d  a t  room t e m p e r a t u r e  f o r  1#- h o u r s .  The 

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

w i t h  f r e s h  t r y p s i n  s o l u t i o n .  D i g e s t i o n  was c o n t i n u e d  

o v e r - n i g h t  a t  a g a i n  w i t h  t h e  a i d  o f  a m a g n e t i c

s t i r r e r .  The r e s u l t a n t  c e l l  s u s n o n s i  on was f i l t e r e d  

t h r o u g h  a d o u b l e  l a y e r  o f  g au ze  an d  c e l l s  s e d i m e n t e d  b y  

c e n t r i f u g a t i o n  a t  500 rpm f o r  20 m i n u t e s  i n  an MSTC M aj or  

c e n t r i f u g e .  The s u p e r n a t a n t  was d i s c a r d e d  an d  t h e  r a c k e d  

c e l l s  wer e  r e s u s p e n d e d  i n  E a r l e ’ s BSS c o n t a i n i n g  5% c a l f  

s e r u m  b e f o r e  b e i n g  t r a n s f e r r e d  oo s e v e r a l  g r a d u a t e d  

c e n t r i f u g e  t u b e s  and  d e p o s i t e d  b y  c e n t r i f u g a t i o n  a t  800  

rpm f o r  10 m i n u t e s  i n  a MSE Mi nor  b e n c h  c e n t r i f u g e .  

F o l l o w i n g  r e m o v a l  o f  t h e  s u p e r n a t a n t *  t h e  p a c k e d  c e l l  

volume was r e a d  an d  t h e  c e l l s  were  r e s u s p e n d e d  i n  100



t i m e s  t h e i r  own volume o f  E a r l e ’ s 3SS c o n t a i n i n g  0.25% 

l a c t a l h u m i n  h y d r o l y s a t e  (LH) and  10% c a l f  se rum^ The 

c a l l  s u s p e n s i o n  was t h e n  i n o c u l a t e d  e i t h e r  i n t o  r o l l e r  

t u b e s  ( 1 ml  e a c h )  w h i c h  wer e  i n c u b a t e d  a t  3 ? ° 0  a s  

s t a t i o n e r y  c u l t u r e s  o r  i n t o  8 oz* p r e s c r i p t i o n  b o t t l e s  

(20 ml  e a c h ) .  Compl e t e  m o n o l a y e r s  were  g e n e r a l l y  f o rm e d  

i n  f i v e  d a y s .

S e c o n d a r y  c u l t u r e s  wer e  p r e p a r e d  by  t r y p s i n i s i n g  

m o n o l a y e r s  grown i n  Boz.  p r e s c r i n t i o n  b o t t l e s .  The c e l l  

s h e e t s  w er e  w as h ed  t w i c e  w i t h  20  ml o f  t i r e - war med  ( 3? °C)

PBS f r e e  o f  c a l c i u m  and  magnes ium i o n s  b u t  c o n t a i n i n g  

0.02% s o d i u m  v e r s e n a t e .  An e q u a l  volume o f  t h e  sarae 

s o l u t i o n ,  b u t  t h i s  t i m e  a l s o  c o n t a i n i n g  0 . 125% t r y p s i n ,  

was t h e n  i n o c u l a t e d  i n t o  e a c h  b o t t l e  and  t h e  l a t t e r  were  

m a i n t a i n e d  u n d e r  m i c r o s c o p i c  e x a m i n a t i o n  i n  a “h o t  room" 

a t  3 7 ^ 0 . When a p p r o x i m a t e l y  50% o f  t h e  c e l l s  h ad  r o u n d e d  

u p ,  t h e  t r y p s i n - v e r s e n e  m i x t u r e  was d i s c a r d e d  an d  t h e  c e l l s  

we r e  a l l o w e d  t o  d e t a c h  i n t o  t h e  r e s i d u a l  f l u i d  i n  t h e  

b o t t l e .  The y  wer e  t h e n  r e s u s p e n d e d  i n  E a r l e ’ s BSS 

c o n t a i n i n g  0 ,25% LH an d  10% f o e t a l  b o v i n e  s e r u m  (EB3) 

a n d  d i s p e n s e d  i n t o  30 mm o r  50 mm p e t r i  d i s h e s  o r  r o l l e r  

t u b e s  a c c o r d i n g  t o  r e q u i r e m e n t s .  The c e l l s  f r o m  one 8 o z .  

b o t t l e  p r o v i d e d  m o n o l a y e r s  w i t h i n  two d a ys  i n  e i g h t  30  ram 

d i s h e s  o r  f i v e  50  ram d i s h e s  o r  20 r o l l e r  t u b e s ,

(2) OH c e l l  c u l t u r e s .  The OH c e l l - l i n e  was d e r i v e d  by 

s e r i a l  c u l t i v a t i o n  o f  a s e c o n d a r y  g reyhound  k i d n e y  c u l t u r e



i n  which  f o c i  of  t i g h t l y “packed* p o l y h e d r a l ,  e p i t h e l i a l  

c e l l s  had s p o n t a n e o u s l y  deve loped , .  The c e l l s  were 

m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  f rom t h o s e  of  t he  

Madin and Darby dog k i d n e y  (MDCK) cei . i  l i n e  b u t  d i f f e r e d  

f rom them i n  k a r y o t y p e  and i n  t h e i r  g r e a t e r  r e s i s t a n c e  

t o  c a n i n e  h e r p e s  v i r u s  (C o rn w e l l ,  u n p u b l i s h e d  w o r k ) .

S t oc k  c u l t u r e s  were grown and m a i n t a i n e d  i n  802,  

p r e s c r i p t i o n  b o t t l e s .  Fo r  s e r i a l  c u l t i v a t i o n ,  mono laye r s  

were d i s a g g r e g a t e d  by t h e  same method as was used  f o r  t h e  

■product ion of  s e c o n d a r y  dog k i dn ey  c u l t u r e s .  The s p l i t  

r a t i o  was n o r m a l l y  one t o  f o u r  .and when 20 ml o f  c e l l  

s u s p e n s i o n  was s eede d  i n t o  an 802.  b o t t l e  and i n c u b a t i o n  

c a r r i e d  ou t  a t  37^G, rnoholayers  were formed i n  t h r e e  d a y s .  

Growth medium c o n s i s t e d  of  S a r i e ’ s BSS c o n t a i n i n g  0 , 25%

LH and 10% PBS, Fo r  t h e  ma in t ena nce  of  e s t a b l i s h e d  

m on o la ye r s  t h e  above medium, b u t  c o n t a i n i n g  on i y  2% FBS, 

was emp loyed .  The medium was changed e v e r y  t h r e e  t o  f o u r  

d a y s .

( 3 ) Mhol e  c a n in e  embrvo c u l t u r e s , The f o e t u s e s  wore 

removed a s e p t i c a l l y  f rom dono r  b i t c h e s  and were  f i n e l y  

minced .  The t i s s u e  f r a g m e n t s  were washed i n  ?BS and t h en  

t r e a t e d  w i t h  0 , 25% t r y p s i n  i n  E a r l e ' s  BSS f o r  U5 minu t e s  

a t  room t e m p e r a t u r e  on a magne t i c  s t i r r e r .  The r e s u l t a n t  

s u s p e n s i o n  was d i s c a r d e d  and t he  t i s s u e  f r a g m e n t s  were 

r e - e x p o s e d  t o  f r e s h  t r y n s i n  s o l u t i o n  f o r  3 0 . m in u t e s  unde r  

t he  same c o n d i t i o n s  as b e f o r e .  The c e l l  s u s p e n s i o n  t h u s  

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



s e d i m e n t e d  b y  10  m i n u t e s  c e n t r i f u g a t i o n  a t  800  rpm i n  an  

MSE Minor  b e n c h  c e n t r i f u g e .  The s u p e r n a t a n t  was p o u r e d  

o f f  and t h e  d e p o s i t  r e s u s p e n d e d  i n  a s m a l l  volume of  

E a r l e ’ s BSS c o n t a i n i n g  10% PBS b e f o r e  c e n t r i f u g a t i o n  i n  

g r a d u a t e d  t u b e s  a t  500  rpm f o r  5 m i n u t e s  f o r  d e t e r m i n a t i o n  

o f  t h e  p a c k e d  c e l l  volume* F o l l o w i n g  r e m o v a l  o f  t h e  

s u p e r n a t a n t *  t h e  c e l l s  we r e  r e s u s p e n d e d  i n  100  t i m e s  t h e i r  

own volume i n  E a r l e ’ s BSS c o n t a i n i n g  0,25% LH an d  10% PBS 

and  i n o c u l a t e d  i n t o  8 o%. p r e s c r i p t i o n  b o t t l e s *  20  ml  

p e r  b o t t l e .  M o n o l a y e r s  f o r m e d  w i t h i n  2l|. h o u r s  o f  i n c u b a t i o n  

a t  37*^0 and* f ro m t h e s e ,  s e c o n d a r y  c u l t u r e s  were  u r e n a r e d  

i n  30  mm end 50  mm p e t r i  d i s h e s  and  i n  r o l l e r  t u b e s  b y  

t h e  same m e t h od  a s  was empl oy ed  f o r  t h e  DK c e l l s .

S e v e r a l  f u r t h e r  s u b - c u l t u r e s  wer e  made e m p l o y i n g  a s p l i t  

r a t i o  o f  one t o  t w o;  u n d e r  t h e s e  c o n d i t i o n s , i t  was f o u n d  

t h a t  20«30  t u b e s  o r  8 - 1 0  30  mm p l a t e s  c o u l d  be p r o d u c e d  

f r o m  one 8 oz* b o t t l e ,  m o n o l a y e r s  f o r m i n g  i n  I48 t o  72 

h o u r s  $

(if.) C a n i n e  a l v e o l a r  m ac r o p h a g e  c u l t u r e s .  The l a r y n x ,  

t r a c h e a  an d  l u n g s  we r e  r emoved  i m m e d i a t e l y  a f t e r  e u t h a n a s i a ,  

c a r e  b e i n g  t a x e n  t h a t  no  i n c i s i o n  o f  t h e  l u n g  t i s s u e  was 

i n a d v e r t e n t l y  made .  The l a r y n x  and t h e  f i r s t  two i n c h e s  

o f  t h e  t r a c h e a  wer e  r emoved  and a f i l t e r  f u n n e l  i n s e r t e d  

i n t o  t h e  r e m a i n i n g  p o r t i o n  o f  t h e  t r a c h e a ,  t h e  s t e m  o f  t h e

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

t i g h t  f i t ,  E a r l e ’ s BSS was t h e n  p o u r e d  i n t o  t h e  f u n n e l  

u n t i l  t h e  d i a p h r a g m a t i c  and c s r d i a c  l o b e s  o f  t h e  l u n g s
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a p p e a r e d  f u l l y  d i s t e n d e d ,  w i t h  f l u i d *  I n  t h e  c a s e  o f  

l a r g e r  b r e e d s  s u c h  a s  t h e  A l s a t i a n *  a l m o s t  two l i t r e s  o f  

medium wer e  r e q u i r e d  f o r  o or np le te  d i s t e n s i o n .  F o l l o w i n g  

g e n t l e  m a s s a g e  o f  t h e  l u n g s  * t h e  c o n t e n t s  wer e  e m p t i e d

i n t o  250  ml  c e n t r i f u g e  b o t t l e s  w h i c h  w er e  s p u n  a t  l 5 0 0  

rpm f o r  15 m i n u t e s .  The s e d i m e n t e d  c e l l s  we r e  r e s u s p e n d e d  

i n  a s m a l l  volume o f  E a r l e ’ s BSS and c e n t r i f u g e d  a t  15OO 

rpm f o r  15 m i n u t e s  i n  g r a d u a t e d  t u b e s  t o  m e a s u r e  t h e i r  

p a c k e d  volume and were  t h e n  r © s u s p e n d e d  i n  50  t i m e s  

t h e i r  own volume o f - E a r l e ’ s BSS c o n t a i n i n g  0 , 25% LH and 

10% FBS,  The c e l l . ,  s u s p e n s i o n  was i n o c u l a t e d  i n t o  r o l l e r  

t u b e s  o r  p e t r i  d i s h e s *  and* a f t e r  f o u r  h o u r s  i n c u b a t i o n  a t  

37^0* t h e  f l u i d  was r emoved  and r e p l a c e d  w i t h  f r e s h  

medium o f  t h e  same c o m p o s i t i o n .  The medium was c h a n g e d  

a g a i n  t h e  f o l l o w i n g  day* by  w n i c h  t i m e  a c o n s i d e r a b l e  

n umber  o f  c e l l s  h a d  d e t a c h e d  f ro m t h e  s u b s t r a t e ,  b u t  

t h e r e a f t e r *  f u r t h e r  d e t a c h m e n t  was s low* At  f i r s t ,  t h e  

c u l t u r e s  wer e  composed  e n t i r e l y  o f  r ound *  r e f r a o t i l e  c e l l s  

b u t  f i b r o b l a s t s  g e n e r a l l y  a p p e a r e d  a f t e r  s e v e n  t o  10 d a ys  

an d  r a p i d l y  f o r m e d  d e n s e  m o n o l a y e r s ,  t h o u g h  some r o u n d  

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

s e v e r a l  d a y s  m o r e .

The n um be r  o f  m a c r o p h a g e s  o b t a i n e d  by  t h e  above  

t e c h n i q u e  v a r i e d  w i d e l y  f ro m dog t o  d o g .  Whi l e  l a r g e  

nu mb er s  o f  c e l l s  c o u l d  r e a d i l y  be o b t a i n e d  f r o m  dogs  w i t h  

i n f l a m m a t o r y  c h a n g e s  i n  t h e i r  l u n g s *  r e l a t i v e l y  few t u b e  

o r  p l a t e  c u l t u r e s  c o u l d  be o b t a i n e d  f r o m  t h e  l u n g s  o f
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n o r m a l  a n i m a i s  and  t n o  p r o p o r t i o n  o f  c e i l s  a t t a c h i n g  t o  

t h e  s u b s t r a t e  o r  s u r v i v i n g  t h e  f i r s t  21|. h o u r s  o f  

i n c u b a t i o n  was o f t e n  d i s a p p o i n t i n g l y  low*

( 5)  V i r u s  s t r a i n s * The v i r u s  u s e d  was o f  t h e  Ro ck b or n  

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

d r i e d  v a c c i n e s  " G a n i n o v a c "  ( H o e s c h t  P h a r m a c e u t i c a l s )  

a n d  " V a x i t a s "  (Tasman V a c c i n e  L a b o r a t o r y  ( U .K . )  L i m i t e d ) ,

The i n f e c t i v i t y  t i t r e s  o f  t h r e e  b a t c h e s  o f  v a c c i n e  wer e  

m e a s u r e d  b y  t h e  me th od  d e s c r i b e d  b e l ow and f o u n d  t o  v a r y  

f r o m  1 O^°^TGID^0 p e r  ampoul e  t o  10 '^" ^TOID^^ u e r  a m p o u l e .

The CPE p r o d u c e d  by  t h e  v a c c i n e  v i r u s  i n  p r i m a r y  o r  

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

8 1 r a n d “ f o rma  t  i  o n ,

Most  o f  t h e  work  was c a r r i e d  o u t  w i t h  a l i n e  o f  

v i r u s  p a s s a g e d  13 t i m e s  i n  primaz' ’y o r  s e c o n d a r y  dog k i d n e y  

c u l t u r e s  and  t h e n  a d a p t e d  t o  G-H c e i x s  a s  d e s c r i b e d  below*

The i n i t i a l  p a s s a g e  was made by i n f e c t i n g  a ho%* b o t t l e  

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

v a c c i n e .  Ten d ay s  i n c u b a t i o n  was r e q u i r e d  f o r  t h e  

d e v e l o p m e n t  o f  an e x t e n s i v e  CPE b u t ,  on s u b s e q u e n t  p a s s a g e s ,  

m o s t  o f  w h i c h  wer e  made w i t h  a on© i n  two d i l u t i o n  o f  t h e  

p r e v i o u s  p a s s a g e  ( w h o l e - c u l t u r e  f r o z e n  and  t h aw e d  o n c e ) ,  

s t r a n d “ f o r m a t i o n  a p p e a r e d  w i t h i n  (4.6 h o u r s  o f  i n o c u l a t i o n  

an d  i n v o l v e d  a l m o s t  t h e  whol e  o f  t h e  c © l l - s h © b t  by  t h e  

end  o f  t h e  f o u r t h  d a y .  C u l t u r e  medium c o l l e c t e d  f r o m t h e

t h i r d  p a s s a g e  on t h e  t h i r d  d ay  a f t e r  i n o c u l a t i o n  was
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r; c
f o u n d  t o  c o n t a i n  10  p a r  ml a n d ,  a l t h o u g h  t h e

i n f e c t i v i t y  t i t r e s  o f  s u b s e q u e n t  p a s s a g e s  wer e  n o t  

m e a s u r e d *  t h e r e  was no l e s s e n i n g  i n  t h e  s p e e d  w i t h  w h i c h  

t h e  CPE d e v e l o p e d ;  t h u s *  e v en  a t  t h e  2 0 t h  p a s s a g e  i n  DK 

c e l l s *  an e x t e n s i v e  CPE was p r o d u c e d  by  t h e  t h i r d  d a y  p o s t  

i n o c u l a t i o n *  I t  w o u l d  seem* t h e r e f o r e ,  t h a t  p r o l o n g e d  

p a s s a g e  a t  a on© i n  two d i l u t i o n  ha d  no a d v e r s e  e f f e c t  on

v i r u s  r e p l i c a t i o n .  The s i g n i f i c a n c e  o f  t h i s  w i l l  be

d i s c u s s e d  i n  P a r t  S i x  o f  t h i s  t h e s i s *

Two loZe  b o t t l e s  o f  s e c o n d a r y  DK c u l t u r e s  i n f e c t e d  

w i t h  t h e  12 t h  p a s s a g e  o f  t h e  above  l i n e  o f  v i r u s  were  

h a r v e s t e d  by  f r e e z i n g  and  t h a w i n g ,  m ix ed  w i t h  an e q u a l  

volume o f  f r e s h  m a i n t e n a n c e  medium and  i n o c u l a t e d  i n t o  a 

/ lozc b o t t l e  o f  f r e s h l y - m o n o l a y e r e d  GH c e l l s .  C e l l  

g r o w t h  c o n t i n u e d  o v e r  t h e  s u c c e e d i n g  f o u r  d a y s ,  a t  t h e

end  o f  w h i c h  t h e  m o n o l a y e r  c o n s i s t e d  o f  a mass  o f  s m a l l ,

t i g h t l y  p a c k e d  c e l l s  * As t h e r e  was no  e v i d e n c e  o f  

c y t o p a t h i c  c h a n g e s ,  t h e  c e l l s  wer e  r emoved  f r o m  t h e  g l a s s  

w i t h  t r y p s l n - v e r s e n e  and  i n o c u l a t e d  i n t o  an 8 o z .  

p r e s c r i p t i o n  b o t t l e .  A l t h o u g h  a new m o n o l a y e r  f o rmed  

w i t h i n  36 h o u r s ,  s y n c y t i a  a l s o  a p p e a r e d  d u r i n g  t h i s  t i m e  

a n d ,  b y  t h e  e n d  o f  a n o t h e r  two d a y s ,  t h e  CPE h a d  become 

e x t e n s i v e .  F u r t h e r  p a s s a g e s  were  made by  i n f e c t i n g  GH 

c e l l s  i n  s u s p e n s i o n ,  t h e  i n o c u l a  c o n s i s t i n g  o f  a one i n  

two d i l u t i o n  o f  f r o z e n  and  t ha we d  c u l t u r e s  f r o m  t h e  

p r e v i o u s  p a s s a g e ,  Un de r  t h o s e  c o n d i t i o n s ,  s y n c y t i a  

u s u a l l y  a p p e a r e d  w i t h i n  f o u r  da ys  o f  i n f e c t i o n  ( r a n g e
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two t o  s i x  d a y s )  an d  s p r e a d  s u f f i c i e n t l y  r a p i d l y  t o  a l l o w  

h a r v e s t i n g  b y  a b o u t  t h e  e i g h t h  d a y  p o s t  i n f e c t i o n *  A 

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

t o  t h e  s e v e n t h  p a s s a g e s  i n  GH c e l l s  ( m o s t l y  f r o m  t h e  

s i x t h  and  s e v e n t h  p a s s a g e s ) .  T h i s  was d e s i g n a t e d  VPl  

( V i r u s  P o o l  1 ) ,  d i v i d e d  i n t o  a number  o f  a l i q u o t s  and  

s t o r e d  a t  - 7 5 °G.

O t h e r  l i n e s  o f  v i r u s  wer e  p r e p a r e d  by  a d a p t i n g  t h e

v a c c i n e  d i r e c t l y  t o  GH c e l l s .  I n  t h e s e  i n s t a n c e s *

a d a p t a t i o n  was a much s l o w e r  p r o c e s s  t h a n  t h a t  d e s c r i b e d

a b o v e ,  a s  t h e  f o l l o w i n g  a c c o u n t  w i l l  d e m o n s t r a t e .  Two

I4.0 Z* b o t t l e s  o f  f r e s h l y  m o n o l a y e r e d  GlI c e l l s  wer e  e a c h

i n f e c t e d  w i t h  f o u r  a m p ou le s  o f  v a c c i n e .  T h e r e  b e i n g  no

OPE a t  t h e  end  o f  t h e  s e c o n d  week p o s t  I n o c u l a t i o n ,  t h e

c e l l s  we r e  r emoved  f r o m  t h e  g l a s s  i n  one b o t t l e  and

d i v i d e d  b e t w e e n  two 8 0 s ,  b o t t l e s .  New m o n o l a y e r s  f o rm e d

w i t h i n  two d a ys  o f  r e s e e d i n g  and a few s y n c y t i a  were

n o t e d  a f t e r  a f u r t h e r  two d a y s .  However ,  i t  was n o t  
u n t i l  a b o u t  e i g h t  or  n i n e  d a ys  a f t e r  r e s e e d i n g  t h a t

s y n c y t i a  wer e  a t  a i l  n u m e r o u s , M o r e o v e r ,  t h e  c e l l s  i n

t h e  o r i g i n a l  [ | oz ,  b o t t l e  w u i o h  ha d  n o t  b e e n  r e s e e d e d

r e m a i n e d  n o r m a l  u n t i l  f i n a l l y  d i s c a r d e d  3 -̂!- d a ys  a f t e r

i n o c u l a t i o n  «

( 6 ) A s s a y  o f  v i r a l . i n f e c t i v i t y , I n f e c t i v i t y  t i t r a t i o n s  

we r e  p e r f o r m e d  by t h e  q u a n t a 1 met hod  o f  a s s a y  i n  - 

s t a t i o n a r y  r o l l e r « t u b e  c u l t u r e s  o f  p r i m a r y  o r  s e c o n d a r y
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dog k i d n e y  c e l l s *  T e n - f o l d  d i l u t i o n s  o f  v i r u s  wer e  

p r e p a r e d  i n  E a r l e ’ s BSS c o n t a i n i n g  0*25% l a c t a l b u m i n  

h y d r o l y s a t e  a n d  5% c a l f  serum* E a c h  d i l u t i o n  was 

i n o c u l a t e d  i n t o  f i v e  t u b e s ,  1 ml  p e r  t u b e ,  a n d  f i v e  h o u r s  

a l l o w e d  f o r  v i r u s  a d s o r p t i o n  b e f o r e  r e m o v a l  o f  t h e  

i n o c u l u m *  Medium was c h a n g e d  t w i c e  weei i ' ly a nd  t h e  e n d ­

p o i n t s  r e a d  on t h e  1 3 t h  d a y  p o s t  i n f e c t i o n ,  I n f e c t i v i t y  

t i t r e s  we r e  c a l c u l a t e d  b y  t h e  me t hod  o f  KèTrber ( 1931)*

(7 ) S t a i n i n g  p r o c e d u r e s  f o r  l d # h t  m i c r o s c o p y .  Where 

a p p r o p r i a t e ,  mono laye r s  of  c e l l s  were grown i n  50 mra 

p l a s t i c  p e t r i  d i s h e s  c o n t a i n i n g  g l a s s  c o v e r s l i n s o  At 

i n t e r v a l s  a f t e r  i n f e c t i o n ,  c o v e r s l i p s  were removed and 

t h e  c o l l s  s t a i n e d  w i t h  h a e m a t o x y l i n  and e o s i n  f o l l o w i n g

f i x a t i o n  f o r  t h r e e  h o u r s  i n  m e r c u r i c  c V i io r i d e« f o r m o l .



EXPERIMENTAL P RO CED U RE! AND RE!TILTS

EXPERI7IENT 1*1  

The S u s c e p t i b i l i t y  of  Fou r  D i f f e r e n t  Tyres  of  Canine

C e l l  C u l t u r e ,

The p r i n c i p a l  o b j e c t  was t o  d e t e r m i n e  w h e t h e r  or  

n o t  a more s u s c e p t i b l e  c u l t u r e  sy s t em th a n  t h a t  p r o v i d e d  

by t h e  DK c u l t u r e s  c ou ld  be fo un d .  Fo r  t h i s  p u r p o s e ,  

s t a t i o n a r y  r o l l e r  t ube  c u l t u r e s  of CI-Ï c e l l s ,  c an i ne  

a l v e o l a r  mac r op hag es ,  s e c o n d a r y  DK c e l l s  and s e c o n d a r y  

whole dog embryo c e l l s  were i n f e c t e d  w i t h  1 0 - f o l d  d i l u t i o n s  

of  s t o c k  v i r u s  grown in  GH c e l l s ,  f i v e  o r  s i x  t u b e s  b e i n g  

used  p e r  d i l u t i o n ,  and examined m i c r o s c o p i c a l l y  a t  d a i l y  

i n t e r v a l s  from the  s e v e n t h  t o  th»=-' 21s t  day p o s t  

i n o c u l a t i o n .  The i n f e c t i v i t y  t i t r e s  were c a l c u l a t e d  from 

the  50% e n d - p o i n t s  r e a d  on t h e  17t h  day p o s t  i n o c u l a t i o n ,  

by which  t ime  t he  e n d - n o i n t s  had become f i x e d .

In  GH and DK c u l t u r e s  i n o c u l a t e d  w i t h  a l O ”^ d i l u t i o n  

of  t h e  v i r u s ,  s y n c y t i a  were found on t h e  t h i r d  day p o s t  

i n o c u l a t i o n  and i n c r e a s e d  r a p i d l y  i n  number ov e r  t h e  

s u c c e e d i n g  few d a y s .  At l ower  v i r u s  i n p u t ,  however ,  ma jo r  

d i f f e r e n c e s  i n  t h e  s c a l e  and d i s t r i b u t i o n  of  t h e  CPF 

a r o s e  be tween t h e  two t y p e s  of  c u l t u r e .  Thus ,  w h e r e a s ,  by
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t h e  n i n t h  d a y  p o s t  i n o c u l a t i o n ,  t u b e s  o f  DK c e i l s  

i n o c u l a t e d  w i t h  a 10 - d i l u t i o n  of  v i r u s  c o n t a i n e d  l a r g e  

numb er s  o f  s y n c y t i a  w h i c h  were  r a n d o m l y  d i s t r i b u t e d  

t h r o u g h o u t  t h e  c e l l  s h e e t ,  t u b e s  of  GH c e l l s  c o n t a i n e d  

v e r y  few s y n c y t i a ,  t h e s e  b e i n g  f o u n d  a l m o s t  e n t i r e l y  i n  

t h e  s p a r s e r  r e g i o n s  a t  t n e  p e r i p h e r y  o f  t h e  m o n o l a y e r *

S i n c e  l a r g e ,  g - a n u l a r ,  s o m e t i m e s  b i -  o r  t r i - n u c l e a t e  

c e l l s  wer e  a l w a y s  p r e s e n t  a t  t h e  n e r i u h e r y  o f  n o r m a l  GH 

m o n o l a y e r s ,  d e t e c t i o n  of  t h e  CPE i n  GH c u l t u r e s  i n o c u l a t e d  

w i t h  h i g h  d i l u t i o n s  o f  v i r u s  was d i f f i c u l t  u n l e s s  t h e  c e l l s  

were  m a i n t a i n e d  f o r  a t  l e a s t  1? d ay s  p o s t  i n o c u l a t i o n .

I n  DK c u l t u r e s ,  on t h e  o t h e r  h a n d ,  l i m i t i n g  d i l u t i o n s  

a l w a y s  p r o d u c e d  a c l e a r l y  r e c o g n i s a b l e  GPE w i t h i n  12 d a y s ,

C y t o p a t h i c  c h a n g e s  d e v e l o p e d  more s l o w l y  i n  GE 

m o n o l a y e r s  t h a n  i n  c u l t u r e s  o f  DK c e l l s  t h o u g h ,  as  w i t h  

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

i n d i v i d u a l  m o n o l a y e r s .  L i m i t i n g  d i l u t i o n s  o f  v i r u s  

p r o d u c e d  a GPE w i t h i n  16 d ays  of  i n o c u l a t i o n .  Obvious  

s y n c y t i a  wer e  n o t  s e e n  i n  c u l t u r e s  o f  a l v e o l a r  m a c r o p h a g e s  

b u t  t h e r e  was a s t e a d y  l o s s  o f  c e l l s  f rom t h o s e  c u l t u r e s  

f r o m  a b o u t  s i x  d a ys  p o s t  s e e d i n g  o n w a r d s .  The i n f e c t i v i t y  

t i t r e s  o f  t h e  v i r u s  s u s p e n s i o n  i n  v a r i o u s  c u l t u r e s  were  

a s  f o l l o w s  :
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C e l l  t y p e  ‘ T i t r e  o f  v i r u s *  log^^TGIDj^^ p e r  ml*

S e c o n d a r y  DK c e l l s  . 5o5

G'H c e l l s

S e c o n d a r y  GE c e l l s  3 . 7

A l v e o l a r  m a c r o p h a g e s  CO, 5

4- t h e  l o w e s t  d i l u t i o n  u s e d  was 1 0 “ ^

T h e se  r e s u l t s -  i n d i c a t e d  t h a t  t h e  DK c e l l s  wer e  a p p r o x ­

i m a t e l y  l 5  t i m e s  more s e n s i t i v e  t h a n  t h e  GH c e l l s  and

a b o u t  60 t i m e s  more s u s c e p t i b l e  t h a n  t h e  GE c e l l s *
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RXPSRI^EHT 1 , 2

Some F a c t o r s  G o v e r n i n g  t h e  R e p r o d u c i b i l i t y  of  t h e  R e s u l t s  

O b t a i n e d  f r o m t h e  A s s a y  Sys t em*

B e f o r e  t h e  d e c i s i o n  was made t o  a d o p t  DK c u l t u r e s  

f o r  a l l  s u b s e q u e n t  t i t r a t i o n s ,  i t  was f e l t  t h a t  a b r i e f  

i n v e s t i g a t i o n  s n o u l d  be made of  s e v e r a l  f a c t o r s  w h i c h  

m i g h t  p o s s i b l y  i n f l u e n c e  t n e  s u s c e p t i b i l i t y  o f  t h e  c e l l s  

and h e n c e  t h e  s e n s i t i v i t y  o f  t h e  a s s a y .  The f i r s t  o f  

t h e s e  was t h e  age  and b r e e d  of  t h e  d o n o r  a n i m a l . a n d ,  

s i n c e  t h e  amount  o f  t i m e  w h i c h  c o u l d  be a l l o t t e d  t o  t h i s  

i n v e s t i g a t i o n  was l i m i t e d ,  i t  was d e c i d e d  t o  comnar e  t h e  

s u s c e p t i b i l i t y  o f  c e l l s  d e r i ve d ,  f rom two a n i m a l s  o f  

w i d e l y  d i s s i m i l a r  age and b r e e d *  F o r  t h i s  p u r n o s e ,

1 0 - f o l d  d i l u t i o n s  o f  s t o c k  v i r u s  were  p r e p a r e d  and e a c h  

d i l u t i o n  was i n o c u l a t e d  i n t o  DK c u l t u r e s  d e r i v e d  f r o m  

(a )  an  e i g h t  week o l d  u n v a c c i n a t e d  c o l l i e  an d  (b)  an 

e i g h t  y e a r  o l d  g r e y h o u n d  w h i c h  had  r e c e i v e d  d i s t e m p e r  

v a c c i n e  a t  t w o - y e a r l y  i n t e r v a l s  t h r o u g h o u t  i t s  l i f e .

S ev en  t u b e  c u l t u r e s  f r o m  e a c h  a n i m a l  were  u s e d  f o r  e a c h  

d i l u t i o n  of  v i r u s ,  t h e  r e s u l t s  b e i n g  as  f o l l o w s : -

Donor  T i t r e  o f  v i r u s ,  log^^TOID^çj  n e r  ml

E i g h t  week  o l d  c o l l i e  U®17

E i g h t  y e a r  o l d  g r e y h o u n d

From t h i s ,  i t  a p p e a r e d  t h a t  t h e  a g e ,  b r e e d  aild immune 

s t a t u s  o f  t h e  d o n o r  a n i m a l  was u n l i k e l y  t o  h a ve  an y  

m ar k ed  e f f e c t  on t h e  s e n s i t i v i t y  o f  t h e  a s s a y *
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The n e x t  p a r a m e t e r  ex am in ed  was t h e  af-T© o f  t h e  

m o n o l a y e r .  T e n - f o l d  d i l u t i o n s  o f  s t o c k  v i r u s ,  e a c h  

s u f f i c i e n t  f o r  t h e  i n o c u l a t i o n  of  15 t u b e s ,  we r e  made un 

i n  E a r l e ’ s BSS,  0 ,25% l a c t a l h u m i n  h y d r o l y s a t e  an d  10% 

c a l f  s e r u m  and  s t o r e d  a t  - 6 5 ^ 0 ,  A f t e r  one h o u r ,  5 ml  o f  

e a c h  d i l u t i o n  was t h a w e d  and  i n o c u l a t e d  i n t o  t u b e s  o f  

p r i m a r y  DK c e l l s  s e e d e d  f o u r  d ay s  p r e v i o u s l y ,  1 ml i n t o  

e a c h  of  f i v e  t u b e s .  At  t h i s  s t a g e ,  t h e  c u l t u r e s  were  n o t  

q u i t e  c o n f l u e n t ,  a b o u t  9 0 % o f  t h e  g l a s s  b e i n g  c o v e r e d .

At n i n e  and 17 days  a f t e r  s e e d i n g  o f  t he  c e l l s ,  f u r t h e r  

i n o c u l a t i o n s  were  made w i t h  t h e  s t o r e d  v i r u s  d i l u t i o n s .  

The r e s u l t s  were as f o l l o w s

Ago o f  M o n o l a y e r  T i t r e  o f  v i r u s ,  log^QTOID^.^ p e r  m l ,  

i n  d ays

Ij- k c l

9 U a

17 k .3
From t h e s e  r e s u l t s ,  i t  a p p e a r e d  t h a t  t h e  age  o f  t he  

m o n o l a y e r  was u n l i k e l y  t o  h av e  any marked  e f f e c t  on t h e  

s u s c e p t i b i l i t y  o f  t h e  c e l l s .

C o m p a r i s o n  was a l s o  made of  t h e  r e l a t i v e  

s u s c e p t i b i l i t y  o f  p r i m a r y  and s e c o n d a r y  DK c u l t u r e s  

d e r i v e d  f r o m  t h e  same a n i m a l ,  f i v e  t u b e - c u l t u r e s  o f  e a c h  

t y p e  b e i n g  u s e d  p e r  l O - f o i d  d i l u t i o n  o f  v i r u s .  The 

r e s u l t s  wer e  a s  f o l l o w s : -
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T i t r e  o f  v i r u s ,  log^gTCTD^Q p e r  ml .

Vi r u s  s t ook
P r i m a r y  C u l t u r e  S e c o n d a r y  C u l t u r e

1 6 « 3. 6 o 1
P r i mar y  C u l t u r e

2 5*1 5*1

From t h e s e ,  i t  s eemed t h a t  t h e  two t y p e s  o f  c u l t u r e  were  

o f  c o m p a r a b l e  s e n s i t i v i t y ;  c h o i c e  b e t w e e n  t h e  two was- 

t h e r e f o r e  s o l e l y  a m a t t e r  o f  c o n v e n i e n c e .

The l a s t  p a r a m e t e r  b r i e f l y  i n v e s t i g a t e d  was t h e  

v a r i a t i o n  i n  p l a t i n g  e f f i c i e n c y  w i t h  d i f f e r e n t  vo l umes  o f  

i n o c u l u m .  T e n - f o l d  d i l u t i o n s  o f  a v i r u s  s u s p e n s i o n  were  

p r e p a r e d  and  e a c h  i n o c u l a t e d  i n t o  10 t u b e s  o f  p r i m a r y  DK 

c e l l s ,  f i v e  o f  t h e s e  r e c e i v i n g  an i n o c u l u m  o f  0 , 1  m l ,  and 

t h e  r e m a i n d e r  t h e  s t a n d a r d  1 m l .  A f t e r  f i v e  h o u r s  a t  

3 7 ° 0 , t h e  i n o c u l a  wer e  r e p l a c e d  w i t h  f r e s h  m a i n t e n a n c e  

medium and  i n c u b a t i o n  c o n t i n u e d .  The r e s u l t s  wer e  as  

f  a l l o w s  ; -

Volume o f  i n o c u l u m  T i t r e  o f  v i r u s ,  log^^TCID^Q p e r  m l ,

0 , 1  ml .  1 , 3

1 , 0  ml 2 , 7

P l a t i n g  e f f i c i e n c y  t h e r e f o r e  seemed t o  be h i g h e r  w i t h  t h e

l a r g e r  i n o c u l u m .  T h i s  may h ave  b e en  due t o  “ l o s s "  o f  v i r u s  

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

above  t h e  m o n o l a y e r .  A c c o r d i n g l y ,  i t  was d e c i d e d  t o  

s t a n d a r d i s e  on an i n o c u l u m  of  1 ml i n  a l l  s u b s e q u e n t  

t i t r a t i o n s .
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111 o r d e r  t o  e s t i m a t e  t h e  l i k e l y  e x p e r i m e n t a l  e r r o r  

when f i v e  t u b e s  we r e  u s e d  p e r  d i l u t i o n *  d u p l i c a t e  

t i t r a t i o n s  o f  t h r e e  d i f f e r e n t  b a t c h e s  o f  v i r u s  were  

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

1 , 0  Ipg^Q d i l u t i o n  s t e p s  and t h e  r e m a i n d e r  OhSlog^Q

d i l u t i o n  s t e p s ,  two s e p a r a t e  s e r i e s  o f  d i l u t i o n s  b e i n g  

made up f o r  e a c h  v i r u s  s u s p e n s i o n .  As t h e  f o l l o w i n g  

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

p o s i t i v e  t u b e  w i t h i n  e a c h  p a i r  o f  t i t r a t i o n s *

V i r u s  D i l u t i o n
T i t r e  o f  v i r u s ,  l og , «T CI D^ Q p e r  ml 

s u s p e n s i o n  s t e p s  ^

F i r s t  t i t r a t i o n  S e c o n d  t i t r a t i o n

1 1*0 log^Q 2 .5 0  2 . 7 0

2 0 . 5  3 .6 5  3 .7 5

3 0 . 5  log^Q 2 .6 0  2 . 7 0

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

t h e  s t a n d a r d  me t hod  o f  a s s a y  employed  p r o v i d e d  a v a l i d  

means o f  c o m p a r i n g  t h e  i n f e c t i v i t y  t i t r e s  o f  d i f f e r e n t ,  

s u s p e n s i o n s  o f  v i r u s ,  even  when i n d i v i d u a l  t i t r a t i o n s  wer e  

p e r f o r m e d  w i t h  m o n o l a y e r s  of  d i f f e r e n t  age  and d e r i v e d  

f r o m  d i f f e r e n t  a n i m a l s ,  t h o u g h  v a r i a t i o n s  o f  0 , 2 1 og^Q 

c o u l d  be a c c o u n t e d  f o r  by  e x n e r l m e n t a i  e r r o r  and t h e r e f o r e  

r e g a r d e d  a s  s t a t i s t i c a l l y  i n s i g n i f i c a n t .
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EXPERIMENT 1 , 3

The Growt h and  G y t o p a t h o g e n i o i t y  o f  t h e  V i r u s  i n  GH G e l i s  

S e c o n d a r y  Dog K i d n e y  C e l l s  and  i n  a S t r a i n  o f  Can i ne  Whole

Embryo C e l l s .

A l t h o u g h  t h e  DK c e l l s  h ad  b e e n  f o u n d  t o  be more 

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

a s s u m e d  t h a t  t h e y  w ou l d  s u p p o r t  t h e  g r o w t h  o f  t h e  v i r u s  t o  

a h i g h e r  t i t r e .  I n  o r d e r ,  t h e r e f o r e ,  t o  d e t e r m i n e  t h e  mos t  

s u i t a b l e  c e l l  s y s t e m  f o r  t h e  g r o w t h  o f  new v i r u s  s t o c k s *

30 mm p e t r i  p l a t e s  o f  GH, s e c o n d a r y  DK and  s e c o n d a r y  CE 

c e l l s  we r e  i n f e c t e d  w i t h  t h e  same s t o c k  v i r u s  a s  was u s e d  

i n  E x p e r i m e n t  1 . 1 ,  2 ml o f  u n d i l u t e d  v i r u s  n e r  p l a t e *

I n  a d d i t i o n ,  t h r e e  50 mm p l a t e s  c o n t a i n i n g  o o v e r s l i p  

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

ij. ml o f  t h e  same u n d i l u t e  v i r u s .  • V i r u s  a d s o r p t i o n  was 

a l l o w e d  t o  p r o c e e d  o v e r n i g h t ,  f o l l o w i n g  w h i c h  t h e  i n o c u l u m  

was r emov ed  an d  r e p l a c e d  w i t h  f r e s h  m a i n t e n a n c e  medium.  At

d a i l y  i n t e r v a l s  f r o m  t h e  s e c o n d  d a y  p o s t  i n f e c t i o n  ( P I )  

o n w a r d s ,  t h e  f l u i d  and  c e l l s  were  h a r v e s t e d  s e p a r a t e l y  

f r o m  one p l a t e  o f  e a c h  t y p e ,  t h e  c e l l s  b e i n g  r em ov ed  f r o m  

t h e  p l a s t i c  s u b s t r a t e  by a s i l i c o n e  r u b b e r  p o l i c e m a n ,  and  

s t o r e d  a t  «75^0 p e n d i n g  a s s a y  o f  v i r a l  i n f e c t i v i t y .  The 

p l a t e s  wer e  e x a m i n e d  by  p h a s e  c o n o r a s t  m i c r o s c o p y  a t  d a i l y  

i n t e r v a l s  and  c o v e r s l i p s  r emoved  e v e r y  s e c o n d  d a y ,  f i x e d  

i n  c o r r o s i v e  f o r m o l  and. s t a i n e d  w i t h  h a e m a t o x y l i n  and 

e o s i n  f o r  t h e  d e m o n s t r a t i o n  of  i n c l u s i o n  b o d i e s *  The



F i g u r e  1 , S y n c y t i a  i n  a s e c o n d a r y  DK c u l t u r e  s t a i n e d  

w i t h  h a e m a t o x y l i n  and e o s i n |  Note  t h e  random a r r a n g e m e n t  

o f  the n u c l e i  and t h e  r i n g  o f  i n c l u s i o n s  ( a r r o w ) .  X250

F i g u r e  2 ,  S y n c y t i a  i n  a c u l t u r e  o f  GH c e l l s ,  s t a i n e d  

w i t h  h a e m a t o x y l i n  and e o s i n *  The n u c l e i  a r e  a r r a n g e d  

i n  a r i n g ,  Xlj.00 '
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raedium i n  t h e  r e m a i n i n g  p l a t e s  v a s  r e p l a c e d  on t h e  

f o u r t h ,  s e v e n t h  and  10 t h  days  p o s t  i n o c u l a t i o n ,

G y t o p a t h i c  c h a n g e s  s p r e a d  m os t  r a p i d l y  i n  t h e  

c u l t u r e s  o f  DK c e l l s .  On t h e  s e c o n d  da y  p o s t  i n o c u l a t i o n ,  

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

n um be r  of  m o n o n u c l e a t e d  c e i l s  and i n  c e i l s  w i t h  i3.p t o  

f i v e  n u c l e i  t h o u g h  s u c h  p o l y k a r y o n s  v e r e  r a r e *  By t h e  

f o u r t h  d a y ,  s y n c y t i a  wer e  f a i r l y  nu mer ous  a n d  mere  of  

c h a r a c t e r i s t i c  a p p e a r a n c e ,  w i t h  t h e  n u c l e i ,  u s u a l l y  5 - 1 5  

i n  n u m b e r ,  a r r a n g e d  r a n d o m l y  w i t h i n  a r a t n e r  l a r g e  mass  

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

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

( F i g u r e  1 ) ,  The number  o f  c e l l s  w i t h  i n c l u s i o n s  c o n t i n u e d  

t o  i n c r e a s e  u n t i l ,  by  t h e  e i g h t h  day  P I ,  v i r t u a l l y  e v e r y  

c e l l  c o n t a i n e d  o n e .  At  t h i s  s t a g e ,  a p p r o x i m a t e l y  h a l f

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

by  t h e  t e n t h  da y  P I ,  v e r y  few m o n o n u o l e a t e d  c e l l s  r e m a i n e d  

an d  r e t r a c t i o n  of  t h e  c y t o p l a s m  d u r i n g  f u s i o n  had  r e s u l t e d  

i n  t h e  f o r m a t i o n  o f  many i r r e g u l a r  s p a c e s .  Some s y n c y t i a ,  

c o n t a i n e d  a s  many as  pO n u c l e i  b u t  m os t  p o s s e s s e d  b e t w e e n  

e i g h t  and 2 0 ,  From t n e  s i x t h  d a y  PI  o n w a r d s ,  r e t r a c t i o n  

and  d e t a c h m e n t  o f  t h e  s y n c y t i a  was o b s e r v e d  a nd , _ , a s  e a c h  

b e g a n  t o  r e t r a c t ,  i t  a d o p t e d  a more t h r e e - d i m e n s i o n a l  

c o n f i g u r a t i o n  a n d  became h i g h l y  r e f r a c t i l e *  R e t r a c t i o n  

d i d  n o t  a l w a y s  o c c u r  u n i f o r m l y  o v e r  t n e  wh o le  s u r f a c e  i n  

c o n t a c t  w i t h  t n e  s u b s t r a t e  5 c e r t a i n  a r e a s  o f  t h e  p l a s m a  

membrane seemed  t o  r e m a i n  f i r m l y  a d h e r e n t  t o  t n e



F i g u r e  3« S y n c y t i a  i n  a c u l t u r e  o f  OH c e l l s ,  u n s t a i n e d .  

The s y n c y t i u m  i n  t h e  c e n t r e  of  t h e  p i c t u r e  i s  r o u n d i n g  

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

t h e  f o r m a t i o n  of  " b r a n c h e s " ; ( a r r o w ) , To t h e  l e f t  i s  a 

s y n c y t i u m  i n  w h i c h  t h e  p r o c e s s  o f  r e t r a c t i o n  has  b e en  

c o m p l e t e d  ( c r o s s e d  a r r o w ) ,  ;X300

F i g u r e  I}., R e t r a c t e d  s y n c y t i u m  w i t h  a l a r g e  v e s i c l e  

a p p e n d e d  ( a r r o w ) ,  i n  a c u l t u r e  of  GH c e l l s ,  

u n s t a i n e d ,  X3 OO
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s u b s t r a t e  so t h a t  when t h e  r e t r a c t i o n  of  t he  r e m a i n d e r  

t o o k  p l a c e ,  t he  polylcaryon ado p t ed  a c r a b - l i k e  a p p e a r a n c e .

I n  t h e  GH c u l t u r e s ,  t h e  CPE s p r e a d  much more s l o w l y .  

E v id e n c e  of  i n f e c t i o n  was f i r s t  s een  on t h e  s econd  day PI  

when mo de r a t e  numbers  of  s m a l l  s y n c y t i a  were p r e s e n t .  These 

p o s s e s s e d  [j,-6 n u c l e i  wh ich  were a r r a n g e d  i n  a c i r c l e  below 

th e  c e l l  s u r f a c e  and e n c l o s e d  an i n t e n s e l y  e o s i n o p h i l i c  

a r e a  of  c y t o p l a s m .  I n c l u s i o n s  were r a r e  i n  t h e s e  c e l l s  

and were found  o n l y  i n  a v e ry  sm a l l  number  of  

m on o n u c l ea t ed  c e l l s .  By t he  f o u r t h  day F I ,  however ,  many 

of  t h e  s y n c y t i a  c o n t a i n e d  I n c l u s i o n s  s andwiched  between  

t he  c e l l  s u r f a c e  and t he  r i n g  of  n u c l e i  b e n e a t h  i t  

(F i g u r e  2 ) ,  At t h i s  s t a g e ,  few s y n c y t i a  c o n t a i n e d  more 

t h a n  6 -8  n u c l e i ,  t h o u g h ,  by t h e  s i x t h  day P I ,  s y n c y t i a  

w i t h  up t o  20 n u c l e i  were common and i n c l u s i o n s  were more 

numerous  i n  m o n o nu c l ea t ed  c e l l s .  I t  was be tween t he  

s e v e n t h  and t h e  n i n t h  days  P I ,  however ,  t h a t  i n vo lv e m en t  

o f  t h e  c e l l  s h e e t  became e x t e n s i v e j  by t he  l a t t e r  t i m e ,  

some 7 0 “ 80^  of  t he  n u c l e i  were i n c o r p o r a t e d  w i t h i n  s y n c y t i a ,  

up t o  30 b e i n g  p r e s e n t  i n  one c e l l .  Also  c o n s p i c u o u s  a t  

t h i s  t ime  was t h e  r e t r a c t i o n  of  s y n c y t i a  t o  f orm b r i g h t ,  

r e f r a c t i l e ,  b a l l o o n - l i k e  o r  c r a b - l i k e  s t r u c t u r e s  

( F i g u r e  3 ) ,  S e r i a l  o b s e r v a t i o n  showed t h a t  t he  l a t t e r  

p r o g r e s s  oc c u p i e d  30 t o  60 m in u t e s  bu t  se ldom p r e c e d e d  

de t a ch m en t  of  t h e  sy nc y t i um  by l e s s  t han  two o r  t h r e e  h o u r s .  

Large  numbers  of  r e f r a c t i l e  s y n c y t i a  were found f l o a t i n g  

In  t he  c u l t u r e  medium and ,  f r o m  ^any of  t h e s e ,  a l a r g e ,
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Figure S # Syn cyt ia  in  a c u l tu r e  of  whole canine  embryo 

c e l l s ,  s t a in e d  w ith  haematoxylin  and e o s i n .  Note the 

la rg e  number o f  cy to p la sm ic  i n c l u s i o n s .  XzSo,
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t r a n s l u c e n t ,  p e r f e c t l y  c i r c u l a r  v e s i c l e ,  p r e s u m a b l y  

c o n t a i n i n g  f l u i d  and  o f t e n  os l a r g e  as  t h e  s y n c y t i u m  

i t s e l f ,  was a p p e n d e d  ( F i g u r e  [].)* D e s p i t e  t h e  d e t a c h m e n t  

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

and few s p a c e s  wer e  f o u n d  on t h e  l i t h  d a y  PI  when 

o b s e r v a t i o n  was t e r m i n a t e d *

G y t o p a t h i c  c h a n g e s  d e v e l o p e d  even, more s l o w l y  i n  

c u l t u r e s  o f  GE c e l l s  t h a n  i n  t h o s e  o f  t h e  GK c e l l s .  On 

t h e  f o u r t h  d a y  P I ,  i n c l u s i o n s  were  s e e n  i n  t h e  

m o n o n u c l e a t e d  c e l l s  b u t  t h e s e  wer e  r a r e  an d  s y n c y t i a  

w e r e  t o t a l l y  a b s e n t .  By t h e  s i x t h  d a y ,  i n c l u s i o n s  were  

common i n  m o n o n u c l e a t e d  c e l l s  b u t  only ,, v e r y  few s y n c y t i a ,  

g e n e r a l l y  w i t h  8 - 1 0  n u c l e i ,  wer e  f o u n d .  I t  was n o t  u n t i l  

t h e  e i g h t h  d a y  t h a t  s y n c y t i a  were  a t  a l l  n u m e r o u s .  Th ese  

g e n e r a l l y  c o n t a i n e d  1 0 -1 5  n u c l e i ,  o f t e n  a r r a n g e d  i n  a 

c i r c l e  n e a r  t h e  p e r i p h e r y  o f  t h e  c e l l  and  w i t h  t h e  

i n c l u s i o n s  wedged b e t w e e n  them a n d  t h e  c e l l  s u r f a c e  

( F i g u r e  5 ) ^  By t h e  1 0 t h  d a y  P I ,  s y n c y t i a  w e r e  numer ous  

b u t  t h e  v a s t  m a j o r i t y  o f  t h e  c e l l s  r e m a i n e d  m o n o n u c l e a t e d  

t h o u g h  v i r t u a l l y  a l l  o f  t hem c o n t a i n e d  i n c l u s i o n s .

The g r o w t h  c u r v e s  a r e  shown i n  F i g u r e  6 , f rom w h i c h  

i t  w i l l  be s e e n  t h a t  t h e  g r e a t e s t  y i e l d s  o f  v i r u s  were  

o b t a i n e d  f r o m  t h e  GH c e i l s .  D e s p i t e  t h e  r a p i d  i n v o l v e m e n t  

o f  t h e  wh o le  m o n o l a y e r ,  DK c u l t u r e s  p r o d u c e d  0 , 4  t o  

O e S l b g ^ ^  l e s s  v i r u s  t h a n  t h o  GH c e l l s  d u r i n g  t h e  f i r s t  

s e v e n  d%ys a n d  3. , 0  t o  2 „2 1 og., ^ l e s s  d u r i n g  t h e  s u c c e e d i n g
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F i g u r e  6 ,  Growth  of  t h e  v i r u s  i n  t h r e e  d i f f e r e n t  o e l l  t y p e s .
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few d a ys  when d e t a c h m e n t  o f  s y n c y t i a  was t a k i n g  p l a c e .

The GE c u l t u r e s  p r o d u c e d  a b o u t  t h e  same amount  o f  v i r u s  

as  t h e  Die c e l l s  d u r i n g  t h e  f i r s t  t h r e e  o r  f o u r  d a y s  PI  

b u t ,  t h e r e a f t e r ,  t h e  g r o w t h  c u r v e  more c l o s e l y  r e s e m b l e d  

t h a t  S‘=en w i t h  t h e  GH c u l t u r e s ,  v i r u s  ■nr odu c t i on  b e i n g  h e l d  

c o n s t a n t  o v e r  t h e  s i x  t o  10  d ay  p e r i o d  i n s t e a d  of  d e c l i n i n g  

r a p i d l y  as  i t  d i d  i n  t h e  DK c u l t u r e s .

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

g e n e r a l l y  e x c e e d e d  e x t r a c e l l u l a r  v i r u s  by 1 , $  t o  2 , 0  l og^Q 

TCID^q p e r  ml ( l i m i t s  1 , 0  t o  ZoOlog^^)  d u r i n g  t h e  f i r s t

5 - 7  d a y s  P I ,  However ,  by  t h e  t i m e  t h e  CPE h ad  become 

e x t e n s i v e ,  w i t h  few a p p a r e n t l y  n o r m a l  c e l l s  r e m a i n i n g ,  

t h e  d i f f e r e n c e  i n  t i t r e  b e t w e e n  t h e  two f r a c t i o n s  bad  

d i m i n i s h e d  t o  a r o u n d  0 , Slog^QpCID^Q p e r  ml ( l i m i t s  0 , 0  t o  

l , 2 1 o g ^ Q ) ,  I n  t h e  c a s e  of  t h e  DK c u l t u r e s ,  t h i s  was 

l a r g e l y  due t o  a f a l l  i n  t h e  c e l l - a s s o c i a t e d  v i r u s .  I n  

t h e  GH c u l t u r e s ,  on t h e  o t h e r  h a n d ,  t h e  e x t r a c e l l u l a r  

v i r u s  t i t r e  r o s e  as  t h e  p r o p o r t i o n  o f  i n f e c t e d  c e l l s  

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

E x c e p t  i n  t h e  c a s e  o f  t h e  DK c u l t u r e s ,  wh e r e  v i r u s  

p r o d u c t i o n  g r a d u a l l y  f e l l  away as  d i s r u p t i o n  o f  t h e  c e l l  

s h e e t  t o o k  p l a c e ,  t h e  g r o w t h  c u r v e  was c h a r a c t e r i s e d  by 

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

e l a p s i n g  s i n c e  c h a n g e s  o f  medium wer e  made .  F o r  e x a m p l e ,  

e x c e p t  i n  t h e  c a s e  o f  t h e  CE c u l t u r e s  t h e  y i e l d s  were  

a l w a y s  l o w e r  on t h e  f o u r t h  d ay  PI  t h a n  on t h e  t h i r d  d a y .
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M o r e o v e r ,  t i t r e s  of  e x t r a c e l l u l a r  v i r u s  g e n e r a l l y  r o s e  

by  0 , 6  t o  I g l l o g ^ ^ T O I D g ^  w i t h i n  2ii h o u r s  o f  a c h a ng e  o f  

medium.  On ly  i n  OE c u l t u r e s  d i d  y i e l d s  r e m a i n  r e l a t i v e l y  

s t a t i o n a r y .
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EXPERIMENT 1 , 6

The Growth and Gy t  ora tho gen 3. c i t y  of the Virus in Gïï C e l l s  

and Canine A lv e o la r  Macrophages «

The aim o f  the p r e s e n t  experiment was to compare the  

y i e l d  of v i r u s  ob ta in ed  from monolayers of  GH c e i l s  w ith  

t h a t  produced by c u l t u r e s  of canine  a l v e o l a r  macrophages.

But s i n c e  the p r o p o r t io n  o f  macrophages a t t a c h i n g  to  the  

s u b s t r a t e  was known to  vary markedly from animal to  

anim al ,  and the  i n f l u e n c e  o f  c e l l  number on the y i e l d  of 

v i r u s  was unknown, two l o t s  of maoronhage c u l t u r e s ,  both  

d e r iv e d  from d i f f e r e n t  animals and v a r y in g  c o n s i d e r a b l y  

in  o e l l -n u m b e r ,  were u sed .  A i l  c u l t u r e s  were m ainta ined  

in  So mm p l a s t i c  p e t r i  p l a t e s  and c e l l  counts  were performed  

im m edia te ly  p r i o r  to  i n o c u l a t i o n .  The rem ain ing  p l a t e s  

were each i n o c u l a t e d  w i th  I(. ml of  VP'l and samples were 

h a r v e s t e d  a t  d a i l y  i n t e r v a l s  fo r  t i t r a t i o n .  The GH 

c u l t u r e s  remained normal in  appearance during the f i v e  

days f o l l o w i n g  i n o c u l a t i o n  b u t ,  a l thou gh  no s y n c y t i a  were 

s e e n ,  th e r e  was a l o s s  o f  macrophages from the f o u r t h  day 

onwards and uhe experiment t h e r e f o r e  was term in ated  a f t e r  

h a r v e s t s  had been made on the f i f t h  day. The i n f e c t i v i t y  

t i t r e s  are recorded in  Table 1  from which i t  w i l l  be seen  

t h a t ,  f o r  ap p ro x im a te ly  the same number o f  c e l l s ,  the GH 

c u l t u r e s  produced 3"5 t im es  as much v3rus as the  

macrophage c u l t u r e s  over the two to  four  day p e r io d .  

T h e r e a f t e r  tne  d i f f e r e n c e  in c r e a se d  s u b s t a n t i a l l y  as l o s s
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o f  macrophages o c cu rred .  I t  t h e r e f o r e  seemed t h a t ,  of  

the  fo u r  ty p e s  of  c u l t u r e  t e s t e d ,  the GH sys tem  was the  

most l i k e l y  to  prov ide  the la rg e  amounts o f  v i r u s  r eq u ire d  

f o r  s t u d y .  A c c o r d in g ly ,  a l l  fu tu r e  s t o c k s  of  v i r u s  were 

produced in  t h i s  sy s tem .  In the f o l l o w i n g  e x p e r im e n ts ,  

opt im al  c o n d i t i o n s  f o r  v i r u s  pro d u ct ion  were examined.
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EXPERIMENT l , g

Tho P l a t i n g  E f f i c i e n c y  and V i m s  Y ie ld  Obtained by 

I n f e c t i n g  C e l l s  in  Monolayer* and in S u sp en s io n ,

The p r e v io u s  s t u d i e s  showed th a t  when monolayers

‘ of GH c e l l s  were i n f e c t e d  at  an input m u l t i p l i c i t y  of

ap p ro x im a te ly  1 , 0 , four  or f i v e  days in c u b a t io n  were

n e c e s s a r y  b e fo r e  a CPS anneared and the maximum t i t r e  of
1 Ge x t r a c e l l u l a r  v i r u s  reached only  1 0 ' '^TCID^^ per ml. 

S y n c y t ia  were most prominent near  the p e r ip h e r y  of the  

p l a t e s  where the c e l l s  were l e s s  t i g h t l y  packed than in  

the c e n t r e .  During adap t ion  of the v i r u s  to  GH c e l l s ,  

however,  s y n c y t i a  were o f t e n  seen w i t h in  two days i f  the  

c e l l s  were i n f e c t e d  in  su s p e n s io n ;  the CPE then advanced  

r a p i d l y  and e v e n ly  throughout the monolayer and t i t r e s  of  

up to  1 O^*^TCID^ 0  per  ml ( e . g .  VPl) were o b t a in e d .  These 

o b s e r v a t i o n s  s u g g e s t e d  t h a t  a d s o r p t io n  of  v i r u s  to  

monolayers o f  GH c e l l s  might be a r a th e r  i n e f f i c i e n t  

p r o c e s s  and t h a t  an a p p r e c ia o ly  h ig h er  i n f e c t i o n  r a te  

probably  occurred  when the c e l l s  were i n f e c t e d  in  

s u s p e n s i o n .  S in ce  the v i r a l  y i e l d s  were nresumably  

r e l a t e d  to  the number of i n f e c t e d  c e l l s ,  the y i e l d s  

o b ta in ed  by each method o f  i n f e c t i o n  were compared. For  

t h i s  p u rp ose ,  30 mm p l a t e s  of GH c e l l s  were prepared and 

d e s ig n a te d  ’’Group A", When monolayers were c o m p le te ,  

the c e l l s  were removed from one p l a t e  w i th  t r y p s i n — 

v e rsen e  and counted ( r e s u l t :  1 . 1 2  x  1 0 ^̂ c e l l s  per p l a t e ) .
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Each o f  the  rem ain ing  p l a t e s  was then Inoc.u lated  w i th  

2 ml o f  Virus , At the same 1 1 m e a  s us u e n s i o 'a o f  s t o c k  

GH c e l l s  was prepared and the c e l l - o o n c e n  tra  t i  on vjas 

a d ju s te d  so t h a t ,  f o l l o w i n g  i n f e c t i o n  of  the  c e l l s  in  

su s p e n s io n  and t h e i r  subsequent  i n o c u l a t i o n  i n t o  3 0  mm 

p l a t e s ,  e ach  o f  the l a t t e r  ( d e s ig n a t e d  "Group B") 

c o n t a in e d  the  same number of  c e l l s  and the  same amount of  

v i r u s  as the p l a t e s  o f  Group A, This was a c h ie v e d  by 

adding 8  ml o f  v i r u s  t o  1 . 8  ml of a c e l l - s u s p e n s i o n  

c o n t a i n i n g  2 . 5  % 1 0  ̂ c e l l s  per ml and, a f t e r  thorough  

m ix in g ,  d i s t r i b u t i n g  t h i s  between fo u r  p l a t e s ,  2 .6 5  ml 

per p l a t e .  Each of uhe l a t t e r  a l s o  r e c e i v e d  0 .2 5  ml o f  

PBS to  promote attachm ent  and growth o f  the  c e l l s .  Both 

groups of  p l a t e s  were in cu b a ted  a t  3 7 ^ 0  and the  medium was 

r e p la c e d  a f t e r  26 hours and su b s e q u e n t ly  at  t h r e e ^ d a i l y  

i n t e r v a l s .  C e l l - f r a c t i o n s  were h a r v e s te d  by s c r a p in g  a t  

3 , 5 , 7  and 9 days PI and the y i e l d s  of v i r u s  t i t r a t e d  by 

the s tandard method. Tho r e s u l t s  were as f o l l o w s ; »

Group I n f e c t i v i t y  T i t r e  log^QTOID^^ per ml

D ays .
3 5 7 9

A 6 . 5  6 . 5  6 . 7  6 . 9

B 5 . 3  5 . 5  6 . 5  3 .7

The p l a t i n g  e f f i c i e n c y  was much h ig h e r  when the  

c e l l s  wore i n f e c t e d  in  s u s p e n s i o n .  The CPE was d e t e c t a b l e  

th ree  days PI and spread w i t h  such r a p i d i t y  t h a t ,  by 

seven  days P I ,  the c e l l  s h e e t  was broken up by la r g e  c l e a r  

sp a ce s  from which the  s y n c y t i a  had d e ta c h e d .  Virus
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p r o d u ct io n  t h e r e f o r e  reached a peak around the  f i f t h  day 

PI and then d e c l i n e d ,  the t i t r e  f a l l i n g  a n n ro x im a te ly  60-  

f o l d  over  the e n su in g  four  days* By c o n t r a s t ,  s y n c y t ia  

were n o t  seen  in  the Group A e l a t e s  u n t i l  the  s e v e n th  day 

PI,  when t h e y  were p r e s e n t  in  sm al l  numbers towards the  

p e r ip h e r y  of  the  very  t i g h t l y - p a c k e d  m onolayers ,  and i t  

was not  u n t i l  the n i n t h  day t h a t  they  were a t  a l l  numerous 

In accordance w i th  t h i s ,  the v i r a l  t i t r e s  in c r e a s e d  on ly  

s l i g h t l y  over the 3 -9  day period* However, a l th o u g h  the  

peak t i t r e  in  Group B exceeded th a t  in  Group A by a 

f a c t o r  o f  a p p rox im a te ly  f o u r - f o l d ,  the s h o r t  d u r a t io n  of  

the p e r io d  over which i t  occurred s u g g e s t e d  t h a t ,  in  the  

long  run, more v i r u s  might be obta ined by i n f e c t i n g  

monolayers than by i n f e c t i n g  c e l l s  in  s u s p e n s io n ;  the  

lower  p l a t i n g  e f f i c i e n c y  in the  former sys tem  p e r m it ted  

m u l t i p l i c a t i o n  of  th o se  c e l l s  which escap ed  i n f e c t i o n  at  

the time o f  i n o c u l a t i o n ,  the in c r e a s e d  c e l l  n o n u la t io n  

in  turn a l lo w in g  a g r e a t e r  amount o f  v i r u s  to  be nroduoed.
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EXPERIMENT 1 . 6  

The R e l a t i o n s h i p  Between Virus Product ion  and the  

Frequency of Change of  Culture-medium*

From the s tu d y  of the growth curve of t h e  v i r u s  in GH 

c e l l s  (F igure  6 ) ,  i t  vas  found t h a t ,  on two o c c a s i o n s  out  

of  t h r e e ,  th e re  was a marked r i s e  in  c e l l - a s s o c i a t e d  v ir u s  

w i t h i n  one day of  a change of medium. C o n v e r se ly ,  t i t r e s  

were always lower  on the t h i r d  day a f t e r  a change of  

medium than bn the s e c o n d , These f i n d i n g s  s u g g e s t e d  th a t  

renewal o f  medium might p o t e n t i a t e  v i r u s  p r o d u ct io n  so  

t h a t  d a i l y  changes of medium might have a cum ula t ive  e f f e c t  

on the t i t r e s  o b ta in e d .  To i n v e s t i g a t e  t h i s ,  30 mm p l a t e s  

of  GH c e l l s  were each i n f e c t e d  w i th  2 ml of VPl and 

d iv id e d  i n t o  two groups .  In Group A, the medium x̂ jas 

changed a t  d a i l y  i n t e r v a l s  a f t e r  i n f e c t i o n ,  whereas in  

Group B, i t  was changed on ly  on the t h i r d  and s i x t h  days 

a f t e r  i n f e c t i o n .  F lu id  and c e l l s  were h a r v e s te d  

i n d i v i d u a l l y  from both groups at  d a i l y  i n t e r v a l s  and 

t h e i r  i n f e c t i v i t y  t i t r e s  assayed  in  the u s u a l  manner. 

S y n cy t ia  were f i r s t  seen on the s i x t h  day PI and were 

numerous by the e i g h t h  day PI ,  p a r t i c u l a r l y  in  Groun A,

The r e s u l t s  o f  the  i n f e c t i v i t y  t i t r a t i o n s  are record ed  

in  F igu re  7 from which i t  w i l l  be seen  t h a t ,  c o n tr a r y  to  

e x p e c t a t i o n s ,  th e re  was no o v e r a l l  d i f f e r e n c e  between the  

groups .  Thus on days 2,  6 s 5 and 7 the t i t r e  o f  c e l l -  

a s s o c i a t e d  v i r u s  from Group A d i f f e r e d  from t h a t  o f  Group 

B by 0.21og^Q or l e s s  and the same a p p l i e d  to  the t i t r e s
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of  e x t r a c e l l u l a r  v i r u s  on da ys ,  2 , 3  and 7 . On the e i g h t h  

day PI the  t i t r e  of  c e l l - a s s o c i a t e d  v ir u s  in Group A x«as 

O«6 l o g ^ 0  low er  than in  Group 3 but the t i t r e  of  

e x t r a c e l l u l a r  v i r u s  x âs O.Slog^Q h ig h e r .  I t  t h e r e f o r e  

seemed t h a t  th e r e  xjas no a n n r e c ia b le  advantage in changing  

the medium at  d a i l v  i n t e r v a l s .
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EXfERTMEUT 1 . 7

V i r u s  P r o d u c t i o n  i n  GH C e l l s  a t  t h e  Time o f  Maximum CPE,

Tho r e s u l t s  o f  E x p e r i m e n t  1 . 6  c o n f i r m e d  t h e  e a r l i e r  

o b s e r v a t i o n  t h a t  once t h e  CPE h a d  become e x t e n s i v e ,  t he  

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

c e l l - a s s o c i a t e d  v i r u s .  I n d e e d ,  on tx4o o c c a s i o n s ,  i t  

e x c e e d e d  t h e  l a t t e r .  T he se  f i n d i n g s  s u g g e s t e d  t h a t  t h e  

b e s t  m e t h o d  o f  o b t a i n i n g  a l a r g e  volume of  h i g h  t i t r e  v i r u s , ,  

r e l a t i v e l y  f r e e  o f  c e l l - d e b r i s ,  m i g h t  be t o  c o l l e c t  t h e  

c u l t u r e “ f l u i d  a t  d a i l y  i n t e r v a l s  once t h e  CPE had become 

e x t e n s i v e .  To i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  30 mm p l a t e s  

o f  GH c e l l s  we r e  i n f e c t e d  w i t h  VPl  and  m a i n t a i n e d  u n t i l  

t h e  1 1 t h  d a y  P I ,  by w h i c h  t i m e  s y n c y t i a  wer e  p r e s e n t  i n  

l a r g e  n u m b e r s .

The c e l l  and  f l u i d  f r a c t i o n s  wer e  h a r v e s t e d  

i n d i v i d u a l l y  on d a y s  1 1 ,  13 ,  l 5  a nd  17 and  t h e i r  

i n f e c t i v i t y  t i t r e s  d e t e r m i n e d  i n  t h e  u s u a l  m a n n e r .  The 

r e s u l t s  wer e  a s  f o l l o w s

I n f e c t i v i t y  t i t r e ,  log^gTCID^g per ml 

Day
11 13 15 17

C e l l - a s s o c i a t e d  v i r u s  5*3 6 . 1  5 . 7  5 , 1

E x t r a c e l l u l a r  v i r u s  6 . 7  5 . 7  5 . 1  5 . 1

Thus, a l th o u g h  the c e l l - a s s o c i a t e d  v i r u s  e x ce ed ed  the  

e x t r a c e l l u l a r  v i r u s  by a f a c t o r  of  2 . 5  to  6 " f o ld  fo r  most
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of  the t im e ,  th ere  was a p e r io d  o f  a t  l e a s t  f i v e  days
u,

during wnioh the f l u i d  c o n ta in ed  over 10 TCID^^ of v i r u s5 0
per  mlo This  meant th a t  t i t r e s  of t h a t  order could  

r e a d i l y  be o b ta in ed  by c o l l e c t i n g  the c u l t u r e  f l u i d  over  

t h i s  p e r io d ;  th e r e  was no need to s u b j e c t  the  c e l l s  to  

u l t r a s o n i c  waves or to  c y c l e s  o f  ranid  f r e e z in g ~ a n d «  

thaw ing ,  procedures  which might c o n c e i v a b l y  damage some 

of  the  v i r u s  a l r e a d y  r e l e a s e d .
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EXPERIMENT 1 . 8  

R a t e  o f  V 5 r  u s A o c um u X a t  i  o n i n  t h e  Cu 11 u r  e Me â i unn *

The n e x t  p o i n t  c o n s i d e r e d  was t h e  r a r e  a t  wViich 

e x t r a c e l l u l a r  v i r u s  a c c u m u l a t e d  f o l l o w i n g  a c h a n g e  o f  

medium.  I f  a p e r i o d  o f  a p p r o x i m a t e l y  2l\ h o u r s  v a s  r e q u i r e d  

f o r  t h e  t i t r e  t o  r e g a i n  t n e  l e v e l  w h i c h  i t  h a d  a t t a i n e d  

p r i o r  t o  t h e  c h a n g e ,  t h e n  c l e a r l y  i t  wou ld  be i m p o s s i b l e  

t o  h a r v e s t  a t  l e s s  t h a n  d a i l y  i n t e r v a l s .  I f ,  on t n e  o t h e r  

h a n d ,  t h e  t i t r e  r e g a i n e d  i t s  o r i g i n a l  l e v e l  w i t h i n  a few 

h o u r s ,  i t  w o u l d  be p o s s i b l e  t o  h a r v e s t  two o r  t h r e e  t i m e s  

d a i l y .  The t i m e  r e q u i r e d  was o b v i o u s l y  d e p e n d e n t  upon 

s e v e r a l  f a c t o r s ,  e . g . ,  t h e  n umber  o f  c e l l s  s t i l l  a c t i v e l y  

p r o d u c i n g  v i r u s ,  t h e  i n t r i n s i c  r a t e  o f  v i r u s  m a t u r a t i o n  

and  r e l e a s e  an d  t h e  r a t e  o f  t h e r m a l  i n a c t i v a t i o n  o f  

e x t r a c e l l u l a r  v i r u s ^  I f  i n a c t i v a t i o n  o c c u r r e d  v e r y  

r a p i d l y ,  e q u i l i b r i u m  was l i k e l y  t o  be r e a c h e d  q u i t e  soon 

a f t e r  a c h a ng e  o f  medium.  The f i r s t  n o i n t  i n v e s t i g a t e d ,  

t h e r e f o r e ,  was t h e  r a t e  o f  i n a c t i v a t i o n  a t  3 7 ^ 0 .  S t o c k  

v i r u s  was d i v i d e d  i n t o  f o u r  a l i q u o t s ,  one o f  w h i c h  was 

t i t r a t e d  i m m e d i a t e l y  and  t h e  r e m a i n d e r  a f t e r  t w o ,  f o u r  and  

■six h o u r s  i m m e r s i o n  i n  a w a t e r « b a t h  a t  3 7 ^ 0 , I n  e a c h  

t i t r a t i o n ,  e i g h t  t u b e s  were  u s e d  p e r  1 0 - f o l d  d i l u t i o n  o f  

v i r u s .  As w i l l  be s e e n  f r o m  F i g u r e  B, t h e  i n a c t i v a t i o n  

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

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

s i m i l a r  s l o p e  o v e r  t h e  6 "b h o u r  p e r i o d .  Ta ken  o v e r a l l .
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h o w e v e r ,  t h e  h a l f - l i f e  was a p p r o x i m a t e l y  1|7 m i n u t e s  

( p o s s i b l e  r a n g e ;  6b t o  50  m i n u t e s ) ,  ^ i i t h  s u c h  a r a n i d  

r a t e  o f  i n a c t i v a t i o n ,  i n  seemed, u n l i k e l y  t h a t  i n f e c t i v i t y  

w ou l d  r i s e  f o r  l o n g  f o l l o w i n g  a c h a n g e  o f  medium.

To i n v e s t i g a t e  t h e  l a t t e r  p o i n t ,  t h e  medium was 

r emoved  f r o m  a 6 o z .  b o t t l e  o f  c e l l s  s n o w i n g  an a d v a n c e d  

CPE, and  i t s  i n f e c t i v i t y  t i t r e  was d e t e r m i n e d .  F r e s h  

medium was a d d e d  and  s m a l l  v o l um es  o f  t h i s  r e m o v ed  f o r  

t i t r a t i o n  a f t e r  1 ,  2 ,  6 and 22 h o u r s  r e “ i n c u b a t i o n * I n  

c a l c u l a t i n g  t h e  t i t r e s ,  a l l o w a n c e  was made f o r  t h e  

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

The r e s u l t s  wer e  a s  f o l l o w s î -

Sample  Time I n f e c t i v i t y  t i t r e  P e r c e n t a g e  o r i g i n a l
l o g ^  qTCID^.çj p e r  ml  i n f e c t i v i t y  p r e s e n t

B e f o r e  c h a n g e  5*0  100

1 h o u r  6 . 3 3  2 1 , 6

2 h o u r s '  6 . 5 8  3 8 . 0

6 h o u r s  6 . 8 3  6 7 . 6

22  h o u r s  6 . 5 6  3 6 . 7

Prom t h e s e  f i g u r e s ,  i t  w i l l  be s e e n  t h a t  a l t h o u g h  t h e  

o r i g i n a l  t i t r e  was n o r  c o m p l e t e l y  r e g a i n e d  i n  a n y  o f  t h e  

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

f o r  t h e  t i t r e  t o  r e a c h  6Q% o f  t h a t  o r i g i n a l l y  p r e s e n t .  On 

t h i s  b a s i s ,  i t  s eemed t h a t  f l u i d  c o u l d  be c o l l e c t e d  t w i c e  

o r  e v e n  t h r e e  t i m e s  d a i l y  w i t h o u t  s i g n i f i c a n t  l o s s  o f  

t i t r e .



7 0

DISCUSSION

P r i o r  t o  t h e  commencement  o f  t h e  above  e x p e r i m e n t s ,  -

t h e  i n a b i l i t y  o f  CDV t o  grow t o  a h i g h  t i t r e  i n  dog c e l l -

c u l t u r e s  mean t  t h a t  i t  was v e r y  d i f f i c u l t ,  i f  n o t

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

f o r  b i o c h e m i c a l  i n v e s t i g a t i o n .  However; ,  by a d a p t i n g  t h e

v i r u s  t o  GH c e l l s ,  w h i c h  were  shown t o  be c a p a b l e  of

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

p r i m a r y  DK c u l t u r e s ,  and  by mak i ng  d a i l y  o r  t w i c e - d a i l y

c o l l e c t i o n s  o f  t h e  c u l t i u ' e  medium,  i t  was p o s s i b l e  t o

o b t a i n  l a r g e  v o l u me s  of  v i r u s  h a v i n g  an i n f e c t i v i t y

t i t r e  o f  a p p r o x i m a t e l y  10 TOID^^ p e r  ml .  The p r o d u c t i o n

o f  a l a r g e  volume was n e c e s s a r y  b e c a u s e  t h e  t i t r e  o f
g 5

c e l l - a s s o c i a t e d  v i r u s  r a r e l y  e x c e e d e d  10  * TGID^q p e r  ml ;  

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

t h a t  more v i r u s  c o u l d  be o b t a i n e d  by  c o l l e c t i n g  t h i s  o v e r  

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

a s s o c i a t e d  v i r u s .  T h i s  l a r g e  volume of  v i r u s  c o u l d  t h e n  

be c o n c e n t r a t e d  t o  p r o v i d e  t h e  q u a n t i t y  of  v i r u s  r e q u i r e d  

f o r  b i o c h e m i c a l  s t u d i e s .  T h u s ,  as shown i n  P a r t  F i v e ,  

i t  was p o s s i b l e  t o  p r o d u c e  a c o n c e n t r a t e d  v i r u s  

s u s p e n s i o n  c o n t a i n i n g  as  much as  2 0 0 ,u g  o f  p r o t e i n  p e r  

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

i n d i v i d u a l  p o l y p e p t i d e s .  W i t h  t h e  e x c e p t i o n  o f  t h e  

O n d e r s t e p o o r t  — AV-3 s y s t e m  o f  B u s s e l l  and K a r z o n ,
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( 196Sb)p  no s y s t e m  h a s  b e en  shown t o  be imore p r o d u c t i v e  

t h a n  t h a t  d e s c r i b e d  h,ere<>

When p r i m a r y  ÜK c e l l s  were  i n f e c t e d  w i t h  t n e  v i r u s ,  

s y n c y t i a  wer e  f o r m e d  and when, t n e s e  d e t a c h e d  f r o m  t h e  

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

r e c o l o n i s e d  by  t h e  d i v i s i o n  o r  movement  o f  a d j a c e n t  c e l l s , 

T h i s  may have  r e f l e c t e d  t h e  l i m i t e d  a b i l i t y  o f  t h e s e  

' c e l l s  t o  d i v i d e  b u t  i t  may a l s o  have  b e e n  due t o  t h e  

f a c t  t n a t  t h e y  we r e  g e n e r a l l y  l e s s  t i g h t l y  p a c k e d  t h a n  

t h e  G-H c e l l s .  D i s i n t e g r a t i o n  o f  t h e  m o n o l a y e r  t h e r e f o r e

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

r e a c h e d , ; t h e  y i e l d  o f  v i r u s  r a p i d l y  f e l l  t o  a low l e v e l .  

T h i s  m e a n t  t h a t  t h e s e  c u l t u r e s  were  i d e a l  f o r  a s s a y  b u t  

u n s a t i s f a c t o r y  f o r  v i r u s  p r o d u c t i o n .

When GH c e l l s  were  i n f e c t e d  w i t h  t h e  v i r u s ,  

d e t a c h m e n t  o f  i n f e c t e d  c e l l s  was f o l l o w e d  by  m u l t i p l i c a t i o n  

o r  s p r e a d i n g  o f  a d j a c e n t  c e l l s  so  t h a t  s p a c e s ,  we r e  n o t  

f o r m e d  u n t i l  m o s t  o f  t h e  c e l l s  were  i n f e c t e d ,  w i t h  h i g h

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

w i t h  low m u l t i p l i c i t i e s ,  i t  t o o k  much l o n g e r ,  e . g . ,  

f o u r  weeks  o r  m o r e .  M o r e o v e r ,  a f t e r  i n f e c t i o n  a t  low 

m u l t i n l i c i t y , c e l l  d i v i s i o n  c o n t i n u e d ,  e v en  when t h e  

s e r u m  c o n c e n t r a t i o n  was as  low as  2^-, so t h a t  t h e  c e l l s  

became i n c r e a s i n g l y  t i g h t l y  p a c k e d .  Under  t h e s e  

c o n d i t i o n s  i t  was e x t r e m e l y  d i f f i c u l t  t o  d e t e c t  t h e  CPE,
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From t h e  r e s u l t s  o f  Exp er i men t .  i t  w ou l d  seem i t

i s  r e l a t i v e l y  d i f f i c u l t  t o  i n f e c t  GH c e l l s  when t] ie y  a r e  

i n  a t i g h t l y - p a c k e d  m o n o l ô y e r .  F o r  t h e s e  r e a s o n s ,  GH 

c u l t u r e s  wer e  u n s u i t a b l e  f o r  a s s a y  b u t  wer e  m a r k e d l y  

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

l a r g o  q u a n t i t y  o f  v i r u s *  S i m i l a r  c o n c l u s i o n s  wer e  

r e a c h e d  by  C o r n w e l l  e t  a i * ( 1970)  who c o m pa r ed  t h e  v a l u e  

o f  MDCK c e l l s  w i t h  t h a t  o f  p r i m a r y  DK c e i l s  f o r  g r o w i n g  

a n d  t i t r a t i n g  t h e  Glasgow 8 /4.1 s t r a i n  o f  CDV*

The e a r l i e s t  e v i d e n c e  o f  CPE was g e n e r a l l y  

p r o v i d e d  by  l a r g e  s y n c y t i a ,  o f  g l o b o i d ,  r e f r a c t i i e ,  

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

medium.  From mafiy o f  t h e s e ,  a l a r g e ,  t r a n s l u c e n t ,  

c i r c u l a r  v e s i c l e  p r o t r u d e d .  L a t e r ,  s i m i l a r  s t r u c t u r e s  

b u t  w i t h  l e s s  p r o t r u s i v e  v e s i c l e s  were  s e e n  i n  g r a d u a l l y  

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

p o s s e s s e d  s e v e r a l  r e t r a c t i l e  b r a n c h e s  a n d ,  on o c c a s i o n ,  

t r a n s i t i o n a l  f o r m s  composed p a r t l y  o f  f l a t ,  n o n - r e f r a c t i l e  

a r e a s  o f  c y t o p l a s m  and  p a r t l y  o f  s w o l l e n ,  r e t r a c t i l e  

z o n e s ,  we r e  o b s e r v e d .  T h e s e  s t r u c t u r e s  w e r e  c l e a r l y  

d e r i v e d  f r o m  t h e  j . a r g e ,  f l a t ,  m u i t i n u c l e a t e d  m a s s e s  

f o r m e d  b y  c e l l  f u s i o n *  A s i m i l a r  c o n c l u s i o n  was r e a c h e d  

by  S h a v e r  e t  a l  * ( 196 /4 ) who compar ed  t h e  p r o p o r t i o n s  o f  

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

k i d n e y  c u l t u r e s  i n f e c t e d  w i t h  t h e  ^ 8b 6 s t r a i n  o f  v i r u s *

The r e s u l t s  o f  E x p e r i m e n t  1*3 showed t h a t  t h e  CD
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c e l l s  we r e  u n s u i t a b l e  f o r  a s s a y  and h ad  no  a d v a n t a g e s  

o v e r  GH c e l l s  f o r  v i r u s  p r o d u c t i o n *  As f a r  a s  t h e  a u t h o r  

i s  a w a r e ,  t h e r e  a r e  no p u b l i s h e d  r e p o r t s  o f  t h e  c o m p a r a t i v e  

s e n s i t i v i t y  o f  e n i t n e i i a i  c e l l s  and f i b r o b l a s t s  t o  CDV, 

R e l a t i v e l y  low y i e l d s  o f  v i r u s  were  o b t a i n e d  i n  c u l t u r e s  

o f  a l v e o l a r  m a c r o p h a g e s  and o b v i o u s  s y n c y t i a  wer e  n o t  

o b s e r v e d .  The a b s e n c e  of  c y t o p a t h o g e n i c i t y  may ha ve  b een  

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

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

c u l t u r e s  (Appe l  and J o n e s ,  1 9 u 7 ; W r i g h t  e t  a l , ,  1974) *

On t h e  o t h e r  h a n d .  P o s t e  (1971)  f o u n d  t h a t  a l v e o l a r  

m a c r o p h a g e s  wer e  as  c a p a b l e  o f  s u p p o r t i n g  t h e  g r o w t h  o f  

t h e  a t t e n u a t e d  BW s t r a i n  a s  t h e y  were  o f  s u p p o r t i n g  t h a t  

o f  two v i r u l e n t  s t r a i n s .  Thus% t h e  BW s t r a i n  was f o u n d  

t o  g row t o  a t i t r e  o f  10^ p e r  ml i n  t h e s e  c e l l s  

w h e r e a s  t h e  two v i r u l e n t  s t r a i n s  grew t o  t i t r e s  of  

1 0 ^ ' ^  and  1 0 ^*^TCID^Q p e r  ml r e s r e c t i v e l y * However ,  f rom 

t h e  r e s u l t s  o b t a i n e d  i n  t h e  n r e s e n t  I n v e s t i g a t i o n ,  

a l v e o l a r  m a c r o p h a g e s  wer e  e v i d e n t l y  u n s u i t a b l e  f o r  e i t h e r  

p r o d u c t i o n  o r  ' a s s a y  o f  t he  Rookb^rn  s t r a i n  o f  v i r u s .

The y i e l d  o f  v i r u s  seemed t o  be r e l a t e d  t o  t h e  

n umber  o f  i n f e c t e d  c e l l s  i n  t h e  c u l t u r e .  T h u s ,  e v e n  i n  

t h e  a b s e n c e  o f  a CPE ( b e c a u s e  t h e  p r o p o r t i o n  o f  i n f e c t e d  

c e l l s  was l o w ) ,  t h e  t i t r e s  were  r e l a t i v e l y  h i g h  i f  t h e  

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

h i g h *  F o r  e x a m p l e ,  a t i t r e  o f  l O ^ '^ T GI D ^^  p e r  ml was 

f o u n d  i n  t h e  c e i l  f r a c t i o n  on t h e  f i f t h  d a y  PI
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( E x p e r i m e n t  l . U )  t h o u g h  a was n o t  d e t e c t e d , I n

E x p e r i m e n t  a much h i g h e r  I n f e o t i o n - r a t e  was o b t a i n e d

by i n f e c t i n g  c e l l s  i n  s u s p e n s i o n  and t h i s  r e s u l t e d  i n  

h i g h e r  y i e l d s  d u r i n g  t h e  f i r s t  few d a ys  P I ;  C e l l s  

i n f e c t e d  i n  s u s p e n s i o n  p r o d u c e d  10 TOID^^ p e r  ml on 

t h e  t h i r d  d a y ,  w h e r e a s  t h e  same number  o f  c e l l s  I n f e c t e d  

a s  a m o n o l a y e r  w i t h  t h e  same amount  o f  v i r u s  p r o d u c e d  

o n l y  1 0 ^ '  TCID^Q p e r  ml a t  t h i s  t i m e .  However ,  on t h e  

n i n t h  d ay  P I ,  t h e  amount  of  v i r u s  p r o d u c e d  by  t h e  c e l l s  

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

t h o s e  i n f e c t e d  i n  s u s p e n s i o n  ( 10^ ' ^  c f ,  l O ^ ' ^ T C I D ^ ^  p e r  ml)  

and  i t  i s  o b v i o u s  t h a t  i f  t h e  e x p e r i m e n t  h a d  b e e n  

c o n t i n u e d  f o r  a fevi more d a y s ,  t h e  t o t a l  amount  o f  v i r u s  

p r o d u c e d  by t h e  f o r m e r  wou l d  have  b e e n  g r e a t e r .  T h i s  iwas 

p r e s u m a b l y  due t o  t h e  g r e a t e r  number  o f  c e l l s  e s c a p i n g  

i n f e c t i o n  a t  t h e  s t a r t  of  t h e  e x p e r i m e n t  and t h e r e f o r e  

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

p o p u l a t i o n  and i n  t h e  t o t a l  number  o f  c e l l s  a b l e  t o

p r o d u c e  v i r u s  d u r i n g  t h e  c o u r s e  of  t h e  i n f e c t i o n .

The s h a p e  of  t h e  g r o w t h  c u r v e s  o b t a i n e d  i n  E x p e r i m e n t  

1 . 3 , s u g g e s t e d  t h a t  a c h a ng e  of  medium s t i m u l a t e d  t h e  

p r o d u c t i o n  o f  v i r u s ,  H a r r i s o n  e t  a l .  (19 ^6 )  f o u n d  t h a t  

t h e  t i t r e  of  CDV grown i n  f e r r e t  k i d n e y  c u l t u r e s  was 

g r e a t e r ,  and t h e  CPE a d v a n c e d  more r a p i d l y ,  when t h e  

c u l t u r e s  wer e  c h a n g e d  f i v e  t i m e s  p e r  week r a t h e r  t h a n  

t h r e e  t i m e s  nei"» week ,  B e t t e r  r e s u l t s  wer e  l i k e w i s e  

o b t a i n e d  by t h r e e  c h a n g e s  p e r  week t h a n  by no c h a n g e s  a t
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a l l *  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  h o w e v e r ,  i t  was 

f o u n d  t h a t  a d a i l y  ohange  o f  mediurn d i d  n o t  n r o d u c e  t h e  

e x p e c t e d  a d v a n t a g e .  I n  t h i s  g e n e r a  1 c o n t e x t ,  i t  s h o u l d  

be n o t e d  t h a t  a l t h o u g h  B u s s e l l  and K a r z on  (19E9a)  

r e p o r t e d  t h a t  t h e  use  of  e n r i c h e d  medium p o t e n t i a t e d  t h e  

CPE, t h e y  a l s o  s t a t e d  t h a t  i t  d i d  n o t  s i g n i f i c a n t l y  a l t e r  

t h e  v i r u s  y i e l d s .

The h a l f - l i f e  o f  t h e  v i r u s  a t  37^0 was f o u n d  t o  be 

a p p r o x i m a t e l y  47 m i n u t e s  ( E x p e r i m e n t  1 , 8 ) ,  T h i s  c o m p a r e s  

w i t h  f i g u r e s  o f  38 m i n u t e s  (Palm and B l a c k ,  1 9 6 1 )  and one 

h o u r  ( B u s s e l l  and  K a r z o n ,  1962)  f o r  CDV, 38  m i n u t e s  

( Pa lm an d  B l a c k ,  1 9 6 1 ) ,  L|.2 m i n u t e s  (Yeh and  I w a s a k i ,  1 9 7 2 ) ,  

1 - 2  h o u r s  ( G a s c a r d o  and  K a r z o n ,  1965)  and  a p p r o x i m a t e l y  

two h o u r s  ( B l a c k ,  1959)  f o r  m e a s l e s  v i r u s  and  165 m i n u t e s  

f o r  r i n d e r p e s t  v i r u s  ( P l o w r i g h t  e t  a l , , 1 969) *  The 

s h o r t n e s s  o f  t h e  h a l f - l i f e  a t  37° 0  p a r t l y  a c c o u n t s  f ' or  . 

t h e  l e v e l l i n g  o f  e x t r a c e l l u l a r  v i r u s  t i t r e s  w i t h i n  

s e v e r a l  h o u r s  of  a ch an g e  of  medium and i n d i c a t e s  t h a t  

l i t t l e  i s  p r o b a b l y  g a i n e d  bv p r o l o n g i n g  t h e  i n t e r v a l ,  

b e t w e e n  s u c c e s s i v e  c o l l e c t i o n s  o f  f l u i d  t o  more t h a n  f o u r  

o r  f i v e  h o u r s .  W or k i n g  w i t h  r i n d e r n e s t  v i r u s ,  P l o w r i g h t  

e t  a l , ( 1 9 6 9 ) f o u n d  t h a t ,  i n  mos t  i n s t a n c e s ,  v i r u s  was

r a p i d l y  r e l e a s e d  a f t e r  a ch an ge  o f  medium a n d ,  w i t h i n  10

m i n u t e s ,  t h e  t i t r e  o f  e x t r a c e l l u l a r  v i r u s  h a d  r e a c h e d
0 9a l e v e l  o n l y  10 p e r  ml l e s s  t h a n  t h a t  p r e s e n t

b e f o r e  t h e  c h a n g e .  Over  t h e  s u b s e q u e n t  50 m i n u t e s  t h e  

t i t r e  c o n t i n u e d  t o  i n c r e a s e  s l o w l y  so t h a t  by  t h e  end
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of  one h o u r  I t  was t h e  seme as  t h a t  n r e s e n t  b e f o r e  t h e  

c h a ng e  of  ’̂ ed i um.

I n  c e r t a i n  r e s p e c t s ,  t n e  m nJ.t:■ s t e n  g r o w t h  c u r v e  

p r o d u c e d  w i t h  t h e  Ro ck bor n  s t r a i n  o f  CDV i n  GH c e l l s  was 

s i m i l a r  t o  t h e  c u r v e s  p u b l i s h e d  by S h i s h i d o  e t  a 1 .  (1967')

f o r  t h e  L e d e r l e  s t r a i n  i n  Vero  c e l l s ,  and by  C o n f e r  

et -  a l , ( 1 9 7 5 a )  f o r  t h e  S n y d e r - P I l l l  (SH) ,  O n d e r s t e p o o r t  

and  R252 s t r a i n s ,  a l s o  grown i n  Vero  c e l l s .  I n  e a c h  

c a s e ,  t h e  t i t r e s  o f  b o t h  c e l l - a s s o c i a t e d  and e x t r a ­

c e l l u l a r  v i r u s  r o s e  s h a r p l y  w i t h i n  t h e  f i r s t  two days  

a n d ,  e x c e p t  w i t h  t h e  O n d e r s t e p o o r t  s t r a i n ,  t h e  t i t r e s  o f  

e x t r a c e l l u l a r  v i r u s  wer e  a l w a y s  l o w e r  t h a n  t h o s e  o f  c e l l -  

a s s o c i a t e d  v i r u s ,  ( Wi th  t h e  O n d e r s t e p o o r t  s t r a i n  t h e r e  

was a l o s s  o f  c e l l s  by  t h e  f o u r t h  d a y  ‘'■'’I  and c o n s e q u e n t l y  

t h e  e x t r a c e l l u l a r  v i r u s  t i t r e s  were  g r e a t e r  t h a n  t h e  

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

t h e  e x p e r i m e n t  on t h e  s e v e n t h  d a y ) .  V a r i a t i o n s  were  s e e n ,  

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

s y s t e m ,  and i n  t h e  t i m e  and  d u r a t i o n  of  p e a k  n r o d u c t i o n ,  

e , g *  w i t h  t h e  R252 and 3H s t r a i n s ,  c e l l - a s s o c i a t e d  v i r u s  

r e a c h e d  a maximum t i t r e  of  a p p r o x i m a t e l y  1 0 ^ ' ^  and 1 0 ^ ' ^  

TGIjD^q p e r  ml r e s p e c t i v e l y  on t h e  f i f t h  d a y  PI  and  t h e s e  

t i t r e s  wer e  m a i n t a i n e d  u n t i l  t h e  t e r m i n a t i o n  o f  t h e  

e x p e r i m e n t  on t h e  s e v e n t h  d a y .  On t h e  o t h e r  b a n d ,  w i t h  

t h e  L e d e r l e  s t r a i n ,  c e l l - a s s o c i a t e d  v i r u s  r e a c h e d  a
c g

maximum t i t r e  o f  10 TGID^^ p e r  "̂1 by t h e  f o u r t h  day  PI

and t h e r e a f t e r  i m m e d i a t e l y  d e c r e a s e d  so t h a t  by  t h e  s i x t h
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3 9daye  i t  v;as o n l y  10 TCJD^^ p e r  ml* I n  a l l  s y s t e m s  

e x c e p t  t h e  SH—V ero  c e i l  s y s t e m ,  t h e  t o t a l  amount  of  

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

t h e  RoOKborn-GH s y s t e m .  C o m pa r i so n  w i t h  t h e  SH—Vero  c e l l  

s y s t e m  i s  i m p o s s i b l e  s i n c e  t h e  e x p e r i m e n t  i n v o l v i n g  

t h e  l a t t e r  s y s t e m  was t e r m i n a t e d ,  p r e m a t u r e l y *



PART TWO

INTRODUCTION AND REVIEW OE THE LITERATURE.

B e f o r e  commencing  an i n v e s t i g a t i o n  o f  t h e  c o m po n en t s  

o f  ODV, a d e t a i l e d  s t u d y  o f  t h e  g r o w t h  and  m o r p h o g e n e s i s  

o f  t h e  v i r u s  u n d e r  o n e - s t e p  c o n d i t i o n s  was u n d e r t a k e n .  By 

so  d o i n g ;  i t  was hoped  t h a t  t h e  p r i n c i p a l  c o m p o n e n t s  of  

t h o  v i r u s  c o u l d  be i d e n t i f i e d  w i t h i n  t h e  c e l l ,  t h e i r  

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

d e t e r m i n e d  and  a c l e a r e r  u n d e r s t a n d i n g  o f  p a r t i c l e  

s t r u c t u r e  o b t a i n e d .

The b a s i c  s t r u c t u r e  o f  t h e  v i r i o n  was f i r s t  

i n v e s t i g a t e d  b y  C r u i c k s h a n k  e t  a l .  ( 1962)  and  N o r r b y  

e t  a l . (1 9 6 3 ) who e x a m i n e d  n e g a t i v e l y - s t a i n e d  s u s p e n s i o n s

o f  t h e  v i r u s  i n  t h e  e l e c t r o n  m i c r o s c o p e .  The v i r i o n s  

wer e  f o u n d  t o  be v e r y  p l e o m o r p h i c  t h o u g h  many w er e  a l m o s t  

s p h e r i c a l .  The l a t t e r  v a r i e d  i n  d i a m e t e r  f r o m  110 t o  

550  nm a l t h o u g h  m os t  f e l l  i n t o  t h e  1 5 0 -3 0 0  nm r a n g e .

I n t a c t  p a r t i c l e s  p o s s e s s e d  a c o n s p i c u o u s  o u t e r  membrane 

a b o u t  5 -  8*5 nm i n  t h i c k n e s s  and  f r o m  t h i s  a r o s e  a 

f r i n g e  o f  f i n e  p r o j e c t i o n s  9 -  13 nm i n  l e n g t h .  Where 

t h «  p h o s p h o t u n g s t a t e  h a d  p e n e t r a t e d  p a r t i a l l y  d i s r u p t e d  

p a r t i c l e s ,  a h e l i c a l  n u c l e o c a p s i d  was r e v e a l e d *  The
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l a t t e r ,  w h i c h  a l s o  s e e n  f r e e  of  p a r t i c l e s ,  had  a

w i d t h  of  15 “ 18  nm w i t h  a c e n t r a l  h o l l o w  a x i s  

a p p r o x i m a t e l y  5nm i n  d i a m e t e r .  I t s  h e l i c a l  s t r u c t u r e  

was r e v e a l e d  by  i t s  s e r r a t e d  o u t l i n e  w h i c h  had a p e r i o d ­

i c i t y  o f  5 "■ 6 nm. I n  s i z e  and s t r u c t u r e ,  t h e r e f o r e ,  

t h e  v i r u s  c l o s e l y  r e s e m b l e d  t h e  p a r a m y x o v i r u s e s .

The e a r l i e s t  r e p o r t e d  u l t r a  s t r u c t u r a 1 s t u d i e s  of

G D V - i n f e c t e d  c e l l s  wer e  t h o s e  o f  Lawn ( 19 70)  who e xami ned

t h e  c h o r i o a l l a n t o i c  membrane o f  c h i c k  embryos  s i x  days

a f t e r  i n o c u l a t i o n  w i t h  e g g - a d a u t e d  v i r u s  and K o e s t n e r

and  Long ( 1970)  who d e s c r i b e d  t h r e e  p a r t i a l l y  o v e r l a p p i n g

p h a s e s  o f  i n f e c t i o n  i n  e x p l a n t  c u l t u r e s  o f  c a n i n e

c e r e b e l l u m .  S i n c e  t h e  t i t r e  o f  v i r u s  u s e d  by t h e  l a t t e r
3

w o r k e r s  was o n l y  10 TCID^^ p e r  ml ,  m u l t i p l e  c y c l e s  of  v i r u s  

r e p l i c a t i o n  m u s t  have  o c c u r r e d .  The t i m e s  a t  w h i c h  t h e  

v a r i o u s  u l t r a s t r u c t u r a 1 c h a n g e s  were  f i r s t  d e t e c t e d  — 

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

n u c l e o c a p s i d  and t h e  l ^ t h  d a y  f o r  b u d d l n ^  v i r u s  p a r t i c l e s  — 

t h e r e f o r e  p r o v i d e  no i n f o r m a t i o n  a s  t o  t h e  t ' - ^ s  a t  w h i c h  

t h e s e  e v e n t s  o c c u r  i n  t he  i n d i v i d u a l  I n f e c t e d  c e l l .  The 

same c r i t i c i s m  can  be made of  t h e  work  of  C o n f e r  e t  a l .  

(1975b)  who s t u d i e d  Vero  c e l l s  i n f e c t e d  a t  a m u l t i p l i c i t y  

o f  0 , 0 3  w i t h  t h r e e  d i f f e r e n t  s t r a i n s  of  CDV, C l e a r l y ,  

c e l l s  m us t  be i n f e c t e d  a t  o r  n e a r  o n e - s t e p  c o n d i t i o n s  

i f  a p r o p e r  s e q u e n t i a l  s t u d y  i s  t o  be made .  T h i s  

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

C o r n w e l l  e t  a l ,  ( 1 9 7 1 ) « h o w e v e r ,  managed t o  o b t a i n  an 

i n f e c t i o n - r a t e  o f  8 0 ^  w i t h  t h e  Glasgow 8[].l s t r a i n  o f  

v i r u s  i n  c u l t u r e s  o f  MDCK by  e m p l o y i n g  an i n p u t  

m u l t i p l i c i t y  o f  1 , 9 ,  T a j i m a  e t  a l ,  (1 9 7 1 ) s t u d i e d  t h e  

m o r p h o g e n e s i s  o f  an a v i a n i s e d  s t r a i n  o f  CDV i n  c h i c k  

embryo f i b r o b l a s t s  an d  Vero  c e l l s  b u t  d i d  n o t  t a k e  

a d v a n t a g e  o f  t h e  h i g h  i n p u t  m u l t i p l i c i t y  u s e d  (up t o  1 0 ) 

t o  r e l a t e  t h e  u l t r a s t r u c t u r a l  c h a n g e s  o b s e r v e d  t o  t h e  

‘s ta g e  o f  t h «  g r o w t h  c u r v e .

I n  t h e  wo r k  o f  C o r n w e l l  e t  a l ,  ( 1 9 7 1 ) ,  e l e c t r o n  

m i c r o s c o p i c  e x a m i n a t i o n  of  c e l l s  h a r v e s t e d  b e t w e e n  24  

a n d  96 h o u r s  P I  showed t h a t  v i r u s  m a t u r a t i o n  o c c u r r e d  

t h r o u g h o u t  t h e  wh o l e  o f  t h i s  p e r i o d  t h o u g h  i n f e o t i v i t y  

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

s i g n i f i c a n t l y  g r e a t e r  ( 1 , O - I o T I o r ^ q )  a t  24 h o u r s  PI  t h a n  

a t  s u b s e q u e n t  s a m p l i n g  t i m e s .  A l t h o u g h  w e l l - d e v e l o p e d  

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

m o s t  c e l l s  b y  24 h o u r s  PI  c y t o p l a s m i c  i n c l u s i o n s  c o u l d  

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

was n o t  u n t i l  48  h o u r s  PI  t h a t  c h a r a c t e r i s t i c  e o s i n o p h i l i c  

c y t o p l a s m i c  i n c l u s i o n s  wer e  d e t e c t e d ,  U l t r a s t r u c t u r a l  

e x a m i n a t i o n  a t  t h i s  t i m e  r e v e a l e d  t h e  n r e s e n c e  o f  many

e l e c t r o n - d e n s e  b o d i e s  c o n t a i n i n g  n u c l e o c a p s i d  a p p a r e n t l y  

e nmes hed  w i t h i n  a f i n e l y  g r a n u l a r  m a t r i x .  I n  s i z e  and  

s h a p e  a s  w e l l  a s  i n  t i m e  of  a p p e a r a n c e ,  t h e s e  seemed
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t o  c o r r e s p o n d  t o  t h e  c y t o p l a s m i c  i n c l u s i o n s  r e v e a l e d  by  

l i g h t  m i c r o s c o p y .  S i n c e  t h e  d e v e l o p m e n t  o f  i n c l u s i o n s  

o c c u r r e d  a f t e r  t h e  p e r i o d  o f  maximum v i r u s  p r o d u c t i o n .

I t  was s u g g e s t e d  t h a t  t h i s  m i g h t  r e f l e c t  an a c t i v e  

a t t e m p t  on t h e  p a r t  o f  t h e  c e l l  t o  d e s t r o y  o r  s e q u e s t e r  

u n u t i l i z e d  n u c l e o c a p s i d .  A n o t h e r  p r o c e s s  commending 

a b o u t  4-8 h o u r s  P I  was t h e  a c c u m u l a t i o n  o f  i n c l u s i o n  

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

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

a b o u t  t h i s  t i m e*

No a t t e m p t  was made i n  t h e  above  s t u d y  t o  d e t e r m i n e  

t h e  l e n g t h  o f  t h e  l a t e n t  p e r i o d  o r  t o  make an 

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

p e r i o d .  F u r t h e r m o r e ,  a l t h o u g h  t h e  c e l l s  wer e  shown t o  

be p r o d u c i n g  v i r u s  as  l a t e  as  96 h o u r s  P I ,  s t u d i e s  were  

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

c h a r a c t e r i s t i c  o f  t h e  t e r m i n a l  s t a g e s  o f  i n f e c t i o n  — s u c h  

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

wer e  m i s s e d .  The p r e s e n t  i n v e s t i g a t i o n  was t h e r e f o r e  

d e s i g n e d  n o t  o n l y  t o  c o v e r  t h e  n e r i o d  s t u d i e d  b y  C o r n w e l l  

e t  a l . (1 9 7 1 ) b u t  a l s o  t o  e ncomp as s  t h e  e a r l i e r  and l a t e r  

s t a g e s  o f  i n f e c t i o n .

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

i n f e c t i o n  o f  3 i s  r e q u i r e d  t o  e n s u r e  t h a t  95 ^  o f  t h e  c e l l s  

a r e  i n f e c t e d  w i t h  a t  l e a s t  one v i r u s  p a r t i c l e .  From 

t h i s  c o n s i d e r a t i o n  a s  w e l l  as  f r o m  t h e  n e c e s s i t y  of
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e m p l o y i n g  s u f f i c i e n t  c e l l s  t o  p e r m i t  e l e c t r o n  m i c r o s c o p i c  

e x a m i n a t i o n  a t  e a c h  of  t n e  s a m p l i n g  t i m e s ,  i t  was f e l t  

t h a t ,  r a t h e r  t h a n  a t t e m p t  a s i n g l e  c o m p o s i t e  e x p e r i m e n t ,  

i t  w o u l d  be more c o n v e n i e n t  t o  c a r r y  o u t  s e v e r a l  s m a l l e r  

e x p e r i m e n t s  and  f rom t h e  r e s u l t s  o f  t h e s e  r e c o n s t r u c t  t h e  

e n t i r e  g r o w t h  c y c l e .
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MATERIALS AND METHODS.

1 )  P r e p a r a t i o n  of  V i r u s  and  I n f e c t i o n  o f  C o l l s *  V i r u s  

was p r e p a r e d  b y  t h e  m e t h o d  d e s c r i b e d  i n  P a r t  One * C e l l s  

wer e  i n f e c t e d  i n  s u s p e n s i o n  w i t h  c o n c e n t r a t e d  v i r u s ,  a s  

d e s c r i b e d  i n  d e t a i l  i n  -th e  a p p r o p r i a t e  n a r t s  o f  t h e  

E x p e r i m e n t a l  P r o c e d u r e s  and  R e s u l t s  s e c t i o n ,

2) I n f e c t i v i t y  T i t r a t i o n s  and

3)  ' S t a i n i n g  P r o c e d u r e s  f o r  L i g h t  M i c r o s c o p y ,

■These wer e  c a r r i e d  o u t  a s  p r e v i o u s l y  d e s c r i b e d  i n  

P a r t  One

k )  F i x a t i o n ,  Embedd i ng  and  S t a i n i n g  o f  C e l l s  f o r  E l e c t r o n  

M i c r o s c o p y ,  I n f e c t e d  c e l l s  were  grown i n  5 0  mm p e t r i  

d i s h e s .  At  s e l e c t e d  tim es, th e  c e l l s  were  s c r a p e d  o f f  t h e  

p l a s t i c  i n t o  a s m a l l  volume o f  medium by  means  o f  a 

r u b b e r  p o l i c e m a n .  They wer e  t h e n  p e l l e t e d  b y  l o w - s p e e d  

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

f i x e d  i n  osmium t e t r o x i d e  f l ^  osmic  a c i d  — o b t a i n e d  f r o m  

BDH C h e m i c a l s  L t d .  — i n  M i l l o n i g * s  p h o s n h a t e  b u f f e r ,  

pH 7 . 2 - 7 . 4 )  f o r  one h o u r .  The f i x e d  p e l l e t  was t h e n  

d e h y d r a t e d  i n  an a s c e n d i n g  s e r i e s  o f  7 0 ^ ,  9 0 ^  and 

a b s o l u t e  a l c o h o l ,  f o l l o w e d  by  r i n s i n g  i n  p r o n y l e n e  o x i d e .  

I t  was t h e n  s o a k e d  f o r  one h o u r  i n  a m i x t u r e  c o n s i s t i n g  of  

e q u a l  p a r t s  o f  p r o p y l e n e  o x i d e  and  A r a l d l t o  and  l e f t
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o v e r n i g h t  i n  a m i x t u r e  o f  2 0 ^  p r o p y l e n e  o x i d e  a nd  80 ^  

A r a l d i t e ,  I t  was t h e n  embedded i n  A r a l d i t e  w i t h i n  a 

g e l a t i n  c a p s u l e  and  t h e  r e s i n  was a l l o w e d  t o  p o l y m e r i s e  

a t  57°C f o r  48  h o u r s .  U l t r a t h i n  s e c t i o n s  ( a p p r o x i m a t e l y  

5 0 0 & i n  t h i c k n e s s )  we r e  c u t  on an  LKB Mark 3 

u l t r a m i c r o t o m e , u s i n g  g l a s s  k n i v e s ,  a n d  m o u n t e d  on 

u n c o a t e d  A t h e n e  4^3 c o p p e r  s p e c i m e n  g r i d s  ( o b t a i n e d  f r o m  

S m e t h u r s t  H i g h - L i g h t  L t d . ,  B o l t i n ,  L a n c s . S e c t i o n s  

wer e  s t a i n e d  f o r  20 m i n u t e s  w i t h  u r a n y l  a c e t a t e  (as  

d e s c r i b e d  b y  W a t s o n ,  1 9 5 8 ) ,  r i n s e d  f i r s t  i n  m e t h a n o l  and  

t h e n  i n  5 0 ^  m e t h y l  a l c o h o l  i n  d i s t i l l e d  w a t ^ r ,  and d r i e d  

on f i l t e r  p a p e r .  Th ey  w e r e  t h e n  s t a i n e d  f o r  10 m i n u t e s  

w i t h  l e a d  c i t r a t e  ( as  d e s c r i b e d  by  R e y n o l d s ,  1963)  and  

f i n a l l y  r i n s e d  w i t h  0 . 0 2  N s od i um h y d r o x i d e  i n  d i s t i l l e d  

w a t e r  b e f o r e  d r y i n g  on f i l t e r  p a p e r .  The s e c t i o n s  were  

e x a m i n e d  u s i n g  an AEI 6B e l e c t r o n  m i c r o s c o p e  a t  

i n s t r u m e n t a l  m a g n i f i c a t i o n s  o f  1 0 , 0 0 0 - 4 0 j 0 0 0 .
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EXPERIMENTAL PROCEDURES AND RESULTS

EXPERIMENT
I

O n © - s t e p  G r o wt h  Curve i n  GH C e l l s

The a i m  o f  t h e  f i r s t  e x p e r i m e n t  was t o  e s t a b l i s h  

t h e  s h a p e  o f  t h e  g r o w t h  o u r v e  s o  as  t o  n r o v i d e  a 

f r a m e w o r k  on w h i c h  s u b s e q u e n t  u l t r a s t r u c t u r a l  s t u d i e s ,  

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

o f  i n f e c t i o n ,  m i g h t  be b a s e d .  I n  o r d e r  t o  p r e v e n t  s e r i o u s  

d i s t o r t i o n  o f  t h e  c u r v e  by  s e c o n d  and t h i r d  s t e p  I n f e c t i o n ,  

i t  was c o n s i d e r e d  e s s e n t i a l  t o  a c h i e v e  an i n i t i a l  

i n f e c t i o n - r a t e  o f  a t  l e a s t  70^* A p r e l i m i n a r y  a t t e m n t  

t o  do t h i s  u s i n g  t h e  m e t ho d  d e s c r i b e d  by  C o r n w e l l  e t  a l *  

(1 9 7 1 ) p r o v e d  u n s u c c e s s f u l ,  a s  d i d  two f u r t h e r  e x p e r i m e n t s  

i n  w h i c h  c e l l s  wer e  i n f e c t e d  w i t h  v i r u s  c o n c e n t r a t e d  i n  

t h e  u l t r a o e n t r i f u g e . Ho wever ,  b y  f u r t h e r  i n c r e a s i n g  t h e  

c o n c e n t r a t i o n  o f  v i r u s  e m p l o y e d  an d  by  r e d u c i n g  t h e  

nu m b er o f  c e l l s ,  a s a t i s f a c t o r y  i n f e c t i o n  r a t e  was 

f i n a l l y  a c h i e v e d .

V i r u s  was p r e p a r e d  b y  t h e  me t hod  d e s c r i b e d  i n  t h e  

p r e v i o u s  s e c t i o n |  f l u i d  was c o l l e c t e d  t w i c e  d a i l y  f rom  

c u l t u r e s  w i t h  a good  OPE and  s t o r e d  a t  - 7 0 ° G ,  When l5 0 0  

m l bad  b e e n  o b t a i n e d ,  i t  was t h a w e d ,  c l a r i f i e d  by  l o w -
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s p e e d  c e n t r i f u g a t i o n  and t h e n  sp'on a t  l 8 ,5 0 0  rpm f o r  3 i  

h o u r s  i n  t h e  Type 19 r o t o r  o f  a Beckman L2 — 65b 

u l t r a c e n t r i f u g e .  The r e s u l t a n t  p e l l e t  was r e s u s u e n d e d  

i n  1 5 ' ml o f  medium w h i c h  h ad  b e e n  r emoved  f ro m two Roux 

f l a s k s  o f  i n f e c t e d '  c e l l s  a f t e r  f i v e  h o u r s  o f  i n c u b a t i o n .

The f i n a l  volume o f  t h e  s u s p e n s i o n  was l 9 . 2  •̂’1 and when 

0 ,2  ml was a s s a y e d  f o r  i n f e c t i v i t y ,  i t s  t i t r e  was f ou nd  

t o  be 1 0 ^ “^TGID^q p e r  m l .  The v i r u s  was mi xed  w i t h  

1 , 08 X lo'^ GH c e l l s  i n  a volume of  3 m l , i n p u t  m u l t i n l i c i t y  

t h e r e f o r e  b e i n g  a n n r o x i m a t e l y  7 ( 6 . 9 6 ) ,  I n  t h e  

p r e p a r a t i o n  of  t h e  c e l l  s u s p e n s i o n ,  an  e f f o r t  was made 

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

o r d e r  t o  r e d u c e  t h e  s i z e  and  number  o f  c e l l - c l u s t e r s , t h i s  

b e i n g  done by  i n c r e a s i n g  t h e  p e r i o d  of  e x p o s u r e  t o  t r y p s i n  

and  by  v i g o r o u s  p i p e t t i n g .  However ,  when t h e  c e l l s  were  

c o u n t e d ,  i t  was f o u n d  t h a t  many c l umps  wer e  s t i l l  p r e s e n t *  

I t  t n e r e f o r e  seemed p r o b a b l e  t h a t ,  d e s p i t e  t h e  h i g h  

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

o f  t h e  c l um p s  m i g h t  e s c a p e  i n f e c t i o n .

The c e l l - v i r u s  s u s p e n s i o n  was a g i t a t e d  on a m a g n e t i c

s t i r r e r  f o r  90 m i n u t e s  a t  room t e m p e r a t u r e ,  f o l l o w i n g

w h i c h  t h e  c e l l s  wer e  s e d i m e n t e d  by l o w - s n e e d

c e n t r i f u g a t i o n ,  r e s u s p e n d e d  i n  f r e s h  g r o w t h  medium and

i n o c u l a t e d  i n t o  l 8 t u b e s  — two w i t h  c o v e r s l i n s  — so  t h a t
9e a c h  t u b e  r e c e i v e d  6 x 10'  c e l l s .  The t u b e s  wer e  

i n c u b a t e d  a t  3 7 ° 0  and  a t  8 ,  12 ,  l 3 ,  l 8 ,  2t|., 3 8 ,  1|.8, 72 

and  96 h o u r s  P I ,  two o f  them ( o n l y  one a t  8 and  12 h o u r s
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P I )  we r e  h a r v e s t e d  f o r  i n f e c t i v i t y  a s s a y ,  t h e  f l u i d  b e i n g  

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

v i r u s  c o n t e n t .  At  i|,8 h o u r s  P I , t h e  c o v e r s l i p s  were  

s t a i n e d  w i t h  h a o m a t o x y l i n  and  e o s i n  t o  p r o v i d e  an 

i n d i c a t i o n  o f  t h e  i n f e c t i o n  r a t e , .  I n c l u s i o n s  we r e  f o u n d  

i n  7 2 c5 % o f  t h e  c e l l s  e xa mi n ed  u n d e r  t h e  x UO o b j e c t i v e  

(310 of  1̂ .28 c e l l s  e x a m i n e d )  b u t ,  as  some we r e  v e r y  s m a l l ,  

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

o b j e c t i v e .  T h i s  showed t h a t  a n n r o x i m a t e l y  8 0 ^  o f  t h e  

c e l l s  c o n t a i n e d  i n c l u s i o n s .

The r e s u l t s  o f  t h e  i n f e c t i v i t y  t i t r a t i o n s  a r e  shown 

i n  F i g u r e  9^ f r o m  w h i c h  i t  w i l l  be s e e n  t h a t  c e l l -  

a s s o c i a t e d  v i r u s  f i r s t  a p p e a r e d  a t  a b o u t  1$ h o u r s  PI  

a n d  t h e n  r o s e  l o g a r i t h m i c a l l y  u n t i l  2l\. h o u r s  P I ,  t h e  

t i t r e  a t  t h e  l a t t e r  t i m e  b e i n g  2 ,[j . log^Q h i g h e r  t h a n  a t  

t h e  f o r m e r .  V i r u s  p r o d u c t i o n  c o n t i n u e d  a t  a c o n s t a n t  

r a t e  f o r  t h e  n e x t  1 2 - 21.;. h o u r s  t h o u g h  t h e r e  was a s l i g h t  

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

due t o  i n f e c t i o n  o f  t h e  2 0^  o f  c e l l s  w h i c h  h a d  e s o a n e d  

i n f e c t i o n  a t  t h e  s t a r t  b f  t h e  e x p e r i m e n t .  Be t ween  1|.8 

and  96 h o u r s  PI  t h e  t i t r e  o f  t h e  c e l l - a s s o c i a t e d  v i r u s  

f e l l  b y  2 , 0 1 o g ^ Q ,  i n d i c a t i n g  t h a t  t h e  en d  o f  t h e  c y c l e  

was a n p r o a c h i n g .  N e v e r t h e l e s s ,  a l t h o u g h  some s y n c y t i a  

were  f o u n d  a t  I4.8 h o u r s  P I ,  f u r t h e r  a d v a n c e  o f  c y t o p a t h i c  

c h a n g e  was s l o w  and  m os t  o f  t h e  c e l l s  s t i l l  a p p e a r e d  

h e a l t h y  a t  t h e  t e r m i n a t i o n  o f  t h e  e x p e r i m e n t ,  96 h o u r s  P I ,  

L i t t l e  v i r u s  was r e l e a s e d  b e f o r e  I 8 h o u r s  P I  b u t  o v e r



t h e  e n s u i n g  s i x  h o u r s , t h e  t i t r e  o f  e x t r a c e l l u l a r  v i r u s  

r o s e  by  l . l j l o g ^ ^ .  D e l e a s e  o c c u r r e d  a t  a f a i r l y  u n i f o r m  

r a t e  o v e r  t h e  2 ^ -9 6  h o u r  n e r i o d  t h o u g h  t h e  p r o p o r t i o n  

o f  v i r u s  r e l e a s e d  v a s  s m a l l ,  c e l l - a s s o c i a t e d  v i r u s  

e x c e e d i n g  e x t r a c e l l u l a r  v i r u s  by 1 . 2 - l « A i o ^ ^ ^  o v e r  t h e  

2)4 h o u r  p e r i o d .
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EXPERIMENT 2 . 2 ,

D l t r a s t r u o t u r a l  E x a m i n a t i o n  of  I n f e c t e d  C e l l s  a t  D i f f e r e n t

S t a g e s  of  t h e  Gr owt h  C y c l e ,

The a ims  o f  t h e  p r e s e n t  e x p e r i m e n t  we r e  t o  e xami ne  

t h e  m ai n  u l t r a s t r u c t u r a l  e v e n t s  o c c u r r i n g  d u r i n g  CDV 

i n f e c t i o n ,  a nd  t o  s e e  how t h e s e  e v e n t s  c o u l d  he r e l a t e d  

t o  t h e - g r o w t h  o u r v e  a l r e a d y  e s t a b l i s h e d  ( E x p e r i m e n t  2 , 1 )  

S i n c e ,  i n  E x p e r i m e n t ,  2 , 1 ,  t h e  p r e s e n c e  o f  c e l l u l a r  

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

i n f e c t i o n - r a t e  t o  a r o u n d  80^ ,  e v e n  when t h e  i n p u t  

m u l t i p l i c i t y  was as  h i g h  as  7$ i'^ was c o n s i d e r e d  t h a t  a 

s i m i l a r  I n f e c t i o n  r a t e  c o u l d  be o b t a i n e d  w i t h  an i n p u t  

m u l t i p l i c i t y  o f  o n l y  2 - » . - 2 . 5 .  M o r e o v e r ,  s i n c e  t h e  n umb er  

o f  c e l l s  r e q u i r e d  f o r  t h e  p r e s e n t  e x p e r i m e n t  was a t  

l e a s t  s e v e r a l  f o l d  g r e a t e r  t h a n  t h a t  n e e d e d  f o r  E x p e r i m e n t

2 . 1 ,  i t  w o u l d  h ave  b e e n  d i f f i c u l t  t o  c a r r y  o u t  t h e  

e x p e r i m e n t  a t  t h e  h i g h e r  m u l t i p l i c i t y .

By t h e  same m e t h o d s  as  wer e  e mp l o y e d  i n  E x p e r i m e n t  
72 . 1 ,  2 , 1  X 10 GH c e l l s  were  i n f e c t e d  i n  s u s p e n s i o n  w i t h  

a t o t a l  o f  U X lO^TCID^Q o f  v i r u s  a n d ,  f o l l o w i n g  

s e d i m e n t a t i o n  and  r e s u s p e n s i o n  i n  f r e s h  g r o w t h  medium,  

we r e  i n o c u l a t e d  i n t o  s e v e n  5 0  mm n e t r i  p l a t e s  a t  a 

c o n c e n t r a t i o n  o f  3 x  10^ c e l l s  p e r  p l a t e .  A f t e r  8 ,  1 2 ,  

l 8 ,  2!;., [;.8, 72 an d  96 h o u r s  i n c u b a t i o n  a t  3 7 ^ 0 ,  one p l a t e  

was r e mo v ed  f r o m  t h e  i n c u b a t o r  and t h e  c e l l s  were
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7.'  r - j i -  *7--'-.

Figure  10 .  Small  foous o f  n u c le o ca p s id  in  a 

p e r in u c le a r  p o s i t i o n ,  Xl|0,000
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Figure 11. High power uhotograuh of  focus  o f  n u c le o c a p s id .  

S e v e r a l  c r o s s - s e c t i o n s  of  n u c le o ca n s id  are v i s i b l e  (arrows)  

and sh ort  l e n g th s  are seen in l o n g i t u d i n a l  s e c t i o n  

(cr o ssed  a rro w s) .  The su r fa c e  of tne n u c le o c a p s id  i s  

obscured by granular  m a t e r i a l ,  X80,00u



h a r v e s t e d  f o r  e l e c t r o n  m i o r o s c o n y •

No u l t r a s t r u c t u r a l  a b n o r m a l i t i e s  we r e  d e t e c t e d  a t  

8 h o u r s  PI  b u t ,  b y  12 h o u r s  P I ,  s m a l l  f o c i  o f  

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

wer e  r e a d i l y  f o u n d  ( F i g u r e  10)*. The i n d i v i d u a l  

n u c l e o c a p s i d s  i n  e a c h  f o c u s  a p p e a r e d  as  f l e x i b l e  

f i l a m e n t s ,  l o o s e l y  i n t e r w o v e n  so  t h a t  o n l y  s h o r t  l e n g t h s  

o f  e a c h  we r e  v i s i b l e  i n  l o n g i t u d i n a l  s e c t i o n *  When c u t  

t r a n s v e r s l y ,  t h e y  a p p e a r e d  as  s h a r p l y  d e l i n e a t e d  

c y l i n d r i c a l  s t r u c t u r e s  composed  of  an e l e c t r o n - d e n s e  

membrane a p p r o x i m a t e l y  l 5  nm i n  d i a m e t e r  s u r r o u n d i n g  an 

e l e c t r o n - t r a n s p a r e n t  a x i a l  s p a c e .  L o n g i t u d i n a l  and 

t r a n s v e r s e  s e c t i o n s  mer ged  w i t h  e a c h  o t h e r  when t h e  p l a n e  

o f  s e c t i o n  o u t  a c r o s s  an a b r u p t  ( r i g h t  a n g l e )  c ha ng e  i n  

t h e  o r i e n t a t i o n  o f  a f i l a m e n t .  D e s p i t e  t h e  l o o s e - k n i t  

a p p e a r a n c e  o f  t h e  f o c i ,  w i t h  s p a c e s  o f  b e t w e e n  30 and 70 

ium b e t w e e n  f i l a m e n t s ,  t h e  s u r f a c e  of  t h e  l a t t e r  was o f t e n  

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

( F i g u r e  1 1 ) ,  No a b n o r m a l i t i e s  were  d e t e c t e d  a t  o r  n e a r  

t h e  o e l l - s u r f a c e ,

At  l 8  h o u r s  P I ,  one o r  more f o c i  o f  n u c l e o c a p s i d  was 

o b s e r v e d  i n  mos t  o f  t h e  c e l l s  e x a m i n e d .  A l t h o u g h  l a r g e r  

t h a n  t h o s e  p r e s e n t  e a r l i e r ,  t h e y  a p p e a r e d  o t h e r w i s e  

i d e n t i c a l  t o  t h e m  and a g a i n  o c c u p i e d  m a i n l y  a p e r i n u c l e a r  

p o s i t i o n ,  A few s t r a n d s  o f  n u c l e o c a p s i d  were
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Figure 12 .  Budding of  v iru s  from the c e l l  s u r f a c e .  

C r o s s - s e c t i o n s  of  n u c le o c a p s id  can be seen spaced at  

r e g u la r  i n t e r v a l s  beiow the envelope of  buds s e c t io n e d  

t r a n s v e r s e l y  (arrow s) .  T ufts  of  f i n e  p r o j e c t i o n s  can be 

seen on the su r fa c e  of  one of the buds (cr o ssed  arrow).  

Ribosome are p r e se n t  in another of  the buds (dou b le -  

c r o ssed  arrow),  XbO,UOU
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Figure 13. Virus budding from a t a n g e n t l a l l y - s e c t l o n e d  

m i c r o v i l l u s .  P a r a l l e l  bands of  n u c le o c a n s id  can be seen  

c r o s s i n g  tne su r face  of  the m i c r o v i l l u s  (arrow).  

Ribosomes are acrain p r e sen t  in the d e v e lo n in g  v i r i o n ,  

XbO.OOO



96

^  ■ ■*>T-- 
V

. . .*
\

' t

\ % 9 :  y  -

&#  ' •  ' * . . ' k '
Ï

\

PlRure II;, T ra n sv e r se ly  s e c t io n e d  v i r a l  buds. The 

n u o le o c a p s id  can be seen In cro ss  and l o n g i t u d i n a l  s e c t i o n  

and the f r i n g e  of su r fa ce  p r o j e c t i o n s  (arrow) c o n t r a s t s  

with  the "clean'' appearance of other  p a r ts  of  the plasma 

membrane (cr o ssed  arrow),  Xb0,000
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o c c a s i o n a l l y  f o u n d  n e a r  t h e  o e l l - s u r f a o e  h u t  t h e  mos t  

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

b u d s  ( F i g u r e  1 2 ) .  Th ese  were  r e l a t i v e l y  few i n  number  

and  a r o s e  f r o m  m i c r o v i l l i  a t  l e a s t  as  f r e q u e n t l y  as  f r o m  

r e g i o n s  o f  n o r m a l  c o n t o u r .  B u d d i n g  was p r e c e d e d  by  t h e  

a l i g n m e n t  o f  n u o l e o c a p s i d  be lo w t h e  p l a s m a  membrane so a s  

t o  f o r m a s y m m e t r i c a l  q u a s i “ s y m m e t r i c a l  c o n f i g u r a t i o n *

T h u s ,  p a r a l l e l  b a n d s  o f  n u o l e o c a p s i d ,  i{.5-75 nm a p a r t ,  

we r e  o b s e r v e d  i n  t a n g e n t i a l l y - s e c t i o n e d  m i c r o v i l l i  

( F i g u r e  13)  w h i l e  a row o f  c r o s s - s e c t i o n s  s p a c e d  a t  t h e  

same i n t e r v a l  was f o u n d  i m m e d i a t e l y  b e n e a th  p o r t i o n s  o f  

t r a n s v e r s e . l y - s e c t i o n e d  p l a s m a  membrane ( F i g u r e  1 2 ) ,  V e r y  

o c c a s i o n a l l y ,  s e v e r a l  r ows  of  c r o s s - s e c t i o n s  we r e  s e e n ,  

one b e l ow  t h e  o t h e r  and  a l l  s p a c e d  a t  t h e  same I n t e r v a l ,  

b u t  g e n e r a l l y  o n l y  a s i n g l e  row was v i s i b l e .  I n  t h e s e  

a r e a s ,  a f r i n g e  o f  f i n e  p r o j e c t i o n s ,  o f t e n  i n  t u f t s  and 

l 5  t o  20 nm i n  d e p t h ,  c o u l d  be o b s e r v e d  on t h e  o u t e r  

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

( F i g u r e s  12 & l i p ) .  V i r u s  m a t u r a t i o n  o c c u r r e d  b y  a 

p r o t r u s i o n  and  p i n c h i n g - o f f  o f  t h e s e  a r e a s .

At  2l|  h o u r s  P I ,  mo s t  c e l l s  e xa m i n e d  c o n t a i n e d  

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

m a t u r a t i o n  was c o n s i d e r a b l y  more a d v a n c e d  t h a n  a t  l 8  

h o u r s  PI*  Numerous  v i r u s  p a r t i c l e s  wer e  s e e n  b u d d i n g  f ro m 

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

membrane ,  C i r c u l a r ,  e l l i p t i c a l  o r  d u m b - b e l l  l i k e  i n  

o u t l i n e  and  v a r y i n g  f r o m  l 80 nm t o  38o nm i n  d i a m e t e r .
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Figure 1^, Composite of three  t a n g e n t i a l l y - s e c t i o n e d  

v iru s  buds showing r ev ersed  loops  of  n u o leo c a p s id  

(arrow s) ,  X70,000
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Figure 1 6 . Three v i r i o n s  buddlne from a s i n g l e  

m i c r o v i l l u s ,  XSO,OOü
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t h e y  c o u l d  r e a d i l y  be i d e n t i f i e d  b y  t h e i r  e n v e l o p e ,  w i t h  

i t s  f r i n g e  o f  f i n e  p r o j e c t i o n s  l 5  t o  20 nm i n  d e p t h ,  

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

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

t a n g e n t i a l l y ,  t h e  n u o l e o c a p s i d  a p p e a r e d  a s  a n umber  of  

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

t h o u g h ,  i n  some p a r t i c l e s ,  t h e  f i l a m e n t  was s e e n  t o  f o r m 

r e v e r s e  l o o p s  ( F i g u r e  1 ? ) |  t h o s e  c u t  t r a n s v e r s e l y  h ad  a 

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

n u o l e o c a p s i d  b e i n g  s p a c e d  a t  r e g u l a r  i n t e r v a l s  r o u n d  

t h e  i n s i d e  of  t h e  e n v e l o p e .  I n  b o t h  p l a n e s ,  a d j a c e n t  

f i l a m e n t s  we r e  l\S t o  75 nm a p a r t .  The " c o r e "  o f  t h e  

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

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

i d e n t i f i e d  t h e r e i n .  T h u s ,  r i b o s o m e s  and m i c r o v e s i d e s  

we r e  o c c a s i o n a l l y  f o u n d  i n s i d e  t h e  v i r i o n s  ( F i g u r e s  12 & 

1 3 ) .

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

e x a m i n e d  t h o u g h  l e s s  was f o u n d  i n  the . 96 h o u r  s a mp l e  t h a n  

i n  t h o s e  t a k e n  a t  2 i |,  I|.8 a nd  72 h o u r s  P I ,  The p r o c e s s  

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

p a r t i c u l a r l y  t h o s e  w i t h  m i c r o v i l l i ,  l a r g e  p a r t s  o f  the  

r e m a i n d e r  a p p a r e n t l y  b e i n g  f r e e  o f  v i r a l  a c t i v i t y .  As

many a s  f i v e  v i r i o n s  c o u l d  o c c a s i o n a l l y  be s e e n  b u d d i n g  

f r o m  a s i n g l e  m i c r o v i l l u s  ( F i g u r e  1 6 ) ,  y e t ,  d e s p i t e  t h e  

p r e s e n c e  o f  many b u d s  i n  one s m a l l  a r e a , n u o l e o c a p s i d  was 

o f t e n  c o m p l e t e l y  a b s e n t  f rom the c y t o p l a s m  u n d e r l y i n g
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Figure 17, E ar ly  s ta g e  in  the development of  the  

cy top lasm ic  i n c l u s i o n  body. The se g r e g a te  of  

n u o leo c a p s id  appears compact and d i s t i n c t  from the  

surrounding cytop lasm , X1;0,000
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Figure l 8 .  A cy top iasm ic  i n c l u s i o n  body. D e sp i te  the  

large  amount of  granular  m a te r ia l  p r e s e n t ,  the 

n u o leo c a p s id  i s  s t i l l  d i s t i n g u i s h a b l e .  S e v e r a l  small  

empty pocKets are v i s i b l e , ( a r r o w s ) .  X30,000
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Figure 19.  Small cy top lasm ic  i n c l u s i o n  body. Secu lar  

bodies  are p r e sen t  w i th in  an e l e c t r o n - l u c e n t  pocket ,  

(arrow s) ,  X32,000
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Figure 20 ,  D e t a i l  of  a cy top lasm ic  i n c l u s i o n  body 

showing e l e c t r o n - l u c e n t  pockets  c o n t a in in g  m i c r o v e s i c l e s  

(arrow s) .  X60,000
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Figure 21 .  N u c l e o c a p s i d - l ik e  f i la m e n ts  beneath the o e i l -  

s u r f a c e .  The f i la m e n t s  appear coated w i th  e l e c t r o n - d e n s e  

m a t e r i a l .  There i s  no al ignment or brush border ,  X80,000
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t h a t  a r e a .

At  L|.8 h o u r s  P I ,  t h e  f o o l  o f  o y t o p l a s m i o  n u o l e o c a p s i d  

w e r e  much more c o m p a c t  t h a n  t h o s e  o b s e r v e d  e a r l i e r  and  

t h i s  was a t  l e a s t  p a r t l y  due t o  a d e p o s i t i o n  o f  f i n e ,  

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

f i l a m e n t s  ( F i g u r e s  17 & l 8 ) .  I n  some i n s t a n c e s ,  t h e  

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

o c c l u d e  t h e  f i l a m e n t s .  I n  many c a s e s ,  d e p o s i t i o n  o f  

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

of  s e v e r a l  e l e c t r o n - l u c e n t  p o c k e t s  w i t h i n  t h e  i n c l u s i o n  

( F i g u r e s  l 8  & 1 9 ) .  M a i n l y  l y i n g  w i t h i n  t h e s e  r o c k e t s  

b u t  a l s o  f o u n d  r o u n d  t h e  edge  o f  t h e  i n c l u s i o n  wer e  a 

n um be r  o f  s h o r t  t u b u l a r  o r  s a c - l i k e  s t r u c t u r e s  2$ t o  UO 

nm i n  d i a m e t e r  ( F i g u r e  2 0 ) .  S i m i l a r  i n c l u s i o n s  we r e  f o u n d  

a t  72 a n d  96 h o u r s  P I ,  t h o u g h  w i t h  i n c r e a s i n g  t i m e ,  t h e  

d e n s i t y  o f  t h e  g r a n u l a r  m a t e r i a l  t e n d e d  t o  become g r e a t e r .

From lj.8 h o u r s  PI  o n w a r d s ,  t h e  s u r f a c e  o f  t h e  c e l l s  

became i n c r e a s i n g l y  v i l l o u s .  At  t h e  same t i m e ,  c ompac t  

m a s s e s  o f  e l e c t r o n - d e n s e  f i l a m e n t s ,  a p p r o x i m a t e l y  2$ nm

i n  d i a m e t e r ,  a p p e a r e d  n e a r  t h e  c e l l - s u r f a c e  a nd  w i t h i n  

t h e  n u me r o u s  m i c r o v i l l i  p r e s e n t .  However ,  i n  no i n s t a n c e  

was a b r u s h  b o r d e r  s e e n  on t h e  o v e r l y i n g  p l a s m a  membrane ,  

n o r  was t h e r e  a n y  e v i d e n c e  of  a l i g n m e n t  ( F i g u r e  2 1 ) ,

S m a l l  k n o t s  o f  f i l a m e n t s  c o n t a i n i n g  much e l e c t r o n - d e n s e  

g r a n u l a r  m a t e r i a l  and s u r r o u n d e d  by  p l a s m a - m e m b r a n e  were  

f r e q u e n t l y  f o u n d  be yo n d  t h e  c e l l - s u r f a c e  i n t h e s e  a r e a s
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Figure 22 ,  Small  knots o f  n u c i e o c a p s l d - l l k e  f i la m e n t s  

w ith in  m i c r o v i i i i  a t  the c e i i - s u r f a c e  (a rrow s) ,  A

s i n g l e  v ir u s  n a r t i c i e  i s  a l s o  p resen t  ( cr o s s e d  arrow),  

X25,00U
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( F i g u r e  22)  b u t  w h e t h e r  t h e s e  wer e  a t t a c h e d  t o  t h e  c e l l  

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

t h e  c e l l  c o u l d  n o t  be a s c e r t a i n e d *
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An U l t r a s t r u o t u r a l  S t u d y  of  C e l l s  i n  t h e  T e r m i n a l  S t a g e s

of  I n f e c t i o n ,

As f a r  a s  t h e  a u t h o r  i s  a w a r e ,  no s t u d i e s  have  b e e n  

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

t h e  t e r m i n a l  s t a g e s  o f  GDV i n f e c t i o n .  As d e s c r i b e d  i n  

P a r t  One,  o l d e r  s y n c y t i a  a r e  r e c o g n i s e d  by t h e i r  

r e f r a c t i i e  c h a r a c t e r ,  and by t h e i r  " o o n t ^ a o t ^ d "  o r  t h r e e -  

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

b e a r i n g  a l a r g e ,  t r a n s p a r e n t  v e s i c l e .  S i n c e  t h e s e  c h a n g e s  

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

was t h o u g h t  t h a t ,  f o r  s t u d y  o f  t h e  t e r m i n a l  s t a g e s  of  

i n f e c t i o n ,  s u f f i c i e n t  of  t h e s e  d e g e n e r a t e  s y n c y t i a  could,  be 

o b t a i n e d  f r o m  t h e  f l u i d  o f  c u l t u r e s  s h o w i n g  an a d v a n c e d  OPE,

F o u r  8 o 2 c b o t t l e s  of  i n f e c t e d  GH c e l l s  wer e  p r e u a r e d .

By t h e  s i x t h  d ay  P I ,  an a d v a n c e d  CPE was p r e s e n t .  The 

medium was d i s c a r d e d ,  and t h e  c e l l  s h e e t  w a s h e d  t h r e e  t i m e s  

w i t h  PBS t o  remove any  s y n c y t i a  a l r e a d y  d e t a c h e d .  F r e s h

m a i n t e n a n c e  medium was a d d e d  t o  e a c h  o f  t h e  c u l t u r e s  w h i c h

we r e  t h e n  r e i n c u b a t e d  f o r  t h r e e  h o u r s .  D u r i n g  t h i s  t i m e ,  a

c o n s i d e r a b l e  number  o f  s y n c y t i a  d e t a c h e d .  The medium was

t h e r e f o r e  c o l l e c t e d  a nd  p o o l e d .  By t h i s  m e t h o d ,  o n l y  t h o s e  

s y n c y t i a  d e t a c h i n g  d u r i n g  t h e  p r e v i o u s  t h r e e  h n u r s  wer e  

h a r v e s t e d  f o r  s t u d y .  The p o o l e d  -medium was t r a n s f e r r e d  t o  

f o u r  c e n t r i f u g e  t u b e s  and  t h e  s y n c y t i a  wer e  p e l l e t e d  by 

c e n t r i f u g a t i o n  a t  1 , 0 0 0  rpm f o r  5 m i n u t e s .  One of  t h e  f o u r
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Figure 23 .  A degenerate  syncytium with d e s t r u c t i o n  of  

the n u c le a r  and cy to p la sm ic  membranes and bulbous  

Ingrowths o f  the n u c le a r  membranes. The la rg e  n u c le a r  

"Inclusions'*  seem to  be n u c l e o l i ,  X10,00U
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p e l l e t s  was p r o c e s s e d  f o r  e l e c t r o n  m i c r o s c o p y  as  p r e v i o u s l y  

d e s c r i b e d .  The o t h e r  t h r e e  were  washed  o n c e ,  t h e n  

r e s u s p e n d e d  i n  l 5 ml o f  m a i n t e n a n c e  medium and  d i v i d e d  

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

3 7 ^ 0 , A f t e r  1 ,  5 and  l 5  h o u r s ,  an a l i q u o t  was h a r v e s t e d  f o r  

a s s a y  of  i t s  i n f e c t i v i t y .  The mos t  o u t s t a n d i n g  u l t r a -  

s t r u c t u r e  f e a t u r e s  o f  t h e s e  c e l l s  were  n u c l e a r  damage ,  

i n t r a c y t o p l a s m i c  v a c u o l a t i o n ,  d u p l i c a t i o n  of  c y t o p l a s m i c  

membranes  and a l i g n m e n t  of  n u o l e o c a p s i d  b e n e a t h  membranes  

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

v e s i c l e s .

C o n s i d e r a b l e  v a r i a t i o n  e x i s t e d  i n  t h e  s e v e r i t y  o f  

t h e  n u c l e a r  c h a n g e s ,  e ven  b e t w e e n  n u c l e i  o f  t h e  same c e l l .

I n  some i n s t a n c e s ,  a b n o r m a l i t y  was l i m i t e d  t o  a s e p a r a t i o n  

o f  t h e  two l a y e r s  o f  t h e  n u c l e a r  membrane b u t ,  i n  mos t  

c a s e s ,  t h e  p e r i p h e r a l  zone of  t he  n u c l e u s  was o c c u p i e d  by a 

number  of  s a c - l i k e  s t r u c t u r e s  a p p a r e n t l y  f o r m e d  by 

i n f o l d i n g s  o f  t h e  n u c l e a r  membrane ( F i g u r e  2 3 ) ,  L a r g e  g aps  

w e r e  p r e s e n t  i n  t h e  membrane o f  some n u c l e i  and i n  t h e s e  

r e g i o n s  a g r a d u a l  m e r g e r  o f  t h e  c y t o p l a s m  and  of  t h e  more 

f i n e l y  g r a n u l a r  and  m a r k e d l y  d e n s e r  n u c l e o p l a s m  c o u l d  

s o m e t i m e s  be s e e n , .  I n  e x t r e m e  c a s e s ,  p o r t i o n s  of  n u c l e a r  

membrane ,  i d e n t i f i a b l e  as  s u c h  by t h e i r  b u l b o u s  I n g r o w t h s ,  

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

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

o f t e n  l a y  a g a i n s t  one p o l e  o f  t h e  n u c l e u s  ( F i g u r e  2 3 ) .
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Figure 2^. A degenerate  syncytium c o n t a in in g  many 

v e s i c l e s ,  some of which are l in e d  with a double membrane 

(arrow s) .  C r o s s - s e c t i o n s  of  n u c le o ca n s id  are p resen t  

between the two la y e r s  of double membrane. Numerous 

e i e c t r o n - d e n s e , granular  bodies  are a l s o  p resen t  

(cro ssed  arrow).  X20,000
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Figure 25 .  A degenerate  syncytium c o n t a in in g  many 

v e s i c l e s .  Alignment of n u o leo ca p s id  can be seen beneath  

the membranes of  t a n g e n t i a l l y - s e c t i o n e d  v e s i c l e s  (arrow).  

Numerous e l e c t r o n - d e n s e  granular  bod ies  are p r e se n t  and 

some of  th e se  are be ing  incorp orated  i n t o  v i r i o n s  budding 

inuo the v e s i c l e s .  X lh ,000
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Figure <̂ 6. An aggregate  of  nu o leo ca p s id  w i th in  a 

double membrane-lined c a v i t y .  The n u o leocap s id  i s  not  

obscured by granular  m a te r ia l  and appears more r i g i d

than th a t  found fr e e  in tne cytop lasm . Abrupt changes 

of  o r i e n t a t i o n  are seen (arrows) ,  X80,000
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The s y n c y t i a  were  g e n e r a l l y  v e r y  r e g u l a r  i n  o u t l i n e  

w i t h  l i t t l e  o r  no v i l l u s  f o r m a t i o n .  I n  m o s t  i n s t a n c e s ,  t h e  

d e n s i t y  of  t h e  c y t o p l a s m ,  i . e .  t h e  c o n c e n t r a t i o n  o f  t h e  

g r a n u l a r  m a t r i x  and  t h e  s p a c i n g  of  o r g a n e l l e s ,  seemed 

n o r m a l  and no s t r u c t u r e s  c o r r e s p o n d i n g  t o  t h e  l a r g e  v e s i c l e s  

s e e n  w i t h  t h e  l i g h t  m i c r o s c o p e  were  o b s e r v e d .  The a b s e n c e  

of  t h e  l a t t e r  s t r u c t u r e s  was p r e s u m a b l y  r e l a t e d  t o  t h e i r  

s u s c e p t i b i l i t y  t o  d i s r u p t i o n  dur ing-  c e n t r i f u g a t i o n  e t c .  The 

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

u s e d  was t h e  p r e s e n c e  o f  l a r g e  numbers  o f  m em br a ne -b ound  

v e s i c l e s  e s p e c i a l l y  i n  t h e  more p e r i p h e r a l  a r e a s  o f  t h e  

c y t o p l a s m ,  ( F i g u r e s  2 I4 & 2 5 ) .  Th e se  were  p a r t i c u l a r l y  

c o n s p i c u o u s  b e n e a t h  t h e  c e 11-mcmbrane and w er e  s o m e t i m e s  

o r i e n t a t e d  p a r a l l e l  t o  i t .  I n  some c e l l s ,  t h e y  were  bound 

by d o u b l e  o r  even  t r i p l e  memb ra nes .

Numerous  l o o s e - k n i t  a g g r e g a t e s  o f  n u o l e o c a p s i d ,  

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

t h r o u g h o u t  t h e  c y t o p l a s m  b u t  no e v i d e n c e  was f o u n d  of  

c y t o p l a s m i c  i n c l u s i o n  b o d i e s .  However ,  i n  a v e r y  s m a l l  

p r o p o r t i o n  of  c e l l s ,  a l a r g e  a g g r e g a t e  o f  n u o l e o c a p s i d  was 

f o u nd  s e g r e g a t e d  f r o m  t h e  c y t o p l a s m  by d o u b l e  membranes  

( F i g u r e  2 6 ) ,  U n l i k e  t h a t  p r e v i o u s l y  d e s c r i b e d ,  t h i s  

n u o l e o c a p s i d  c o n s i s t e d  o f  l o n g  r i g i d  f i l a m e n t s ,  whose o u t ­

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

a b s e n c e  of  s u r r o u n d i n g  g r a n u l a r  m a t e r i a l .

A l i g n m e n t  o f  n u o l e o c a p s i d  b e n e a t h  c y t o p l a s m i c  

membranes  was e x t e n s i v e  and o c c u r r e d  n o t  o n l y  a t  t h e  o u t e r
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Figure 27. D u p l ic a t io n  of  cy top lasm ic  membranes in a 

degenerate  syncytium. G r o s s - s e c t io n s  of  a l ig n e d  

n u o leo c a p s id  can be seen between the c o n c e n tr i c  b i - or 

t r i - i a m i n a r  membranes but no brush border i s  v i s i b l e ,  

X60,000
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Figure 28.  A f i la m en to u s  v i r a l  bud c o n t a in in g  two 

e i e c t r o n - d e n s e  granular  bod ies  s i m i l a r  to  those  in the  

cytoplasm  of degenerate  s y n c y t i a .  X70,000
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p l a s m a  membrane b u t  a l s o  a t  t h e  membranes  l i n i n g  t h e  

i n t r a c y t o p l a s m i o  v e s i c l e s .  However ,  t h e  c h a r a c t e r i s t i c  - 

v i r u s - i n d u c e d  t r a n s f o r m a t i o n  o f  t h e  membrane ,  i . e .  t h e  

f o r m a t i o n  o f  a b r u s h  b o r d e r ,  was g e n e r a l l y  a b s e n t .  F i g u r e  

27 shows a s t r i k i n g ,  b u t  by no  means u n i q u e ,  exampl e  of  

t h i s .  As can  be s e e n ,  s e v e r a l  membranes  a r e  p r e s e n t  and i n  

many a r e a s ,  f u s i o n  o f  two a d j a c e n t  membranes  h a s  r e s u l t e d  

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

h as  a l i g n e d  i n  t h e  c y t o p l a s m  e n c l o s e d  b y ,  and on e i t h e r  

s i d e  o f  , t h e s e  m e m br a ne s ,  none of  w h i c h  h a v e  a b r u s h  b o r d e r .

B u d d i n g  o f  v i r u s  wjas r a r e  i n  c o m p a r i s o n  t o  t h e  d e g r e e  

of  a l i g n m e n t  p r e s e n t ,  t h i s  o b s e r v a t i o n  b e i n g  s u p p o r t e d  by 

t h e  r e s u l t s  o f  t h e  i n f e c t i v i t y  t i t r a t i o n s ,  shown i n  t h e  

t a b l e  b e l o w .

Sample  T i t r e  i n  l og ^ ^TC ID^ ^  p e r  m l .

1 h o u r  2 . 5

5 h o u r s  2 . 9

15  h o u r s  0 . 7

T h e s e  f i g u r e s  show t h a t  o n l y  a s m a l l  amount  of  v i r u s  was 

p r o d u c e d  by t h e s e  c e l l s ,  and t h a t  t h i s  p r o d u c t i o n  was o n l y  

m a i n t a i n e d  f o r  a s h o r t  t i m e .  W^th t h e  e l e c t r o n  m i c r o s c o p e ,  

i t  was f o u n d  t h a t  some o f  t h e s e  v i r u s  p a r t i c l e s  c o n t a i n e d  a 

m em b ra n e - b o u n d  v e s i c l e  w h i l e  o t h e r s  c o n t a i n e d  a d i s c r e t e ,  

r o u n d ,  e l e c t r o n - d e n s e  g r a n u l a r  body  ( F i g u r e  2 8 ) .  S i m i l a r  

d e n s e  b o d i e s  w er e  s o m e t i m e s  s e e n  i n  t h e  c y t o p l a s m  o f  t h e  

c e l l s  a d j a c e n t  t o  t h e  b u d d i n g  v i r u s  p a r t i c l e s .
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DISCUSSION

D e s p i t e  t h e  u s e  of  an i n p u t  m u l t i p l i o i t y  o f  7 ,  

o n l y  7 0 - 80 ^  o f  t h e  c e l l s  were  i n i t i a l l y  i n f e c t e d ,  as  

j u d g e d  by  t h e  d e v e l o p m e n t  of  i n c l u s i o n  b o d i e s  a t  I4.8 h o u r s  

P i e  T h i s  may h a v e  b e e n  b e c a u s e ,  d e s p i t e  a t t e m p t s  t o  

e l i m i n a t e  t h e m ,  c l ump s  o f  c e l l s  were  p r e s e n t  i n  t h e  c e l l  

s u s p e n s i o n  a t  t h e  t i m e  o f  i n f e c t i o n ,  t h e  c e l l s  i n  t h e  

m i d d l e  o f  t h e  c l ump s  b e i n g  l e s s  a c c e s s i b l e  t o  t h e  v i r u s .  

I f  t h i s  was t h e  c a s e ,  i t  i s  c l e a r l y  i m p o s s i b l e  t o  o b t a i n  

a o n e - s t e p  g r o w t h  c u r v e  i n  t h i s  m a n n e r .  I n f e c t i o n  o f  

c e l l s  a l r e a d y  i n  a m o n o l a y e r  m i g h t  be e x p e c t e d  t o  

e l i m i n a t e  t h i s  p r o b l e m ,  b u t  f r o m  t h e  r e s u l t s  of  

E x p e r i m e n t  1 * 6 ,  c e l l s  i n  a m o n o l a y e r  seem more r e s i s t a n t  

t o  i n f e c t i o n *  The g r o w t h  c u r v e  o b t a i n e d  i n  t h e  p r e s e n t  

i n v e s t i g a t i o n  may t h e r e f o r e  have  t o  be a c c e p t e d  a s  t h e

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

a n y  c a s e ,  h a d  1 0 0 % o f  t h e  c e l l s  be en  i n f e c t e d ,  t h e  t i t r e  

a t  h o u r s  PI  wo u l d  have  b e e n  t i m e s  h i g h e r ,  i , e *

o n l y  0 , 1  log^gTCID^Q p e r  ml h i g h e r  t h a n  t h e  t i t r e  

a c t u a l l y  r e a c h e d *  The s h a p e  of  t h e  c u r v e  o b t a i n e d  was 

t h e r e f o r e  v e r y  s i m i l a r  t o  t h a t  w h i ch  w o u l d  h ave  b e e n  

p r o d u c e d  w i t h  an  i n i t i a l  i n f e c t i o n - r a t e  o f  1 0 0 %,

The r e s u l t s  o f  E x p e r i m e n t  2*1 and  2*2 showed t h a t
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t h e  e c l i p s e  p h a s e  l a s t e d  f o r  b e t w e e n  l 5 and  l 8 h o u r s *  

C e l l - a s s o c i a t e d  v i r u s  d e t e c t e d  p r i o r  t o  l 5  h o u r s  

p r e s u m a b l y  r e p r e s e n t e d  v i r u s  f ro m t h e  i n o c u l u m .  Be t we en  

l 5  and  h o u r s  P I ,  t h e  c e l l - a s s o c i a t e d  v i r u s  i n c r e a s e d  

a p p r o x i m a t e l y  2 5 0 « f o l d *  The t i t r e  r e m a i n e d  c o n s t a n t  

b e t w e e n  2/4. and  38 h o u r s  P I  b u t  r o s e  s l i g h t l y  ( 2 , 5 - f o l d )  

b e t w e e n  38 a n d  I4.8 h o u r s  P I .  T h e r e a f t e r ,  p r o d u c t i o n  w an ed ,  

a 1 0 0 - f o l d  r e d u c t i o n  o c c u r r i n g  d u r i n g  t h e  s u c c e e d i n g  [48 

h o u r s .  The s h o u l d e r  a t  I48 h o u r s  may have  b e e n  t h e  

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

20  t o  3 0 % o f  c e l l s  w h i c h  had  e s c a p e d  i n i t i a l  i n f e c t i o n .  

Ho we ve r ,  s i n c e  t h e  i n c r e a s e  i n  t i t r e  was g r e a t e r  t h a n  

e x p e c t e d  f r o m  t h e  number  o f  c e l l s  a v a i l a b l e  f o r  a s e c o n d  

c y c l e  o f  i n f e c t i o n ,  i t  w ou l d  seem t h a t  t h e  c e l l s  i n f e c t e d  

a t  t h e  o u t s e t  m us t  s t i l l  h a ve  b e e n  p r o d u c i n g  v i r u s  a t  

t h e i r  maximum r a t e  a t  I48 h o u r s  P I ,  On t h i s  b a s i s  i t  was 

c o n c l u d e d  t h a t  v i r u s  p r o d u c t i o n  o c c u r s  a t  a c o n s t a n t  r a t e  

b e t w e e n  2l\. and a t  l e a s t  I4.8 h o u r s  P I ,  The t i t r e  o f

e x t r a - c e l l u l a r  v i r u s  i n c r e a s e d  b y  o n l y  2 , 5 - f o l d  b e t w e e n  

15 and 18 h o u r s  P I ,  b u t  t h e n  r o s e  2 5 - f o l d  d u r i n g  t h e  

s u c c e e d i n g  s i x  h o u r s ,  a f i n d i n g  w h i c h  c o r r e l a t e d  w e l l  w i t h  

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

s l i g h t  i n c r e a s e  ( 2 , 5 - f o l d )  a t  38 h o u r s  P I ,  t h e  t i t r e  o f  

e x t r a c e l l u l a r  v i r u s  r e m a i n e d  c o n s t a n t .

Gr owt h  c u r v e s  o b t a i n e d  by  i n f e c t i n g  c e i l s  w i t h  GDV 

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

h av e  b e e n  p u b l i s h e d  by B u s s e l l  and  K a r z on  (19 82)  a n d
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C o r n w e l l  e t  a l  * ( 1 9 7 1 ) .  T h a t  r e p o r t e d  by  B u s s e l l  and  

K a r z o n  ( 1 96 2)  f o r  t h e  g r o w t h  o f  t h e  O n d e r s t e p o o r t  s t r a i n  

o f  v i r u s  i n  c h i c k  embryo f i b r o b l a s t  c e l l s  h a d  an  e c l i n s e  

p h a s e  o f  o n l y  e i g h t  t o  10 h o u r s  and  e x t r a c e l l u l a r  v i r u s  

%-̂ as p r e s e n t  f r o m  b e t w e e n  10 and 13 h o u r s .  The t i t r e s  t h e n  

i n c r e a s e d  u n t i l  l 8  h o u r s  P I  and  t h e n  r e m a i n e d  c o n s t a n t  

u n t i l  2k  h o u r s  P I .  A f u r t h e r  i n c r e a s e  p r o d u c e d  a p e a k  

b e t w e e n  30 and  60 h o u r s  P I ,  p r o b a b l y  due t o  a s e c o n d  

c y c l e  o f  i n f e c t i o n .  C e l l - a s s o c i a t e d  v i r u s  e x c e e d e d  

e x t r a c e l l u l a r  v i r u s  by  1 . 6  log^^PPII  p e r  ml a t  t h e  p e a k .

The e i g h t  t o  10 h o u r  e c l i n s e  p h a s e  c o n t r a s t s  w i t h  t h e  

l 6  t o  l 8  h o u r  e c l i p s e  p h a s e  f o u n d  i n  t h e  n r e s e n t  

i n v e s t i g a t i o n .  I n  t h e i r  s t u d i e s  o f  t h e  G l as g ow 81l 1 

s t r a i n  i n  MDCK c e l l s ,  C o r n w e l l  e t  a l .  ( 19 71)  d i d  n o t  

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

t h e  t i t r e  o f  c e l l - a s s o c i a t e d  v i r u s  f e l l  by  1>.0 l o g ^ ^  

b e t w e e n  2fp a n d  1|8 h o u r s  P I ,  E x t r a c e l l u l a r  v i r u s  r e a c h e d  

a maximum t i t r e  a t  i^S h o u r s  PI  and t h e r e a f t e r  c l o s e l y  

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

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

v i r u s  v a r i e d  f r o m  a p p r o x i m a t e l y  7 a t  2L\. h o u r s  PI  t o  0 , 6  

a t  IpS h o u r s  P I ,  w h e r e a s ,  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  i t  

r a n g e d  f r o m  2 , 6  t o  6 , 3  o v e r  t h e  same p e r i o d .  S i n c e  

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

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

c e l l ,  i t  i s  o b v i o u s  t h a t  t h e  a c t u a l  n umb er  o f  v i r i o n s  a t  

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

i n f e c t i o u s  v i r u s  m i g h t  s u g g e s t .
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I n  t h e  u l . t r a s t r u G t u r a l  s t u d y  ( E x p e r i m e n t  2 . 2 ) ,  t h e  

f i r s t  e v i d e n c e  of  v i r a l  i n f e c t i o n  was t h e  d e v e l o p m e n t  

o f  a g g r e g a t e s  o f  n u c l e o o a n s i d  i n  t h e  c y t o p l a s m ,  E h e se  

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

p o s i t i o n ,  wer e  p r e s e n t  by 12 h o u r s  PI  and i n c r e a s e d  i n  

number  and  s i z e  d u r i n g  t h e  f o l l o w i n g  12 h o u r s  and  

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

i n  t h e s e  a p p e a r e d  t o  be f l e x i b l e  and  l o o s e l y  i n t e r w o v e n  

and  wer e  i n t e r m i x e d  w i t h  f i n e  g r a n u l a r  m a t e r i a l  w h i c h  

made t h e i r  o u t l i n e  somewhat  i n d i s t i n c t .  Due t o  t h i s  

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

" f u g g y "  n u c l e o c a p s i d s  by  D u b o i s - D a I q  e t  a l , (197U) as 

o p p o s e d  t o  " s m o o t h "  n u c l e o c a p s i d s  wh ic h  l a c k  s u c h  s u r f a c e  

m a t e r i a l .

I n  t h e  l 8  h o u r  s a m p l e ,  a l i g n m e n t  o f  t h e  " f u z z y "  

n u d e o c a n s i d  was s e e n  b e n e a t h  p o r t i o n s  of  t h e  c e l l  

membrane p o s s e s s i n g  a c h a r a c t e r i s t i c  b r u s h  b o r d e r  o f  

f i n e  s u r f a c e  p r o j e c t i o n s .  As t h e  b r u s h  b o r d e r  and t h e  

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

t h i s  s t a g e ,  i t  was i m p o s s i b l e  t o  d e t e r m i n e  w h e t h e r  t h e  

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

b r u s h  b o r d e r  o f  v i c e  ve r s a . V i r i o n s  were  f o r m e d  by 

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

p a r t i c l e s  c o n s i s t i n g  o f  an e n v e l o p e  w i t h  f i n e  s u r f a c e  

p r o j e c t i o n s  and n u c l e o o a p s i d  r o u n d  t h e  i n n e r  s u r f a c e .

Most  o f  t h e  above  u l t r a s t r u e t u r a 1 f e a t u r e s  have
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been  d e s c r i b e d  b y  s e v e r a l  o t h e r  w o r k e r s ,  i n c l u d i n g  K o e s t n e r  

and  Long ( 1 9 7 0 ) ,  Lawn ( 1 9 7 0 ) ,  C o r n w e l l  e t  a l .  ( 1 9 7 1 ) ,

Ta j i r n i  e t  a l , ( 1971)  and C o n f e r  e t  a l .  ( 1 976b )  f o r  GDV and 

by  N a k a i  and Irnagawa ( 1 9 6 9 ) ,  N a k a i  e t  a 1 .  (1 96 9)  and  

Ra i n e  e t  a 1 .  ( 1969)  f o r  m e a s l e s  v i r u s  i n f e c t i o n .

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

p a r t i c l e s  ( F i g u r e  l 6 ) ,  i t  a p p e a r e d  t h a t  t h e  n u c l e o o a p s i d  

was a r r a n g e d  n o t  as  a t r u e  h e l i x  b u t  as a s e r i e s  of  

r e v e r s e  l o o p s .  T h i s  would  e x p l a i n  why o n l y  a s i n g l e  row 

o f  n u c l e o o a p s i d  c r o s s - s e c t i o n s  was s e e n  a l i g n e d  b e l ow 

t h e  p l a s m a  membrane ,  i . e .  i f  t h e  n u c l e o o a p s i d  had b e e n  

wound i n  a h e l i x ,  i t  wo ul d  have  b ee n  s e e n  a t  d i f f e r e n t  

l e v e l s  b e l o w  t h e  c e l l  s u r f a c e .  M o r e o v e r ,  i n  t h e  d e t a c h e d  

s y n c y t i a ,  c r o s s - s e c t i o n s  of  n u c l e o o a p s i d  wer e  s e e n  

a l i g n e d  b e t w e e n  membranes  whose c l o s e  a p p o s i t i o n  wou l d  

have  p r e c l u d e d  t h e  f o r m a t i o n  of  a h e l i x .  From e x a m i n a t i o n  

of  t r a n s v e r s e l y - s e c t i o n e d  p a r t i c l e s ,  i t  was c l e a r  t h a t  

t h e  s p a c e  i n t e r n a l  t o  t h e  n u c l e o o a p s i d  was composed  o f  

m a t e r i a l  w h i c h  was v e r y  s i m i l a r  t o  t h a t  o f  t h e  c y t o p l a s m  

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

were  s o m e t i m e s  p r e s e n t  t h e r e i n .  T h i s  w'as t o  be e x p e c t e d  

f r o m  t h e  method  of  v i r u s  m a t u r a t i o n .  I n  some o f  t h e  

p a r t i c l e s  b u d d i n g  f r o m d e t a c h e d  s y n c y t i a ,  m embra ne -  

bound v a c u o l e s  we r e  f o u n d  w h i l e  o t h e r s  c o n t a i n e d  e l e c t r o n -  

d e n s e  b o d i e s .  T he se  d i f f e r e n c e s  i n  t h e  i n t e r n a l  

c o n s t i t u e n t s  of  t h e  v i r u s  p a r t i c l e s  wou l d  p r e s u m a b l y  

r e s u l t  i n  v a r i a t i o n  i n  t h e i r  b u o y a n t  d e n s i t y .  A l s o ,
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a s  t h e  p a r t i c l e s  we r e  s e e n  t o  be v e r y  p l e o m o r p h i c ,  i t  

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

a n d  i n t e r n a l  m a t e r i a l  c o u l d  n o t  have  b e e n  c o n s t a n t ,  a 

v a r i a t i o n  a l s o  l i k e l y  t o  a f f e c t  t h e i r  d e n s i t y .  Thus  a 

d e g r e e  o f  h e t e r o g e n e i t y  w i t h  r e s n e c t  t o  d e n s i t y  c o u l d  be 

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

t h i s  w i l l  become a p p a r e n t  i n  P a r t  F o u r ,  No p a r t i c l e s  

c o n s i s t i n g  o f  an  o u t e r  membrane w i t h  t h e  c h a r a c t e r i s t i c  

s u r f a c e  p r o j e c t i o n s  b u t  l a c k i n g  r e c o g n i s a b l e  i n t e r n a l  

n u c l e o o a p s i d ,  w e r e  s e e n  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  

T h e s e  l a t t e r  s t r u c t u r e s  have  b e e n  f o u n d  i n  m e a s l e s  v i r u s  

p r e p a r a t i o n s  b y  s e v e r a l  w o r k e r s  i n c l u d i n g  N a k a i  e t  a l , 

( 1969)  and  R a i n e  e t  a l , ( 1 9 6 9 ) ,  who c o n s i d e r e d  t h em t o  

be d e f e c t i v e  p a r t i c l e s .

By 48  h o u r s  P I ,  d e p o s i t i o n  of  more g r a n u l a r  m a t e r i a l  

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

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

f o c i  o f  i n c r e a s e d  e l e o t r o n - d e n s i t y .  I n  s i z e ,  s h a n e ,  

p o s i t i o n  and  t i m e  o f  a p p e a r a n c e ,  t h e s e  é l e c t r o n - d e n s e  

b o d i e s  s eemed  t o  c o r r e s p o n d  t o  t h e  i n c l u s i o n  b o d i e s  s e e n  

i n  s t a i n e d  p r e p a r a t i o n s  e x a m i n e d  i n  t h e  l i g h t  m i c r o s c o n e .  

U l t r a s t r u c t u r a l l y ,  so  much g r a n u l a r  m a t e r i a l  was p r e s e n t  

i n  some o f  t h e s e  b o d i e s  t h a t  t h e  n u c l e o o a p s i d  f i l a m e n t s  

wer e  a l m o s t  i n d i s t i n g u i s h a b l e .  E l e c t r o n - l u c e n t  p o c k e t s  

we r e  p r e s e n t  i n  many,  and  r o u n d  t h e  e d g e s  o f . t h e  d e n s e  

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

s t r u c t u r e s  we r e  f o u n d .  S i m i l a r  b o d i e s  wer e  i d e n t i f i e d
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i n  t h e  72 and  96 h o u r  s a m p l e s .  The d e n o s i t j o n  of  t h e  

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

s t r u c t u r e s  r o u n d  t h e  n u c l e o c a p s i d s  may h a ve  r e n r e s e n t e d  a 

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

b r ea kd ow n o r  a l t e r  t h e  f o r e i g n  m a t e r i a l .  T h i s  t h e o r y  

was g i v e n  f u r t h e r  s u p p o r t  by t n e  f i n d i n g ,  f r o m  46  h o u r s  

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

c e l l - s u r f a c e  and  w i t h i n  m i c r o v i l l i  w h i c h  seemed  t o  become 

more n u me r o u s  a t  t h i s  s t a g e .  T h i s  m a t e r i a l  w h i c h  a p p e a r e d  

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

was a l s o  f o u n d  i n  " e n v e l o p e s "  o f  p l a s m a  membrane w h i c h  

may e i t h e r  h ave  b e e n  d e t a c h e d  f r o m  t h e  c e l l  o r  c o n j o i n e d  

t o  t h e  c e l l  b e y o n d  t h e  p l a n e  o f  s e c t i o n .  M o r e o v e r ,  none  

o f  i t  was s e e n  i n  t h e  d e t a c h e d  s y n c y t i a .  I t  t h e r e f o r e  

seemed  a s  i f  i t  was b e i n g  e x t r u d e d  f r o m  t h e  c e l l .

E x t r u s i o n  o f  n u c l e o o a p s i d  i n  a w r a n n i n g  o f  n l a s m a  membrane 

m i g h t  h a ve  r e p e r c u s s i o n s  i n  s t u d i e s  o f  v i r a l  b u o y a n t  

d e n s i t y ,  d e p e n d e n t  on t h e  d e t e c t i o n  of  i s o t o p i c a l l y  

l a b e l l e d  v i r u s  RNA, A b r u s h  b o r d e r  was n e v e r  s e e n  on 

t h e  o u t e r  s u r f a c e  of  p i e c e s  o f  n l a s m a  membrane e n c l o s i n g  

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

A l t h o u g h  t h e  a u t h o r ’ s c o n c l u s i o n s  we r e  s i m i l a r  t o  

t h o s e  o f  C o r n w e l l  e t  a l . (1971)  i n  r e s p e c t  o f  i n c l u s i o n  

b o d i e s ,  o t h e r  w o r k e r s  have  c o n c l u d e d  d i f f e r e n t l y ,

R i c h t e r  an d  Moize ( 1 9 7 0 ) ;  T a j i m a  e t  a l ,  ( 1 9 7 1 ) ,  Watson  

a n d  W r i g h t  (197U) and C o n f e r  e t  a l ,  ( 1 9 76 b)  wer e  of  t h e  

o p i n i o n  t h a t  i t  was t h e  l o o s e - k n i t  a g g r e g a t e s  of
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n u o l e D o a p s i d s  w h i c h  r e p r e s e n t e d  t h e  i n c l u s i o n  b o d i e s ,  

Ka l lman  e t  a l ,  ( 1969)  f o u n d  t h a t  t h e  l o o s e - k n i t  a g g r e g a t e s  

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

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

a g g r e g a t e s  c o n t a i n i n g  e l e c t r o n - d e n s e  g r a n u l a r  m a t e r i a l  and  

r e g a r d e d  by  t h e  a u t h o r  as  t h e  t r u e  i n c l u s i o n s  h a ve  a l s o  

b e e n  d e s c r i b e d  by  H a i n e  e t  a l ,  ( 1969)  and  C o n f e r  e t  a l .

( 1 9 7 6 h ) ,  The f o r m e r  w o r k e r s  r e p o r t e d  t h a t  t n e  n u c l e o o a p s i d  

f r e q u e n t l y  became s e q u e s t e r e d  by smoo th  e n d o p l a s m i c  

r e t i c u l u m  and  u n d e r w e n t  a s t r u c t u r a l  c h a ng e  l e a d i n g  t o  

d i s i n t e g r a t i o n .  The y  s u g g e s t e d  t h a t  t h e s e  c h a n g e s  were  

s i m i l a r  t o  t h o s e  o c c u r r i n g  a t  an e a r l y  s t a g e  i n  

a u t o p h a g i c  v a c u o l e  f o r m a t i o n  and may h av e  r e p r e s e n t e d  a 

c e l l u l a r  m e c h a n i s m  t o  i s o l a t e  and  d i g e s t  t h e  n u c l e o c a u s i d .  

C o n f e r  e t  a l ,  ( 19 76b )  c o n c l u d e d  t h a t  t h e  l o o s e - k n i t  

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

u l t r a s t r u c t u r a l  c o u n t e r n a r t  of  t h e  c y t o p l a s m i c  i n c l u s i o n s  

and  t h a t  c o m p a c t i o n  o c c u r r i n g  d u r i n g  t h e  s u b s e q u e n t  24  

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

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

s t r u c t u r e s  may r e p r e s e n t  t h e  e f f e c t  o f  l y s o s o m a l  enzymes

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

o f  n u c l e o o a p s i d .  T h e r e  i s  t h e r e f o r e  some b ody  o f  o p i n i o n  

t h a t  t h e  c e l l  a t t e m p t s  i n  some way t o  e l i m i n a t e  

n u c l e o o a p s i d .  W h e t h e r  o r  n o t ,  t h e  s y s t e m  o f  v a c u o l e s  and  

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

r e p r e s e n t e d  t h e  means by  w h i c h  t h i s  was e x e c u t e d  o r  was 

m e r e l y  p a r t  o f  a n o r m a l  v a c u o l a r  s y s t e m ,  s u c h  as  t h e



t 2

G o l g i  a p p a r a t u s  w h i c h  i n a d v e r t e n t l y  had  become t r a r n e d  i n  

t h e  a g g r e g a t e s  o f  n u c l e o o a p s i d  i s  unknown.  S i m i l a r  

s t r u c t u r e s  have  b een  i l l u s t r a t e d  by C o n f e r  e t  a 1 . (1976b)

b u t  n o t  m e n t i o n e d  i n  t h e i r  t e x t .

The o u t s t a n d i n g  f e a t u r e s  o f  t h e  d e t a c h e d  s y n c y t i a  

wer e  t h e  p r e s e n c e  of  numer ous  i n t r a o y t c p l a s m i c  v a c u o l e s  

and m em b r a n e s ,  and  t h e  e x t e n s i v e  a l i g n m e n t  o f  n u c l e o o a p s i d  

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

m e m b ra n es ,  o f t e n  i n  t h e  a b s e n c e  o f  b r u s h  b o r d e r s .  T he s e  

v a c u o l e s  and membranes  p r e s u m a b l y  a r o s e  a t  t h e  t i m r  of  

f o r m a t i o n  o f  t h e  s y n c y t i u m  f r o m t h e  f u s i o n  o f  t h e  n umer ou s  

m i c r o v i l l i  w h i c h  a r e  so  c h a r a c t e r i s t i c  of  t h e  c e l l s  

b e t w e e n  48 an d  96 h o u r s  P I , .  The a l i g n m e n t  o f  n u c l e o c a u s l d  

b e n e a t h  t h e s e  membranes  i s  t h e r e f o r e  u n d e r s t a n d a b l e .

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

e a r l i e r  s t a g e s  o f  i n f e c t i o n ,  a l i g n m e n t , m a y  p r e c e d e  and 

be a f a c t o r  r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  of  t h e  b r u s h  

b o r d e r ,  and  t h a t  i n  t h e  d e t a c h e d  s y n c y t i a  some b l o c k  i n  

t h e  m e c h a n i s m s  i n v o l v e d  h a s  p r e v e n t e d  t h e  f i n a l  s t a g e  b e i n g  

c o m p l e t e d ,  D u b o i s - D a l q  e t  a l . (1974)  r e p o r t e d  t h a t  i n  Vero  

c e l l s  i n f e c t e d  w i t h  a l a t e n t  S S P E - m e a s l e s  v i r u s ,  v i r a l  

a n t i g e n  c o u l d  be d e t e c t e d  o v e r  a l m o s t  t h e  w h o l e  o f  t h e  

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

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

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

s i m i l a r  a n t i g e n  may have  b e en  p r e s e n t  on t h e  p l a s m a  

membranes  o f  t h e  d e t a c h e d  s y n c y t i a  s e e n  i n  t h e  p r e s e n t
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i n v e s t i g a t i o n ,  d e s p i t e  t h e  a b s e n c e  of  t h e  b r u s h  b o r d e r *

The t e n d e n c y  o f  t h e s e  membranes  t o  f u s e  and  f o r m  t r i ­

l a m i n a r  s t r u c t u r e s  wou ld  s u p p o r t  t h i s *  N u c l e o o a p s i d  

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

on e i t h e r  s i d e  o f  t h e  membrane .  R a i n e  e t  a l .  (1969)  

o b s e r v e d  t h i s  wh er e  t h e  m i c r o v i l l i  o f  n o n - d e t a o h ^ d  

s y n c y t i a  wer e  i n  a p p o s i t i o n  and s u g g e s t e d  t h a t  i t  c o u l d  

be a c c o u n t e d  f o r  by  t r a n s f e r  o f  n u c l e o p r o t e i n  a c r o s s  

t h e  m e m b ra n es .

I n  a v e r y  s m a l l  number  o f  d e t a c h e d  s y n c y t i a ,

"dmoo th "  n u c l e o c a p s i d s  wer e  s e e n .  B e c a u s e  t h e y  o c c u r r e d  

i n  a d o u b l e - m e m b r a n e  l i n e d  c a v i t y  r e l a t i v e l y  f r e e  o f  

g r a n u l a r  m a t e r i a l ,  t h e i r  o u t l i n e s  wer e  v e r y  d i s t i n c t .

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

t h e  " f u z z y "  n u c l e o c a p s i d s .  The d o u b l e  membranes  e n c l o s i n g  

t hem wer e  i n d i s t i n g u i s h a b l e  f r o m  n u c l e a r  membranes  and  

a l t h o u g h  t h e  d i a m e t e r  o f  t h e  m emb ra ne - bo und  a g g r e g a t e s  

was l e s s  t h a n  t h a t  o f  a n u c l e u s ,  t n e y may have  

r e p r e s e n t e d  i n t r a n u c l e a r  i n c l u s i o n s  s e c t i o n e d  n e a r  one 

p o l e  o f  t h e  n u c l e u s .

Wide v a r i a t i o n s  seem t o  e x i s t  i n  t h e  f r e q u e n c y  w i t h  

w h i c h  GDV i n t r a n u c l e a r  i n c l u s i o n s  o c c u r  i n  d i f f e r e n t  

s y s t e m s  and  i n  t h e i r  u l t r a s t r u c t u r a l  c o m n o s i t i o n ,

C o r n w e l l  e t  a l , ( 1971)  and Watson and W r i g h t  (197k)  f o u n d  

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

n u c l e i  o f  i n f e c t e d  c e l l s .  Post© (1972)  a nd  C o n f e r  e t  a l * 

( l 9 7 6h)  f o u n d  n u c l e a r  i n c l u s i o n s  i n  s t a i n e d  p r e p a r a t i o n s  

b u t  f a i l e d  t o  f i n d  o b v i o u s  v i r a l  c o m p o n e n t s  by  e l e c t r o n  

m i c r o s c o p y  and  c o n c l u d e d  t h a t  t h e  s t a i n e d  m a t e r i a l  was an 

a c c u m u l a t i o n  o f  v i r a l  p r o t e i n ,  K o e s t n e r  and  Long (1970)  

and  T a j i m a  e t  a l ,  ( 1971)  on t h e  o t h e r  h a n d ,  n o t  o n l y  

f o u n d  i n t r a n u c l e a r  i n c l u s i o n s  by  s t a i n i n g  b u t  a l s o  

o b s e r v e d  a g g r e g a t e s  o f  n u c l e o c a n s i d  i n  t h e  n u c l e i .  I n  

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

" s m o o t h "  v a r i e t y ,  p a r a c r y s t a l l i n e  a r r a y s  b e i n g  f o u n d  

i n  t h e  f o r m e r  s t u d y .  I n  t h e  c a s e  of  m e a s l e s  v i r u s  

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

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

p a r a o r y s t a l l i n e  a r r a y s  ( Ka l iman  e t  a 1 , ,  1 9 6 9 ;  R a i n e  

e t  a l o , 1 9& 9 ) .  S i n c e  t h e s e  s t r u c t u r e s  m a i n l y  o c c u r  l a t e  

on i n  t h e  i n f e c t i o u s  c y c l e ,  a t  a t i m e  when t h e  c e l l  i s  

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

t h a t  t h e y  may p r o v i d e  a me ch an i sm  by  w h i c h  t h e  v i r a l  

genome i s  m a i n t a i n e d  i n  t h e  c e l l  ( Ra i ne  e t  a l , , 1 9 6 9 ) .

At a l l  s t a g e s  o f  i n f e c t i o n ,  t h e  amount  o f  

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

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

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

e x t r a c t e d ,  t h e  i n f e c t e d  c e l l s  would  n r o v i d e “'an e x c e l l e n t  

s o u r c e  of  v i r a l  n u c l e o c a n s i d  f o r  d e t a i l e d  s t u d y .  The
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f o l l o w i n g  s e c t i o n  c o m pa r es  t h e  r e s u l t s  o f  d i f f e r e n t  

m e t h o d s  o f  e x t r a c t i o n ,  and d e s c r i b e s  some o f  t h e  p r o p e r t i e s  

o f  t h e  e x t r a c t e d  n u c l e o o a p s i d .
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PART T H R ^ ^ .

INTRODUCTION AND REVIEW OF TĤ  ̂LITERATURE

The ultrastructural studies just described had 
shown that the infected cell contained large amounts of 
nucleooapsid, only part of which became incorporated into 
new virus particles. On this basis, it seemed probable 
that the cell would pmve to be a richer source of 
nucleooapsid than the virus itself. Hence, before 
commencing study of the fine structure of the virus, 
attempts were made to find a suitable method for the 
extraction oT nucleocansid' from infected cultures and for 
its isolation from cellular material.

At the start of the nresent investigation, nothing 
had been published on the extraction and purification of 
GDV nucleooapsid, though a number of napers on the extraction 
of measles and paramyxovirus nucleocapsids had appeared.
The earliest work was mainly concerned with determining 
the buoyant density of the nucleooapsid released 
from cells by freezing and thawing, determinations being 
carried out by centrifuging the preparations to equilibrium 
in density gradients of caesium chloride solution, 
collecting fractions from these gradients and testing 
them by complement fixation. The snecificity of the
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l a t t e r  t e s t  a l l o w e d  t h e  d e t e c t i o n  o f  n n c l e o o a r s i d  i n  c r u d e  

c e l l u l a r  e x t r a c t s ,  t h o u g h  an om al ou s  r e s u l t s  wer e  s o m e t i m e s  

o b t a i n e d .  T h u s ,  N o r r b y  (1964)  r e p o r t e d  t h a t  t h e  b u o y a n t  

d e n s i t y  o f  m e a s l e s  v i r u s  n u c l e o c a n s i d  was 1 . 3 2  g / c c  

w h e r e a s  Numazakl  and Kar zo n  (1966)  f o u n d  t h a t  i t  l a y  b e t w e e n  

1 , 2 9  and  1 , 3 0  g / c c .  As s u g g e s t e d  by W a t e r s  on ( 1 9 6 6 ) ,  s u c h  

v a r i a t i o n  may h av e  r e s u l t e d  f rom t h e  u s e  o f  d i f f e r e n t  

m e t h o d s  o f  m e a s u r i n g  t h e  d e n s i t y  o f  t h e  f r a c t i o n s .

W i t h  a d v a n c e s  i n  t h e  t e c h n i q u e  o f  r a d i o a s s a y ,  a more 

s e n s i t i v e  m et ho d  of  d e t e c t i n g  v i r a l  c o m p o n e n t s  became 

a v a i l a b l e .  By t h e  a d d i t i o n  of  t h e  r a d i o n u c l e o t i d e  i n i t i a t e d  

u r i d i n e  ( H - u r i d i n e . )  t o  i n f e c t e d  c u l t u r e s ,  i t  was p o s s i b l e  

t o  l a b e l  v i r u s  RNA and h e n c e  t h e  n u c l e o c a n s i d  of  

p a r a m y x o v i r u s e s .  However ,  s i n c e  u r i d i n e  i s  i n c o r p o r a t e d  

i n t o  c e l l u l a r  a s  w e l l  a s  i n t o  v i r a l  RNA, s p e c i f i c i t y  can 

o n l y  be a s s u r e d  i f  c e l l u l a r  RNA s y n t h e s i s  i s  f i r s t  b l o c k e d  

by t h e  a d d i t i o n  o f  an i n h i b i t o r  o r  i f  t h e  n u c l e o c a n s i d  i s  

s e p a r a t e d  f r o m  c e l l u l a r  RNA by a s u i t a b l e  t e c h n i q u e .  The 

i n h i b i t o r  w h i c h  i s  mos t  s p e c i f i c a l l y  d i r e c t e d  a g a i n s t  

c e l l u l a r  RNA s y n t h e s i s  i s  A c t i n o m y c i n  D w h i c h  p r e v e n t s  

t r a n s c r i p t i o n  f r o m DNA t o  RNA; s i n c e  p a r a m y x o v i r u s e s  do 

n o t  r e q u i r e  DNA f o r  r e p l i c a t i o n ,  t h e y  a r e  n o t  i n h i b i t e d  by  

t h i s  a n t i b i o t i c .  However ,  a l t h o u g h  A c t i n o m y c i n  h a s  p r o v e d  

t o  be o f  v a l u e  i n  t h e  s t u d y  o f  S e n d a i  ( B l a i r ,  1970 ;  

B u k r i n s k a y a ,  1973)  and m e a s l e s - S S ^ E  n u c l e o c a p s i d s  (Yeh and 

I w a s a k i ,  1 9 7 2 ) ,  i t s  t o x i c i t y  g e n e r a l l y  r e s t r i c t s  i t s  us e  

t o  v e r y  s h o r t - t e r m  e x p e r i m e n t s .  I h  mos t  i n s t a n c e s ,  

t h e r e f o r e ,  n u c l e o o a p s i d  h a s  been  l a b e l l e d  i n  t h e  a b s e n c e  of
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A c t i n o m y c i n  and  t h i s  h as  n e c e s s i t a t e d  t h e  u s e  o f  d e n s i t y  

g r a d i e n t  c e n t r i f u g a t i o n  f o r  i t s  s e p a r a t i o n  f r o m  c e l l u l a r  

m a t e r i a l .

An i m p o r t a n t  a d v a n c e  i n  "the s t u d y  o f  p a r a m y x o v i r u s  

n u c l e o o a p s i d  was t h e  d e s c r i p t i o n  by Compans and  Chopn i n  

( 1 9 6 7 b)  o f  a t e c h n i q u e  w h e r e b y  c e l l s  i n f e c t e d  w i t h  t h e  

p a r a i n f l u e n z a  v i r u s  SV6 wer e  d i s r u p t e d  by  o s m o t i c  s h o c k  

an d  t h e  n u c l e o o a p s i d  t h u s  r e l e a s e d  was p u r i f i e d  by t h r e e  

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

o f  c a e s i u m  c h l o r i d e ,  N u c l e o o a p s i d  b and ed  once i n  t h i s  

m a nn e r  showed a l e n g t h  d i s t r i b u t i o n  s i m i l a r  t o  t h a t  

o b s e r v e d  i m m e d i a t e l y  a f t e r  r e l e a s e  f ro m c e l l s ,  w i t h  a 

s h a r p  p e a k  a t  a r o u n d  1 p., and  no c o n t a m i n a t i n g  c e l l u l a r  

m a t e r i a l  was f o u n d  by e l e c t r o n  m i c r o s c o p y .  However ,  t h e r e  

i s  e v i d e n c e  t h a t  two o r  more b a n d i n g s  i n  c a e s i u m  c h l o r i d e  

s o l u t i o n  may r e s u l t  i n  some d e g r e e  of  f r a g m e n t a t i o n  o f  

p a r a m y x o v i r u s  n u c l e o c a p s i d s ( H o s a k a ,  1 96 8 ;  Yeh and I w a s a k i ,  

1 9 7 2 ; W a t e r s  e t  a l . , 1 9 7 2 ) ,  N o r r b y  and H a m m a r s k j o l d  (1972)  

c om p a r e d  t h e  r e l a t i v e  e f f i c i e n c y  of  c a e s i u m  c h l o r i d e  and 

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

They  f o u n d  t h a t  f r a g m e n t a t i o n  o c c u r r e d  more r e a d i l y  i n  

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

o f  h i g h " s a l t  c o n c e n t r a t i o n ,  c o n t a m i n a t i o n  wi t h  v i r a l  

h a e m a g ^ l u t i n i n  was l e s s .  However ,  Yeh and I w a s a k i  (1972)  

f o u n d  t h a t  t h e  a d d i t i o n  o f  1a b o v i n e  s e ru m a l b u m i n  (BSA) 

t o  t h e  p r e p a r a t i o n  p r i o r  t o  c e n t r i f u g a t i o n  i n  c a e s i u m  

c h l o r i d e  c o n s i d e r a b l y  i n c r e a s e d  i t s  s t a b i l i t y .
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I n  a d d i t i o n  t o  f r e e z i n g  and t h a w i n g  and o ^ m o t i o  s h o c k ,  

s e v e r a l  m e t h o d s  have  b e ^ n  u s e d  t o  e x t r a c t  p a r a m y x o v i r u s  

c o m p o n e n t s  f r o m i n f e c t e d  c e l l s .  T he se  i n c l u d e  m e c h a n i c a l  

h o m o g e n i s a t i o n  ( W a t e r s  e t  a l , ,  1972;  W a t e r s  and B u s s e l l ,

197k)  and t h e  u s e  of  i o n i c  ( p r i n c i p a l l y  s o d iu m  d e o x y c h o l a t e ) 

and n o n - i o n i c  d e t e r g e n t s  ( B l a i r ,  1 9 7 0 ;  N o r r b y  and 

H a m m a r s k j o l d ,  1 9 7 2 ) ,  C om p a r i s o n  of  t h e s e  f o r  t h e  r e l e a s e  

o f  m e a s l e s  v i r u s  a n t i g e n s  was made by N o r r b y  and H a m m a r s k j o l d ,  

(1 9 7 2 ) .  ' However ,  a l t h o u g h  Cut scum and s o d i u m  d e o x y c h o l a t e  

wer e  f o u n d  t o  be t h e  mos t  e f f e c t i v e  f o r  r e l e a s i n g  t h e  

c o m p l e m e n t - f i x i n g  a n t i g e n  of  t h e  n u c l e o c a n s i d ,  t h i s  do es  

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

The p r i n c i p a l  a im o f  t h e  p r e s e n t  s e c t i o n  was t o  f i n d  

a s u i t a b l e  m e t hod  f o r  t h e  e x t r a c t i o n  of  CDV n u c l e o o a p s i d  

f r om  i n f e c t e d  c e l l s  and f o r  i t s  i d e n t i f i c a t i o n  by r a d i o a s s a y  

and e l e c t r o n  m i c r o s c o p y  a f t e r  c e n t r i f u g a t i o n  t o  

e q u i l i b r i u m  i n  d e n s i t y  g r a d i e n t s .  By so d o i n g ,  i t  was 

h op ed  t h a t  t h e  i n f o r m a t i o n  o b t a i n e d  woul d p r o v i d e  a method 

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

b i o c h e m i c a l  a n a l y s i s .
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1 .  I n 00 r p o r a t i o n  o f  r a d i o i s o t o p e s .  N p c l e o c a - n s i d  v a s
o

l a b e l l e d  by i n c o r p o r a t i n g  H - n r i d : i n e  i n t o  i t s  RNA, The

i s o t o p e  v a s  f e d  t o  i n f e c t e d  c u l t u r e ^  a t  a c o n c e n t r a t i o n

o f  2 0 y o O i / m l  of  t i s s u e  c u l t u r e  f l u i d .  I n  l a t e r

e x p e r i m e n t s ,  an a t t e m p t  was made t o  i n f e c t  t h e  c u l t u r e s

w i t h  u n d i l u t e  v i r u s  of  f a i r l y  h i g h  t i t r e  ( IO^TOID^q p e r  ml)

and  t o  i n c o r p o r a t e  t h e  i s o t o p e  i n t o  t h e  medium w i t h i n

24  h o u r s  of  i n f e c t i o n .  I n  t h e s e  i n s t a n c e s ,  t h e r e f o r e ,

t h e  i s o t o p e  was i n  c o n t a c t  w i t h  t h e  c e l l s  f o r  s e v e r a l

da ys  b e f o r e  n u c l e o o a p s i d  was e x t r a c t e d  f o r  s t u d y .
3

H - u r i d i n e  was o b t a i n e d  f r o m t h e  R a d i o c h e m i c a l  C e n t r e ,

Amersham.

I n  c e r t a i n  e x p e r i m e n t s ,  A c t i n o m y c i n  D was f e d  t o  

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

o r d e r  t o  e n s u r e  t h a t  any  l a b e l l e d  RNA was v i r a l  and n o t  

c e l l u l a r  i n  o r i g i n .  I t  was o b t a i n e d  f rom  Sierma C h e m i c a l  

Co. L t d , ,  and was u s e d  a t  a c o n c e n t r a t i o n  o f  2 p g / m l .

2 ,  E x t r a c t i o n  o f  n u c l e o o a p s i d .  D u r i n g  t h e  c o u r s e  of  t h e  

i n v e s t i g a t i o n ,  s e v e r a l  m e t h od s  o f  d i s r u p t i n g  t h e  i n f e c t e d  

c e l l s  were  u s e d .  T he se  w i l l  be d e s c r i b e d  i n  d e t a i l  u n d e r  

t h e  a p p r o p r i a t e  e x p e r i m e n t .  The empl oyment  o f  t h e  

n o n - i o n i c  d e t e r g e n t  S t e r o x  SL was s u g g e s t e d  by  t h e  work
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o f  S t r o r a b e r g  ( 1972)  who f o u n d  i t  t o  be o f  s p e c i a l  v a l u e  

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

A s a m p l e  was k i n d l y  s u p p l i e d  b y  t h e  Mo nsan t a  C o . ,

S t .  L o u i s ,  M i s s o u r i .

3« D e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .  D e n s i t y  g r a d i e n t s  

wer e  p r e p a r e d  by  m i x i n g  e q u a l  vo l umes  of  a c o n c e n t r a t e d  

and  a d i l u t e  s o l u t i o n  o f  t h e  a p p r o p r i a t e  m a t e r i a l  i n  a 

B u c h l e r  g r a d i e n t  m i x e r  c o u p l e d  t o  a B u c h l e r  n o l y s t a l t i c  

pump.  C e n t r i f u g a t i o n  was c a r r i e d  o u t  i n  a Beckman 

L 2 “ 66B u l t r a c e n t r i f u g e  a s  d e s c r i b e d  i n  d e t a i l  u n d e r  t h e  

a p p r o p r i a t e  e x p e r i m e n t .  The s o l u t i o n s  wer e  made u p  i n  

T r i s  s a l i n e  (TS) ( 0 . 1  M NaCl  + 0 . 0 1  M T r i s  + 0 , 0 0 1  M EDTA) 

u n l e s s  o t h e r w i s e  s t a t e d .  I n  mo s t  i n s t a n c e s ,  a l a y e r  o f  

t h e  d i l u t e  s o l u t i o n  was a p p l i e d  t o  t h e  t o p  o f  t h e  

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

when t h e  s a m p l e  was a d d e d ,  and t h i s  l a y e r  i s  r e f e r r e d  t o  

a s  t h e  b u f f e r  l a y e r .

A f t e r  c e n t r i f u g a t i o n  t h e  t u b e s  wer e  t r a n s f e r r e d  t o  a 

B u c h l e r  u n i v e r s a l  p i e r c i n g  u n i t  c o u p l e d  t o  an LKB 

p e r i s t a l t i c  pump and  t h e  g r a d i e n t  was c o l l e c t e d  d r o p w i s e  

i n t o  a s e r i e s  o f  f l a t - b o t t o m e d  v i a l s .  The r e f r a c t i v e  

i n d e x  o f  a l t e r n a t e  f r a c t i o n s  was r e a d  by  ^ p a n s  o f  a 

B e l l i n g h a m  and S t a n l e y  r e f r a c t o m e t e r  and  f o r  c a e s i u m  

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

d e t e r m i n e d  f rom  p u b l i s h e d  t a b l e s  ( We as t ,  1 9 7 2 ) ,  T a b l e s
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T a b l e C a l i b r a t i o n  of  P o t a s s i u m  T a r t r a t e  S o l ù t i o n s ,

D e n s i t y *

C o n c e n t r a t i o n R e f r a c t i v e
i n d e x

0 , 1  ml 
volumes

1 0 0 ml 
volumes

1 0 % 1 . 3 t i 5 8 1 . 0 4 4 1 . 0 6 2

205' 1 . 3 5 7 0 1 . 1 0 5 1 , 1 2 0

30% 1 . 3 6 8 5 1 . 1 6 7 1 . 1 8 1

U0% 1 . 3 " 0 3 1 . 2 3 3 1 , 2 2 9

%0% 1 . 3 9 0 9 1 . 2 9 1 1 . 2 6 0

1 . 4 0 1 1 1 . 3 4 6 1 . 3 3 2
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o f  r e f r a c t i v e  i n d e x  v e r s u s  d e n s i t y  we r e  n o t  a v a i l a b l e  f o r  

p o t a s s i u m  t a r t r a t e  and c a l i b r a t i o n  was c a r r i e d  o u t  by 

t h e  two m e t ho d s  d e s c r i b e d  b e l o w .

1)  S i x  s o l u t i o n s  o f  d i f f e r e n t  c o n c e n t r a t i o n ,  r a n g i n g  

f ro m 10 t o  60 /o, wer e  p r e p a r e d  and f r o m t h e s e  0 , 1  ml 

v o l um es  i n  Lang  L e v i  Auto Ze ro  p i p e t t e s  wer e  w e i g h e d  on 

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

r e f r a c t i v e  i n d i c e s  m e a s u r e d  as  a b o v e ,

2)  W i t h  t h e  same s i x  s o l u t i o n s ,  100 ml v o l u me s  i n  

v o l u m e t r i c  "A" f l a s k s  were  we i g h e d  on t h e  m i c r o - b a l a n c e  

and t h e  r e f r a c t i v e  i n d i c e s  m e a s u r e d  a s  b e f o r e .

B o t h  m e t h o d s  o f  c a l i b r a t i o n  gave e s s e n t i a l l y  t h e  same 

r e s u l t ,  t h e  r e l e v e n t  d e t a i l s  b e i n g  shown i n  T a b l e  2 ,

4 o' Ra d i o a s s a y . To e l i m i n a t e  u n i n c o r p o r a t e d  H - u r i d i n e  

and o t h e r  a c i d - s o l u b l e  m o l e c u l e s ,  e a c h  f r a c t i o n  was mixed 

w i t h  0 , 5  ml  o f  10^  t r i c h l o r o a c e t i c  a c i d  (TGA) and 0 , 5  

ml of  b o v i n e  s e ru m a l b u m i n  (BSA) . The p r e c i p i t a t e s  were  

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

f i l t r a t i o n  t h r o u g h  Whatman GF/O g l a s s - f i b r e  f i l t e r  d i s c s  

i n s e r t e d  i n t o  a M i l l i p o r e  3025  s a m p l i n g  m a n i f o l d ,  t o  

w h i c h  was a t t a c h e d  a vacuum pump.  B e f o r e  r e m o v a l  f ro m 

t h e  m a n i f o l d ,  t h e  f i l t e r s  wer e  washed  w i t h  e t h a n o l  t o  

a i d  d r y i n g  a n d ,  f o l l o w i n g  r e m o v a l ,  d r i e d  i n  a h o t  a i r  

o v en ,  Eac.h f i l t e r  was t h e n  t r a n s f e r r e d  t o  an T n t e r t e c h n i  que 

p o l y e t h y l e n e  v i a l  c o n t a i n i n g  5 ml of  s c i n t i l l a t i o n  f l u i d ,  

t h e  l a t t e r  c o n s i s t i n g  o f  2 , 5 - d i p h e n y l o x a z c l e  (bpq)

and  O.OliA 1 , 4 - d i  - 2 -  ( S p h e n y l o x a z o l y )  - b e n z e n e  (POFOB) i n
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s u l p h u r - f r e e  t o l u e n e .  The r a d i o a c t i v i t y  i n  e a c h  was 

m e a s u r e d  i n  an  ABAC SLI4.O I n t e r t e c h n i q u e  l i q u i d  s c i n t i l l a t i o n  

s p e c t r o m e t e r  o v e r  a p e r i o d  of  10 m i n u t e s *

5 .  E l e c t r o n  m i c r o s c o p y .  E l e c t r o n  m i c r o s c o p i c a l  e x a m i n a t i o n  

o f  n e g a t i v e l y  s t a i n e d  s a m p l e s  o f  c e r t a i n  f r a c t i o n s  was 

c a r r i e d  o u t  a s  d e s c r i b e d  i n  t h e  s u b s e q u e n t  e x p e r i m e n t s ,

A c o l l o d i a n  c o a t e d  c o p p e r  g r i d  v/as p l a c e d  on a d r o u  o f  

t h e  a p p r o p r i a t e  s a mp l e  a n d ,  f o l l o w i n g  a b s o r p t i o n  o f  t h e  

e x c e s s  w i t h  f i l t e r  p a p e r ,  t r a n s f e r r e d  t o  a d r o p  o f  0 , l 5  M 

ammonium a c e t a t e  t o  remove t h e  c a e s i u m  c h l o r i d e ,  

p o t a s s i u m  t a r t r a t e ,  o r  s u c r o s e .  The e x c e s s  was t h e n

a b s o r b e d  and t h e  g r i d  p l a c e d  on t o p  of  a d r o p  o f  2 % 

p h o s p h o t u n g s t i o  a c i d  (pH 7 . 2 ) .  A f t e r  30 s e c o n d s ,  t h e  

e x c e s s  f l u i d  was removed,  and  t h e  g r i d  was e x a m i n e d  i n  

an A E I / 6B e l e c t r o n  m i c r o s c o p e  a t  an i n s t r u m e n t a l  

m a g n i f i c a t i o n  o f  3 0 , 0 0 0 - 4 0 , 0 0 0 .

A l l  e l e c t r o n  m i c r o s c o p i c a l  e x a m i n a t i o n  o f  s a m p l e s  

was c a r r i e d  o u t  on t h e  same day  as  t h e  g r a d i e n t  was 

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

r e s u l t s ,  o r  a b n o r m a l  m o r p h o l o g y  due t o  a t i m e  l a p s e ,  

wer e  n o t  o b t a i n e d .
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EXPERIMENTAL PROCEDURES AND RESULTS

EXPERIMENT 3 . 1  

E l e c t r o n  M i c r o s c o p i c a l  E x a m i n a t i o n  of  N u c l e o o a p s i d

E x t r a c t e d  f ro m I n f e c t e d  C o l l s  by  Os mot i c  S h o ok .

The p u r p o s e  o f  t h i s  e x p e r i m e n t  was t o  e s t a b l i s h  t h e  

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

i n  s u c h  a way as  t o  m i n i m i s e  damage t o  i t .  By so d o i n g ,  

i t  was honed  t h a t  a s t a n d a r d  c o u l d  be o b t a i n e d ,  a g a i n s t

w h i c h  t h e  e f f e c t  o f  v a r i o u s  p r o c e d u r e s  on t h e  m o r p h o l o g y  

o f  n u c l e o o a p s i d  c o u l d  be a s s e s s e d .

P r o c e d u r e . A 4 o z » b o t t l e  o f  GH c e l l s  was i n f e c t e d  w i t h  

t h e  v i r u s  and. t h e  c e l l s  s u b j e c t e d  t o  o s m o t i c  s h o c k  on t h e  

f o u r t h  d a y  PI  when a CPE was p r e s e n t .  The c e l l  s h e e t  was 

was h ed  s e v e r a l  t i m e s  w i t h  d i s t i l l e d  w a t e r  (DN) t o  remove 

s a l t s ,  2 ml  o f  DW was a d d e d  and t h e  c u l t u r e  r e f r i g e r a t e d  

f o r  45 m i n u t e s .  At t h e  end  o f  t h i s  t i m e ,  t h e  c e l l u l a r  

and n u c l e a r  o u t l i n e s  s t o o d  o u t  c l e a r l y ,  a s  t h o u g h  s w o l l e n ,  

b u t  no mar k ed  d i s r u p t i o n  o f  c e l l s  was e v i d e n t .  The DW 

was r emoved  and  a p p l i e d  d i r e c t l y  t o  c o l l o d i a n  c o a t e d  

c o p p e r  g r i d s  w h i c h  were  n e g a t i v e l y  s t a i n e d ,  a s  d e s c r i b e d  

a b o v e .
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Figure 29 .  N e g a t iv e l y  s t a in e d  n u c le o o a p s id ,  e x tr a c t e d  

by osmotic shock.  The i n s e r t  shows, in  d e t a i l ,  a 

s t r a i g h t  s e c t i o n  (arrow) and a s e c t i o n  which has become 

r o ta te d  on i t s  long a x i s  (crossed  arrow),  X25,000;  

i n s e r t ,  X80,000
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R e s u l t s  e Few n u d e o o a u s i d s  were  f ou nd  i n  t h e  n r e n a r a t i o n

b u t ,  as  can  be s e e n  5n F i g u r e  2 9 ,  t h o s e  s e e n  had  t h e

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

p a r a m y x o v i r u s  n u c l e o o a p s i d .  They a p p e a r e d  t o  be f l e x i b l e
0

s t r u c t u r e s  w i t h  a d i a m e t e r  o f  250 A, an a x i a l  h o l l o w  
^ 0

a p p r o x i m a t e l y  5 A i n  d i a m e t e r  and a s u b u n i t  p e r i o d i c i t y  of  
0

7 A, t h o u g h ,  i n  p l a c e s ,  t h e  f i l a m e n t  seemed  t o  be 

t w i s t e d  by  r o t a t i o n  on i t s  l o n g  a x i s  ( F i g u r e  2 9 ,  i n s e r t ). 

From 38  n u c l e o c a p s i d s  m e a s u r e d  by means o f  a map 

m e a s u r i n g  d e v i c e ,  t h e  mean l e n g t h  was 1 , 1 0  pi. The l e n g t h  

d i s t r i b u t i o n  i s  shown i n  F i g u r e  30 ,

C o n c l u s i on s  and  D i s c u s s i on ,  D i s t i l l e d  w a t ^ r  t r e a t m e n t  of  

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

i d e n t i c a l  t o  t h a t  d e s c r i b e d  f o r  o t h e r  n a r a m y x o v i r u s  

n u c l e o c a p s i d s  (Compans and G h o p p i n ,  19h?aj K i n g s b u r y  and 

D a r l i n g t o n ,  1 9 6 8 ;  H o s a k a ,  19 68 ;  F i n c h  an d  G i b b s ,  19 70 ;

Yeh a n d  I w a s a k i ,  1972 ;  H a l l  and  M a r t i n ,  1 9 7 3 ;  W a t e r s  

and  B u s s e l l ,  1974 )»

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

z o n a l  c e n t r i f u g a t i o n  i s  d e p e n d e n t  upon t h e  m a i n t e n a n c e  

o f  i t s  c o m p l e t e  s t r u c t u r e ,  t h e  r e c o g n i t i o n  o f  f r a g m e n t a t i o n  

i s  o b v i o u s l y  i m p o r t a n t  f o r  i t  h a s  b e e n  shown t h a t  i n  

d e f e c t i v e  m e a s l e s  v i r u s  i n f e c t i o n ,  o n l y  s h o r t  l e n g t h s  o f  

n u c l e o o a p s i d  a r e  p r o d u c e d  ( K i l e y  and P a y n e ,  1 9 7 4 ;  H a l l  

and  M a r t i n ,  1 97 4a ) *  From t h e  r e s u l t s  o f  t h e  p r e s e n t  

e x p e r i m e n t ,  i t  i s  c l e a r  t h a t  m o s t ,  i f  n o t  a l l ,  o f  t h e
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n u c X e o c a p s i d  p r o d u c e d  was c o m p l e t e .  The s i g n i f i c a n c e  

o f  t h i s  • w i l l  be d i s c u s s e d  i n  P a r t  S i x .
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EXPERIMENT 3 , 3 

To D e t e r m i n e  t h e  B u o y a n t  D e n s i t y  o f  N u c l e o o a p s i d  i n  a

S u c r o s e  G r a d i e n t ,

T h i s  a nd  t h e  f o l l o w i n g  e x p e r i m e n t s  w er e  d e s i g n e d  t o  

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

v i ew  t o  u s i n g  e q u i l i b r i u m  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  

a s  a me t hod  o f  p u r i f y i n g  t h e  n u c l e o o a p s i d .  An i n i t i a l  

a t t e m p t  was made t o  do t h i s  b y  t h e  c e n t r i f u g a t i o n  o f  

n u c l e o o a p s i d  l a b e l l e d  w i t h  H - u r i d i n e  and  e x t r a c t e d  by  

a c o m b i n a t i o n  o f  o s m o t i c  s h o o k ,  f r e e z i n g  a n d  t h a w i n g ,  

an d  m e c h a n i c a l  h o m o g e n i s a t i o n  o f  t h e  i n f e c t e d  c e l l s .

W a t e r s  e t  a l .  (1972)  had  s u c e s s f u l l y  u s e d  t h i s  f o r  t h e  

e x t r a c t i o n  of  l a r g e  q u a n t i t i e s  o f  GDV n u c l e o c a n s i d  f r o m 

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

r a d i o a c t i v e  m a t e r i a l  was r e c o v e r e d  f r o m  t h e  d e n s i t y  

g r a d i e n t s .  I t  was d e c i d e d  t h e r e f o r e  t o  d e t e r m i n e  w h e t h e r  

o r  n o t  l a r g e r  a m ou n ts  o f  r a d i o a c t i v e  m a t e r i a l  c o u l d  be 

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

d e o x y c h o l a t e  (DOG).

P r o c e d u r e . A 4 o z ,  b o t t l e  o f  i n f e c t e d  c e l l s  and  a l\.oz, 

b o t t l e  o f  n o r m a l  GH c e l l s  were  p r e p a r e d .  T w e n t y - f o u r  

h o u r s  l a t e r ,  t h e y  were  f e d  10 ml o f  medium c o n t a i n i n g  

A c t i n o m y c i n  D, T h i s  i n  t u r n  was r e p l a c e d  a f t e r  90 

m i n u t e s  w i t h  medium c o n t a i n i n g  A c t i n o m y c i n  and  ^ H - u r i d i n e .  

T w e n t y - f o u r - . h o u r s  l a t e r ,  b o t h  c u l t u r e s  a p p e a r e d  v e r y  

d e g e n e r a t e  a n d  many c e l l s  we r e  f l o a t i n g  I n  t h e  medium;
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D e n s a t y

F i g u r e  3 1 . R a d i o a c t i v e  p r o f i l e s  o b t a i n e d  by c e n t r i f u g a t i o n  

of  DOC c e l l " 6 x t r a c t s  t h r o u g h  s u c r o s e  d e n s i t y  g r a d i e n t s .
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t h i s  was due t o  t h e  a c t i o n  o f  t h e  A o t i n o m y o i n ,  G l a s s  

b e a d s  -were a d de d  t o  b o t h  b o t t l e s  and t h e  r e m a i n i n g  c e l l s  

r emo ved  f r o m  t h e  g l a s s  by s h a k i n g .  B o t h  l o t s  o f  c e l l s  

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

was r e s  us pen  de d i n  k rnl o f  0^2% DOG, The s u s p e n s i o n s  

we r e  l e f t  a t  1|.^G f o r  15 m i n u t e s  and  t h e n  c l a r i f i e d  by  

c e n t r i f u g a t i o n  a t  3 , 5 0 0  rpra f o r  l 5  m i n u t e s .  The 

s u p e r n a t a n t s  we r e  l a y e r e d  on t o p  o f  two 7 ml  2 0 - 60 % 

s u c r o s e  g r a d i e n t s  i n  SV7 t u b e s ,  w i t h  a 2 ml b u f f e r  

l a y e r  on t o p  o f  e a c h  g r a d i e n t ,  and  c e n t r i f u g e d  a t  3 0 , 0 0 0  

rpra f o r  20 h o u r s *  Twent y t w e l v e - d r o p  f r a c t i o n s  were  

c o l l e c t e d  f r o m  e a c h ,  a n d  t h e  f r a c t i o n s  a s s a y e d  f o r  

r a d i o a c t i v i t y  a s  d e s c r i b e d  p r e v i o u s l y *

R e s u l t s  * The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  e a c h  

g r a d i e n t  i s  shown i n  F i g u r e  3 1 ,  As can  be s e e n ,  a 

m o d e r a t e  amount  o f  r a d i o a c t i v e  m a t e r i a l  was r e l e a s e d  by  

t h e  DOG t r e a t m e n t  o f  t h e  i n f e c t e d  c e l l s .  T h i s  was 

e v i d e n t l y  v i r a l ,  a s  t h e r e  was v e r y  l i t t l e  r a d i o a c t i v i t y  

i n  t h e  n o r m a l  c e l l  c o n t r o l ,

O o n c l u s i o n  a nd  D i s c u s s i o n *  S i n c e  more r a d i o a c t i v e  

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

e x p e r i m e n t ,  i t  was c o n c l u d e d  t h a t  DOG was more e f f i c i e n t  

t h a n  t h e  c o m b i n a t i o n  o f  o s m o t i c  s h o c k ,  f r e e z i n g  and 

t h a w i n g  a n d  m e c h a n i c a l  h o m o g e n i s a t i o n  p r e v i o u s l y  employed,  

However ,  t h e  amount  of  r a d i o a c t i v i t y  r e c o v e r e d  f rom t h e
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g r a d i e n t  was s t i l l  r e l a t i v e l y  l o w.  T h i s  may have  b een  

due t o  t h e  f a o t  t h a t  t h e  l a b e l  was i n  c o n t a c t  w i t h  t h e  

c e l l s  f o r  o n l y  2k h o u r s .  I d e a l l y ,  l a b e l  s h o u l d  be f e d  

t o  t h e  c e l l s  s o on  a f t e r  i n f e c t i o n  and m a i n t a i n e d  t h e r e  

u n t i l  a GPE i s  p r e s e n t .  U n f o r t u n a t e l y ,  h o w e v e r ,  t h i s  

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

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

i r r e v e r s i b l e  damage w i t h i n  a b o u t  8 h o u r s .  A c c o r d i n g l y ,  

i t  was d e c i d e d  t h a t ,  f o r  f u t u r e  w o r k ,  A c t i n o m y o i n  s h o u l d  

be o m i t t e d  and t h e  l a b e l  a p p l i e d  f o r  a much l o n g e r  p e r i o d  

o f  t i m e ,  t h e  p r o b l e m  o f  d i s t i n g u i s h i n g  v i r a l  f rom  

c e l l u l a r  ANA b e i n g  a p p r o a c h e d  i n  a n o t h e r  way.

The h e t e r o g e n e i t y  o f  t h e  r a d i o a c t i v e  m a t e r i a l  d i d  

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

n u d e o c a p s i d , T h i s  may h ave  b e e n  due t o  t h e  a d h e r e n c e  

o f  membranous  m a t e r i a l  t o  n u c l e o c a p s i d  i n  v a r y i n g  a m o u n t s ,  

a s  d e s c r i b e d  by N o r r b y  and I lammarskj  o l d ,  ( 1 9 7 2 ) ,  S i n c e  

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

i t  was d e c i d e d ,  t o  i n v e s t i g a t e  w h e t h e r  o r  n o t  s h a r p e r  

b a n d i n g  o f  n u c l e o c a p s i d  c o u l d  be o b t a i n e d  by u s i n g  

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

B e f o r e  c o n t i n u i n g  w i t h  s t u d i e s  o f  r a d i o a c t i v e l y  

l a b e l l e d  m a t e r i a l , -  i t  was t h o u g h t  a d v i s a b l e  t o  exa mi n e  

t h e  e f f e c t  of  e x t r a c t i o n  w i t h  DOG and c e n t r i f u g a t i o n  

t h r o u g h  c a e s i u m  c h l o r i d e  (GsGl)  on t h e  m o r p h o l o g y  o f  t h e  

n u c l e o c a p s i d .
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Figure  32 ( a ) .  DOC-extracted n u c l e o c a p s i d ,  n e g a t i v e l y  

s t a i n e d .  Note the comparative s h o r t n e s s ,  and r i g i d i t y  

of  t h i s  nu c l e o ca p s i d  compared to the S t e r o x - e x t r a c t e d  

n u c l e o c a p s i d ,  X60,000

Figure  32 ( b) ,  S t e r o x - e x t r a c t e d  n u c l e o c a p s i d ,  n e g a t i v e l y  

s t a i n e d .  Due to  the f l e x i b l e  nature of the f i l a m e n t s ,  

they  are i n t e r t w i n e d ,  and de terminat ion of  t h e i r  exact  

l e n g t h  i s  t h e r e f o r e  i m p o s s i b l e ,  X80 ,000
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EXPERIMENT 3»3 

The M o r p h o l o g y  o f  D O C - e x t r a c t e d  N u o l e o c a p s i d  Banded  i n

Ca e s i um C h l o r i d e  G r a d i e n t s ,

P r o c e d u r e , An 8 oa .  b o t t l e  o f  i n f e c t e d  c e l l s  s h o wi n g  a 

mar ked  CPE was w a s h e d  once w i t h  PBS and  r e f r i g e r a t e d  a t

1|.°C f o r  m i n u t e s  f o l l o w i n g  t h e  a d d i t i o n  o f  5 ml o f  

DOG s o l u t i o n .  At  t h e  end  o f  t h i s  t i m e ,  no  i n t a c t  c e l l s  

we r e  r e c o g n i s a b l e ,  ’ The DOG s o l u t i o n  was t h e n  c l a r i f i e d  

b y  c e n t r i f u g a t i o n  a t  2 , 7 5 0  rpm f o r  l 5  m i n u t e s .  F i v e  ml 

o f  t h e  s u p e r n a t a n t  was mi xed  w i t h  s u f f i c i e n t  CsCl  t o  

p r o v i d e  a f i n a l  d e n s i t y  o f  1 , 3  g / o o . T h i s  was t h e n  

t r a n s f e r r e d  t o  SW $ 0 , 1  t u b e s  an d  c e n t r i f u g e d  a t  3 0 , 0 0 0  

rpra f o r  37 h o u r s .  At  t h e  end  o f  t h i s  t i m e ,  10 d r o p  

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

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

S a m pl es  f r o m  s e l e c t e d  f r a c t i o n s  were  t h e n  e x a m i n e d  i n  t h e  

e l e c t r o n  m i c r o s c o n e .

R e s u l t s , A s m a l l  nu mber  o f  n u c l e o c a p s i d  we r e  s e e n  i n  

f r a c t i o n s  f r o m  t h e  d e n s i t y  r a n g e  1 , 2 7 2  t o  1 , 3 0 8  g / o c ,  

m o s t  b e i n g  f o u n d  i n  t h e  s a mp l e  of  d e n s i t y  l , 2 8 l  g / o c .  

They  wer e  r e l a t i v e l y  s h o r t  and seemed t o  be f a i r l y  

r i g i d  ( F i g u r e  3 2 a ) ,
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C o n c l u s i on s  and  D i s c u s s i o n ,  The m o r p h o l o g y  o f  t h e  

D O G - e x t r a c t e d  n u o l e o c a p s i d  d i f f e r e d  f r o m  t h a t  o f  t h e  

n u c l e o c a p s i d  o b t a i n e d  by o s m o t i c  s h o o k  ( E x p e r i m e n t  3 , 1 ) c 

The p r e s e n c e  of  r e l a t i v e l y  s h o r t  and  a p p a r e n t l y  r i g i d  

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

e i t h e r  on e x p o s u r e  t o  DOG o r  as  a r e s u l t  o f  c e n t r i f u g a t i o n  

t h r o u g h  OsCl* I t  i s  c l e a r ,  t h e r e f o r e ,  t h a t  t h i s  me t h od  

o f  e x t r a c t i o n  and  p u r i f i c a t i o n  wou ld  n o t  be s a t i s f a c t o r y  

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

n u c l e o c a p s i d .  A c c o r d i n g l y ,  t h e  d e c i s i o n  was made t o  

i n v e s t i g a t e  t h e  e f f e c t  o f  o t h e r  d e t e r g e n t s  on t h e  

m o r p h o l o g y  o f  t h e  n u c l e o c a p s i d .  I f  a l l  s a m p l e s  o b t a i n e d  

a f t e r  e x t r a c t i o n  w i t h  d i f f e r e n t  d e t e r g e n t s  and  

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

p i e c e s ,  t h e n  i t  w ou ld  seem t h a t  s u c h  a l t e r a t i o n s  i n  

s t r u c t u r e  o c c u r r e d  as  a. r e s u l t  o f  c e n t r i f u g a t i o n  

t h r o u g h  GsGl ,  I t  was a l s o  d e c i d e d  t o  i n v e s t i g a t e  t h e  

u s e  o f  p r e f o r m e d  GsGl g r a d i e n t s  a s  t h i s  w o u l d  p e r m i t  

r e d u c t i o n  i n  t h e  t i m e  r e q u i r e d  f o r  c e n t r i f u g a t i o n  and  

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

A f u r t h e r  i m p r o v e m e n t  was s u g g e s t e d  by  t h e  wor k  o f  Yeh 

and  I w a s a k i  (197 2)  who f o u n d  t h a t  1% BSA h a d  a s t a b i l i s i n g  

e f f e c t  on m e a s l e s - S S P E  n u c l e o c a p s i d .  The n e x t  e x p e r i m e n t  

was t h e r e f o r e  d e s i g n e d  t o  compare  t h e  m o r n h o l o g y  o f  

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

d e t e r g e n t s ,  w i t h  and  w i t h o u t  BSA, and c e n t r i f u g e d  t h r o u g h  

p r e f o r m e d  g r a d i e n t s  o f  GsGl ,  a g a i n  w i t h  and w i t h o u t  BSA,
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EXPERIMENT 3.L 

The M o r p h o l o g y  o f  N u c l e o c a p s i d  E x t r a c t e d  b y  N o n - i o n i c

D e t e r g e n t s  «

P r o c e d u r e , 0*5% N o n i d e t  P-liQ (NP JiO) and  1 % S t e r o x  SL

w e r e  p r e p a r e d  i n  l / S t h  TE b u f f e r  (0*05 M T r i s ,  0 , 0 0 5  M 

EDTA, HOI t o  pH 8 , 0 ) .  I n  a d d i t i o n ,  0 .5% T r i t o n  X-100  

was  made up w i t h o u t  BSA, GsCl s o l u t i o n s  o f  d e n s i t y  1 . 3 ^  

g / o c  and 1 , 2 5  g / c c  wer e  p r e p a r e d  u s i n g  l / 5 t h  TE b u f f e r ,  

a g a i n  w i t h  and  w i t h o u t  1% BSA,

F i v e  8 o 2 , b o t t l e s  o f  i n f e c t e d  OH c e l l s  w i t h  a good 

CPE w er e  e m p l o y e d .  A l l  were  was hed  once w i t h  PBS, g i v e n  

5  ml o f  t h e  a p p r o p r i a t e  d e t e r g e n t  and  l e f t  f o r  an h o u r  a t  

room t e m p e r a t u r e ,  v i z .

B o t t l e  A NP I4.O

B o t t l e  B NP I4.O -I- BSA

B o t t l e  G S t e r o x  SL

B o t t l e  D S t e r o x  SL + BSA

B o t t l e  E T r i t o n  X-100

NP ij.O a p p e a r e d  t o  d i s r u u t  t h e  c e l l s  t h e  m os t  r a n i d l y .  

D i s r u p t i o n  o c c u r r e d  more s l o w l y  i n  t h e  p r e s e n c e  o f  BSA b u t ,  

a t  t h e  e nd  o f  t h e  h o u r ,  a l l  o f  t h e  m o n o l a y e r s  h ad  b e e n  

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

r e c o g n i s a b l e .  The e x t r a c t s  were  t h e n  c l a r i f i e d  and U ml 

o f  t h e  s u p e r n a t a n t  f r o m  e a c h  was l a y e r e d  on t o p  o f  an 

SW 1|0 t u b e  c o n t a i n i n g  a 7 ml g r a d i e n t  of  G s C l ,  d e n s i t y
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1*25  t o  1 , 3U g / 00$ w i t h  a i j  ml b u f f e r  l a y e r  o f  1 , 2 5  

g / o c  Gs Cl ,  The e x t r a c t s  w i t h  BSA wer e  p u t  on t o p  o f  t h e  

g r a d i e n t s  w h i c h  c o n t a i n e d  BSA and t h e  e x t r a c t s  w i t h o u t  

BSA w er e  p l a c e d  on t o p  o f  g r a d i e n t s  w i t h o u t  BSA* The 

t u b e s  wer e  c e n t r i f u g e d  a t  3 8 , 0 0 0  rpm f o r  22 h o u r s .  

T w e l v e - d r o p  f r a c t i o n s  were  c o l l e c t e d  f r o m  e a c h  g r a d i e n t  

and s a m p l e s  o f  s e l e c t e d  f r a c t i one f r o m  e a c h  wer e  e xa m i n e d  

i n  t h e  e l e c t r o n  m i c r o s c o p e  as  b e f o r e .

R e s u l t s ,

1 ) ,  S t e r o x  SL a l o n e .  On e x a m i n a t i o n  o f  a s a mp le  f r o m  t h e  

f r a c t i o n  w i t h  d e n s i t y  1 , 2 9 2  g / c c ,  some c l um ps  o f  f l e x i b l e  

n u c l e o c a p s i d  were  s e e n  ( F i g u r e  3 2 b ) « S h o r t  p i e c e s  and 

o c c a s i o n a l l y  some l o n g e r  l e n g t h s  o f  n u c l e o c a p s i d  were  

a l s o  s e e n  l y i n g  f r e e .  The r a n g e  o v e r  w h i c h  n u c l e o c a p s i d  

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

2 ) ,  S t e r o x  SL p l u s  BSA, N u c l e o c a p s i d  was s e e n  i n  s a m n l e s  

f r o m  f i v e  f r a c t i o n s  w i t h i n  t h e  d e n s i t y  r a n g e  1 , 2 7 7  t o  

1 , 3 1 7  g / o o , Most  o f  t h e s e  f i v e  f r a c t i o n s  c o n t a i n e d  a 

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

s a m p l e  o f  d e n s i t y  1 , 2 8 6  g / c c  a nd  a g a i n  a l a r g e  p r o p o r t i o n  

was i n  c l u m p s .  No n u c l e o c a p s i d  was s e e n  i n  e i t h e r  o f  t h e  

f r a c t i o n s  i m m e d i a t e l y  b eyond  t h i s  d e n s i t y  r a n g e ,

3 ) .  NP liO a l o n e .  No n u c l e o c a p s i d  was s e e n  i n  a n y  f r a c t i o n  

f r o m  t h i s  g r a d i e n t .
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i;) , NP 1].0 p l u s  BSA, N u o l e o c a p s i d  was s e e n  i n  s a m p l e s  

f r o m  f o u r  f r a c t i o n s ,  c o v e r i n g  t h e  d e n s i t y  r a n g e  1 , 2 7 3  t o  

1 , 3 1  g / c c .  Most  was f o u n d  i n  t h e  f r a c t i o n  o f  d e n s i t y  

1 , 2 9 6  g / c c ,

I
5 ) .  T r i t o n  X- 100  a l o n e .  S m a l l  amount s  o f  n u c l e o c a n s i d  

w e r e  p r e s e n t  i n  two f r a c t i o n s  o f  d e n s i t y  1 , 2 8 6  and 1 , 2 9 2  

g / c c  r e s n e c t i v e l y ,

S i n c e  a l a r g e  n r o n o r t i o n  o f  t h e  n u c l e o c a n s i d  

s e e n  was p r e s e n t  i n  c l u m p s ,  i t s  mean l e n g t h  c o u l d  n o t  

be e s t a b l i s h e d .  N e v e r t h e l e s s ,  i t  was o b v i o u s l y  l a r g e r  

t h a n  t h a t  o b t a i n e d  b y  DOG e x t r a c t i o n  and  a p p e a r e d  much 

more f l e x i b l e .

C o n c l u s i o n s  a n d  D i s c u s s i o n .  The u s e  o f  n o n - i o n i c  

d e t e r g e n t s ,  p a r t i c u l a r l y  S t e r o x  SL, r e s u l t e d  i n  t h e  

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

p e r h a p s ,  a l s o  i n  l e n g t h  t o  t h a t  r e l e a s e d  b y  o s m o t i c  sho ck .  

I t  t h e r e f o r e  seemed  t h a t  t h e  a p p a r e n t  f r a g m e n t a t i o n  s e e n  

Ân t h e  p r e v i o u s  e x p e r i m e n t  was due t o  t h e  a c t i o n  o f  DOG,

The u s e  o f  BSA h a d  a m ar k ed  e f f e c t  on t h e  q u a n t i t y -  

o f  n u c l e o c a p s i d  r e c o v e r a b l e  a t  t h e  end  o f  c e n t r i f u g a t i o n .  

Ho wever ,  a s  BSA i s  u s e d  as  a s p r e a d i n g  a g e n t  f o r  n e g a t i v e  

s t a i n i n g ,  t h e  a p p a r e n t  d i f f e r e n c e  i n  t h e  a mo u nt s  of  

n u c l e o c a p s i d  s u r v i v i n g  c e n t r i f u g a t i o n  may m e r e l y  h av e
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b e e n  r e l a t e d  t o  t h i s *  W i t h  t h i s  r e s e r v a t i o n  i n  m i n d ,  

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

u s e  of  BSA was a d v a n t a g e o u s  an d  t h a t ,  o f  t h e  t h r e e  

d e t e r g e n t s  t e s t e d ,  S t e r o x  SL p r o v i d e d  t h e  h i g h e s t  y i e l d  

o f  n u c l e o c a p s i d .

The r e s u l t s  o f  t h e  l a s t  two e x p e r i m e n t s  s u g g e s t e d  

t h a t  t h e  b u o y a n t  d e n s i t y  o f  CDV n u c l e o c a p s i d  i n  CsCl  

g r a d i e n t s  l i e s  w i t h i n  t h e  r a n g e  1 . 2 7  t o  1 . 3 1  g / c c  w i t h  

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

S i n c e  a b e t t e r  m e t h o d  of  e x t r a c t i o n  t h a n  t h a t  u s e d  

e a r l i e r  was now a v a i l a b l e  i t  was f e l t  t h a t  t h e  r a d i o a c t i v e  

p r o f i l e  o b t a i n e d  f r o m  e q u i l i b r i u m  d e n s i t y  c e n t r i f u g a t i o n
3

o f  H - u r i d i n e  l a b e l l e d  n u c l e o c a p s i d  m i g h t  now g i v e  a more 

a c c u r a t e  i n d i c a t i o n  o f  t h e  d e n s i t y  s p r e a d *  However ,  w i t h  

t h e  e x c l u s i o n  o f  A c t i n o m y c i n ,  t h e  p r o b l e m  o f  

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

a r o s e .  O t h e r  p a r a m y x o v i r u s  n u c l e o c a p s i d s  h av e  been  shown 

t o  be r e s i s t a n t  t o  t h e  e f f e c t  o f  RNase (Oompans and 

C h o p p i n ,  1 968  ; H o s a k a ,  19 b8 ;  H a l l  and M a r t i n ,  1 97 3;

W a t e r s  and B u s s e l l ,  197U) a n d ,  b e f o r e  p r o c e e d i n g  t o  l a b e l

i n f e c t e d  c e l l s ,  i t  was d e c i d e d  t o  i n v e s t i g a t e  t h e  p o s s i b l e  

u s e  o f  t h i s  a s  a means  o f  e l i m i n a t i n g  c e l l u l a r  RNA,
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The R a d i o a c t i v e  P r o f i l e  o f  C e l l u l a r  RNA, w i t h  and  w i t h o u t  

R i b o n u c l e a s e  T r e a t m e n t ,  i n  CsGl D e n s i t y  G r a d i e n t s .

P r o c e d u r e . An Boz.  b o t t l e  o f  n o r m a l  GH c e l l s  was 

p r e p a r e d .  When t h e  c e l l s  h ad  m o n o l a y e r e d ,  t h e  g r o w t h  

medium was r e p l a c e d  w i t h  m a i n t e n a n c e  medium c o n t a i n i n g  20 

p G i / m l  o f  ^ H - u r i d i n e ,  and  t h e  c e l l s  were  i n c u b a t e d  a t  

3 7 ° c .

A f t e r  f i v e  d a y s ,  t h e  c u l t u r e  was w a s h e d  once w i t h  

PBS and  7 ml  o f  S t e r o x  w i t h  1% BSA a d d e d .  A f t e r  an h o u r  

a t  r oom t e m p e r a t u r e ,  t h e  e x t r a c t  was r emo ved  and 

c l a r i f i e d .  H a l f  o f  t h e  s u p e r n a t a n t  was m i x e d  w i t h  

r i b o n u c l e a s e  (RNase)  s t o c k  s o l u t i o n  t o  g i v e  a f i n a l  

c o n c e n t r a t i o n  o f  30 yAg/ml o f  RNase and i n c u b a t e d  a t  room 

t e m p e r a t u r e  f o r  one h o u r .  T h i s  was t h e n  l a y e r e d  on t o p  

o f  a 7 ml g r a d i e n t  o f  GsGl p l u s  BSA, d e n s i t y  1 , 2 3  t o  1 .3U 

g / c c ,  w i t h  a 1 ^  ml b u f f e r  l a y e r  i n  an SW l].0 t u b e .  The 

o t h e r  h a l f  o f  t h e  s u p e r n a t a n t  was l a y e r e d  o n t o  an 

i d e n t i c a l  g r a d i e n t .  B o t h  t u b e s  were  c e n t r i f u g e d  a t  

3 8 , 0 0 0  rpm f o r  20 h o u r s .  S e v e n - d r o p  f r a c t i o n s  were  

c o l l e c t e d  f r o m  e a c h  g r a d i e n t ,  t h e  r e f r a c t i v e  i n d i c e s  o f  

a l t e r n a t e  f r a c t i o n s  m e a s u r e d  and  r a d i o a s s a y  c a r r i e d  o u t  

a s  p r e v i o u s l y  d e s c r i b e d ,  ■ ■
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1-2
g n s i t y

Pigure___33. R a d i o a c t i v e  p r o f i l e s  f rom e x t r a c t s  o f  n o r m a l  

c e l l s ,  w i t h  and  w i t h o u t  RNase t r e a t m e n t .
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R e s u l t s ,  As c a n  be s e e n  f r o m  F i g u r e  3 3 ,  t h e  RNase 

t r e a t m e n t  c o n s i d e r a b l y  r e d u c e d  t h e  a c i d “*nreoip5 t a b l e  

r a d i o a c t i v i t y .  I n  t h e  g r a d i e n t  w i t h  t h e  n o n - t r e a t e d  

s a m p l e ,  t h e  t o t a l  r a d i o a c t i v i t y  o v e r  t h e  d e n s i t y  r a n g e  

1 , 2 0  -  1 . 3 9  was 3 9 3 , 5 ^ 7  9PM w h e r e a s ,  i n  t h e  o t h e r  ^ r a d i e n t ,  

i t  was o n l y  2 0 , 1 8 9  0PM, The p r o f i l e  f rom t h e  u n t r e a t e d  

s a m p l e  was v e r y  i r r e g u l a r ,  w h i l e  t h a t  f r o m  t h e  RNase 

t r e a t e d  s a m p l e  was a l m o s t  f l a t .

C o n c l u s i o n s  and D i s c u s s i o n ,  RNase t r e a t m e n t  o f  c e l l  

e x t r a c t s  was s u c c e s s f u l  i n  b r e a k i n g  up a l a r g e  p r o p o r t i o n  

o f  t h e  c e l l u l a r  RNA m o l e c u l e s  so  as  t o  r e n d e r  them a c i d  

s o l u b l e .  The ’ b a c k g r o u n d '  r a d i o a c t i v i t y  i n  t h e  f r a c t i o n s  

from, t h e  RNase t r e a t e d  s a mp l e  was a b o u t  800 GPM, T h i s  was 

o b t a i n e d  f r o m  t h e  e q u i v a l e n t  o f  h a l f  o f  an 8o%. b o t t l e  

w h i c h  c o n t a i n e d  many more c e l l s  t h a n  a r e  p r e s e n t  i n  an 

8 o z ,  c u l t u r e  w i t h  a mar ked  GPE. The ' b a c k g r o u n d '  

r a d i o a c t i v i t y  i n  t h e  l a t t e r  wou ld  t h e r e f o r e  be e x p e c t e d  

t o  be much l o w e r  t h a n  800 0PM. A f t e r  RNase t r e a t m e n t ,  

t h e r e  was no o b v i o u s  p e a k  of  r a d i o a c t i v i t y  a t  a d e n s i t y  of  

a r o u n d  1 . 2 9  g / o c  ~  where  p r e v i o u s  e x p e r i m e n t s  s u g g e s t e d  

n u c l e o c a p s i d  t o  b e .  I t  was t h e r e f o r e  e x p e c t e d  t h a t  t h i s  

m e t h o d  o f  d i s t i n g u i s h i n g  vi f*a l  RNA f r o m c e l l u l a r  RNA 

w o u l d  p r o v e  s a t i s f a c t o r y .
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e x p e r i m e n t  3 . 6

To E s t a b l i s h  t h e  B u o y a n t  D e n s i t y  o f  GDV N u o l e o c a p s i d  by

R a d i o i s o t o n i o  L a b e l l i n g  and E l e c t r o n  M i c r o s c o p y ,

The p r e s e n t  e x p e r i m e n t  was i n t e n d e d  t o  r e v e a l  w h e t h e r  

o r  n o t  RNase t r e a t m e n t  r e d u c e d  t h e  c e l l u l a r  b a c k g r o u n d  t o  a 

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

r a d i o a c t i v e  n u c l e o c a p s i d ;  by  so  d o i n g  i t  was h o p e d  t h a t  t h d  

b u o y a n t  d e n s i t y  o f  t h e  l a t t e r  w ou l d  be d e t e r m i n e d , The 

e x p e r i m e n t  was a l s o  i n t e n d e d  t o  c o r r e l a t e  t h e  p r e s e n c e  of  

r a d i o a c t i v i t y  w i t h  t h e  p r e s e n c e  of  n u c l e o c a p s i d ,  as  

r e v e a l e d  by e l e c t r o n  m i c r o s c o p y ,  and t o  e xa m i n e  t h e  

e f f e c t s  o f  t h e  RNase on t h e  m o r p h o l o g y  of  t h e  n u c l e o c a p s i d .  

P r o c e d u r e . Two 8 o x ,  b o t t l e s  of  i n f e c t e d  DH c e l l s  wer e  

p r e p a r e d  b y . i n f e c t i n g  t h e  c e l l s  i n  s u s p e n s i o n .  At 2U h o u r s
o

PI  m a i n t e n a n c e  medium c o n t a i n i n g  20 ;uGi /ml  o f  H - u r i d i n e  was 

a d d e d  t o  o n e ,  and f r e s h  medium w i t h o u t  l a b e l  g i v e n  t o  t h e  

o t h e r .  On t h e  f i f t h  d a y  PI  when a good GPE was n r e s e n t  

i n  b o t h  c u l t u r e s ,  t h e  medium was r e m o ve d ,  b o t h  c e l l  s h e e t s  

we r e  w a s h e d  once w i t h  PBS, and  $ ml of  S t e r o x  p l u s  BSA 

we r e  a d d e d  t o  e a c h .  The b o t t l e s  were  i n c u b a t e d  a t  room 

t e m p e r a t u r e  f o r  one h o u r .  The r e s u l t a n t  e x t r a c t s  were  

t h e n  c l a r i f i e d ,  t h e  s u p e r n a t a n t s  t r e a t e d  w i t h  RNase and 

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

t h e  l a s t  e x p e r i m e n t .  The t u b e s  were  s p un  a t  3 7 , 0 0 0  rpm 

f o r  16 h o u r s .  At t h e  e n d  o f  t h i s  t i m e ,  t h e r e  were  two 

b a n d s  p r e s e n t  i n  e a c h  t u b e ;  t h e  l o w e r  one c o n s i s t e d  o f
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F i g u r e  3Uo R a d i o a c t i v e  p r o f i l e  f rom an e x t r a c t  of  GDV- 

i n f e c t e d  c e l l s ,  a f t e r  c e n t r i f u g a t i o n  t h r o u g h  a GsCl g r a d i e n t
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w h i t e  f l o c GU l en t -  m a t e r i a l ,  w h i l e  t h e  u p n e r  %\fas f i n e l y  

o p a l e s c e n t .  The two b a n d s  wer e  s e p a r a t e d  b y  a t r a n s l u c e n t  

zone a b o u t  2 mm i n  d e u t h .  S e v e n - d r o p  f r a o t i  ons  were  

c o l l e c t e d  f r o m  e a c h  g r a d i e n t  and t h e  r e f r a c t i v e  i n d i c e s  

d e t e r m i n e d  a s  b e f o r e .  The r a d i o a c t i v i t y  o f  t h e  f r a c t i o n s  

f r o m  t h e  r a d i o a c t i v e  s a mpl e  was m e a s u r e d  and  s a m p l e s  were  

t a k e n  f r o m  s e l e c t e d  f r a c t i o n s  f ro m t h e  o t h e r  g r a d i e n t  f o r  

e l e c t r o n  m i c r o s c o p y .

R e s u l t s . I n  t h e  r a d i o a c t i v e  g r a d i e n t ,  t h e  b a n d  o f  

f l o o c u l e n t  m a t e r i a l  l a y  i n  t h e  d e n s i t y  r a n g e  1*302  t o  1 . 3 1 8

g / o o ,  an d  t h e  f i n e r  o p a l e s c e n t  band was o f  a d e n s i t y

a r o u n d  1 . 2 / 8  g / c c .  I n  t h e  n o n - r a d i o a c t i v e  g r a d i e n t ,  t h e  

f l o o c u l e n t  m a t e r i a l  was i n  t h e  d e n s i t y  r a n g e  1 . 3 0 2  t o  1.321}. 

g / o o ,  w i t h  t h e  f i n e r  m a t e r i a l  a r o u n d  1 . 2 9 2  g / o o .

1 ) .  R a d i o a c t i v i t y .  The r a d i o a c t i v e  p r o f i l e  o b t a i n e d  i s  

shown i n  F i g u r e  3ll;  f r o m  w h i c h  i t  w i l l  be s e e n  t h a t  t h e r e

was a s m a l l ,  s l i g h t l y  h i  p h a s i c  weak o f  r a d i o a c t i v i t y

c o v e r i n g  t h e  d e n s i t y  r a n g e  1 . 2 9 5  t o  1 . 3 1 5  g / c c .  T h i s  

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

f l o o c u l e n t  m a t e r i a l  was f o u n d .  A s e c o n d  p e a k  of  

r a d i o a c t i v i t y  o c c u r r e d  i n  t h e  d e n s i t y  r a n g e  1 . 2 6  t o  1 . 2 9 5  

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

1 , 2 7 8  g / c c ,  w h i c h  was t h e  one c o n t a i n i n g  m o s t  o f  t h e  

o p a l e s c e n t  m a t e r i a l .

2 ) ,  E l e c t r o n  M i c r o s c o p y .  Ho n u c l e o c a p s i d  was s e e n  i n  t h e
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f r a c t i o n  of  d e n s i t y  1 . 3 1 9  g / c c  w h i c h  was f r o m  t h e  m i d d l e  

o f  t h e  f l o o c u l e n t  b a n d .  I n  t h e  f r a c t i o n  o f  d e n s i t y  1 . 3 I U  

g / c c p  o n l y  one s m a l l  p i e c e  of  n u c l e o c a p s i d  was s e e n .  I n  

f r a c t i o n s  o f  d e n s i t y  1 . 3 0 9  t o  1 . 2 7 9  g / c c ,  t h e  amount  o f  

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

wer e  many p i e c e s  of  n u c l e o c a p s i d  f r e e  and i n  c l u m p s ,  

e s p e c i a l l y  i n  t h e  f r a c t i o n  o f  d e n s i t y  1 . 2 7 9  g / c c *  I n  

f r a c t i o n s  o f  d e n s i t y  1 . 2 7 5  t o  1 . 2 6  g / ' c c ,  t h e  amount  o f  

n u c l e o c a p s i d  d e c r e a s e d  a g a i n ,  w i t h  o n l y  a f ew s m a l l  c lu mps  

b e i n g  s e e n  i n  t h e  l a s t  o n e .  Ho n u c l e o c a p s i d  was s e e n  i n  

t h e  f r a c t i o n  o f  d e n s i t y  1 , 2 ^ 5  g / o c .

C o n c l u s i o n s  and D i s c u s s i o n ,  The two v i s i b l e  b a n d s  f o u n d  i n  

t h e  g r a d i e n t s  f o l l o w i n g  c e n t r i f u g a t i o n  o f  i n f e c t e d  c e l l  

e x t r a c t s  wer e  n o t  p r e s e n t  i n  g r a d i e n t s  t h r o u g h  wh5ch 

e x t r a c t s  o f  n o r m a l  c e l l s  h a d  b e e n  c e n t r i f u g e d .  I t  t h e r e f o r e  

s eemed  t h a t  t h e s e  b a n d s  wer e  v i r a l ,  n o t  c e l l u l a r ,  i n  

o r i g i n .  E a c h  v i s i b l e  b a n d  c o r r e s p o n d e d  t o  a p e a k  o f  

r a d i o a c t i v i t y  w h i c h  a g a i n  was p e c u l i a r  t o  t h e  e x t r a c t s  

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

t h e r e f o r e  w o u l d  a l s o  seem t o  h av e  b e e n  v i r a l ,  n o t  c e l l u l a r ,  

i n  o r i g i n .  On t h i s  b a s i s ,  i t  was c o n c l u d e d  t h a t  t h e  RNase 

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

r e v e a l  t h e  r a d i o a c t i v e  v i r a l  m a t e r i a l .

The p o s i t i o n  o f  the n u c l e o c a p s i d  in  the G ra d ien t ,  a s  

determ ined by  e l e c t r o n  m i c r o s c o p y ,  c o r r e s p o n d e d  t o  the
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p o s i t i o n  o f  t h e  s e c o n d  main  p e a k  of  r a d i o a c t i v i t y  i . e .  

c o v e r i n g  a d e n s i t y  r a n g e  1 , 2 6  t o  1 . 2 9 5  g / c c  w i t h  mos t  a t  

d e n s i t y  1 , 2 7 9  g / o c .  T h i s  c o m pa r es  w i t h  a r a n g e  o f  1 , 2 9  -  

1 , 3 0  g / c c  r e p o r t e d  by  W a t e r s  and B u s s e l l  ( 197l | . ) , RNase had  

no  e f f e c t  on t h e  m o r p h o l o g y  o f  t h e  n u c l e o c a p s i d 5 t h e  p i e c e s  

s e e n  wer e  f l e x i b l e  and a p p e a r e d  t o  be o f  m o d e r a t e  l e n g t h  

t h o u g h ,  due t o  a g g r e g a t i o n ,  t h e i r  p r e c i s e  l e n g t h s  c o u l d  

n o t  be d e t e r m i n e d .  U n f o r t u n a t e l y ,  due t o  t h i s  a g g r e g a t i o n ,  

i t  s eems  u n l i k e l y  t h a t  t h e  n u c l e o c a p s i d  i n  t h i s  b a n d  c o u l d  

be u s e d  f o r  r a t e  s e d i m e n t a t i o n  s t u d i e s .

I t  i s  d i f f i c u l t  t o  d e t e r m i n e  t h e  n a t u r e  o f  t h e  

m a t e r i a l  g i v i n g  r i s e  t o  t h e  d e n s e r  ban d  and  p e a k  of  

r a d i o a c t i v i t y .  I t  was RNase r e s i s t a n t  b u t  no n u c l e o c a n s i d  

was s e e n  on e l e c t r o n  m i c r o s c o p i c a l  e x a m i n a t i o n  o f  f r a c t i o n s  

f r o m  t h i s  r e g i o n .  P o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  w i l l  be 

d i s c u s s e d  l a t e r .
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EXPERIMENT 3 . 7

B u o y a n t  D e n s i t y  o f  GDV N u c l e o c a p s i d  i n  a P o t a s s i u m  T a r t r a t e

G r a d i e n t ,

S i n c e  p o t a s s i u m  t a r t r a t e  h a s  b e e n  f o u n d  b y  some 

w o r k e r s  t o  g i v e  s h a r p e r  b a n d i n g  of  v i r u s  (McCrea e t  a l * ,  

1 9 6 1 ) ,  i t  was d e c i d e d  t o  i n v e s t i g a t e  w h e t h e r  o r  n o t  t h i s  

wo u ld  g i v e  s h a r p e r  b a n d i n g  o f  n u c l e o c a p s i d ,  an d  p r e v e n t  

o v e r l a p  w i t h  t h e  d e n s e r  r a d i o a c t i v e  m a t e r i a l .

P r o c e d u r e . Two 8 o z .  c u l t u r e s  o f  i n f e c t e d  GH c e l l s  were

p r e p a r e d .  At  2l |  h o u r s  PI  f r e s h  g r o w t h  medium w i t h  20 p G ± /m l  
3

o f  H - u r i d i n e  was a d d e d  t o  one and  f r e s h  medium w i t h o u t  

l a b e l  t o  t h e  o t h e r .  On t h e  t h i r d  d a y  PI,  when a good  GPE 

was p r e s e n t ,  t h e  n u c l e o c a p s i d  was e x t r a c t e d  w i t h  S t e r o x  

p l u s  BSA, t h e  e x t r a c t i o n  p r o c e s s  and RNase t r e a t m e n t  b e i n g  

c a r r i e d  o u t  a s  p r e v i o u s l y  d e s c r i b e d .  The e x t r a c t s  were  

l a y e r e d  on t o p  of  10 ml p o t a s s i u m  t a r t r a t e  (KT) g r a d i e n t s

o f  d e n s i t y  1 , 2  t o  1*35 g / o c .

S i n c e  a p r e c i p i t a t e  a p p e a r e d  when t h e  p o t a s s i u m

t a r t r a t e  was a d d e d  t o  t h e  TS c o n t a i n i n g  1% BSA, t h e

c o n c e n t r a t i o n  of  t h e  BSA was r e d u c e d  t o  0 , 2 /  f o r  t h e  1 , 2  

g / c c  s o l u t i o n  an d  o m i t t e d  a l t o g e t h e r  f r o m  t h e  1 , 3 5  g / c c

s o l u t i o n .  The s a m p l e s  wer e  c e n t r i f u g e d  a t  2 i i , 0 0 0  rpm f o r  

18 h o u r s .  At  t h e  end  o f  t h i s  t i m e ,  two b a n d s ' w e r e  a g a i n  

p r e s e n t  i n  t h e  g r a d i e n t s .  The b r o a d e r  band  c o n s i s t e d  o f
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t a r t r a t e  g r a d i e n t .
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f i n e l y  f l o o c u l e n t  m a t e r i a l  w h i l e  t h e  l e s s  d e n s e  band  was 

made up o f  c o a r s e r ,  f l o o c u l e n t  m a t e r i a l  t h e  two b e i n g  

s e p a r a t e d  by  a v e r y  n a r r o w  t r a n s l u c e n t  zone a b o u t  1 mm i n  

d e p t h .  T e n - d r o p  f r a c t i o n s  were  c o l l e c t e d  f r o m  e a c h  g r a d i e n t  

and  t h e  r e f r a c t i v e  i n d i c e s  m e a s u r e d .  hue t o  t h e  c l o s e n e s s  

o f  t h e  two b a n d s ,  i t  was n o t  • p o s s i b l e  t o  n r e v e n t  some 

m i x i n g  d u r i n g  f r a c t i o n a t i o n .  I n  t h e  r a d i o a c t i v e  c r r a d i e n t ,

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

r a n g e  1 , 2 3  t o  1 . 2 ^ 8  g / o o ,  mo s t  b e i n g  n r e s e n t  a t  a d e n s i t y  

o f  l , 2 i | 5  g / o o .  I n  t h e  o t h e r  g r a d i e n t ,  i t  o c c u r r e d  i n  t h e  

d e n s i t y  r a n g e  1 , 2 3 2  t o  1 . 2 5 5  g / o o .  R a d i o a c t i v e  a n a l y s i s  

and  e l e c t r o n  m i c r o s c o p y  was c a r r i e d  o u t  a s  a l r e a d y  

d e s c r i b e d ,

R e s u l t s .

1 ) .  R a d i o a c t i v i t y ,  As c an  be s e e n  f r o m  F i g u r e  35» a 

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

d e n s i t y  o f  1,21|5 g / c c .  The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  

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

2 ) ,  E l e c t r o n  M i c r o s c o n y .  I n  none of  t h e  f r a c t i o n s  

e x a m i n e d  was n u c l e o c a p s i d  i d e n t i f i e d .

C o n c l u s i o n s  and D i s c u s s i o n ,  W i t h  t h e  s t e e p n e s s  o f  g r a d i e n t

u s e d ,  p o t a s s i u m  t a r t r a t e  f a i l e d  t o  r e s o l v e  t h e  two b a n d s  oh 

v i r a l  m a t e r i a l  i n  t h e  e x t r a c t .  A s i n g l e  s h a r p  p e a k  o f  

r a d i o a c t i v i t y  was o b t a i n e d  b e c a u s e  t h e  b a n d s  were
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s u f f i c i e n t l y  c l o s e  t o g e t h e r  t o  be d i s t r i b u t e d  b e t w e e n  two 

c o n s e c u t i v e  f r a c t i o n s .

Though  n u c l e o c a p s i d  was n o t  f o u n d  w i t h  t h e  e l e c t r o n  

m i c r o s c o p e ,  i t  was p r e s u m e d  t h a t  t h e  two b a n d s  c o r r e s p o n d e d  

t o  t h o s e  s e e n  i n  t h e  CsCl  g r a d i e n t s .  I n  t h e  p o t a s s i u m  

t a r t r a t e  g r a d i e n t ,  h o w e v e r ,  t h e  r e g i o n  c o n t a i n i n g  t h e  

r a d i o a c t i v e  m a t e r i a l  was a t  a much l o w e r  d e n s i t y  and t h e  

o v e r a l l  s p r e a d  o f  t h e  l a t t e r  was l e s s ,  i . e ,  t h e  b a n d s  were  

n a r r o w e r ,  a n d  t h e  d i f f e r e n c e  b e t w e e n  t h e i r  r e s p e c t i v e  

d e n s i t i e s  was l e s s .  I t  i s  p o s s i b l e  t h a t  a s h o r t e r ,  

s h a l l o w e r  g r a d i e n t  m i g h t  have  a i d e d  s e p a r a t i o n  o f  t h e  two 

b a n d s ,

I t  i s  d i f f i c u l t  t o  u n d e r s t a n d  why n u c l e o c a n s i d  was 

n o t  s e e n  w i t h  t h e  e l e c t r o n  m i c r o s c o p e .  I t  may h a v e  b e e n  

t h a t ,  w i t h  t h e  n e c e s s a r i l y  low c o n c e n t r a t i o n  o f  BSA 

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

o r  t h a t  t h e  p o t a s s i u m  t a r t r a t e  s a l t  r e s u l t e d  i n  p o o r  

r e s o l u t i o n  o f  p a r t i c l e s .  To e n s u r e  t h a t  t h i s  r e s u l t  was 

n o t  m e r e l y  due t o  some g r o s s  e r r o r  of  p r e p a r a t i o n ,  a n o t h e r  

n u c l e o c a p s i d  e x t r a c t i o n ,  b a n d i n g  i n  p o t a s s i u m  t a r t r a t e ,  and  

e l e c t r o n  m i c r o s c o p i c a l  e x a m i n a t i o n  was c a r r i e d  o u t ,  an d  t h e  

same n e g a t i v e  r e s u l t  was o b t a i n e d .



î  6 B

DISCUSSION

The e x p e r i m e n t s  j u s t  d e s c r i b e d  e n c o m p a s s e d  s e v e r a l  

d i f f e r e n t  t e c h n i q u e s  b u t  c o l l e c t i v e l y  p r o v i d e d  d a t a  on 

w h i c h  a r e g i m e n  f o r  t h e  e x t r a c t i o n  and p u r i f i c a t i o n  o f  

n u c l e o c a p s i d  f r o m  i n f e c t e d  c e l l s  c o u l d  be b a s e d .

E l e c t r o n  m i c r o s c o p y  o f  a DW e x t r a c t  o f  i n f e c t e d  c e l l s

r e v e a l e d  n u c l e o c a p s i d  h a v i n g  a m o r p h o l o g y  t y p i c a l  of  t h e

p a r a m y x o v i r u s  g r o u p .  M e a su r em e nt  showed t h a t  i t  o c c u r r e d  
\

i n  u n i t  l e n g t h s  o f  a p p r o x i m a t e l y  1^  and  t h i s  was i m p o r t a n t  

s i n c e  i t  i n d i c a t e d  t h a t  t h e  v i r u s / c e l l  s y s t e m  e m pl o y ed  was

c a p a b l e  o f  p r o d u c i n g  c o m p l e t e  n u c l e o c a p s i d ;  i t  i s  g e n e r a l l y
?

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

w i t h i n  a u n i t  l e n g t h  o f  l^u (Hosaka  e t  a l , ,  1 9 6 6 ;  Oompans 

and  C h o p p i n ,  1 9 6 7 a ;  Hosaka  and S h i m i z u ,  1 9 6 8)

The n e x t  s t e p  was t o  d e t e r m i n e  t h e  b u o y a n t  d e n s i t y  o f  

t h e  e x t r a c t e d  GDV n u c l e o c a p s i d  w i t h  a v i e w  t o  u s i n g  t h i s  

i n f o r m a t i o n  i n  t h e  f o r m u l a t i o n  of  a me t ho d  o f  p u r i f y i n g  t h e  

n u c l e o c a p s i d .  I t  was c o n s i d e r e d  t h a t  t h e  b e s t  way o f  

i d e n t i f y i n g  t h e  l a t t e r  i n  t h e  d e n s i t y  g r a d i e n t  wou l d  be 

b y  l a b e l l i n g  i t  w i t h  ^ H - u r i d i n e ,  U n f o r t u n a t e l y ,  h o w e v e r ,  

i t  was f o u n d  t h a t . D W  e x t r a c t i o n  was an i n e f f i c i e n t  p r o c e s s ,  

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

be i d e n t i f i e d  i n  t h e  g r a d i e n t .  An a t t e m p t  was t h e r e f o r e
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made t o  e x t r a c t  i t  w i t h  DOC b u t ,  a l t h o u g h  t h i s  p r o c e d u r e  

r e l e a s e d  more r a d i o a c t i v e  v i r a l  m a t e r i a l ,  c e n t r i f u g a t i o n  o f  

t h e  e x t r a c t  t h r o u g h  a s u c r o s e  d e n s i t y  g r a d i e n t  showed t h a t  

t h e  m a t e r i a l  c o v e r e d  a wi de  d e n s i t y  r a n g e .  T h i s  m e t ho d  was 

t h e r e f o r e  o f  l i t t l e  v a l u e  f o r  t h e  p u r i f i c a t i o n  o f  

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

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

a d h e r e n c e  of  c e l l u l a r  m a t e r i a l  t o  i t .  I t  was t h e r e f o r e  

d e c i d e d  t o  s u b s t i t u t e  c a e s i u m  c h l o r i d e  f o r  t h e  s u c r o s e  

s i n c e  h i g h  i o n i c  s t r e n g t h  i s  known t o  f a c i l i t a t e  t h e  

p u r i f i c a t i o n  o f  n u c l e o c a p s i d  ( N o r r b y  and H a m m a r s k j o l d ,  

1 9 7 2 ) ,  However ,  DOC e x t r a c t e d  n u c l e o c a p s i d  c e n t r i f u g e d  

t h o u g h  c a e s i u m  c h l o r i d e  was f o u n d , by e l e c t r o n  m i c r o s c o p y ,  

t o  be b r o k e n  up i n t o  r e l a t i v e l y  s m a l l  p i e c e s .  An a t t e m p t  

was t h e r e f o r e  made t o  d e t e r m i n e  w h e t h e r  t h i s  f r a g m e n t a t i o n  

was due t o  t h e  DOG o r  t o  t h e  c a e s i u m  c h l o r i d e .  I t  was 

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

d e t e r g e n t s  and  c e n t r i f u g e d  t h r o u g h  c a e s i u m  c h l o r i d e  d i d  

n o t  show t h e  same d e g r e e  o f  f r a g m e n t a t i o n .  I t  t h e r e f o r e  

s eemed t h a t  t h e  f r a g m e n t a t i o n  was due t o  t h e  DOC, t h o u g h  

H a l l  and  M a r t i n  ( 197 3)  and  B l a i r  (1970)  h a ve  f o u n d  t h i s  

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

m e a s l e s  a nd  S e n d a i  v i r u s  p a r t i c l e s  r e s u e c t i v e l y , As j u d g e d  

by  t h e  amount  o f  n u c l e o c a p s i d  o b s e r v e d  w i t h  t h e  e l e c t r o n  

m i c r o s c o p e ,  S t e r o x  SL was t h e  mo s t  e f f i c i e n t  o f  t h e  t h r e e  

n o n - i o n i c  d e t e r g e n t s  t e s t e d .  T h i s  wo rk  a l s o  showed t h a t  

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

BSA b o t h  t o  t h e  d e t e r g e n t s  and t o  t h e  g r a d i e n t s  i n c r e a s e d
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t h e  a m o un t s  t o  be s e e n  w i t h  t h e  e l e c t r o n  m i c r o s c o p e .

I n  o r d e r  t o  e n s u r e  t h a t  t h e  l a b e l l e d  m a t e r i a l  was 

v i r a l  n o t  c e l l u l a r  i n  o r i g i n ,  A c t i n o m y o i n  D had b e e n  

i n c o r p o r a t e d  i n t o  t h e  medium i n  t h e  e a r l i e r  w o r k ,  The 

c y t o t o x i c i t y  o f  t h i s  a n t i b i o t i c ,  h o w e v e r ,  l i m i t e d  t h e  

l e n g t h  o f  l a b e l l i n g  t o  a b o u t  e i g h t  h o u r s  a nd  t h i s  mean t  

t h a t  t h e  t o t a l  amount  o f  l a b e l  I n c o r p o r a t e d  i n t o  t h e  

n u c l e o c a p s i d  was l ow.  I n  o r d e r  t o  i n c r e a s e  t h e  amount  o f  

r a d i o a c t i v i t y  i n  t h e  p r e p a r a t i o n ,  l a b e l  h a d  t o  be l e f t  i n  

c o n t a c t  w i t h  t h e  c e l l s  f o r  a l o n g e r  p e r i o d  and  t h i s  

p r e c l u d e d  f u r t h e r  u s e  of  A c t i n o m y o i n ,  A m e t h o d  o f  

d i s t i n g u i s h i n g  v i r a l  R N A « c o n t a i n i n g  s t r u c t u r e s  f r o m  

c e l l u l a r  RNA h a d  t h e r e f o r e  t o  be f o u n d  and t h i s  was 

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

e x t r a c t  w i t h  RNase .

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

g r a d i e n t s  t h r o u g h  w h i c h  n o n - i o n i c  d e t e r g e n t  e x t r a c t e d  

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

d e n s i t y  r e g i o n  1 , 2 7  t o  1 , 3 1  g / o c .  T h i s  was c o n f i r m e d  when 

r a d i o a c t i v e l y  l a b e l l e d  n u c l e o c a p s i d  e x t r a c t e d  w i t h  S t e r o x  

SL was c e n t r i f u g e d  t o  i t s  p o s i t i o n  o f  i s o p y c n i c  d e n s i t y  i n  

a p r e f o r m e d  c a e s i u m  c h l o r i d e  g r a d i e n t ,  A p e a k  o f  

r a d i o a c t i v i t y  was o b t a i n e d  a t  d e n s i t y  1 . 2 7 8  g / o c  w h i c h  

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

a s  d e t e r m i n e d  b y  e l e c t r o n  m i c r o s c o p y .  When g r a d i e n t s  o f  

p o t a s s i u m  t a r t r a t e  we r e  s u b s t i t u t e d  f o r  t h o s e  o f  c a e s i u m .
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c h l o r i d e ,  a s h a r p  r e a k  o f  r a d i o a c t i v i t y  o c c u r r e d  a t  a 

d e n s i t y  o f  1*2[}5 e / o c ,  font no n u c l e o c a n s i d  c o n l d  be f ou nd  

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

g r a d i e n t  wer e  e x a m i n e d .  The same r e s u l t  was o b t a i n e d  when 

t h e  e x p e r i m e n t  was r e p e a t e d .  I t  t h e r e f o r e  seemed  p r o b a b l e  

t h a t  b r e a k d o w n  of  n u o l e o c a p s i d  h ad  o c c u r r e d  i n  t h e  p o t a s s i u m  

t a r t r a t e .  T h i s  may h av e  b e e n  a t  l e a s t  p a r t l y  due t o  t h e  

n e c e s s i t y  o f  r e d u c i n g  t h e  c o n c e n t r a t i o n  o f  BSA t o  a v o i d  

p r e c i p i t a t i o n .  De The and  O ' C o n no r  (1966)  r e p o r t e d  t h a t  

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

1.21;  t o  1 . 2 6  g / o o ,  a f i n d i n g  w h i c h  s u p p o r t s  t h e  b e l i e f  

t h a t  t h e  p e a k  o f  r a d i o a c t i v i t y  a t  1 .2U5 g / o c  wa^ due t o  

GDV n u o l e o c a p s i d .

From t h e s e  r e s u l t s ,  a r e a s o n a b l y  e f f i c i e n t  -^^thod f o r  

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

was o b t a i n e d .  Time d i d  n o t  p e r m i t  d e t e r m i n a t i o n  o f  t h e  

d e g r e e  o f  p u r i f i c a t i o n  r e a c h e d  by  t h e  one b a n d i n g  i n  c a e s i u m  

c h l o r i d e  b u t  i t  i s  l i k e l y  t h a t  t h e  l a b i l i t y  o f  t h e  

n u o l e o c a p s i d  w o u l d  p r e c l u d e  more t h a n  one a d d i t i o n a l  

b a n d i n g *  T h u s ,  a s  j u d g e d  f r o m  t h e  r e c o v e r y  o f  l a b e l l e d  

RNA, Hos ak a  (196 8)  f o u n d  t h a t  a f t e r  two b a n d i n g s ,  

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

t h e  p a r a i n f l u e n z a  v i r u s  ïNiï by  F m a s o l - a l k a l i  t r e a t m e n t  was 

l o s t . .  By means  of  a d u a l - l a b e l l i n g  t e c h n i q u e ,  i . e . ,  one
g

i n  w h i c h  m e a s l e s - S S P F  v i r u s  n u o l e o c a p s i d  l a b e l l e d  w i t h  H 

was m ix ed  w i t h  a n o r m a l  c e l l  e x t r a c t  l a b e l l e d  w i t h  Yeb

and  I w a s a k i  ( 1 972)  f o u n d  t h a t  o n l y  two b a n d i n g s  wer e  

r e q u i r e d  t o  a t t a i n  maximum p u r i f i c a t i o n .  I t  i s  p r o b a b l e .
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t h e r e f o r e ,  t h a t  t h e  one b a n d i n g  u s e d  i n  t h e  p r e s e n t  

i n v e s t i g a t i o n  p r o d u c e d  a s u b s t a n t i a l  d e g r e e  o f  p u r i f i c a t i o n .

One d i s a p p o i n t i n g  f e a t u r e  o f  t h e  r e s u l t s  o b t a i n e d  i n  

t h e  p r e s e n t  i n v e s t i g a t i o n  was t h e  a g g r e g a t i o n  of  

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

i n  t h e  p r e s e n c e  of  BSA a l t h o u g h  Yeh and I w a s a k i  ( 1972)  

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

o f  BSA p r i o r  t o  c e n t r i f u g a t i o n .  C l umpi ng  o f  ÏÏDV, 8V$ 

a nd  m e a s l e s  v i r u s  n u c l e o c a p s i d s  I n  c a e s i u m  c h l o r i d e  vjas 

r e p o r t e d  by  Hosaka  and  S h i m i z u  ( 1 9 6 8 ) ,  Compans and Chopp i n  

(1968 ) and b y  N o r r b y  and  Ham ma r sk jo l d  ( 1972)  r e s p e c t i v e l y .

I f  m os t  o f  t h e  n u o l e o c a p s i d  o b t a i n e d  by  b a n d i n g  i n  c a e s i u m  

c h l o r i d e  i s  p r e s e n t  i n  a g g r e g a t e s ,  t h e n  t h i s  method  of  

p u r i f i c a t i o n  i s  u n s u i t e d  t o  r a t e  z o n a l  s t u d i e s  w h i c h  

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

n u c l e o c a p s i d s .  The i m p o r t a n c e  of  r a t e  z o n a l  c e n t r i f u g a t i o n  

l i e s  i n  i t s  a p p l i c a b i l i t y  t o  t h e  s t u d y  of  d e f e c t i v e  i n f e c t i o n  

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

( H a l l  and M a r t i n ,  1 9 7 ^ a ;  K i l e y  and P a y n e ,  197U) .

A n o t h e r  p r o b l e m  e n c o u n t e r e d  was t h e  p r e s e n c e  of  two 

b a nd s  and  two p e a k s  o f  r a d i o a c t i v i t y  i n  c a e s i u m  c h l o r i d e  

g r a d i e n t s .  Two b a n d s  h av e  a l s o  b een  f o u n d  i n  s t u d i e s  o f  

SV^ (Compans and  C h o p n i n ,  1967%) and HVJ ( H o s a k a ,  1968)  

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

two b a n d s  was m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e .  I n  t h e  

p r e s e n t  i n v e s t i g a t i o n ,  h o w e v e r ,  n u o l e o c a p s i d  was f o u n d  

o n l y  i n  t h e  r e g i o n  o f  t h e  l e s s  d e n s e  band* . The- r a d i o a c t i v e
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T a b l e  3 R e p o r t e d  B u o y a n t  D e n s i t i e s  o f  ITuo l e  o c a p s  i ds i n  

CsCl  G r a d i e n t s ,

V i r u s  D e n l l t y  R e f e r e n c e

M e a s l e s  1 , 2 8 6  W a t e r s  e t  a l . (1 972 )

M e a s l e s  1 . 2 9 - 1 , 3 0  l i umazaki  and K a r z on  (1966)

M e a s l e s  1 . 2 9 - 1 , 3 0  P h i l l i p s  and B u s s e l l  (1973)

M e a s l e s  1 , 3 0  H a l l  and. M a r t i n  ( 1 07 3)

M e a s l e s  1 . 3 0  W a t e r s  and B u s s e l l  (19?Il )

M e a s l e s  1 . 3 0 ^  H o r r b y  and H a m m a r s k j o l d  (1972)

M e a s l e s  1 . 3 2  N o r r b y  ( I 9 6 I 1 )

M e a s l e s / S S P B  1 . 3 1  Yeh and I v a s a k i  ( 19 ?2 )

NDV 1 , 3 0  Has l am e t  a l . ( 1969)

SV5 1 . 2 9 7  Compans and Ch ù pp i n  ( 19o 7b)

SV5 1 , 3 0  W a t e r s  and  B u s s e l l  (197l|  )

HVJ 1 , 3 1  Hosaka  (1968)

S e n d a i  1 , 3 1  B u k r i n s k a y a  (1 973 )
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m a t e r i a l  i n  t h e  o t h e r  b a n d  was RNase r e s i s t a n t  and  may have  

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

b o d i e s .  B e c a u s e  o f  t h e  c l o s e n e s s  o f  t h e  two b a n d s  and 

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

from, one e x p e r i m e n t  t o  a n o t h e r ,  i t  was f e l t  t h a t  c o m p l e t e  

s e p a r a t i o n  of  t h e  two woul d  be d i f f i c u l t .

From t h e  r a d i o a c t i v e  n r o f i l e  e s t a b l i s h e d  i n  F x p e r i m e n t  

3 . 6  t h e  b u o y a n t  d e n s i t y  o f  t h e  n u d e o c a n s i d  was 1 . 2 7 8  

g / o G ,  b u t ,  i n  some, o f  t h e  e a r l i e r  e l e c t r o n  m i c r o s c o n i c  

s t u d i e s ,  i t  a u n e a r e d  t h a t  mos t  o f  t h e  n u c l e o c a n s i d  was i n  a 

r e g i o n  n e a r e r  1 . 2 9  g / c c .  T h e se  r e s u l t s  s u g g e s t e d  t h a t  a 

d e g r e e  o f  h e t e r o g e n e i t y  e x i s t s .  W a t e r s  and  B u s s e l l  (197k)  

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

O n d e r s t e p o o r t  s t r a i n  of  9DV a s  b e i n g  i n  t h e  d e n s i t y  r a n g e  

1 . 2 9  t o  1 . 3 0  g / c c .  Some o f  t h e  r e p o r t e d  b u o y a n t  d e n s i t i e s  

o f  m e a s l e s  and  p a r a m y x o v i r u s  n u c l e o c a p s i d s  a r e  s u m m a r i s e d  

i n  T a b l e  3 .

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

p u r i f i e d  v i r u s  p a r t i c l e s  wou ld  p e r h a p s  h e l p  e l u c i d a t e  some 

o f  t h e  a bo ve  p r o b l e m s  and min:ht p e r m i t  e s t i m a t i o n  o f  t h e  

s i z e  o f  t h e  n u o l e o c a p s i d .  M o r e o v e r ,  p u r i f i e d  v i r u s  was 

r e q u i r e d  b e f o r e  d e t e r m i n a t i o n  o f  t h e  number  and  s i z e  o f  t h e  

p o l y p e p t i d e s  of  t h e  v i r i o n  c o u l d  be u n d e r t a k e n .  F o r  t h e s e  

r e a s o n s ,  t h e  n e x t  s t e p  p l a n n e d  was t h e  f o r m u l a t i o n  o f  a 

s y s t e m  f o r  t h e  p u r i f i c a t i o n  o f  t h e  v i r i o n .
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PART F O U R .

INTRODUCTION AND RFVIFW OF THF LITERATURE

A s im p le  method of  v i r u s  p u r i f i c a t i o n  i s  p r o v i d e d  by 

e q u i l i b r i u m  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .  The aim of  

t h e  f o l l o w i n g  e x p e r i m e n t s  was t o  e s t a b l i s h  t h e  buo ya n t  

d e n s i t y  of  CDV in  d i f f e r e n t  t y p e s  of d e n s i t y  g r a d i e n t s  and ,  

by compar ing  t he  t i g h t n e s s  of  b a n d i n g  and ^ r e s e r v a t i o n  of  

i n f e c t i v i t y  i n  e a c h  of t h e s e ,  t o  d e t e r m i n e  t he  optimum 

c e n t r i f u g a l  c o n d i t i o n s  f o r  p u r i f i c a t i o n .

At t he  commencement of  t he  p r e s e n t  i n v e s t i g a t i o n ,  on ly  

one p u b l i c a t i o n  had a p p e a re d  on t he  b u oy a n t  d e n s i t y  of  CDV, 

T h i s  was t h e  r e n o r t  by E l l i o t  and Ryan (1970)  t h a t ,  d u r i n g  

c o n t i n u o u s  f low u l t r a c e n t r i f u g a t i o n  i n  s u c r o s e  g r a d i e n t s ,  

t he  v i r u s  banded i n  t h e  r e g i o n  of t he  g r a d i e n t  composed of 

be tween  32 and Ij.8/ s u c r o s e ,  t he  d e n s i t y  of  wh ich  r an ge d  f rom 

1 , 1 3 9  t o  1 , 2 2  g / c c .  In  1973,  P h i l l i p s  and B u s s e l l  

p u b l i s h e d  d a t a  on t he  bu oyan t  d e n s i t y  of  B u s s e l l ' s  

O n d e r s t e p o o r t  v a r i a n t  grown i n  b o t h  a v i a n  and human c e l l s .  

From 10 e x p e r i m e n t s  i n v o l v i n g  c e n t r i f u g a t i o n  of  t he  v i r u s  

t h r o u g h  CsCl g r a d i e n t s ,  t h e y  found t h a t  t h e  ne ak  of  i n f e c t ­

i v i t y  l a y  be tween  1 , 22 6  and l , 2 i | 2  g / c c ,  ’>’i t h  a ^ean  of 

1 . 2 3 1  g / c c .  These r e s u l t s  were i n f e n e n d e n t  of  t he  t yne  of
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c e l l  i n  w h i c h  t h e  v i r u s  was g rown .  I n  t h e  o n l y  e x p e r i m e n t  

i n  w h i c h  p o t a s s i u m  t a r t r a t e  was u s e d ,  t h e  p e a k  of  

i n f e c t i v i t y  o c c u r r e d  a t  a b o u t  t h e  same d e n s i t y ,  n a m e l y  1 . 2 3 3  

g / c o ,  w i t h  v i r u s  f o u n d  i n  t h e  d e n s i t y  r e g i o n  1 . 2 1 0  t o  1 . 2 3 3  

g / c c .

S i n c e  t h e  i n f e c t i v i t y  a s s a y  e m p l oy ed  i n  t h e  p r e s e n t  

i n v e s t i g a t i o n  i s  t i m e - c o n s u m i n g  and o f  r e l a t i v e l y  low 

p r e c i s i o n ,  i t  wo uld  o b v i o u s l y  be a d v a n t a g e o u s  t o  have  a 

s i m p l e r  b u t  more p r e c i s e  me t hod  of  q u a n t i t a t i n g  t h e  v i r u s .  

W i t h  o t h e r  p a r a m y x o v i r u s e s ,  v i r i o n s  c a n  be d e t e c t e d  by  

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

W i t h  CDV, h o w e v e r ,  no s u c h  b i o l o g i c a l  m a r k e r s  h a ve  e v e r  

b e en  d e m o n s t r a t e d .  S i n c e  r a d i o a s s a y  p r o v i d e s  a r a p i d  and  

p r e c i s e  m e t h o d  o f  c o m p a r i n g  t h e  a mount s  o f  v i r u s  i n  

d i f f e r e n t  f r a c t i o n s ,  t h e  mos t  o b v i o u s  c o u r s e  was t o  a t t e m p t  

t o  l a b e l  t h e  v i r u s  w i t h  r a d i o i s o t o p e s  and h e n c e  o b t a i n  a 

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

g r a d i e n t .  As f a r  as  t h e  a u t h o r  i s  a w a r e ,  no s u c h  

i n f o r m a t i o n  h a s  y e t  b e e n  p u b l i s h e d  f o r  a n y  n a r a m y x o v i r u s , 

t h o u g h  p r o f i l e s  o f  I n f e c t i v i t y  i n  CsCl  d e n s i t y  g r a d i e n t s  

h av e  b e e n  p u b l i s h e d  f o r  m e a s l e s  v i r u s  by  N o r r b y  (19^h)  and 

N o r r b y  e t  a l .  (19 6k)  and  P h i l l i p s  and B u s s e l l  ( 1773)  and f o r  

CDV an d  r e s p i r a t o r y  s y n c y t i a l  v i r u s ,  by  P h i l l i n s  and 

B u s s e l l  ( 1 9 7 3 ) f and  a l s o  f o r  CDV i n  p o t a s s i u m  t a r t r a t e  

g r a d i e n t s  by P h i l l i p s  and  B u s s e l l  ( 1 9 7 3 ) .
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Most  o f  t h e  r e p o r t e d  b u o y a n t  d e n s i t i e s  o f  p a r a ­

m y x o v i r u s e s  a r e  t h o s e  i n  d e n s i t y  g r a d i e n t s  o f  GsGl* The 

u s e  o f  t h e  l a t t e r  m a t e r i a l  seems t o  have  f o l l o w e d  f r o m  t h e  

s t a t e m e n t  o f  S o h l u e d e r b e r g  and Roizman ( 196 2)  t h a t  b e t t e r  

s e p a r a t i o n  was a c h i e v e d  i n  t h a t  m a t e r i a l  t h a n  i n  s u c r o s e .  

H owever ,  f r o m  t h e  m ann er  i n  w h i c h  t h a t  s t a t e m e n t  i s  

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

s e p a r a t i o n  o f  m e a s l e s  v i r u s  c om u o n en t s  o r  t o  t h e  s e p a r a t i o n  

o f  n o n - v i r a l  m a c r o m o l e c u l e s  by  M e s e l s o n  e t  a l , ( 19$7)  t o  

whom r e f e r e n c e  i s  made .  MoCrea (1 961 )  f o u n d  t h a t

s h a r p  b a n d i n g  o f  i n f l u e n z a  and NDV was o b t a i n e d  i n  

g r a d i e n t s  o f  p o t a s s i u m  t a r t r a t e ,  and  s u g g e s t e d  t h a t  t h i s  

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

a n i m a l  v i r u s e s .  The o n l y  p u b l i s h e d  d i r e c t  c o m p a r i s o n  of  

t h e  p r o f i l e  o f  a n y  p a r a m y x o v i r u s  i n  t h e  two t y p e s  o f  

g r a d i e n t s  i s  t h a t  o f  P h i l l i p s  and B u s s e l l  ( 1 9 7 3 ) ,  d e s c r i b e d  

a b o v e ,  w h i c h  was b a s e d  on i n f e c t i v i t y  s t u d i e s .  The two 

p r o f i l e s  wer e  s i m i l a r  i n  s h a p e  t h o u g h  t h a t  i n  p o t a s s i u m  

t a r t r a t e  was more b r o a d l y  b a s e d .  However ,  s i n c e  more 

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

t h a n  f ro m t h e  p o t a s s i u m  t a r t r a t e  g r a d i e n t ,  e x a c t  c o m p a r i s o n  

i s  d i f f i c u l t .

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

v a r y  f r o m  1 . 2 2 k  g / c c  ( P h i l l i p s  and B u s s e l l ,  1 973 )  t o  1 , 2 9  

g / c o  ( S o h l u e d e r b e r g  and Roi zman ,  1 9 6 2 ) .  T h i s  v a r i a t i o n  

may be due t o  d i f f e r e n c e s  b o t h  i n  t h e  v i r u s  p r e p a r a t i o n  and 

i n  t h e  c e l l  s y s t e m  e m p l o y e d ;  S t e n b a c k  an d  D ur and  (1963)
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f o u n d  t h a t  NDV grown i n  a v i a n  c e l l s  h a d  a d e n s i t y  o f  1 . 2 2  

g / c o  w h e r e a s  t h a t  p r e p a r e d  i n  mammal ian c e l l  c u l t u r e s  h ad  

a d e n s i t y  o f  1 . 2 3 6  t o  1 . 2 ^ 2  g / o c .  I n  t h e  wo r k  o f  P h i l l i p s  

and  B u s s e l l  ( 1 9 7 3 ) ,  t h e  d e n s i t y  o f  t h e  i n f e c t i v i t y  p e a k  

v a r i e d  s l i g h t l y  f r o m  one v i r u s  p r e p a r a t i o n  t o  a n o t h e r .  I n  

t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e r e f o r e ,  a s i n g l e  s t o c k  of  

v i r u s  was p r o d u c e d  f o r  c o m p a r i s o n  of  i t s  n r o f i l e  i n  s u c r o s e ,  

0 aes i urn  c h l o r i d e ,  and p o t a s s i u m  t a r t r a t e  g r a d i e n t s .  I n  

t h i s  way,  v a r i a t i o n  r e s u l t i n g  f r o m  t h e  u s e  o f  d i f f e r e n t  

v i r u s  p r e p a r a t i o n s  was e l i m i n a t e d .
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MATERIALS AND TLETHODS.

1 .  P r o d u c t i o n  o f  r a d i o a c t i v e l y - l a b e l l e d  v i r u s .  U n l e s s  

o t h e r w i s e  s t a t e d ,  r a d i o a c t i v e  v i r u s  was p r e p a r e d  by  t h e  

f o l l o w i n g  m e t h o d .  C e l l s  wer e  i n f e c t e d  i n  s u s p e n s i o n  and 

i n o c u l a t e d  i n t o  8 o z ,  b o t t l e s  o r  Roux f l a s k s .  A f t e r  18-21;
3

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

c o n c e n t r a t i o n  o f  20 A^Oi/ml,  As s oo n  a s  s y n c y t i a  a p p e a r e d ,  

t h e  t i s s u e  c u l t u r e  f l u i d  was h a r v e s t e d  an d  f u r t h e r  

c o l l e c t i o n s  we r e  made t w i c e - d a i l y  u n t i l  m a j o r  d i s r u p t i o n  o f  

t h e  c e l l - s h e e t  h ad  o c c u r r e d .  D u r i n g  t h i s  t i m e ,  t h e  

r a d i o i o s t o p e  was  o n l y  i n c o r p o r a t e d  i n t o  a l t e r n a t e  c h a n g e s  

o f  medium,

2 .  V i r u s  C o n c e n t r a t i o n .  U n c o n o e n t r a t e d  medium f r o m  an  

i n f e c t e d  c u l t u r e  was u s e d  i n  E x p e r i m e n t  b u t  i n  a l l  

s u b s e q u e n t  w o r k ,  c o n c e n t r a t e d  v i r u s  was e m p l o y e d .

As f a r  as  p o s s i b l e ,  a l l  s t o p s  were  c a r r i e d  o u t  a t  

V i r u s - c o n t a i n i n g  t i s s u e  c u l t u r e  f l u i d ,  c o l l e c t e d  as  

d e s c r i b e d  a b o v e ,  was p o o l e d  and c l a r i f i e d  by  l o w - s p e e d  

c e n t r i f u g a t i o n .  The s u p e r n a t a n t  was m i x e d  w i t h  an  e q u a l  

volume o f  s a t u r a t e d  ammonium s u l p h a t e  s o l u t i o n  (SAS).

A f t e r  one h o u r ,  t h e  p r e c i p i t a t e  w h i c h  f o r m e d  was s e d i m e n t e d  

b y  c e n t r i f u g a t i o n  a t  6 , 0 0 0  rpm f o r  5 m i n u t e s  i n  a Beckman 

J - 2 1 B  u l t r a c e n t r i f u g e .  The s u p e r n a t a n t  was  d i s c a r d e d  and
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t h e  p r e c i p i t a t e  was r e d i s s o l v e d  i n  TS,  The volume o f  TS 

r e q u i r e d  was a p p r o x i m a t e l y  a t e n t h  o f  t h e  volume o f  t h e  

o r i g i n a l  p o o l .  The r e s u l t a n t  v i r u s  s u s p e n s i o n  was l a y e r e d  

on t o p  o f  d i s c o n t i n u o u s  2 0 » 6 0 /  s u c r o s e  g r a d i e n t s  i n  SW 27 

u l t r a o e n t r i f u g e  t u b e s ,  and  s p un  a t  2 5 , 0 0 0  rpm f o r  2 . 5  h o u r s .

At t h e  e n d  o f  t h i s  t i m e ,  an  opaque  b an d  was p r e s e n t  a t  t h e

i n t e r f a c e  b e t w e e n  t h e  two l a y e r s  o f  s u c r o s e  and  t h i s  was 

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

P a r t  T h r e e ,  A volume o f  s t o c k  RNase s o l u t i o n  was a d d e d  t o  

t h i s  b a n d e d . m a t e r i a l  t o  g : v e  a f i n a l  c o n c e n t r a t i o n  of  100 

y ig /ml  o f  RNase and  t h e  p r e p a r a t i o n  v a s  t h e n  d i a l y s e d  

a g a i n s t  PBS f o r  30 m i n u t e s .  The r e s u l t a n t  d i a l y s e d  s a m p l e ,  

w h i c h  u s u a l l y  had  a b o u t  a s i x t i e t h  o f  t h e  volume o f  t h e  

o r i g i n a l  p o o l ,  was d i s p e n s e d  i n t o  a l i q u o t s  w h i c h  wer e  s t o r e d  

a t  - 7 0 ° C ,

3 .  D e n s i t y  G r a d i e n t  C e n t r i f u g a t i o n  and

k . R a d i o a s s a y .  T h e s e  were  c a r r i e d  o u t  las p r e v i o u s l y

d e s c r i b e d  u n d e r  t h e s e  h e a d i n g s  i n  t h e  M a t e r i a l s  and  Methods  

s e c t i o n  o f  P a r t  T h r e e ,

5 .  I n f e c t i v i t y  A s s a y s .  F o l l o w i n g  d e t e r m i n a t i o n  of  t h e i r  

r e f r a c t i v e  i n d i c e s ,  s e l e c t e d  f r a c t i o n s  f r o m  g r a d i e n t s  

c o n t a i n i n g  n o n - r a d i o a c t i v e  v i r u s  wer e  d i l u t e d  1 i n  10 w i t h  

[ | , 5  ïTil o f  E a r l e ' s  s o l u t i o n  and  t h e n  d i a l y s e d  f o r  one h o u r  

a g a i n s t  c o l d  E a r l e ' s  s o l u t i o n .  The i n f e c t i v i t y  t i t r e  o f  

e a c h  was d e t e r m i n e d  by  t h e  method  d e s c r i b e d  i n  P a r t  One,
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6 .  E l e c t r o n  M i c r o s c o p y ,  T h i s  was c a r r i e d  o u t  a s  d e s c r i b e d  

i n  P a r t  T h r e e .
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EXPERIMENTAL PROCEDURES AND R E SU L T S

EXPERIMENT l\ , 1  

To D e t e r m i n e  t h e  B u o y a n t  D e n s i t y  o f  GDV V i r i o n s .

The a i m of  t h e  f i r s t  e x p e r i m e n t  was t o  d e t e r m i n e  

w h e t h e r  o r  n o t  s u f f i c i e n t  r a d i o i s o t o p e  c o u l d  be i n c o r p o r a t e d  

i n t o  v i r u s  t o  p e r m i t  i t s  d e t e c t i o n  f o l l o w i n g  c e n t r i f u g a t i o n  

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

g r a d i e n t .

P r o c e d u r e . An 8 o z ,  b o t t l e  of  c e l l s  i n f e c t e d  i n
3

s u s p e n s i o n  w i t h  t h e  v i r u s  was f e d  medium c o n t a i n i n g  H- 

u r i d l n e  a t  2k h o u r s  P I ,  T h r e e  d a ys  l a t e r ,  t h e  medium was 

c o l l e c t e d .  F o l l o w i n g  c l a r i f i c a t i o n ,  7 , 5  ml was l a y e r e d  on 

t o p  of  a 10 ml g r a d i e n t  o f  2 0 - 6 0 /  s u c r o s e  i n  an SW 27 t u b e .  

The t u b e  was t h e n  c e n t r i f u g e d  a t  2 5 , 0 0 0  rum f o r  17 h o u r s .  

T e n - d r o p  f r a c t i o n s  we r e  c o l l e c t e d  and r a d i o a s s a y  c a r r i e d  

o u t  a s  p r e v i o u s l y  d e s c r i b e d . -

R e s u l t s  « No c l e a r  c u t  p e a k  of  r a d i o a c t i v i t y  i n d i c a t i v e

o f  b a n d e d  l a b e l l e d  v i r u s  was o b t a i n e d  and  t h e  t o t a l  amount  

o f  r a d i o a c t i v i t y  r e c o v e r e d  was s m a l l .
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C o n c l u s i o n s  and  P i s c u s s  1 on . The r e l a t i v e l y  1ow c o u n t s  

(maximum o f  300 GPM) o b t a i n e d  and t h e  l a c k  o f  a c l e a r - c u t  

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

d o e s  n o t  c o n t a i n  s u f f i c i e n t  v i r u s  n a r t i c l e s  t o  n e r ^ i t  

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

o f  s i m i l a r  d e n s i t y .
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E X P E RIM ENT k , 2

To D e t e r m i n e  t h e  E f f e c t  on t h e  V i r u s  I n f e c t i v i t y  of  

P r e c i p i t a t i o n  w i t h  S a t u r a t e d  Ammonium S u l p h a t e  S o l u t i o n  

a nd  C e n t r i f u g a t i o n  t h r o u g h  S u c r o s e ,

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

i t  would  be n e c e s s a r y  t o  c o n c e n t r a t e  t h e  v i r u s  b e f o r e  

a t t e m p t i n g  t o  d e t e r m i n e  i t s  b u o y a n t  d e n s i t y ,  A c o n v e n i e n t  

way  o f  d o i n g  t h i s  m i g h t  be t o  n r e c i u i t a t e  t h e  v i r u s  w i t h  

s a t u r a t e d  ammonium s u l p h a t e  s o l u t i o n  (SAS) and  t h e n  

c e n t r i f u g e ,  i t  t h r o u g h  2 0 /  s u c r o s e  o n t o  a p a d  o f  6 o /  

s u c r o s e .  The e f f e c t s  on t h e  v i r a l  i n f e c t i v i t y  o f  t h e  two 

s t e p s  i n  t h i s  p r o c e d u r e  were  f i r s t  i n v e s t i g a t e d .

P r o c e d u r e , A p o o l  o f  v i r u s  was p r e p a r e d  f r o m  272 ml o f  

f l u i d  f r o m  i n f e c t e d  c u l t u r e s .  Two ml was r e mo v ed  and 

s t o r e d  a t  - 7 0 ^ 0  f o r  s u b s e q u e n t  t i t r a t i o n .  The r e m a i n i n g  

270  ml we r e  c l a r i f i e d ,  m i xe d  w i t h  an e q u a l  volume o f  SAS 

a n d  l e f t  i n  an i c e  b a t h  f o r  1 h o u r .  The p r e c i p i t a t e  w h i c h  

f o r m e d  was p e l l e t e d  by  c e n t r i f u g a t i o n  a t  6 , 0 0 0  rpm f o r  5 

m i n u t e s  and was r e d i s s o l v e d  i n  2 8 . 5  ml o f  TS., F o l l o w i n g  

t h e  r e m o v a l  of  1 ml f o r  t i t r a t i o n ,  t h e  r e m a i n i n g  2 7 , 5  ml  

we r e  l a y e r e d  on t o p  o f  a d i s c o n t i n u o u s  g r a d i e n t  o f  2 0 - 6 0 /  

s u c r o s e  (5 .ml o f  2 0 /  and  3 ml o f  60 / )  i n  an SVI 27 t u b e .  The 

t u b e  was c e n t r i f u g e d  a t  2 k , 000 rum f o r  2 , 5  h o u r s .  At t h e  

e nd  of  t h i s  t i m e ,  an opaque  band  was f o u n d  a t  t h e  i n t e r f a c e  

b e t w e e n  t h e  20 and  6 0 /  s u c r o s e  s o l u t i o n s .  T h i s  ban d  was 

c o l l e c t e d  and d i a l y s e d .  a t  k^O a g a i n s t  PBS f o r  k5  m i n u t e s .

The r e s u l t a n t  volume was 3*8 ml and t h i s  a l s o  was s t o r e d .
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a t  “7 0^0  f o r  t i t r a t i o n .  As f a r  a s  p o s s i b l e ,  a l l  s t e p s  

wer e  c a r r i e d  o u t  a t  k°C*

S i n c e  t h e  a bo ve  p r o c e d u r e s  r e q u i r e d  a p p r o x i m a t e l y  6 

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

was i n v e s t i g a t e d ,  A p o o l  o f  v i r u s  was p r e p a r e d  and d i v i d e d  

i n t o  f i v e  a l i q u o t s .  One was u s e d  i m m e d i a t e l y  f o r  

i n f e c t i v i t y  t i t r a t i o n  and t h e  r e m a i n d e r  s t o r e d  a t  k^C,

A f t e r  7 t  I k ,  21 and 28 h o u r s  a t  t h a t  t e m p e r a t u r e ,  one 

a l i q u o t  was r emo v ed  and i t s  i n f e c t i v i t y  d e t e r m i n e d .

S i n c e . a  common s t o c k  of  v i r u s  was r e q u i r e d  f o r  

s u b s e q u e n t  e x p e r i m e n t s  and t h e  l a t t e r  c o u l d  n o t  be c a r r i e d  

o u t  on t h e  same d a y ,  s t o r a g e  o f  r a d i o a c t i v e  v i r u s  a t  - 7 0 ^ 0  

was c o n s i d e r e d  e s s e n t i a l .  The e f f e c t  on t h e  v i r a l  

i n f e c t i v i t y  o f  one c y c l e  of  f r e e z i n g  and  t h a w i n g  was 

t h e r e f o r e  d e t e r m i n e d ,  A s a mpl e  of  v i r u s  was d i v i d e d  i n t o  

two a l i q u o t s .  One was t i t r a t e d  i m m e d i a t e l y  and  t h e  o t h e r  

a f t e r  o v e r n i g h t  s t o r a g e  a t  - 7 0 ^ 0 ,

R e s u l t s , The r e s u l t s  of  t h e  above  i n v e s t i g a t i o n s  a r e  shown 

i n  t h e  t a b l e s  b e l o w ,  f ro m w h i c h  i t  w i l l  be s e e n  t h a t  t h e  

o n l y  p r o c e d u r e  r e s u l t i n g  i n  l o s s  of  i n f e c t i v i t y  was t h e  

c e n t r i f u g a t i o n  t h r o u g h  s u c r o s e .
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a )  C o n c e n t r a t i o n  E x p e r i m e n t ,

g . Vol-urae Conoen"  T o t a l  i n f e c t i v i t y
b t a g e  mis  t r a t i o n  TGID^q p e r  tnl i n  l o g ^ ^

I n i t i a l  2 ? 0  t i . l  6.5i j
SAS ppt  2 8 . 5  x9 . 5  5 . 1  6 . 5 5

3 . 8  x b S . k  U.7  5 . 2 8

R e c o v e r y  o f  i n f e c t i v i t y  f ro m p ad  -  5 , 5 /

b)  T e m p e r a t u r e  S e n s i t i v i t y

Sample  T i t r e  i n  log^QTCID^^^ p e r  ml

I n i t i a l  s a mp l e  k»7
7 h o u r  k , 7

I k  h o u r  k»9
21 h o u r  k*7
20  h o u r  k * 9

o) F r e e z i n g  and t h a w i n g .

Sample  T i t r e  i n  l o g ^ ^ T C I D ^ ^  p e r  ml

I n i t i a l  s a mp le  k* 9

k . 7A f t e r  1 c y c l e  o f  
f r e e z i n g  and.  t h a w i n g

C o n c l u s i o n s  and  D i s c u s s i o n .  The u se  of  SAS p e r m i t t e d  a 

c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  1 0 - f o l d  w i t h o u t  l o s s  of  

i n f e c t i v i t y .  By c o m b i n i n g  t h i s  w i t h  c e n t r i f u g a t i o n  o n t o  

a d e n s e  s u c r o s e , p a d ,  a 6 8 - f o l d  c o n c e n t r a t i o n  was o b t a i n e d ,  

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

Ho wev er ,  d e s p i t e  t h e  l a t t e r  d r a w b a c k ,  c e n t r i f u g a t i o n  was 

c o n s i d e r e d  u s e f u l ,  s i n c e  o n l y  f a s t  s e d i m e n t i n g  s t r u c t u r e s
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s u c h  a s  m e d i u m - s i  zed o r  l a r g e  v i r u s  p a r t i c l e s  w ou ld  be 

e x p e c t e d  t o  r e a c h  t h e  b o t t o m  o f  t h e  2 0 /  s u c r o s e  s o l u t i o n  

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

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

r i b o s o m e s  f r o m  t h e  c o n c e n t r a t e d  v i r u s  s u s o e n s i o n  would  

f a c i l i t a t e  t h e  d e t e c t i o n  o f  a p e a k  o f  r a d i o a c t i v i t y  due t o  

b a nd ed  v i r u s .  A l s o ,  i t  was honed  t h a t  t h e  number  o f  v i r a l  

p a r t i c l e s  m i g h t  n o t  have  b ee n  r e d u c e d  t o  t h e  same e x t e n t  as  

t h e  i n f e c t i v i t y .

S t o r a g e  o f  v i r u s  s a m p l e s  a t  k^G f o r  28 h o u r s  a p p e a r s  

t o  have  had  no e f f e c t  on t h e  t i t r e  of  t h e  v i r u s  and  

s i m i l a r l y  one c y c l e  o f  f r e e z i n g  and  t h a w i n g  h ad  no 

d e l e t e r i o u s  e f f e c t .

The m e t h o d  d e s c r i b e d  i n  t h i s  e x p e r i m e n t  was t h e r e f o r e  

u s e d  t o  p r e p a r e  a l i q u o t s  of. c o n c e n t r a t e d  l a b e l l e d  and 

u n l a b e l l e d  v i r u s  f o r  s u b s e q u e n t  s t u d i e s .
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EXPERT KENT k,° 3

To D e t e r m i n e  t h e  B u o y a n t  D e n s i t y  of  GDV i n  T h r e e  Types  o f

D e n s i t y  G r a d i e n t s .

The p r i m a r y  a i m  o f  t h e  p r e s e n t  e x p e r i m e n t  was t o  

e s t a b l i s h  t h e  b u o y a n t  d e n s i t y  o f  t h e  v i r u s  i n  d e n s i t y  

g r a d i e n t s  of  p o t a s s i u m  t a r t r a t e ,  s u c r o s e  a n d  G s C l ,  By 

c o m p a r i n g  t h e  d i s t r i b u t i o n  o f  i n f e c t i v i t y  and  r a d i o a c t i v i t y  

i n  e a c h  t y p e  o f  g r a d i e n t ,  i t  was boned t h a t  t h e  mos t  

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

be f o u n d .

As i t  was i m p o s s i b l e  t o  c e n t r i f u g e  v i r u s  t h r o u g h  a l l  

t h r e e  t y p e s  o f  g r a d i e n t s  a t  t h e  same t i m e ,  a p o o l  o f  v i r u s  

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

P r o c e d u r e , A p o o l  of  kOO ml of  t i s s u e  c u l t u r e  f l u i d
g 3

c o n t a i n i n g  a p p r o x i m a t e l y  10 TGID^q p e r  ml o f  H » u r i d i n e -  

l a b e l l e d  v i r u s  was n r e p a r e d  and c l a r i f i e d .  The v i r u s  was 

p r e c i p i t a t e d  w i t h  SAS and  t h e n  c e n t r i f u g e d  o n t o  6 0 /  s u c r o s e  

a s  d e s c r i b e d  i n  t h e  p r e v i o u s  e x p e r i m e n t .  The opaque  b a n d  on 

t o p  o f  t h e  6 0 /  s u c r o s e  was c o l l e c t e d ,  300 yig o f  RNase was 

a d d e d  and d i a l y s i s  was t h e n  c a r r i e d  o u t .  The volume a t  t h e  

end of  t h e  p e r i o d  o f  d i a l y s i s  was 6 ml .  T h i s  was d i v i d e d  

i n t o  k a l i q u o t s  w h i c h  wer e  s t o r e d  a t  « 7 0 ^ 0 ,

A p o o l  o f  n o n - r a d i o a c t i v e  v i r u s  was p r e p a r e d  and  

c o n c e n t r a t e d  by  t h e  same met hod  as  f o r  t h e  r a d i o a c t i v e  v i r u s
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Tab le  k« D i s t r i b u t i o n  of  R a d i o a c t i v i t y  i n  D e n s i t y  G r a d i e n t s

G r a d i e n t

Buoyant  D e n s i t y  

a

P e r c e n t a g e  of 
r a d i o a c t i v i t y  r e c o v e r e d .

Range At Peak

K, ‘T a r t r a t e  1 . 2 1 0 - 1 . 1 8 5  1 , 1 9 7

S u c r o s e  I , 2 l 8 - l , l 8 0  1 , 2 0 6

GsCl 1 . 2 6 2 - 1 , 2 2 9  . 1 . 2 ^ 0

a -  D e n s i t y  o f  f r a c t i o n s  c o n t a i n i n g  1 0 /  o r  g r e a t e r  o f  t h e  

r e c o v e r e d  r a d i o a c t i v i t y .

At Peak
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F i g u r e  3 6 ,  R a d i o a c t i v e  p r o f i l e  s howi ng  t h e  b u o y a n t  d e n s i t y  

o f  GDV i n  a p o t a s s i u m  t a r t r a t e  g r a d i e n t .
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S i g h t  ml g r a d i e n t s  o f  I d  t o  1 , 3  g / c o  o f  p o t a s s i u m  

t a r t r a t e ,  kî0~60/  s u c r o s e ,  and  I d  t o  1*3 g / c c  o f  CsCl  w i t h  

a 1 . 3  î^l b u f f e r  l a y e r  o f  t h e  a p p r o p r i a t e  s o l u t i o n ,  wer e  

p r e p a r e d  i n  SW [|0 t u b e s .  /in a l i q u o t  o f  r a d i o a c t i v e  v i r u s  

was c e n t r i f u g e d  t h r o u g h  one o f  e a c h  t y n e  o f  g r a d i e n t  t o  

d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  e a c h .  

S i m i l a r l y ,  a l i q u o t s  o f  u n l a b e l l e d  v i r u s  wer e  c e n t r i f u g e d  

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

■ p o s i t i o n  o f  v i s i b l e  and i n f e c t i o u s  v i r u s  i n  t h e  g r a d i e n t s  

by e l e c t r o n  m i c r o s c o p y  and  i n f e c t i v i t y  a s s a y  r e s p e c t i v e l y .  

The t u b e s  w e r e  c e n t r i f u g e d  a t  3 7 , 0 0 0  rpm f o r  16 h o u r s .  

T e n - d r o p  f r a c t i o n s  were  t h e n  c o l l e c t e d  f r o m  e a c h ,  t h e  

r e f r a c t i v e  i n d i c e s  of  a l t e r n a t e  f r a c t i o n s  wer e  m e a s u r e d ,  

and  r a d i o a s s a y ,  i n f e c t i v i t y  t i t r a t i o n s  and  e l e c t r o n  

m i c r o s c o p i c  e x a m i n a t i o n  wer e  c a r r i e d  o u t  a s  p r e v i o u s l y  

d e s c r i b e d  c

R e s u l t s  » The r e s u l t s  o f  t h e  r a d i o a s s a y  and i n f e c t i v i t y  

a s s a y s  a r e  shown i n  T a b l e s  J4. and  5 .  From t h e s e  i t  c a n  be 

s e e n  t h a t ,  w h e r e a s  t h e  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  and 

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

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

g r a d i e n t s ,  t h e y  d i f f e r e d  m a r k e d l y  f rom  t h e  p a t t e r n s  s e e n  

i n  t h e  g r a d i e n t s  of  c a e s i u m  c h l o r i d e ,

a ) P o t a s s i u m  t a r t r a t e .  As c a n  be s e e n  f ro m F i g u r e  3 6 ,  t h e  

r a d i o a c t i v e  p r o f i l e  i n  g r a d i e n t s  o f  p o t a s s i u m  t a r t r a t e  was
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F i g u r e  37* R a d i o a c t i v e  p r o f i l e  showi ng  t h e  b u o y a n t  d e n s i t y  

of  CDV i n  a s u c r o s e  g r a d i e n t .
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Figure  3 8 > N e g a t i v e l y - s t a i n e d  CDV p a r t i c l e ,  from a 

su crose  d e n s i t y  g r a d i e n t ,  X80,000
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F m c t E o n  N u m b e r

F i g u r e  3 9 . .  R a d i o a c t i v e  p r o f i l e  o b t a i n e d  by c e n t r i f u g a t i o n

o f  GDV i n  a CsCl  g r a d i e n t .



1 9  6

c h a r a c t e r i s e d  by a s h a r p  p e a k  a t  a d e n s i t y  of  a r o u n d  1 . 1 9 5

g / c c ,  t h e  amount  o f  r a d i o a c t i v i t y  p r e s e n t  a t  t h i s  p o i n t

b e i n g  some 1 2 " f o l d  g r e a t e r  t h a n  a t  t h e  b a s e  o f  t h e  p e a k .

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

T a b l e  5 .  The d i s t r i b u t i o n  of  i n f e c t i v i t y  c l o s e l y  m a t ch e d

t h a t  o f  r a d i o a c t i v i t y .  I n  r e a d i n g  t h e s e  t i t r a t i o n s ,  a

p r o z o n e  phenomenon was o b s e r v e d ,  OPk- b e i n g  a b s e n t  o r
—1 «.Pd e l a y e d  i n  t u b e s  i n o c u l a t e d  w i t h  t h e  l o w e r  (10 t o  1 0 ” ") 

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

c o n t a i n i n g  t h e  g r e a t e s t  a mount s  of  r a d i o a c t i v i t y .  W i t h  

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

f r a c t i o n s  h a v i n g  a d e n s i t y  r a n g e  of  1 , 1 7 6  t o  1 . 2 3 7  g / c c ,  

t h e  g r e a t e s t  number  b e i n g  f o u n d  i n  t h e  r a n g e  1 . 1 9 0  t o  1 , 2 1 ^  

g / c c  .

b)  S u c r o s e .  The r a d i o a c t i v e  p r o f i l e  i n  s u c r o s e  d e n s i t y  

g r a d i e n t s  ( F i g u r e  37)  was v e r y  s i m i l a r  t o  t h a t  i n  p o t a s s i u m  

t a r t r a t e ,  t h o u g h ,  a s  T a b l e  l[ r e v e a l s ,  t h e  p e a k  t e n d e d  t o  

have  a b r o a d e r  b a s e .  The i n f e c t i v i t y  t i t r e s  a r e  r e c o r d e d  

i n  T a b l e  5 ,  w h i c h  shows t h a t  a l t h o u g h  t h e  p e a k  o c c u r r e d  a t  

t h e  same d e n s i t y  a s  i n  p o t a s s i u m  t a r t r a t e ,  t h e  amount  o f  

i n f e c t i o u s  v i r u s  r e c o v e r e d  was 0 . 5  t o  1 , 5  l o g ^ g  l o w e r .  

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

v i r u s  p a r t i c l e s  i n  f r a c t i o n s  h a v i n g  a d e n s i t y  ranr te  o f  

1 , 1 5 8  t o  1 . 2 1 6  g / c c ,  t h e  g r e a t e s t  number  b e i n g  f o u n d  i n

t h e  two f r a c t i o n s  o f  d e n s i t y  1 , 1 9 0  and 1 , 1 9 7  g / o c .  A 

v i r u s  p a r t i c l e  f ro m t h i s  g r a d i e n t  i s  Shown i n  F i g u r e  3 8 ,

c )  Oaes i  urn C h l o r i d e . As shown i n  F i g u r e  39 j  t h e  r a d i o a c t i v e
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p r o f i l e  i n  t h e  c a e s i u m  c h l o r i d e  g r a d i e n t  was c h a r a c t e r i s e d  

by  a p l a t e a u  c o v e r i n g  t h e  d e n s i t y  r a n g e  1*238  t o  1*262 

g / c c *  The i n f e c t i v i t y  t i t r e s  o f  t h e  n o n - r a d i o a c t i v e  v i r u s  

f ro m t h e  g r a d i e n t  a r e  shown i n  T a b l e  5 .  C o m p a r i s o n  of  

t h e s e  w i t h  F i g u r e  39 w i l l  show t h a t  t h e  c o r r e l a t i o n  b e t w e e n  

t h e  r a d i o a c t i v i t y  and t h e  i n f e c t i v i t y  a t  d e n s i t i e s  of 

g r e a t e r  t h a n  1 , 2 ^ 5  g / o c  was p o o r .  W i t h  t h e  e l e c t r o n  

m i c r o s c o p e ,  t y p i c a l  v i r u s  p a r t i c l e s  were  d e m o n s t r a t e d  i n  

f r a c t i o n s  h a v i n g  a d e n s i t y  r a n g e  of  1 . 1 9 3  t o  1 , 2 7 5  ? / c c ,  

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

1 , 2 1 9  and 1 . 2 3 l |  g / c c  r e s r e c t i v e l y .

C o n c l u s i o n s  and Di s c u s s i o n .  The r a d i o a c t i v e  p r o f i l e s  

o b t a i n e d  f rom t h e  p o t a s s i u m  t a r t r a t e  and s u c r o s e  g r a d i e n t s  

wer e  v e r y  s i m i l a r ,  b o t h  h a v i n g  nealcs o f  r a d i o a c t i v i t y  a t  

a r o u n d  1 . 2  g / c c .  T h i s  was a l s o  wher e  mo s t  o f  t h e  i n f e c t i o u s  

v i r u s  was f o u n d  and where  t h e  g r e a t e s t  n um be r  o f  v i r a l  

p a r t i c l e s  wer e  s e e n  w i t h  t h e  e l e c t r o n  m i c r o s c o p e .  T h i s  

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

RNase t r e a t e d  t o  e l i m i n a t e  as  much c e l l u l a r  RNA as  p o s s i b l e ,  

s u g g e s t s  t h a t  t h e  p e a k s  o f  r a d i o a c t i v i t y  w e r e  due t o  b a n d e d  

l a b e l l e d  v i r u s .  The n e a k  i n  t h e  p o t a s s i u m  t a r t r a t e  g r a d i e n t  

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

b r o a d l y  b a s e d ,  i n d i c a t i n g  t h a t  t h e  v i r u s  ha d  b e e n  c o n c e n ­

t r a t e d  i n t o  a n a r r o w e r  b a n d .  The amount  o f  i n f e c t i o u s  v i r u s  

i n  t h e  f r a c t i o n  of  d e n s i t y  1 . 2  g / c c  was a l s o  g r e a t e r  i n  

p o t a s s i u m  t a r t r a t e  t h a n  i n  s u c r o s e .  The n r o z o n e  Phenomenon 

o b s e r v e d  i n  t h e  t i t r a t i o n s  of  t h e  f r a c t i o n s  f r o m t h e
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p o t a s s i u m  t a r t r a t e  g r a d i e n t  w i l l  be d i s c u s s e d  a t  t h e  end  

o f  t h i s  s e c t i o n .

The r a d i o a c t i v e  p r o f i l e  o b t a i n e d  f ro m t h e  CsCl  

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

two g r a d i e n t s ,  t h e  h i g h e s t  0PM b e i n g  i n  t h e  d e n s i t y  r e g i o n  

1,21l t o  1 , 2 6  g / c c .  A l s o ,  a s  n o t e d  e a r l i e r ,  t h e  r e g i o n  o f  

g r e a t e s t  r a d i o a c t i v i t y  d i d  n o t  c o r r e s p o n d  e i t h e r  t o  t h e  

r e g i o n  wh er e  mos t  o f  t h e  i n f e c t i v i t y  was f o u n d  o r  t o  t h a t  

w her e  mo s t  v i r u s  was s e e n  w i t h  t h e  e l e c t r o n  m i c r o s c o p e .

S i n c e  t h e  s a m p l e s  wer e  p a r t i a l l y  p u r i f i e d  and  t r e a t e d  w i t h  

RNase ,  and  t h e r e  was a c l o s e  c o r r e l a t i o n  b e t w e e n  r a d i o »  

a c t i v i t y  and i n f e c t i v i t y  i n  t h e  s u c r o s e  an d  p o t a s s i u m  

t a r t r a t e  g r a d i e n t s ,  t h e  r a d i o a c t i v i t y  i n  t h e  GsOl g r a d i e n t  

mu s t  t h e r e f o r e  h ave  b e en  due t o  v i r a l  m a t e r i a l .  The 

d i f f e r e n c e  i n  t h e  d e n s i t y  o f  t h e  r a d i o a c t ' v j t y  and 

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

One p o s s i b i l i t y  i s  t h a t  t h e  v i r u s  was n a r t ' a l l y  b r o k e n  un 

and t h e  r a d i o a c t i v e  n e a k  was due t o  b a n d e d  n u c l e o c a p s i d  

w i t h  p i e c e s  o f  e n v e l o p e  a t t a c h e d .  On i n v e s t i g a t i o n ,  -i t  

was f o u n d  t h a t  t h e  pH of  t h e  CsGl s o l u t i o n s  v/as o n l y  5,1}., 

w h e r e a s  t h a t  o f  t h e  s u c r o s e  and p o t a s s i u m  t a r t r a t e  s o l u t i o n s  

was 7 . ^ .  Th oug h  i t  was o b v i o u s  f r o m t h e  i n f e c t i v i t y  

r e s u l t s  t h a t  i n f e c t i o u s  v i r u s  was s t i l l  p r e s e n t  i n  t h e  

g r a d i e n t s  a f t e r  l 6  h o u r s  a t  pH i t  was t h o u g h t  t h a t  some

b r e a k  up o f  t h e  v i r u s  m i g h t  have  o c c u r r e d  and h e n c e  p r o d u c e d  

t h e  d i s c r e p a n c y  b e t w e e n  t he  r a d i o a c t i v e  and  i n f e c t i v i t y  

r e s u l t s .
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EX P E R IM E N T  [j.Li

To D e t e r m i n e  t h e  E f f e o t  o f  pH on t h e  R a d i o a c t i v e  P r o f i l e  o f  

GDV i n  CsGl  G r a d i e n t s  and  C o n f i r m  t h e  R e s u l t s  o f  t h e  S u c r o s e  

and P o t a s s i u m  T a r t r a t e  C e n t r i f u g a t i o n  i n  t h e  L a s t  E x p e r i m e n t .

The p r e s e n t  e x p e r i m e n t  was d e s i g n e d  t o  d e t e r m i n e  

w h e t h e r  o r  n o t  t h e  r a d i o a c t i v e  p r o f i l e  o b t a i n e d  i n  GsGl 

was due t o  b r e a k  up of  t h e  v i r u s  by  t h e  low pH, I t  a l s o  

h a d  t h e  a i ms  o f  c o n f i r m i n g  t h e  r a d i o a c t i v e  p r o f i l e s  

o b t a i n e d  f r o m  t h e  s u c r o s e  and  p o t a s s i u m  t a r t r a t e  g r a d i e n t s .  

P r o c e d u r e , CsGl  s o l u t i o n s  o f  d e n s i t y  1 . 1  and  1 , 3  g / o c  were  

p r e p a r e d  i n  TS,  TE b u f f e r ,  and a m i x t u r e  o f  TS and  TE, t o  

g i v e  s o l u t i o n s  o f  pH 5 . ^ ,  7 ck and 8 , 1 .  T h e s e  s o l u t i o n s  

we r e  t h e n  u s e d  t o  make t h r e e  g r a d i e n t s  of  d e n s i t y  1 , 1  t o  

1 , 3  g / o c ,  w i t h  pH 5 J l ,  7 .U and 8 , 1 ,

F i v e  a m p o u l e s  o f  r a d i o a c t i v e  v i r u s  wer e  p r e p a r e d  f r o m  

a p o o l  a s  d e s c r i b e d  i n  t h e  p r e v i o u s  e x p e r i m e n t .  T h r e e  of  

t h e s e  we r e  l a y e r e d  on t o p  o f  t h e  GsGl g r a d i e n t s ,  one p e r  

g r a d i e n t .  The f o u r t h  and  f i f t h  were  l a y e r e d  o n t o  g r a d i e n t s  

of  p o t a s s i u m  t a r t r a t e  and  s u c r o s e  r e s p e c t i v e l y ,  t h e s e  

b e i n g  i d e n t i c a l  t o  t h o s e  u s e d  i n  t h e  p r e v i o u s  e x p e r i m e n t .  

C e n t r i f u g a t i o n  and  f r a c t i o n a t i o n  o f  g r a d i e n t s  and  

r a d i o a s s a y  w er e  c a r r i e d  o u t  as  d e s c r i b e d  p r e v i o u s l y .

Re s u i t s . The p r o f i l e s  o b t a i n e d  w i t h  p o t a s s i u m  t a r t r a t e  

and s u c r o s e  were  i d e n t i c a l  t o  t h o s e  o b t a i n e d  i n  t h e
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pH 5*4

1.36 1.34 1.32 1.30 1.28 1.28 124 122 120 118

DENSITY OF FRACTIONS

F i g u r e  1|.0. P r o f i l e s  o b t a i n e d  f ro m t h e  c e n t r i f u g a t i o n  of  
3

H - u r i d i n e  l a b e l l e d  GDV i n  CsGl g r a d i e n t s  o f  d i f f e r e n t  

pH v a l u e s .
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p r e v i o u s  e x p e r i m e n t ,  t h e  p o t a s s i u m  t a r t r a t e  a g a i n  n r o d u c i n g  

t i g h t e r  b a n d i n g  of  t h e  v i r u s .  The p e a k s  o c c u r r e d  a t  much 

t h e  same d e n s i t y  a s  b e f o r e ,  n a m e l y  1 , 1 9 3  g / c c  i n  p o t a s s i u m  

t a r t r a t e  and  1 . 1 9 6  g / c c  i n  s u c r o s e .  The d i s t r i b u t i o n  of  

r a d i o a c t i v i t y  i n  e a c h  g r a d i e n t  i s  shown i n  t h e  f o l l o w i n g  

t a b l e ,

G r a d i e n t  pH ^ ^ " I t ^ n e a k  r a d i o a c t i v i t y
^ a t  n e a k .

K . T .  7*Î4- 1 . 2 0 5 - 1 . 1 8 2  1 . 1 9 3  35
S u c r o s e  7 . 4  1 . 2 0 1 - 1 . 1 8 2  1 . 1 9 b  21
CsCl  5 . 4  1 . 2 0 6 - 1 . 2 2 4  1 . 2 4 2  22
GsGl 7 . 4  1 . 2 8 2 - 1 . 2 0 2  1 . 2 3 9  21
GsGl 6 . 1  1 . 2 5 0 - 1 . 2 3 4  1 , 2 5 0  12

a — D e n s i t y  o f  f r a c t i o n s  c o n t a i n i n g  lO/- o r  g r e a t e r  o f  t h e  

r e c o v e r e d  r a d i o a c t i v i t y .

The r e s u l t s  o b t a i n e d  w i t h  GsGl a r e  shown i n  F i g u r e  40,  

As can  be s e e n ,  t h e  pH v a l u e  had  l i t t l e  i n f l u e n c e  on t h e  

p r o f i l e ,  a l t h o u g h  t h e  t o t a l  amount  r e c o v e r e d  was a b o u t  bO% 

h i g h e r  a t  pH 7 . 4  t h a n  a t  pH 5 .4#

C o n c l u s i o n s  and D i s c u s s i o n .  The r e s u l t s  d e s c r i b e d  above  

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

CsGl d e n s i t y  g r a d i e n t s  was q u i t e  d i s t i n c t  f ro m t h a t  o b s e r v e d  

i n  p o t a s s i u m  t a r t r a t e  and s u c r o s e  g r a d i e n t s .  S i n c e  t h e  

same n r o f i l e  v a s  o b t a i n e d  a t  d i f f e r e n t  pH v a l u e s ,  i t  was 

c l e a r l y  n o t  t h e  r e s u l t  o f  b r e a k - u n  due t o  low pH, as  

s u g g e s t e d  by t h e  r e s u l t s  o f  t h e  l a s t  e x p e r i m e n t ,  Of t h e



t h r e e  g r a d i e n t s  t e s t e d ,  t h e  t i g h t e s t  b a n d i n g  v a s  a g a i n  

o b t a i n e d  w i t h  p o t a s s i u m  t a r t r a t e .
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EXPERI MENT 4 .5

To Compare t h e  D e g r e e  o f  S e p a r a t i o n  of  V i r u s  f r o m Mycoplasma 

o b t a i n e d  by C e n t r i f u g a t i o n  t h r o u g h  ' ^ o t a s s i u m  T a r t r a t e  and

S u c r o s e  G r a d i e n t s ,

The r e s u l t s  o f  t h e  p r e v i o u s  two e x p e r i m e n t s  s h o v e d  

t h a t  s h a r p e r  b a n d i n g  of  v i r u s  was o b t a i n e d ,  i n  p o t a s s i u m  

t a r t r a t e  t h a n  i n  s u c r o s e .  I t  s eemed  p o s s i b l e  t h a t  t h i s  

m i g h t  have  b e e n  due t o  t h e  i n a b i l i t y  o f  p o t a s s i u m  t a r t r a t e  

t o  r e s o l v e  s m a l l  d i f f e r e n c e s  i n  d e n s i t y .  I f  t h i s  was t r u e ,  

s e p a r a t i o n  o f  v i r i o n s  f r o m  n o n - v i r a l  p a r t i c l e s  of  s i m i l a r  

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

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

t h e r e f o r e  be l i m i t e d .  I n  o r d e r  t o  compare  t h e  e f f i c a c y  

o f  p o t a s s i u m  t a r t r a t e  and  s u c r o s e  f o r  t h e  s e p a r a t i o n  o f  CDV 

v i r i o n s  f r o m  p a r t i c l e s  o f  s i m i l a r  s i z e ,  s t r u c t u r e  and 

d e n s i t y ,  t h e  d e c i s i o n  was made t o  compare  t h e  d i s t r i b u t i o n  

o f  t h e  m y c o p l a s m a ,  Acholep lasm.a  l a i d l a w i l  i n  t h e  two t y p e s  

o f  g r a d i e n t s .  . B y  so d o i n g ,  i t  was honed  t h a t  t i g h t e r  

b a n d i n g  woul d  a g a i n  be o b t a i n e d  i n  p o t a s s i u m  t a r t r a t e  b u t  a t  

a d e n s i t y  q u i t e  d i s t i n c t  f r o m  t h a t  of  t h e  v i r u s .  The 

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

b e e n  r e p o r t e d  t o  l i e  i n  t h e  r a n g e  of  1 . 2 0  t o  1 . 2 4  g / o c  

( T o d a r o  e t  a l . , 1 9 7 1 ) .

P r o c e d u r e . Some mycop l asma  b r o t h  c o n t a i n i n g  A c h o l e p l a s m a

l a i d l a w i i  was m i xe d  w i t h  t i s s u e  c u l t u r e  g r o w t h  medium
3c o n t a i n i n g  s u f f i c i e n t  H - u r i d i n e  t o  g i v e  a f i n a l  conce t  

o f  2 0 / a C i / m l ,  and  t h e  s a mp l e  was i n c u b a t e d  a t  37°C f o r
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two d a y s .  H a l f  o f  t h e  s a m p l e  was t h e n  l a y e r e d  on t o n  of  

an 8 ml g r a d i e n t  o f  2 0 «h0 ^  s u c r o s e ,  w i t h  a 1 , 5  ml  b u f f e r  

l a y e r ,  i n  an 8V [|0 t u b e ,  a n d  t h e  o t h e r  h a l f  was l a y e r e d  on 

t o p  o f  an 8 ml g r a d i e n t  o f  1 . 1  t o  1 . 3  g / o c  o f  p o t a s s i u m  

t a r t r a t e ,  w i t h  a 1 . 5  ml b u f f e r  l a y e r ,  a g a i n  i n  an 8W iiO 

t u b e .  The t u b e s  wer e  c e n t r i f u g e d  a t  3 7 , 0 0 0  f o r  16 h o u r s .  

The g r a d i e n t s  wer e  t h e n  f r a c t i o n a t e d  and  r a d i o a s s a y  

c a r r i e d  o u t  as  d e s c r i b e d  f o r  t h e  v i r u s .

R e s u l t s  t The r e s u l t s  a r e  shown i n  F i g u r e  1̂ 1 f r o m  w h i c h  i t  

w i l l  be s e e n  t h a t  t i g h t e r  b a n d i n g  was a g a i n  o b t a i n e d  i n  

p o t a s s i u m  t a r t r a t e .  I n  b o t h  g r a d i e n t s ,  t h e  m y c op l as me s  

b a n d e d  a t  a d e n s i t y  of  a r o u n d  1 . 2 k  g / c c  — c o n s i d e r a b l y  

g r e a t e r  t h a n  t h a t  o f  t h e  v i r u s  — b u t  w h e r e a s  t h e  t i g h t  

b a n d i n g  i n  p o t a s s i u m  t a r t r a t e  mean t  t h a t  f e w ,  i f  a n y ,  

o r g a n i s m s  wer e  p r e s e n t  a t  a d e n s i t y  o f  l e s s  t h a n  1 . 2 2  g / c c ,  

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

s t i l l  n u me r ou s  a t  a d e n s i t y  o f  1 , 1 9  t o  1 . 2 0  g / o c .

C o n c l u s i o n s  and D i s c u s s i o n .  P o t a s s i u m  t a r t r a t e  p e r m i t t e d  

s h a r p e r  b a n d i n g  o f  b o t h  v i r u s  and my co pl asma  t h a n  d i d  

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

d i f f e r e n c e  o f  0 ,01; g / o c  i n  t h e  d e n s i t y  o f  t h e  two p e a k s .

The s h a r p e r  b a n d i n g  i n  p o t a s s i u m  t a r t r a t e  t h u s  p r o v i d e d  

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

I n  s u c r o s e ,  on t h e  o t h e r  h a n d ,  t h e  s p r e a d  o f  e a c h  band was 

s u c h  a s  t o  p r o d u c e  o v e r l a p  and h en c e  n r e c l u d e  a n y  p o s s i b i l i t y
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F i g u r e  I |2.  Compar i son  of  t h e  p r o f i l e s  o b t a i n e d  f rom t h e  

c e n t r i f u g a t i o n  of  mycoplasma and GDV I n  p o t a s s i u m  t a r t r a t e

g r a d i e n t s ,
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F i g u r e  l\.3. Compar i son  o f  t h e  p r o f i l e s  o b t a i n e d  f rom t h e  

c e n t r i f u g a t i o n  of  mycoplasma and GDV i n  s u c r o s e  g r a d i e n t s .
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o f  a c h i e v i n g  c o m p l e t e  s e p a r a t i o n  w i t h o u t  s a c r i f i c i n g  some 

o f  t h e  v i r u s .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e s  I}.2 & 1|.3, 

drawn f r o m  t h e  r e s u l t s  o f  E x p e r i m e n t  i[.,3 an d  On

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

p r o v i d e s  b e t t e r  r e s o l u t i o n  of  d i f f e r e n t  p o p u l a t i o n s  and 

h e n c e  i s  more i d e a l  f o r  t h e  p u r i f i c a t i o n  of  t h e  V ) r u s ,



D I S C U S S I O N

From t h e  r e s u l t s  o f  t h e s e  f o u r  e x p e r i m e n t s ,  a s y s t e m  

■was e v o l v e d  f o r  t h e  p r e p a r a t i o n  of  v i r u s  f o r  b i o c h e m i c a l  

s t u d i e s .

U n c o n c e n t r a t e d  t i s s u e  c u l t u r e  f l u i d  c o n t a i n e d  

i n s u f f i c i e n t  l a b e l l e d  v i r u s  t o  a l l o w  i t s  d e t e c t i o n  i n  

d e n s i t y  g r a d i e n t s  s o  a s y s t e m  of  c o n c e n t r a t i o n  and  p a r t i a l  

p u r i f i c a t i o n  was i n t r o d u c e d .  T h i s  i n v o l v e d  t h e  p r o d u c t i o n  

o f  a l a r g e  p o o l  o f  v i r u s ,  p r e c i p i t a t i o n  o f  t h e  v i r u s  w i t h  

SAS, and  i t s  s e d i m e n t a t i o n  t h r o u g h  20/i' s u c r o s e  o n t o  a pad of  

60% s u c r o s e ,  a 6 ^ - f o l d  c o n c e n t r a t i o n  b e i n g  a c h i e v e d .  

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

c e n t r i f u g a t i o n  t h r o u g h  20^  s u c r o s e  r e s u l t e d  i n  a s u b s t a n t i a l  

l o s s  o f  i n f e c t i v i t y .  I t  was n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  

when v i r u s  c o n c e n t r a t e d  i n  t h i s  mann er  was c e n t r i f u g e d  

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

o f  f r a c t i o n s  f r o m  t h e s e  g r a d i e n t s  wer e  r e l a t i v e l y  l o w .

T h i s  l o s s  o f  i n f e c t i v i t y  i n  s u c r o s e  may h a v e  b e e n  due t o  

t h e  h i g h  o s m o t i c  p r e s s u r e  e x e r t e d  by t h e  s o l u t i o n ;  s i n c e  

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

c e l l s  c a n  be d i s r u p t e d  by o s m o t i c  s h o c k ,  i t  was  l i k e l y  t h a t  

e n v e l o p e d v i r u s e s  c a n  be s i m i l a r l y  a f f e c t e d .  T h e r e  was 

no e v i d e n c e ,  h o w e v e r ,  t h a t  t h e  l o s s  of  i n f e c t i v i t y  was 

m a t c h e d  by a l o s s  o f  p a r t i c l e s ;  a l t h o u g h  p a r t i c l e  m o r p h o l o g y
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was p o o r  ( a g a i n  n e r h a n s  due t o  s u c r o s e ) ,  t h e  v e r y  f a c t  

t h a t  v i r i o n s  were  f o u n d  w i t h  t h e  e l e c t r o n  c r o s c  one 

i n d i c a t ' ^ d  t h a t  a s u b s t a n t i a l  nuril )er wer e  p r e s e n t ®  W a t e r s  on 

(196lf,) s t a t e d  t h a t  a c o n c e n t r a t i o n  of  10  ̂ p a r t i c l e s  r e r  ml 

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

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

i n f e c t i v i t y  r a t i o  was h i g h .  T h i s  was t h e  p r o  zone 

phenomenon w h i c h  o c c u r r e d  when f r a c t i o n s  f r o m  t h e  p o t a s s i u m  

t a r t r a t e  g r a d i e n t  wer e  t i t r a t e d  f o r  i n f e c t i v i t y .  The f a c t  

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

d e n s i t y  a s  t h o s e  f o r m i n g  t h e  r a d i o a c t i v e  p e a k  s u g g e s t s  t h a t  

b l o c k a d e  of  c e l l  r e c e p t o r s  by n o n - i n f e c t i o u s  v i r u s  may have  

b e e n  l a r g e l y  r e s p o n s i b l e  f o r  t he  p he no meno n .

When s a m p l e s  o f  l a b e l l e d  v i r u s  w^re  c e n t r i f u g e d  

t h r o u g h  p o t a s s i u m  t a r t r a t e  g r a d i e n t s ,  p e a k s  o f  r a d i o a c t i v i t y  

wer e  o b t a i n e d  a t  a d e n s i t y  of  a p p r o x i m a t e l y  1 , 2 0  g / c c .  ^''hen 

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

i t .  was f o u n d  t h a t  i n f e c t i o u s  v i r u s  and v i r u s  p a r t i c l e s  were  

l i k e w i s e  p r e s e n t  i n  g r e a t e s t  amount  a t  t h i s  d e n s i t y .  S i n c e  

t h e  v i r u s  had  b e en  t r e a t e d  w i t h  RNase,  i t  was c o n c l u d e d  t h a t  

t h e  r a d i o a c t i v e  p e a k  r e p r e s e n t e d  b a n d e d  l a b e l l e d  v i r u s  and 

t h a t  t h e  b u o y a n t  d e n s i t y  o f  t h e  v i r u s  was t h e r e f o r e  1 , 2 0  

g / o c .  The p e a k  i n  p o t a s s i u m  t a r t r a t e  was h i g h e r  t h a n  t h a t  

i n  s u c r o s e ,  w i t h  a r a d i o a c t i v e  c o n t e n t  o f  I|.2, 0 0 0  CPM 

comp ar ed  t o  3 2 , 0 0 0  0PM, b u t  had  a n a r r o w e r  b a s e . The 

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

t a r t r a t e  we r e  l i k e w i s e  g r e a t e r  t h a n  t h o s e  o b t a i n e d  f rom t h e



s u c r o s e .  T h e s e  r e s u l t s  showed t h a t  t i g h t e r  h a n d i n g  o c c u r r e d  

i n  p o t a s s i u m  t a r t r a t e ,  i . e . ,  t h e  v i r u s  was c o n c e n t r a t e d  i n t o  

a n a r r o w e r  d e n s i t y  r a n g e .  As m e n t i o n e d  r p e v i o u s l y ,  McCrea 

e t  a , a ( 1 9^ 1)  f o u n d  t h a t  p o t a s s i u m  t a r t r a t e  p e r m i t t e d  

t i g h t  b a n d i n g  o f  i n f l u e n z a  and NDV v i r i o n s ,  w h i l e  E l l i o t  and  

Ryan (19 70)  r e p o r t e d  t h a t ,  i n  s u c r o s e ,  GDV o c c u p i e d  a 

f a i r l y  w i d e  d e n s i t y  r a n g e ,  n a m e l y  1 , 1 ^  t o  1 , 2 2  g / o c .

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

p r o d u c e d  d i s t r i b u t i o n s  o f  r a d i o a c t i v i t y  an d  i n f e c t i v i t y  

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

and  s u c r o s e ,  b u t  a l s o  f ro m e a c h  o t h e r .  The r a d i o a c t i v e  

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

1 . 2 l |  t o  1 , 2 6  g / c c ,  w h e r e a s  t h e  r e s u l t s  o f  t h e  i n f e c t i v i t y  

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

v i r u s  p a r t i c l e s  o c c u r r e d  a t  a l o v e r  d e n s i t y  r a n g e ,  w i t h  

m o s t  a r o u n d  1 , 2 3  g / o c .  A l t h o u g h  t h e  pH o f  t h e  c a e s i u m  

c h l o r i d e  g r a d i e n t s  was o n l y  5.1-1, i n f e c t i o u s  v i r u s  was 

r e c o v e r e d  f r o m  t h e m ,  and when n e u t r a l  and s l i g h t l y  a l k a l i n e  

g r a d i e n t s  wer e  u s e d ,  t h e  r a d i o a c t i v e  p r o f i l e  r e m a i n e d  t h e  ■ 

s a me ,  i n d i c a t i n g  t h a t  t h e  a c i d  pH had  n o t  b r o k e n  up some 

o f  t h e  v i r u s  and  h e n c e  had  n o t  b een  r e s p o n s i b l e  f o r  t h e  

d i f f e r e n c e  b e t w e e n  t h e  p r o f i l e s  o f  r a d i o a c t i v i t y  and 

i n f e c t i v i t y .  The r e c o v e r y  of  i n f e c t i o u s  v i r u s  a f t e r  16 

h o u r s  a t  pH 5 ,!q i s  i n  a g r e e m e n t  w i t h  t h e  r e p o r t  b y  G e l i k e r  

and  G i l l e s p i e  (195i | )  t h a t  v i a b i l i t y  f o r  GDV Is. r e t a i n e d  

b e t w e e n  pH v a l u e s  o f  U,l4 and I Q j q ,  The d i f f e r e n c e  b e t w e e n  

t h e  two p r o f i l e s  i s  d i f f i c u l t  t o  i n t e r p r e t .  S i n c e  a l l  o f
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t h e  r a d i o a c t i v i t y  i n  t h e  o t h e r  two t y r e s  o f  g r a d i e n t s  was 

a s s o c i a t e d  w i t h  v i r u s  p a r t i c l e s ,  t h e  r a d i o a c t i v e  m a t e r i a l  

i n  t h e  c a e s i u m  c h l o r i d e  g r a d i e n t s  mus t  a l s o  t h e r e f o r e  have  

b e e n  v i r a l  i n  n a t u r e .  A l t h o u g h  t h e  a c i d  pH d i d  n o t  

a p p a r e n t l y  c a u s e  b r e a k - u p  of  t h e  v i r u s ,  i t  i s  p o s s i b l e  t h a t  

some o t h e r  f a c t o r  ha d  p r o d u c e d  p a r t i a l  b r e a k - u p ,  r e s u l t i n g  

i n  a b a n d  of  d e n s i t y  1 . 2 ^  t o  1 , 2 6  g / o c ,  c o n s i s t i n g  of  

n u c l e o c a p s i d  w i t h  p i e c e s  o f  e n v e l o p e  a t t a c h e d .

From t h e  r e s u l t s  of  t h e  i n f e c t i v i t y  t e s t s  and e l e c t r o n  

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

was 1 . 2 3  g / c c .  T h i s  i s  i n  a c c o r d a n c e  w i t h  t h e  f i n d i n g s  of  

P h i l l i p s  and B u s s e l l  ( 1973)  who r e p o r t e d  t h a t  t h e  n e a k  o f  

i n f e c t i v i t y  i n  caes ium,  c h l o r i d e  g r a d i e n t s  o c c u r r e d  a t  a 

d e n s i t y  of  1 , 2 3 3  g / c c .  However ,  t h e  l a t t e r  w o r k e r s  f o u n d  

t h a t  i n f e c t i o u s  v i r u s  b a n d e d  a t  t h e  same d e n s i t y  i n  

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

p r e s e n t  i n v e s t i g a t i o n ,  v i r u s  was f o u n d  t o  band  a t  a l o w e r  

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

c h l o r i d e .  T h i s  d i f f e r e n c e  i n  d e n s i t y  may have  b e e n  due t o  

t h e  b i n d i n g  of  c a e s i u m  i o n s  t o  t h e  v i r i o n s .  Ho wev er ,  i f  

t h i s  d i d  i n  f a c t  o c c u r ,  i t  m i g h t  have  b e e n  e x p e c t e d  t h a t  

p o t a s s i u m  i o n s  woul d h ave  done l i k e w i s e  b u t ,  as  t h e  b u o y a n t  

d e n s i t y  o f  t h e  v i r u s  was t h e  same i n  p o t a s s i u m  t a r t r a t e  as  

i n  s u c r o s e ,  t h i s  seems  u n l i k e l y .  The d i f f e r e n c e  bet^^een 

t h e  two g r a d i e n t s  m i g h t  have  b een  due t o  t h e  d i f f e r e n c e  i n  

t h e  a n i o n s  p r e s e n t ,  a s  i t  h a s  b ee n  shown by  Rowlands  e t  a l . , 

( 1 9 7 1 ) t h a t  t h e  b u o y a n t  d e n s i t i e s  of* c e r t a i n  n :  c o r n a  vi  ruse , s
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a r e  much l o v e r  i n  c a e s i u m  s u l p h a t e  t h a n  i n  c a e s i u m  c h l o r i d e .  

D e p e n d e n c e  o f  b u o y a n t  d e n s i t y  on g r a d i e n t  c o m p o s i t i o n  h a s  

b e e n  d i s c u s s e d  by  Manning  e t  a l . ,  ( 1970)  who f o u n d  t h a t  

mouse mammary t u m o u r  v i r u s  b a n d e d  a t  t h e  same d e n s i t y  i n  

p o t a s s i u m  t a r t r a t e  as  i n  s u c r o s e ,  b u t  a t  a g r e a t e r  d e n s i t y  

i n  c a e s i u m  c h l o r i d e .  W i t h o u t  mak ing  s i m i l a r  c o m p a r i s o n s ,  

o t h e r  w o r k e r s ,  h o w e v e r ,  have  r e p o r t e d  a b u o y a n t  d e n s i t y  o f  

1 , 2 3  g / c c  f o r  b o t h  m e a s l e s  ( H a l l  and M a r t i n ,  1973)  end SV5 

v i r u s e s  ( K l e n s k  and  C h o p p i n ,  1 9 6 9 ) ,  a f i g u r e  v e r y  s i m i l a r  t o  

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

( P h i l l i p s  and  B u s s e l l ,  1973.),. On t h e  o t h e r  h a n d ,  McNul ty  

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

HDV i n  p o t a s s i u m  t a r t r a t e  was 1 , 2 0  g / c c .

V a r i a t i o n  i n  t h e  r e p o r t e d  b u o y a n t  d e n s i t i e s  o f  v i r u s e s  i n  

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

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

d e n s i t i e s .  E a c h  l a b o r a t o r y  mu s t  t h e r e f o r e  p r o d u c e  i t s  own 

s e t  of  f i g u r e s  and  c a l i b r a t i o n  c u r v e .  S t a n d a r d i s a t i o n  of  

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

From t h e  wor k  o f  P h i l l i p s  and  B u s s e l l  ( 1 9 7 3 ) ,  i t  i s  

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

a s i n g l e  g r a d i e n t  i s  due t o  r e a l  v a r i a t i o n  i n  t h e i r  d e n s i t y ;  

v i r i o n s  f r o m  a p a r t i c u l a r  zone of  t h e  band  we r e  shown t o  

s e d i m e n t  t o  t h e  same p o s i t i o n  on r e c e n t r i f u g a t i o n .  T h i s  

v a r i a t i o n  i n  d e n s i t y  i s  e a s y  t o  u n d e r s t a n d  s i n c e  e l e c t r o n  

m i c r o s c o p y  h a s  shown v a r i a t i o n  i n  p a r t i c l e  s i z e ,  w i t h  

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

e n v e l o p e .  From t h e  r e s u l t s  o f  E x p e r i m e n t s  . 3 snd
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j u d g e m e n t  c o u l d  n o t  be made as  t o  w h i c h  o f  t h e  g r a d i e n t s  

t e s t e d  h ad  t h e  g r e a t e s t  a b i l i t y  t o  r e s o l v e  s m a l l  d i f f e r e n c e s  

i n  d e n s i t y .  However ,  f r o m  t h e  r e s u l t s  o f  E x p e r i m e n t  I].. 5 ,  

i t  a p p e a r e d  t h a t  much b e t t e r  s e p a r a t i o n  o f  v i r a l  and  

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

t h a n  i n  s u c r o s e .
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PART F I V E .

INTRODUCTION AND REVIEW OF THE LITERATURE.

U n t i l  1973# no e s t i m a t i o n s  o f  t h e  n u ’̂ h e r  o r  s i z e  o f  

t h e  p o l y p e p t i d e s  o f  CDV o r  m e a s l e s  v i r u s  ha d  b e e n  r e p o r t e d  

b u t ,  i n  t h a t  y e a r ,  two p a p e r s  wer e  p u b l i s h e d  on t h i s  s u . b i e c t .  

The f i r s t  was by  H a l l  and M a r t i n  who r e p o r t e d  t h e  f i n d * n g  

o f  s i x  p o l y p e p t i d e s  f ro m s o d i u m  d o d e c y l  s u l p h a t e  (8D8) « 

p o l y 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  o f  m e a s l e s  v i r u s ,  t h e  

m o l e c u l a r  w e i g h t s  o f  t h e s e  b e i n g  7 5 , 6 0 0 ;  6 9 , 0 0 0 ;  6 0 , 0 0 0 ;

5 3 , 0 0 0 ;  5 l , 0 0 0  and  I | 5 , 7 0 0 .  The s e c o n d  was b y  M a t e r s  and  

B u s s e l l  who a l s o  o b t a i n e d  s i x  p o l y p e p t i d e s  f r o m  b o t h  

m e a s l e s  and  CDV v i r i o n s  and  r e p o r t e d  t h e  m o l e c u l a r  w e i g h t s  

o f  t h e s e  t o  be 7 8 , 0 0 0 ; 7 1 , 0 0 0 ;  6 1 , 0 0 0 ;  5 3 , 0 0 0 ;  1 | 5 , 000  and

3 7 , 0 0 0 ,  i n  b o t h  c a s e s .  As can  be s e e n ,  t h e r e  i s  some 

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

w i t h  r e g a r d  t o  t h e  two s m a l l e s t  p o l y p e p t i d e s *

A l t h o u g h  f u l l e r  d o c u m e n t a t i o n  e x i s t s  f o r  t h e  

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

t h e r e  v a r i a t i o n s  i n  t h e  r e p o r t e d  s i z e  o f  t h e s e  b u t  a l s o  i n  

t h e  n umb er  p r e s e n t .  F o r  e x a m p l e ,  s i x  p o l y p e p t i d e s  were  

s e p a r a t e d  f r o m  NDV by  S c h e i d  and Choppin,  ( 19 73)  w h e r e a s  

Moore and B u r k e ,  (19714-) f o u n d  t e n .  I t  i s  g e n e r a l l y  

a c c e p t e d ,  h o w e v e r ,  t h a t  p a r a m y x o v i r u s e s  c o n t a i n  a t  l e a s t
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s i x  p o l y p e p t i d e s .  I n  t h e  c a s e  of  NDV, t h r e e  m a j o r  

p o l y p e p t i d e s  a r e  a l w a y s  f o u n d ,  t h o u g h  a g a i n ,  t h e  e s t i m a t i o n s  

o f  t h e  m o l e c u l a r  w e i g h t s  of  t h e s e  v a r y .  F o r  e x a m p l e ,  t h e  

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

f r o m  9 0 ,0 0 0  (Evans  and  K i n g s b u r y ,  1969)  t o  7lj., 000 

( M o u n t c a s t l e  e t  a l . , 1 9 7 0 ) .  Some of  t h e  v a r i a t i o n  may be 

due t o  d i f f e r e n c e s  b e t w e e n  t h e  v i r a l  s t r a i n s  s t u d i e d ,  • 

S h a p i r o  and  B r a t t  ( 1971)  r e p o r t e d  t h a t  among t h e  p o l y p e p ­

t i d e s  o b t a i n e d  f ro m f o u r  s t r a i n s  o f  NDV, t h e  t h r e e  m a j o r  

c l a s s e s  wer e  a l w a y s  p r e s e n t  b u t  v a r i a t i o n  was s e e n  i n  t h e  

p r o p o r t i o n ,  and p o s s i b l y  t h e  n u m be r ,  o f  o t h e r  c l a s s e s .

The d i f f e r e n t  r e s u l t s  o b t a i n e d  i n  t h e  above  

i n v e s t i g a t i o n s  may a l s o  have  b een  due t o  t h e  d i f f e r i n g  

t e c h n i q u e s  e m p l o y e d ,  e . g . ,  t h e  method o f  s o l u b i l i s i n g  t h e  

v i r a l  p r o t e i n ,  t h e  c o m p o s i t i o n  and c o n c e n t r a t i o n  o f  t h e  g e l s ,  

t h e  t i m e  a l l o w e d  f o r  e l e c t r o p h o r e s i s  and t h e  c u r r e n t  p a s s e d .  

I t  i s  p o s s i b l e  t h a t  v a r i a t i o n  may a l s o  be r e l a t e d  t o  t h e  

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

f r o m  t h e  m a r k e r  p o l y p e p t i d e s .  Some w o r k e r s ,  ( e . g .  Haslarn 

e t  a l . , 1 9 6 9 ;  H a l l  and M a r t i n ,  1 9 7 3 ) ,  h ave  c om p a r e d  t h e  

d i s t a n c e s  m i g r a t e d  (DM) by t h e  t e s t  and  m a r k e r  p o l y p e p t i d e s  

w h i l e  o t h e r s  ( e . g .  Ev ans  and K i n g s b u r y ,  1 9 6 9 ;  and  W a t e r s  

and B u s s e l l ,  197 3)  h ave  compared  t h e  r e l a t i v e  m i g r a t i o n  (RM) 

v a l u e s ,  t h e s e  b e i n g  t h e  r a t i o s  o f  t h e  d i s t a n c e s  m i g r a t e d  by  

t h e  p o l y p e p t i d e s  t o  t h e  d i s t a n c e  m i g r a t e d  by  t h e  t r a c k e r  

d y e .  As w i l l  be s e e n  f rom t h e  r e s u l t s  o f  t h e  p r e s e n t  

I n v e s t i g a t i o n ,  t h e  s y s t e m  h a s  an i n h e r e n t  d e g r e e  o f
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i n a c c u r a c y ,  v a r i a t i o n  o c c u r r i n g  i n  t h e  r e s u l t s  o b t a i n e d  i n  

a s i n g l e  e x p e r i m e n t  w i t h  a s i n g l e  v i r u s  p r e p a r a t i o n *

The a im of  t h e  s u b s e q u e n t  e x p e r i m e n t s  was t o  d e t e r m i n e  

t h e  n umber  and  s i z e  o f  t h e  p o l y p e p t i d e s  o b t a i n e d  f r o m 

p u r i f i e d  CDV, t o  compare  t h e s e  w i t h  t h e  p o l y p e p t i d e s  

d e s c r i b e d  b y  W a t e r s  and B u s s e l l  (1973)  f o r  t h e  O r d e r s t e n o o r t  

s t r a i n  of  CDV and t o  i n v e s t i g a t e  some o f  t h e  t e c h n i c a l  

f a c t o r s  g o v e r n i n g  t h e  r e s u l t s  o b t a i n e d .
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MAT ERIA L S AND METHODS.

1 .  Pur i f i c a t i o n  o f  v i r u s . B e f o r e  s t o r a g e  a t  - 7 0 ^ 0 ,  a l l  

v i r u s - i n f e c t e d  t i s s u e  c u l t u r e  f l u i d  u s e d  f o r  t h i s  wor k  was 

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

h a r v e s t i n g  i n  o r d e r  t o  remove f l o a t i n g  s y n c y t i a  and  c e l l  

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

t o  a minimum,  A p o o l  o f  1^200  ml  o f  v i r u s - c o n t a i n i n g  

t i s s u e  c u l t u r e  f l u i d  was p r e p a r e d .  F o l l o w i n g  c l a r i f i c a t i o n  

b y  c e n t r i f u g a t i o n ,  t h e  v i r u s  was p r e c i p i t a t e d  w i t h  SAS, 

c e n t r i f u g e d  t h r o u g h  20% s u c r o s e  o n t o  a p ad  o f  60^  s u c r o s e ,  

and  s u b j e c t e d  t o  two c o n s e c u t i v e  b a n d i n g s  i n  p o t a s s i u m  

t a r t r a t e  d e n s i t y  g r a d i e n t s ,  t h e  t i m e  and s n e e d  b e i n g  as  

r e p o r t e d  i n  P a r t  P o u r .  A f t e r  t h e  s e c o n d  b a n d i n g ,  t h e  v i r u s  

was d i a l y s e d  a g a i n s t  PBS a t  i j / c  f o r  s e v e r a l  h o u r s  and t h e n  

p e l l e t e d  i n  a s i l i c o n i s e d  SW 5 0 , 1  t u b e  by  c e n t r i f u g a t i o n  a t  

3 5 ^0 00  rpm f o r  one h o u r .  I t  was t h e n  r e s u s n e n d e d  i n  3 ml 

PBS and  d i s n e n s e d  i n  0 . 5  ml v o l umes  w h i c h  we r e  s t o r e d  a t  

- 7 0 ^ 0 ,  E s t i m a t i o n  o f  t h e  p r o t e i n  c o n t e n t  o f  t h i s  n r e p a r -  

a t i o n  by  t h e  m e t h o d  d e s c r i b e d  by Lowry e t  a l . ( 1951)  showed 

i t  t o  be 220 ; a g / m l .

2 .  M a r k e r  p o l y p e p t i d e s .  R a t h e r  t h a n  e m p l o y  n o n - v i r a l  

p o l y p e p t i d e s  a s  m .a r k e r s ,  i t  was d e c i d e d  t o  u s e  t h e  

p o l y p e p t i d e s  o f  NDV s i n c e  i t  was e x n e c t e d  t h a t  t h e s e  wou l d  

be s i m i l a r  t o  t h o s e  o f  GDV, The e g g - g r o w n  v i r u s  u r e n a r a t i o n
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was k i n d l y  s u p p l i e d  by Dr* M*S* MoMulty* The p r o t e i n  c o n t e n t  

o f  t h i s  was 300 p i g / ml .  The t h r e e  m a j o r  p o l y p e p t i d e s  wer e  

u s e d  a s  t h e  m a r k e r s .  The m o l e c u l a r  w e i g h t s  o f  t h e s e  we r e  

t a k e n  a s  7 6 , 0 0 0 ;  59j ,0 0 0 ;  and  i j .2,000 by  a v e r a g i n g  t h e  f i g u r e s  

p u b l i s h e d  by  E v a n s  and K i n g s b u r y  ( 1 9 6 9 ) ,  Has larn  e t  a l ,

( 1 9 6 9 ) ,  M o u n t c a s t l e  e t  a l  » ( 1970)  and  S o h e i d  a n d  Choppi n  

( 1 9 7 3 ) ,  a b n o r m a l l y  h i g h  o r  low e s t i m a t i o n s  b e i n g  i g n o r e d *

3 . . S o l u b i l i s a t i o n  o f  p o l y p e p t i d e s .  The s o l u t i o n s  u s e d  w e r e ; -

( a )  R e d u c i n g  s o l u b i l i s e r  -  6 M u r e a ,  1% SDS, 1% B - r a e r c a p t o -  

e t h a n o l ,  1 0 ^  s u c r o s e ,  a few g r a i n s  of  b r o m o p h e n o l  b l u e  ( t o  

c o l o u r ,  and  f o r m  a t r a c k e r  d y e ) ,  i n  PBS,

(b)  N o n - r e d u c i n g  s o l u b i l i s e r  — as  f o r  ( a )  b u t  w i t h o u t  

m e r e a p t 0©t h a n o l •

The v i r u s  was t h o r o u g h l y  mi xed  w i t h  t h e  s o l u b i l i s e r ,  

i n c u b a t e d  a t  70°C f o r  30 m i n u t e s ,  f o l l o w e d  b y  lOO^C f o r  

1 m i n u t e ,  an d  l e f t  t o  c o o l  b e f o r e  b e i n g  l a y e r e d  on t o p  o f  

t h e  g e l s .

c P r e p a r a t i o n  o f  g e l s .  The t u b e s  u s e d  f o r  t h e  g e l s  were  

70  mm l o n g ,  6 , 5  mm w i d e ,  a nd  made o f  g l a s s .  Th e y  were  

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

d e t e r g e n t ,  l e f t  t o  c o o l ,  r i n s e d  s e v e r a l  t i m e s  i n  w a t e r ,  

r i n s e d  i n  a c e t o n e  t o  a i d  d r y i n g ,  and l e f t  t o  d r y ,  P a r a f i l m  

was p l a c e d  o v e r  t h e  b o t t o m  o f  t h e  t u b e s ,  a n d  t h e y  wer e  t h e n  

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

The s o l u t i o n s  u s e d  f o r  t h e  p r e p a r a t i o n  o f  t h e  g e l s  w e r e :
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S o l u t i o n  1 IqO g a c r y l a m i d e ,  1*2 g N , N , T n e t h y l e n e b i s a o r y -  

l a m i d e ,  DW t o  100 ml .

S o l u t i o n  2 -  2li ml  1 N HCl, l 8 * l 5  g T r i s ,  0 , 3  ml TEMSD,

D¥ t o  100 rnl.

S o l u t i o n  3 0 , 3  g ammonium p e r s u l p h a t e ,  6 0 , 0 6  g u r e a ,

DW t o  100 mlo

S o l u t i o n s  1 and 2 were  s t o r e d  i n  d a r k  b o t t l e s  a t  ii^O, 

S o l u t i o n  3 was f r e s h l y  p r e p a r e d .  S o l u t i o n s  1 ,  2 and  3 

wer e  mi xed  i n  t h e  p r o p o r t i o n s  1 : 1 : 2  and t h e  g e l  t u b e s  

f i l l e d  i m m e d i a t e l y  w i t h  t h i s  m i x t u r e  t o  w i t h i n  20 mm of  

t h e  t o p .  W a t e r  was i m m e d i a t e l y  l a y e r e d  on t o p  o f  t h e  g e l  

m i x t u r e .  The g e l s  p o l y m e r i s e d  i n  a p p r o x i m a t e l y  l 5  m i n u t e s  

b u t  f o r  s a f t e y  wer e  l e f t  u n d i s t u r b e d  f o r  a t  l e a s t  30 m i n u t e s  

The p a r a f i l m  was t h e n  r emoved  and t h e  t u b e s  r o l l e d  t o  c h e c k  

t h a t  t h e  t o p  s u r f a c e  of  t h e  g e l  was c o m p l e t e l y  f l a t ,

5* E l e c t r o p h o r e s i s .  The two s o l u t i o n s  r e c u i r e d  f o r  t h e  

a p n a r a t u s  w e r e : -

a )  " Upper  t r a y  b u f f e r "  — 3 , 1 6  g T r i s ,  1 , 9 7  g g l y c i n e ,

0 , 5  g SDS, DW t o  500 m l .  The pH was a d j u s t e d ,  t o  8 , 9 .

b) "Lower  t r a y  b u f f e r "  — 6 , 0 5  g T r i s ,  25 ml 1 N HCl,

0 , 5  g SDS, DW t o  50 0  ml .  The pH was a d j u s t e d  t o  8 , 1 ,

When t h e  p o l y p e p t i d e  • p r e p a r a t i o n  was r e a d y ,  t h e  l o w e r  t r a y  

o f  t h e  e l e c t r o p h o r e s i s  a p p a r a t u s  was f i l l e d  w i t h  " l o w e r  

t r a y  b u f f e r " , and  t h e  p o s i t i v e  e l e c t r o d e  was c o n n e c t e d .  The 

t o p s  of  t h e  g e l s  w er e  r i n s e d  w i t h  w a t e r ,  f o l l o w e d  by 

" u p p e r  t r a y  b u f f e r " .  The g e l s  were  t h e n  s e t  i n  p o s i t i o n ,  

and 2 0 0 - 3 0 0  u l  o f  t h e  p o l y p e p t i d e  p r e p a r a t i o n  was u l a c e d  on
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t o p  of  t h e  cçels i n  t h e  t u b e s  o " h-oner t r a y  b u f f e r "  was 

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

and t h e  u p p e r  r e s e r v o i r  o f  t h e  a p p a r a t u s  f i l l e d  w i t h  t h i s  

b u f f e r *  The n e g a t i v e  e l e c t r o d e  was c o n n e c t e d  u p  and a 

c u r r e n t  o f  2 mA p e r  g e l  was a p p l i e d ,  t h e  v o l t a g e  b e i n g  

c o n s t a n t .  The c u r r e n t  was p a s s e d  t h r o u g h  t h e  s y s t e m  f o r  

a p p r o x i m a t e l y  2 h o u r s ,  u n t i l  t h e  b r o m o p h e n o l  b l u e  t r a c k e r  

dye was n e a r  t h e  b a s e  of  t h e  g e l s .  The l a t t e r  wer e  t h e n  

r emoved  f r o m t h e  t u b e s  by c a r e f u l l y  i n t r o d u c i n g  w a t e r  i n t o  

t h e  b o t t o m  of  t h e  t u b e ,  b e t w e e n  t h e  g l a s s  and  t h e  g e l ,  by 

means o f  a s y r i n g e  and n e e d l e *

6.  S l a b  g e l  e l e c t r o p h o r e s i s .  The a p p a r a t u s  u s e d  was t h e  

same as  t h a t  d e s c r i b e d  by Akroyd ( 1 9 6 7 ) .  I t  c o n s i s t e d  o f  

two r e c t a n g u l a r  s h e e t s  o f  g l a s s ,  a p p r o x i m a t e l y  10 by iS cm, 

and  two s t r i p s  o f  g l a s s  ( s p a c e r s )  t h e  t h i c k n e s s  o f  t h e  g e l  

and  15 cm l o n g .  T he se  two s t r i p s  were  p l a c e d  b e t w e e n  t h e  

two s h e e t s  o f  g l a s s  so  as  t o  fo rm t h e  s i d e  w a l l s  o f  a 

ch amb er  and t h e  g l a s s  s h e e t s  were  h e l d  c l o s e  t o  them by 

two s t r o n g  c l i p s .  The b o t t o m  o f  t h e  c h a m b e r  t h u s  f o rmed  

was t e m p o r a r i l y  s e a l e d  w i t h  p l a s t i c i n e .  The g e l  was 

p r e p a r e d  by f i l l i n g  t h e  c hamber  w i t h  g e l  s o l u t i o n ,  p r e p a r e d  

a s  d e s c r i b e d  a b o v e ,  t o  a b o u t  t w o - t h i r d s  o f  i t s  d e p t h .  The 

DW was i m m e d i a t e l y  a d de d  t o  t h e  t o p  o f  t h e  s o l u t i o n  a n d ,  

when t h e  l a t t e r  h ad  p o l y m e r i s e d ,  t h e  t o p  p a r t  of  t h e  g e l  was 

r i n s e d  w i t h  w a t e r ,  f o l l o w e d  by " u p p e r  t r a y  b u f f e r " .  The 

c h a m b e r ,  above  t h e  g e l ,  was t h e n  d i v i d e d  i n t o  t h e  r e q u i s i t e  

number  o f  c o m p o r t m e n t s  f o r  t h e  s a m p l e s  by  i n s e r t i n g  some
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p i e c e s  o f  p l a s t i c  t u b i n g .  The l o w e r  e n d s  o f  t h e  t u b e s  

t o u c h e d  t h e  g e l  and t h e  t o p s  were  1 cm be l ow t h e  t o p  o f  t h e  

g l a s s  s i d e s .  The p l a s t i c i n e  %-jas t h e n  r emoved  and  t h e  l o w e r  

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

t r a y  b u f f e r " .  The s a m p l e s  were  l a y e r e d  i n t o  t h e  c o m p a r t ­

m en t s  and " u p p e r  t r a y  b u f f e r "  was p l a c e d  on t o p  o f  t h e s e .

A w i c k  o f  f i l t e r  p a p e r  s o a k e d  i n  " u p p e r  t r a y  b u f f e r "  was 

s e t  w i t h  one e n d  i n  t h e  u p p e r  t r a y  b u f f e r "  a b ov e  t h e  s a m p l e s  

and  t h e  o t h e r  i n  a s e p a r a t e  t r a y  c o n t a i n i n g  " u p p e r  t r a y  

b u f f e r " .  E l e c t r o d e s  of  p l a t i n u m  wibe wer e  p l a c e d  i n  t h e  

two t r a y s  and a c u r r e n t  o f  8 mA was p a s s e d  u n t i l  t h e  

s a m p l e s  had  e n t e r e d  t h e  t o p  o f  t h e  g e l .  The c u r r e n t  was 

t h e n  s w i t c h e d  o f f ,  t h e  c o m p a r t m e n t  d i v i d e r s  wer e  r emoved  

and  f r e s h  " u p p e r  t r a y  b u f f e r "  was p l a c e d  abo ve  t h e  g e l ,  WitVi 

v o l t a g e  c o n s t a n t ,  a c u r r e n t  o f  l 5 - 2 0  mA was p a s s e d  u n t i l  

t h e  t r a c k e r  dye r e a c h e d  t h e  b o t t o m  of  t h e  g e l .

The g e l  was t a k e n  o u t  o f  t h e  a p p a r a t u s  by  r e m o v i n g  

t h e  c l i p s  and  t h e  s p a c e r  s t r i p s  o f  g l a s s  and s u b m e r g i n g  t h e  

g e l  and  g l a s s  s h e e t s  i n  w a t e r ,  t h e  g l a s s  t h e n  b e i n g  e a s e d  

o f f  t h e  s u r f a c e  o f  t h e  g e l .

7 .  P r o c e s s i n g  o f  t h e  g e l s .  S o l u t i o n s  r e q u i r e d  w e r e : -  

S t a i n  s o l u t i o n  — 0,2^%  Ooomass ie  b l u e  d i s s o l v e d  i n  5 p a r t s  

m e t h a n o l :  1 p a r t  g l a c i a l  a c e t i c  a c i d :  5 p a r t s  Dh.

D e s t a i n  s o l u t i o n  — 5 p a r t s  m e t h a n o l :  1 p a r t  g l a c i a l  a c e t i c  

a c i d :  5 p a r t s  DW.

F o l l o w i n g  e l e c t r o p h o r e s i s ,  t h e  £^els wer e  s u b m e r g e d  i n  t h e  

s t a i n  s o l u t i o n  f o r  a t  l e a s t  one h o u r ,  'The r o d  g e l s  were
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t h e n  d e s t a i n e d  b y  p u t i n g  t h e m  i n t o  t e a t  t u b e s  f i l l e d  w i t h  

d e s t a i n  s o l u t i o n  a n d  r o t a t i n g  t hem f o r  a p p r o x i m a t e l y  2h 

h o u r s ,  t h e  d e s t a i n  s o l u t i o n  b e i n g  c h a n g e d  a t  l e a s t  ono© 

d u r i n g  t h i s  t i m e .  The g e l s  wer e  t h e n  p u t  i n  w a t e r  over™ 

n i g h t  and f i n a l l y  s c a n n e d  a t  5 6 oA i n  a g e l  s c a n n e r  

a t t a c h e d  t o  a p e n ^ - r e o o r d e r .  The t r a c e  t h u s  p r o d u c e d  was 

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

The s l a b  g e l s  wer e  p l a c e d  i n  a d i s h  w i t h  d e s t a i n  s o l u t i o n  

w h i c h  was c h a n g e d  t w i c e  d u r i n g  t h e  s u c c e e d i n g  2i\. h o u r s .  

A f t e r  h y d r a t i o n ,  t h e  g e l  was p h o t o g r a p h e d  a n d  t h i s  was 

u s e d  f o r  t h e  m e a s u r e m e n t  of  t h e  d i s t a n c e s  m i g r a t e d  by t h e  

p o l y p e p t i d e s ,
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F i g u r e  k h .  T r a c e  f r o m  a g e l  c o n t a i n i n g  t h e  GDV 

p o l y p e p t i d e s .  No t e  t h e  s i x  p e a k s ,  c o r r e s p o n d i n g  t o  t h e  

s i x  p o l y p e p t i d e s .  The o r i g i n  i s  on t h e  l e f t  h an d  s i d e ,  

and  t h e  t r a c k e r  dye mark  i s  on t h e  e n d ,  on t h e  r i g h t .
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EXPERIMENTAL PRlC^DUREg AND RESULTE

EXPERIMENT 5*1 

To D e t e r m i n e  t h e  Number and S i z e  of  t h e  P o l y p e p t i d e s  i n

t h e  C a n i n e  D i s t e m p e r  V i r i o n .

P r o c e d u r e  * Two s a m p l e s  of  100 y i l  o f  NDV, two s a m p l e s  o f  

100  p i l  o f  GDV and  two s a m p l e s  of  l 5 0  pi l  o f  GDV were  t r e a t e d  

w i t h  t h e  r e d u c i n g  s o l u b i l i s e r .  The s i x  s a m p l e s  were  

l a y e r e d  on t o p  of  t h e  g e l s ,  and t h e  c u r r e n t  p a s s e d  as  

d e s c r i b e d  i n  t h e  M a t e r i a l s  and Methods  s e c t i o n .

R e s u l t s , The p a t t e r n s  o b t a i n e d  f ro m t h e  g e l  s c a n n e r  f o r  

e a c h  of  t h e  f o u r  GDV s a m p l e s  were  v e r y  s i m i l a r  and one o f  

t h e s e  i s  shown i n  F i g u r e  I4I1. , As c an  be s e e n ,  s i x  

p o l y p e p t i d e s  we r e  f o u n d .

Prom e a c h  o f  t h e  two t r a c e s  o f  t h e  NDV p o l y p e p t i d e s ,  a 

g r a p h  was p r e p a r e d  by p l o t t i n g  t h e  d i s t a n c e s  m i g r a t e d  by 

t h e  t h r e e  m a j o r  p o l y p e p t i d e s  a g a i n s t  t h e  l o g a r i t h m s  of  t h e  

m o l e c u l a r  w e i g h t s .  Two - a d d i t i o n a l  g r a p h s  we r e  p r e p a r e d  by 

p l o t t i n g  t h e  l o g a r i t h m  of  t h e  m o l e c u l a r  w e i g h t  a g a i n s t  t h e  

RM v a l u e s  f o r  e a c h  o f  t h e  t h r e e  p o l y p e p t i d e s .  I n  t h i s  way,  

f o u r  r e f e r e n c e  g r a p h s  wer e  o b t a i n e d .  The d i s t a n c e s  m i g r a t e d  

by  t h e  s i x  p o l y p e p t i d e s  f rom’ e a c h  of  t h e  f o u r  GDV t r a c e s
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we r e  m e a s u r e d  and  t h e  RM v a l u e s  c a l c u l a t e d .  I n  t h i s  way,

16 e s t i m a t i o n s  o f  e a c h  o f  t h e  s i x  GOV p o l y n e n t i d e s  wer e  

o b t a i n e d .  T h e s e  a r e  s u mm a r i s e d  i n  T a b l e  6*

C o n c l u s i o n s  and  D i s c u s s i o n .  The p a t t e r n  o f  t h e  g e l  s c a n  

was v e r y  s i m i l a r  t o  t h a t  o b t a i n e d ,  by H a l l  an d  M a r t i n  (1973)  

f o r  m e a s l e s  v i r u s ,  and r e s e m b l e d  l e s s  c l o s e l y  t h e  t r a c e  

p u b l i s h e d  by  W a t e r s  and  B u s s e l l  (1973)  f o r  d i s t e m p e r  v i r u s .  

I n  g e n e r a l ,  t h e  e s t i m a t e d  moleocu la r  w e i g h t s  o f  t h e  s i x  

p o l y p e p t i d e s  were  g r e a t e r  t h a n  t h o s e  r e r o u t e d  by  W a t e r s  

and  B u s s e l l  (1973)  f o r  GDV.

The m o l e c u l a r  w e i g h t s  were  c a l c u l a t e d  f r o m  t h e  DM 

and  RM v a l u e s .  By u s i n g  b o t h  m e t h o d s ,  i t  was honed  t o  

a s c e r t a i n  w h i c h  n r o d u o e d  t h e  g r e a t e r  u n i f o r m i t y .  I t  was 

f o u n d  t h a t  l e s s  v a r i a t i o n  was n r e s e n t  a m o n g s t  t h e  r e s u l t s  

f r o m  d i f f e r e n t  g e l s  when t h e  e s t i m a t i o n s  we r e  b a s e d  on t h e  

RM v a l u e s .

A l t h o u g h  a l l  f a c t o r s  a p p e a r e d  t o  be t h e  same i n  e a c h  

g e l ,  t h e  d i s t a n c e  t r a v e l l e d  by t h e  t r a c k e r  dye v a r i e d .  I n  

t h r e e  o f  t h e  GDV t r a c e s ,  t h e  d i s t a n c e  m i g r a t e d  by t h e  dye 

was 219 mm w h e r e a s ,  i n  t h e  f o u r t h ,  t h e  dye t r a v e l l e d  226 mm. 

I n  one o f  t h e  two NDV g e l s ,  t h e  dye moved 193 mm w h e r e a s  i n  

t h e  o t h e r  one i t  r e a c h e d  208  mm. The f a c t o r s  a f f e c t i n g  

t h e  d i s t a n c e  t r a v e l l e d  by  t h e  dye n r e s u m a b l y  a l s o  a f f e c t e d  

t h e  d i s t a n c e  t r a v e l l e d  by  t h e  n o l y p e n t i d e s ,  t h o u g h  n o t  

n e c e s s a r i l y  t o  t h e  same e x t e n t .  The c a l c u l a t i o n s  of
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m o l e c u l a r  w e i g h t  b a s e d  on RM v a l u e s  m i g h t  t h e r e f o r e  be 

e x p e c t e d  t o  g i v e  a more a c c u r a t e  r e s u l t *  The r e s u l t s  

p r e s e n t e d  above  w ou l d  a p p e a r  t o  s u p p o r t  t h a t  t h e o r y *

The q u e s t i o n  t h e n  a r i s e s  as  t o  wh a t  c a u s e s  t h e  

v a r i a t i o n  o b s e r v e d  f r o m  one g e l  t o  a n o t h e r .  I n  d i s c u s s i n g  

t h e  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  r o d  and s l a b  g e l  

s y s t e m s ,  Akroyd  ( 19 6? )  drew a t t e n t i o n  t o  t h e  e x i s t e n c e  o f  

s l i g h t  d i f f e r e n c e s  I n  t h e  DM v a l u e  of  a p a r t i c u l a r  

p o l y p e p t i d e  i n  r o d s  „and s u g g e s t e d  t h a t  t h i s  m i g h t  be due t o  

s l i g h t  v a r i a t i o n  i n  t h e  l e n g t h s  o f  t h e  g e l s .  I t  i s  

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

same l e n g t h ,  Akroyd  a l s o  s u g g e s t e d  t h a t  a n o t h e r  c a u s e  of  

v a r i a t i o n  i n  t h e  l e n g t h  m i g r a t e d  may be t h e  e x i s t e n c e  of  

s l i g h t  d i f f e r e n c e s  i n  c o m p o s i t i o n  a t  t h e  t o p  o f  t h e  g e l  due 

t o  d i s t u r b a n c e s  p r o d u c e d  by o v e r l a y i n g  w i t h  DW i n  t h e  

p r e p a r a t o r y  s t a g e s .  Two o f  t h e  s a m p l e s  o f  s o l u b i l i s e d  GDV 

wer e  o f  l a r g e r  volume t h a n  t h e  o t h e r  s a m p l e s  and t h e  

r e s u l t a n t  d i f f e r e n c e  i n  t h e  number  and c o n c e n t r a t i o n  of  

i o n s  may h av e  a l t e r e d  t h e  e l e c t r i c a l  c o n d i t i o n s .

I t  seems  u n l i k e l y  t h a t  any  o f  t h e  a bov e  v a r i a t i o n s  

would  c a u s e  more t h a n  m a r g i n a l  d i f f e r e n c e s  I n  t h e  a c t u a l  

d i s t a n c e s  m i g r a t e d  b u t  when t h e  g e l s  wer e  h y d r a t e d  and 

s c a n n e d  and t h e  r e s u l t s  c o n v e r t e d  t o  a c o m p a r a t i v e l y  l a r g e  

s c a l e  on p a n e r ,  s u c h  d i f f e r e n c e s  would  become m a g n i f i e d .
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E X P E R I MENT 5 . 2

To Determine the  E f f e c t  o f  Varying the Length of  the Gel and

the Sample Volume,

S in c e  the  d i s t a n c e s  m igrated  by the t r a c k e r  dye v a r ie d  

somewhat, i t  was d e c id ed  t o  conduct a sh o r t  i n v e s t i g a t i o n  

in t o  the e f f e c t  of v ar y in g  g e l  l e n g t h  and s t a r t i n g  Volume 

o n . the d i s t a n c e  m igrated  by the  dye .

P r o c e d u r e , Two long  g e l s  (a p p ro x im ate ly  60 mm) two medium 

l e n g t h  g e l s  (a p p ro x im a te ly  55 mm) and two s h o r t  g e l s  

(a p p ro x im a te ly  50 mm) were prepared and p la c e d  in the  

e l e c t r o p h o r e s i s  a p p a ra tu s .  Reducing s o l u b i l i s e r  was 

layered, on top  o f  e a ch ,  the two long g e l s  r e c e i v i n g  100 ^ul — 

the  maximum volume which could  be nut on top  of  t h e s e .  One 

of the medium l e n g t h  and one of the s h o r t e r  g e l s  a l s o  

r e c e i v e d  100 ;ul o f  s o l u b i l i s e r  and the o th e r  t̂ >'o g e l s  l 5 0  ;i;l 

o f  s o l u b i l i s e r  e a ch .  The c u rren t  was passed  u n t i l  the dye 

was c l o s e  to  the bottom of the g e l s .  With the ^ e i s  s t i l l  in 

the g l a s s  t u b e s ,  the  d i s t a n c e s  migrated by the dye were 

measured ,

R e s u l t s , T he s e  we r e  a s  f o l l o w s

D i s t a n c e  t r a v e l l e d  by 
P e l ,    t h e dye in  mm.

Long g e l  w i t h  100 ^ul 56
Long g e l  w i t h  100 l i l  5 5 .5
Medium g e l  w i t h  100 53
Medium g e l  w i t h  l 5 0  1:1 50
Short  g e l  w i th  100 p i  if? .5
Short g a l  w i t h  l 5 o  p i  ^6*5
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C o n c l u s i o n s  and D i s c u s s i o n *  As can  be s e e n ,  an i n c r e a s e  i n  

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

d i s t a n c e  m i g r a t e d  by  t h e  d y e .  I n  t h e  p r e v i o u s  e x p e r i m e n t ,  

t h e  l a t t e r  v a r i e d  f r o m  193 mm t o  226 mm (a d i f f e r e n c e  of  

33 mm) f o r  w h a t  w e r e ,  p r e s u m a b l y ,  v e r y  s m a l l  d i f f e r e n c e s  i n  

t h e  l e n g t h s  o f  t h e  g e l s *  I n  t h e  p r e s e n t  e x p e r i m e n t s ,  

m e a s u r e m e n t s  made w h i l e  t h e  g e l s  were  s t i l l  i n  t h e  t u b e s  

showed, a v a r i a t i o n  i n  t h e  d i s t a n c e  t r a v e l l e d  by t h e  dye o f  

up t o  8 , 5  mm f o r  m a j o r  d i f f e r e n c e s  i n  t h e  l e n g t h s  o f  t h e  

g e l s .  T h i s  w ou ld  be e q u i v a l e n t  t o  a v a r i a t i o n  o f  

a p p r o x i m a t e l y  3U- mm i n  t h e  t r a c e s  p r o d u c e d  by  t h e  s c a n n e r *

I t  i s  c l e a r ,  t h e r e f o r e ,  t h a t  t h e  d i f f e r e n c e s  i n  t h e  d i s t a n c e  

m i g r a t e d  by  t h e  dye i n  t h e  p r e v i o u s  e x p e r i m e n t  we r e  n o t  

s o l e l y  due t o  V a r i a t i o n  i n  t n e  l e n g t h s  o f  t h e  g e l s *

The e f f e c t  o f  d i f f e r e n c e s  i n  t h e  s a m p l e  volume was 

much l e s s  m a r k e d .  I n  t h e  p r e v i o u s  e x p e r i m e n t ,  an i n c r e a s e  

i n  s a m p l e  volume a p p a r e n t l y  l e d  t o  an i n c r e a s e  i n  t h e  

l e n g t h  t r a v e l l e d  by  t h e  d y e .  I n  t h e  p r e s e n t  e x p e r i m e n t ,  

h o w e v e r ,  an i n c r e a s e  i n  volume a c t u a l l y  l e d  t o  a d e c r e a s e  

i n  t h e  d i s t a n c e  t r a v e l l e d .  I t  i s  t h e r e f o r e  i m p o s s i b l e  t o  

a s s e s s  t h e  l i k e l y  e f f e c t  of  v a r y i n g  t h e  s a m p l e  v o l u m e ,
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NDV CDV NDV

6 .

Figure . Stained s l a b  g e l  showing the bands due to  

the s i x  CDV p o l y p e p t i d e s ,  the three  major NDV 

p o l y p e p t i d e s ,  and the t rac ke r  dye at  the bottom (arrow) .
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EXPERIMENT 5 , 3

To D e t e r m i n e  t h e  M o l e c u l a r  W e i g h t s  of  t h e  CDV P o l y p e p t i d e s

by  means of  a S l a b  Gel  S y s t e m ,

One s o l u t i o n  t o  t h e  p r o b l e m  of  v a r i a t i o n  i n  t h e  

c o n d i t i o n s  o c c u r r i n g  i n  r od  g e l s  i s  t o  u s e  s l a b  g e l s *  I n  

t h e  l a t t e r  s y s t e m ,  b o t h  t h e  t e s t  s a mpl e  and t h e  m a r k e r  

p o l y p e p t i d e s  t r a v e l  t h r o u g h  t h e  same g e l ,  h e n c e  any  

v a r i a t i o n  w i t h i n  t h e  one g e l  mus t  r e f l e c t  t r u e  d i f f e r e n c e s  

i n  t h e  s a m p l e s .  The p r e s e n t  e x p e r i m e n t  d e s c r i b e s  t h e  

r e s u l t s  o b t a i n e d  u s i n g  t h i s  t e c h n i q u e .

P r o c e d u r e , The a p p a r a t u s  u s e d  was d e s c r i b e d  i n  t h e  

M a t e r i a l s  and Methods  s e c t i o n .  T h r e e  c o m p a r t m e n t s  were  s e t  

up i n  t h e  s l a b  g e l  a p p a r a t u s ,  150 ^ul  o f  NDV, w h i c h  had b e en  

t r e a t e d  w i t h  l 5 0  yi l  o f  r e d u c i n g  s o l u b i l i s e r ,  was p l a c e d  i n  

e a c h  o f  t h e  two o u t e r  c o m p a r t m e n t s  w h i l e  t h e  m i d d l e  one 

r e c e i v e d  150 pil  o f  GDV, t r e a t e d  w i t h  l 5 0  i l l  o f  r e d u c i n g  

s o l u b i l i s e r .  E l e c t r o p h o r e s i s  was c a r r i e d  o u t  a s  p r e v i o u s l y  

d e s c r i b e d .

R e s u l t s , F i g u r e  [j.5 shows t h e  s l a b  g e l  a f t e r  s t a i n i n g ,  

d e s t a i n i n ^  and  h y d r a t i o n .  From t h i s  i t  w i l l  be s e e n  t h a t  

t h e  t r a c k e r  dye I n  e a c h  s ampl e  had m i g r a t e d  a t  a u n i f o r m  

r a t e  so  as  t o  fo rm a s t r a i g h t  l i n e  a c r o s s  t h e  b o t t o m  o f  t h e  

g e l .  The d i s t a n c e s  m i g r a t e d  by t h e  t h r e e  m a j o r  NDV 

p o l y p e p t i d e s  and  t h e  s i x  GDV p o l y p e p t i d e s  we r e  m e a s u r e d .

From t h e s e  f i g u r e s ,  t h e  m o l e c u l a r  w e i g h t s  o f  t h e  s i x  GDV



p o l y p e p t i d e s  wer e  e s t i m a t e d  t o  be 8 6 , 0 0 0 ;  7 3 , 0 0 0 ;  6 5 , 0 ^ 0 ;  

5 1 , 0 0 0 ;  4 8 , 0 0 0  and 3 9 , 0 0 0 *

Conc l u s i o n s  a nd  D i s c u s s i o n *  S i x  p o l y p e p t i d e s  were  a g a i n  

o b t a i n e d  f r o m  s o l u b i l i s e d  GDV. The e s t i m a t e d  m o l e c u l a r  

w e i g h t s  f r o m  t h e  s l a b  g e l  s y s t e m  were  l o w e r  t h a n  t h o s e  

o b t a i n e d  f r o m  t h e  r o d  g e l s  and were  c l o s e r  t o  t h e  f i g u r e s ,  

r e p o r t e d  b y  W a t e r s  and  B u s s e l l  (1073)  f o r  GDV, and t h o s e  

r e p o r t e d  f o r  m e a s l e s  by  b o t h  W a t e r s  and B u s s e l l  ( 1973)  and 

H a l l  and  M a r t i n  ( 1 9 7 3 ) .

I n  t h e . s l a b  g e l  s y s t e m ,  t h e  t r a c k e r  dye m i g r a t e d  a t  a 

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

c o n d i t i o n s  were  t h e  same i n  e a c h  s a m p l e .  T h i s  t h e r e f o r e  

w o u l d  seem t o  be a much b e t t e r  s y s t e m  f o r  e s t i m a t i n g  

unknown m o l e c u l a r  w e i g h t s  t h a n  t h e  r o d  g e l  s y s t e m .  The 

r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  e x p e r i m e n t  a r e  t h e r e f o r e  

p r o b a b l y  more a c c u r a t e  t h a n  t h o s e  o b t a i n e d  i n  E x p e r i m e n t  5 * 1 .  

U n f o r t u n a t e l y , h o w e v e r ,  i t  i s  more awkward t o  s e t  up and 

o p e r a t e  t h e  s l a b  g e l  s y s t e m  a n d ,  s h o u l d  b r e a k a g e  o f  t h e  g e l  

o c c u r  d u r i n g  i t s  r e m o v a l  f ro m t h e  a p p a r a t u s ,  o r  m i s h a p  

o c c u r  d u r i n g  s t a i n i n g ,  no r e s u l t s  may be o b t a i n e d  a t  a l l .  

W i t h  r o d  g e l s  on t h e  o t h e r  h a n d ,  i t  i s  h i g h l y  i m p r o b a b l e  

t h a t  a l l  g e l s  w ou l d  be l o s t .  F o r  t h e s e  r e a s o n s ,  t h e  

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

b e i n g  made t o  k e e p  t h e  c o n d i t i o n s  i n  t h e  g e l s  as  u n i f o r m  

as  p o s s i b l e .
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F i g u r e  4 6 .  T r a c e  f r o m a g e l  c o n t a i n i n g  t h e  GDV 

p o l y p e p t i d e s ,  s o l u b i l i s e d  u n d e r  n o n - r e d u c i n g  c o n d i t i o n s .  

No te  t h e  b r o a d  p e a k  due t o  t h e  h i g h  i r i o l e c u l a r  w e i g h t  

m a t e r i a l ,  c l o s e  t o  t h e  o r i g i n  on t h e  l e f t ,  a n d  t h e  two 

p e a k s  due t o  t h e  two p o l y p e p t i d e s  o f  m o l e c u l a r  w e i g h t  

l e s s  t h a n  1 0 0 , 0 0 0 .
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EXPERIMENT 5 , 4  

Ge l  E l e c t r o p h o r e s i s  o f  GDV T r e a t e d  w i t h  N o n - R e d u c i n g

S o l u b i 15 s e r ,

I n  t h e  p r e v i o u s  e x p e r i m e n t s ,  c o m p l e t e  d i s r u p t i o n  o f  

v i r a l  p r o t e i n  i n t o  p o l y p e p t i d e s  was c a r r i e d  o u t  by  means  of  

r e d u c i n g  s o l u b i l i s e r  c o n t a i n i n g  SDS, u r e a  and m e r o a p t o e t h a n o l  

Ho wev er ,  by  s o l u b i l i s a t i o n  of  t h e  p o l y p e p t i d e s  i n  t h e  

a b s e n c e  o f  m e r c a p t o e t h a n o l ,  Moore and Bur ke  (1974)  

d e m o n s t r a t e d  t h a t ,  i n  t h e i r  n a t u r a l  s t a t e  some o f  t h e  

p o l y p e p t i d e s  o f  NDV were  l i n k e d  by d i s u l p h i d e  b r i d g e s *  The 

p r e s e n t  e x p e r i m e n t  was d e s i g n e d  t o  i n v e s t i g a t e  t h i s  f o r  GDV, 

P r o c e d u r e  * A p a r t  f r o m t h e  a b s e n c e  o f  m e r c a r t o e t h a n o l  i n  

t h e  two g e l s  w i t h  n o n - r e d u c i n g  s o l u b i l i s e r ,  t h e  method  o f  

s o l u b i l i s a t i o n  was t h e  same as  b e f o r e .  The f o l l o w i n g  

f i v e  s a m p l e s  of  s o l u b i l i s e d  v i r u s  wer e  r u n  t h r o u g h  g e l s : -  

two s a m p l e s  of  100 ;:1 of  NDV, one s a m p l e  o f  100 p i  o f  

GDV, a l l  w i t h  r e d u c i n g  s o l u b i l i s e r ,  and two s a m n l e s  o f  

100 pi l  o f  GDV w i t h  n o n - r e d u c i n g  s o l u b i l i s e r .

Re s u l t s , The two t r a c e s  f r o m  t h e  GDV t r e a t e d  w i t h  n o n ­

r e d u c i n g  s o l u b i l i s e r  were  i d e n t i c a l  t o  e a c h  o t h e r  b u t  

c o m p l e t e l y  d i f f e r e n t  f r o m  t h e  o t h e r  GDV t r a c e s .  One of  

t h e s e  two t r a c e s  i s  shown i n  F i g u r e  4 6 .  From t h i s  i t  w i l l  

be s e e n  t h a t  a f a i r l y  l a r g e  amount  of  h i g h  m o l e c u l a r  w e i g h t  

m a t e r i a l  was p r e s e n t  and t h e r e  wer e  o n l y  two r e a k s  

i n d i c a t i v e  o f  p o l y n e p t i d “ s h a v i n g  m o l e c u l a r  w e i g h t s  of  l e s s
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t h a n  1 0 0 , 0 0 0 .  By t a k i n g  t h e  DM and t he  RM v a l u e s  f o r  b o t h  

g e l s ,  t h e  a v e r ag e  m o l e c u l a r  w e i g h t s  of  t h e  two p o l y p e p t i d e s  

were found t o  be 7 1 ,7 0 0  and 6 4 , 1 0 0 .

C o n c l u s i o n s and D i s c u s s i o n .  The above r e s u l t s  i n d i c a t e d  

t h a t  f o u r  of  t he  n o l y p e n t i d e s  o b t a i n e d  f rom t h e  

s o l u b i l i s a t i o n  of  t he  v i r u s  u n d e r  r e d u c i n g  c o n d i t i o n s  were 

p r o d u c e d  by t he  d i s s o c i a t i o n  of  d i s u l p h i d e  bonds  i n  n r o t e i n  

u n i t s  h a v i n g  a m o l e c u l a r  w e i g h t  of over  1 0 0 , 0 0 0 .  The two 

p o l y p e p t i d e s  of  m o l e c u l a r  w e i g h t  l e s s  t h a n  10 0 ,0 00  o b t a i n e d  

w i t h  t h e  n o n - r e d u c i n g  s o l u b i l i s e r  may have been n r e s e n t ,  in 

t h i s  f orm i n  t h e  v i r u s  or  t h e y  may have been n roduoed  by t h e  

d i s s o c i a t i o n  of  l a r g e r  m o l e c u l e s  un de r  t h e  i n f l u e n c e  of  t he  

SDS and u r e a .  T h e i r  m o l e c u l a r  w e i g h t s  werp s i m i l a r  t o  

t h o s e  of  p o l y p e p t i d e s  2 and 3 as d e t e r m i n e d  i n  t he  s l a b  g e l  

e x p e r i m e n t ,
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EXPERIMENT 5.5
To D e t e r m i n e  t h e  M o l e c u l a r  Wei gh t  o f  t h e  P o l y p e p t i d e s  f rom

t h e  Nuol e o c a r s i d ,

N u c l e o c a p s i d  e x t r a c t e d  f rom t h e  c y t o p l a s m  o f  c e l l s '  

i n f e c t e d  w i t h  t n e  O n d e r s t e p o o r t  s t r a i n  of  ODV h a s  b e e n  

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

n u c l e o p r o t e i n  by  W a t e r s  and B u s s e l l  ( 1974)  b u t  no s t u d i e s  o f  

t h e  n u b l e o c a p s i d  o b t a i n e d  f r o m  v i r i o n s  h ave  b e e n  p u b l i s h e d .  

Ho we ve r ,  M o u n t c a s t l e  e t  a l , ( 1970)  f ou n d  no d i f f e r e n c e s

b e t w e e n  t h e  m o l e c u l a r  w e i g h t s  of  NDV, S e n d a i ,  and SV5 

n u d e o p r o t e i n s  f r o m  n u c l e o c a p s i d s  e x t r a c t e d  f r o m  v i r i o n s ,  

a n d  t h o s e  e x t r a c t e d  f r o m i n f e c t e d  c e l l s  w h i c h  h a d  n o t  b e e n  

d i s p e r s e d  w i t h  t r y p s i n .  The a im o f  t h e  p r e s e n t  e x p e r i m e n t  

was t o  d e t e r m i n e  w h i c h  o f  t h e  s i x  GDV p o l y p e p t i d e s  o b t a i n e d  

by  s o l u b i l i s i n g  t h e  whole  v i r u s  was d e r i v e d  f ro m t h e  

nuc l e  o c a p s i d , The me t hod  u s e d  f o r  t h e  r r e n a r a t i ' o n  o f  t h e  

n u c l e o o a p s i d  was t h a t  d e s c r i b e d ,  by  M o u n t c a s t l e  e t  a l , , (1970) .  

P r o c e d u r e . The c o n t e n t s  o f  one a m r o u l e  o f  t h e  p u r i f i e d  

CDV we r e  d i a l y s e d  o v e r n i g h t  i n  t h e  c o l d  a g a i n s t  TS a t  

pH 7 , 2 ,  The r e s u l t a n t  0 , 6  ml was mi xed  w i t h  0 , 2  ml o f  S% 

T r i t o n  X - 1 0 0 ,  T h i s  was t h e n  i n c u b a t e d  a t  37^0  f o r  20 

m i n u t e s  and  50 y : l  o f  10% DOG were  a d d e d .  T h i s  m i x t u r e  was 

t h e n  l a y e r e d  on t o p  of  a n o n - l i n e a r  g r a d i e n t  c o n s i s t i n g  

o f  0 , 5  ml o f  40%, 1 ml  of  30% and  1 ml  o f  25% GsCl  w i t h  a

b u f f e r  zone o f  0 , 8  ml o f  5% s u c r o s e  b e t w e e n  t h e  g r a d i e n t  

and  t h e  s a m p l e ,  t h e  who le  b e i n g  c o n t a i n e d  i n  a 5 ml
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F i g u r e  47# T r a c e  f r o m t h e  g e l  c o n t a i n i n g  t h e  s o l u b i l i s e d  

n u d e  o c a p s i d ,  s h ow in g  two p e a k s ,  i n d i c a t i v e  o f  t h e  

p r e s e n c e  o f  two p o l y p e p t i d e s .



u l t r a o s n t r i f 'üge t u b e . A l l  s o l u t i o n s  wer e  p r e p a r e d  i n  T S .

The t u b e  was t h e n  c e n t r i f u g e d  a t  3 0 , 0 0 0  rpm f o r  90 m i n u t e s .  

At t h e  end o f  t h i s  t i m e ,  a f a i n t l y  v i s i b l e  ba nd  was f o u n d  

i n  t h e  30% CsOl .  T h i s  was c o l l e c t e d  and  f o l l o w i n g  

d e t e r m i n a t i o n  of  i t s  r e f r a c t i v e  i n d e x ,  i t  was d i a l y s e d  

a g a i n s t  c o l d  DW f o r  t h r e e  h o u r s .  The volume was t h e n  

r e d u c e d  t o  a b o u t  150 ,ul by  d i a l y s i s  a g a i n s t  s u c r o s e  P o w de r ,  

Prom t h e  r e f r a c t i v e  i n d e x ,  t h e  d e n s i t y  o f  t h e  ban d  was 

f o u n d  t o  be a p p r o x i m a t e l y  1 , 2 9  g / c c ,  w h i c h  c o r r e s p o n d s  t o  

t h e  d e n s i t y  o f  n u c l e o c a p s i d  ( E x p e r i m e n t  3 , 6 ) ,

100  ) i l  o f  NDV, 100 ;u l  o f  GDV and  t h e  n u c l e o c a p s i d  

p r e p a r a t i o n  were  t r e a t e d  w i t h  r e d u c i n g  s o l u b i l i s e r  and  

p l a c e d  on t o p  o f  t h r e e  r o d  g e l s  f o r  e l e c t r o p h o r e s i s .

R e s u l t s . The t r a c e  o b t a i n e d  f r o m  t h e  n u c l e o c a p s i d  p r e p a r ­

a t i o n  i s  shown i n  F i g u r e  4?  f ro m w h i c h  i t  w i l l  be s e e n  

t h a t  two p e a k s  wer e  p r e s e n t .  The d i s t a n c e  m i g r a t e d  b y  t h e  

t r a c k e r  dye i n  t h i s  g e l  was 11 mm l e s s  t h a n  t h a t  i n  t h e  

NDV g e l .  The m o l e c u l a r  w e i g h t s  o f  t h e  two p o l y p e p t i d e s  

we r e  t h e r e f o r e  e s t i m a t e d  f ro m t h e  RM v a l u e s  t o  be 7 3 , 0 1 0  and 

6 6 , 0 0 0  r e s p e c t i v e l y .

S i x  p e a k s  were  a g a i n  o b t a i n e d  i n  t h e  t r a c e  o f  who l e  

GDV. I n  t h i s  e x p e r i m e n t ,  t h e  d i s t a n c e s  m i g r a t e d  by t h e  

t r a c k e r  dye i n  t h e  GDV and  NDV g e l s  were  v e r y  s i m i l a r  and  

t h e  e s t i m a t e s  o f  t h e  m o l e c u l a r  w e i g h t s  f r o m  t h e  DM and RM 

v a l u e s  were  l i k e w i s e  v e r y  s i m i l a r .  T he s e  m o l e c u l a r  w e i g h t s
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we r e  8 9 , 0 0 0 ;  7 5 , 0 0 0 ;  0 7 , 0 0 0 ;  5 2 , 0 0 0 ;  5 0 , 0 0 0 ;  and 3 ” ,0OO.

Co n c l u s i o n s  and D i s c u s s i o n *  Prom t h e  above  r e s u l t s ,  i t  

w ou l d  seem t h a t  two p o l y p e p t i d e s  wer e  p r e s e n t  i n  t h e  

n u c l e o c a p s i d - c o n t a l n i n g  p r e p a r a t i o n .  T h e se  wer e  o f  

a p p r o x i m a t e l y  t h e  same m o l e c u l a r  w e i g h t s  as  p o l y p e p t i d e s  '2 

and  3 i n  t h e  s l a b  g e l  e x p e r i m e n t ,  p o l y p e p t i d e s  2 and 3 i n  

t h e  p r e s e n t  e x p e r i m e n t ,  and  t h e  two p o l y p e p t i d e s  of  

m o l e c u l a r  w e i g h t  l e s s  t h a n  1 0 0 , 0 0 0  p r e s e n t  u n d e r  n o n -  

r e d u c i n g  c o n d i t i o n s .

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

p r e p a r a t i o n  %vas u n e x p e c t e d  s i n c e ,  i n  s t u d i e s  o f  o t h e r  

p a r a m y x o v i r u s e s ,  o n l y  one p o l y p e p t i d e  — of  m o l e c u l a r  w e i g h t  

a r o u n d  6 0 , 0 0 0  — h a s  b e en  f o u n d  i n  t h e  n u c l e o c a p s i d  

( Has l am e t  a l , , 1 9 6 9 ;  B i k e l  and D u e s b e r g ,  1 9 ^ 9 ;  Evans  and 

K i n g s b u r y ,  1 9 6 9 ;  M o u n t c a s t l e  e t  a l , ,  1 9 7 0 ;  H a l l  and M a r t i n ,  

1 9 7 3 ;  W a t e r s  and  B u s s e l l ,  1 9 7 4 ) ,  B e c a u s e  o f  t h i s ,  i t  was 

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

p r e p a r e d  i n  a d i f f e r e n t  m a n n e r .  By so d o i n g ,  i t  was hoped 

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

w h i c h  m i g h t  have  o c c u r r e d  i n  t h e  p r e s e n t  e x p e r i m e n t  would  

be e l i m i n a t e d .



EXPERIMENT 5*6

To D e t e r m i n e  t h e  M o l e c u l a r  Wei ght  o f  t h e  ^ o l y p e u t i d e  f rom 

t h e  N u d e o u r o t e i n  a f t e r  P o t a s s i u m  T a r t r a t e  B a n d i n g  o f  t h e

N u c l e o c a p s i  6 .

I n  s t u d i e s  of  t h e  b u o y a n t  d e n s i t y  o f  t h e  n u o l e o c a n s l d  

i n  p o t a s s i u m  t a r t r a t e  ( P a r t  T h r e e ) ,  a t t e m p t s  t o  d e m o n s t r a t e  

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

u n s u c c e s s f u l  and i t  was c o n c l u d e d  t h a t  t h i s  may have  b e e n  

due t o  f r a g m e n t a t i o n .  I t  was f e l t  t h a t  s m a l l  p i e c e s  o f  

n u c l e o c a p s i d  w ou ld  be l e s s  l i k e l y  t o  r e m a i n  a d h e r e n t  t o  

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

a t t a c h  a t  n um e r o u s  p o i n t s .  H e n c e ,  f o r  s t u d i e s  o f  t h e  

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

c e n t r i f u g a t i o n  t h r o u g h  p o t a s s i u m  t a r t r a t e  might ;  ^ ^ o v i d e  a 

p r o d u c t  c o n t a i n i n g  l e s s  membranous m a t e r i a l .  The d e c i s i o n  

was t h e r e f o r e  made t o  s u b s t i t u t e  p o t a s s i u m  t a r t r a t e  f o r  

c a e s i u m  c h l o r i d e  i n  t h e  p r e p a r a t i o n  of  t h e  n u c l e o c a p s i d .  

P r o c e d u r e . One mi o f  t h e  p u r i f i e d  v i r u s  was m ix ed  w i t h  

S t e r o x  SL t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  1% and l e f t  i n

t h e  d a r k ,  a t  room t e m p e r a t u r e ,  f o r  45 m i n u t e s .  The s a mp l e

was t h e n  l a y e r e d  on t o p  o f  an 8 ml g r a d i e n t  o f  p o t a s s i u m  

t a r t r a t e ,  d e n s i t y  1 . 1  t o  1 . 3  g / c c ,  i n  an SW 40  c e n t r i f u g e

t u b e ,  w i t h  a 3 ml b u f f e r  l a y e r  o f  1 , 1  g / c c  p o t a s s i u m

t a r t r a t e  b e t w e e n  t h e  s a mp le  and t h e  g r a d i e n t .  T h i s  was 

t h e n  c e n t r i f u g e d  a t  3 7 , 0 0 0  rpm f o r  16 h o u r s .  The d e n s i t y  

r e g i o n  1 , 2 3 5  t o  1 . 2 5 5  g / c c  was c o l l e c t e d  s i n c e  t h e  r e s u l t s  

o f  E x p e r i m e n t  3 , 7  h ad  s u g g e s t e d  t h a t  n u c l e o c a p s i d  would
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be p r e s e n t  i n  t h i s  r a n g e .  The f r a c t i o n s  wer e  p o o l e d  and 

d i a l y s e d  a g a i n s t  PBS f o r  f o u r  h o u r s *  The volume was made 

up t o  5 ml and t h e  n u c l e o c a p s i d  i n  t h e  s a m p l e  p e l l e t e d  

by c e n t r i f u g a t i o n  a t  4 0 , 0 0 0  rpm f o r  1-|- h o u r s  i n  a s i l i c o n i s e d  

SW 5 o , l  c e n t r i f u g e  t u b e .  The p e l l e t e d  m a t e r i a l  was l e f t  

o v e r n i g h t  a t  4 ° 0  t o  r e s u s n e n d  i n  100 pb  o f  Dug,

Two s a m p l e s  o f  100 p i  o f  CDV, and t h e  n u o l e o c a n s l d  

p r e p a r a t i o n  were  e a c h  t r e a t e d  w i t h  100 u l  o f  t h e  r e d u c i n g  

s o l u b i l i s e r  a nd  a n p l i e d  t o  g e l s  as  b e f o r e *

Re s u i t s . Two p o l y p e p t i d e s  wer e  a g a i n  o b t a i n e d  f r o m  t h e  

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

wer e  7 6 , 0 0 0  and 6 8 , 0 0 0 .

C o n c l u s i o n s  and  D i s c u s s i o n .  The above  r e s u l t s  c o r f e s n o n d e d  

f a i r l y  c l o s e l y  t o  t h o s e  o f  t h e  p r e v i o u s  e x p e r i m e n t .  T h u s , 

w i t h  t h e  s y s t e m  e m p l o y e d ,  i t  wou ld  seem t h a t  two 

p o l y p e p t i d e s  may be p r e s e n t  i n  o r  be a s s o c i a t e d  w i t h  t h e  

n u c l e o c a p s i d .
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Prom t h e  r e s u l t s  o f  t h e  above  e x p e r i m e n t s ,  i t  was 

e s t a b l i s h e d  t h a t  t h e  GDV u s e d  i n  t h e s e  s t u d i e s  c o n t a i n e d  

s i x  p o l y p e p t i d e s  o f  a p p r o x i m a t e l y  t h e  same m o l e c u l a r  w e i g h t s  

a s  t h o s e  r e p o r t e d  by  o t h e r  w o r k e r s  f o r  m e a s l e s  and d i s t e m p e r  

v i r u s e s  ( H a l l  and M a r t i n ,  1 9 7 3 1 W a t e r s  and B u s s e l l ,  1 9 7 3 ) .  

However ,  s i n c e  two p o l y o e n t i des  of  i d e n t i c a l  m o l e c u l a r  

w e i g h t  may f o rm one band  i n  t h e  g e l s ,  i t  i s  p o s s i b l e  t h a t  

more t h a n  s i x  were  a c t u a l l y  n r e s e n t ;  i t  h a s  b e e n  shown by  

Moore and Burke  ( 1974)  t h a t  one band  o b t a i n e d  f ro m NDV 

v i r i o n s  was composed  o f  two p o l y p e p t i d e s . The s y s t e m  

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

and c o n c e n t r a t i o n  o f  t h e  v i r u s  e f f i c i e n t l y  r emoved  

c o n t a m i n a t i n g  h o s t  c e l l  m a t e r i a l  f ro m t h e  v i r u s ,  and 

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

f o r  t h i s  w o r k ,

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

w e i g h t s  o f  e a c h  p o l y p e p t i d e  was o b t a i n e d ,  l e s s  v a r i a t i o n  

b e i n g  p r e s e n t  when RM v a l u e s  w^re empl oyed  t h a n  when DM 

v a l u e s  we r e  u s e d .  On i n v e s t i g a t i o n ,  i t  was f ou nd  t h a t  t h e  

d i s t a n c e  t r a v e l l e d  by  t h e  t r a c k e r  dye was i n f l u e n c e d  by  t h e  

l e n g t h  o f  t h e  g e l  a n d ,  t o  a l e s s e r  e x t e n t ,  by  t h e  volume 

o f  t h e  s a m p l e .  As j u d g e d  by t h e  u n i f o r m  m i g r a t i o n  b o t h  o f  

t h e  t r a c k e r *  dye and o f  t h e  t h r e e  m a j o r  NDV n o l y n e n t  1 d e s ,



T a b l e  7 M o l e c u l a r  W e i g h t s  of  t h e  p o l y p e p t i d e s  o f  CDV 

a nd  M e a s l e s  V i r i o n s .

P o l y ­
p e p t i d e  e

From R o d s .
Range b o r a g e

■ S l a b
g e l

W a t e r s ^
B u s s e l l

H a l l ' &
M a r t i n

1 95,G00~7l|,OOO 8 9 ,6 5 0 8 6 ,0 0 0 7 8 , 0 0 0 7 5 , 6 0 0

2 8 2 , 0 0 0 - 5 9 , 0 0 0 7 5 ,0 9 0 7 3 , 0 0 0 7 1 , 0 0 0 6 9 , 0 0 0

3 7 1 , 0 0 0 - 5 1 , 0 0 0 6 5 ,7 5 0 6 5 ,0 0 0 6 1 ,0 0 0 6 0 ,0 0 0

h 5 8 , 0 0 0 - 3 6 , 0 0 0 5 0 ,7 9 0 5 1 , 0 ^ 0 5 3 ,0 0 0 5 3 , 0 0 0

5 6 , 0 0 0 - 2 9 , 0 0 0 4 8 ,9 4 0 4 8 ,0 0 0 4 5 ,0 0 0 5 1 ,0 0 0

6 4 3 , 7 5 0 - 2 4 , 5 0 0 3 9 ,o 5 o 3 9 , 0 0 0 3 7 , 0 0 0 4 5 ,7 0 0
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e l e c t r o p h o r e s i s  o f  NDV and  CDV p o l y p e p t i d e s  i n  a s l a b  g e l  

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

o c c u r r e d  i n  r o d  g e l s .

A l t o g e t h e r  22 e s t i m a t i o n s  of  t h e  m o l e c u l a r  w e i g h t s  o f  

t h e  p o l y p e p t i d e s  were  made f ro m r o d  g e l s  and one f r o m  t h e  

s l a b  g e l .  The r e s u l t s  o f  t h e s e ,  t o g e t h e r  w i t h  t h e  f i g u r e s  

p u b l i s h e d  by  W a t e r s  and  B u s s e l l  (1973)  f o r  CDV and m e a s l e s ,  

and  b y  H a l l  and M a r t i n  (1973)  f o r  m e a s l e s  a r e  shown i n  

T a b l e  7 .  From t h i s  i t  w i l l  be s e e n  t h a t  t h e  a v e r a g e  

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

w i t h  t h e  f i g u r e s  f rom  t h e  s i n g l e  s l a b  g e l  e x p e r i m e n t *

The t r a c e s  o b t a i n e d  by t r e a t i n g  t h e  v i r u s  w i t h  t h e  

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

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

o f  m o l e c u l a r  w e i g h t  g r e a t e r  t h a n  1 0 0 , 0 0 0  wer e  p r e s e n t  b u t  

t h e  s y s t e m  d i d  n o t  a l l o w  e x a c t  d e t e r m i n a t i o n  o f  t h e i r  

m o l e c u l a r  w e i g h t s .  Only  two p o l y p e p t i d e s  w i t h  m o l e c u l a r  

w e i g h t s  l e s s  t h a n  1 0 0 , 0 0 0  were  p r e s e n t .  T h i s  i n d i c a t e d  

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

c o n d i t i o n s  we r e  n o r m a l l y  co mpon en t  p a u t s  o f  l a r g e r  n r o t e i n  

m o l e c u l e s  i n  t h e  v i r i o n ,  Moore and Burke  (197l i )  f ou nd  t h a t ,  

u n d e r  n o n - r e d u c i n g  c o n d i t i o n s ,  t h e  m o l e c u l a r  w e i g h t  o f  t h e  

s m a l l e r  g l y c o n r o t e i n  of  NDV was g r e a t e r  t h a n  u n d e r  r e d u c i n g  

c o n d i t i o n s .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  i t  i s  t h e r e f o r e  

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

t h a n  1 0 0 , 0 0 0  m o l e c u l a r  w e i g h t  f oun d  u n d e r  n o n - r e d u c i n g



c o n d i t i o n s  were  I d e n t i c a l  t o  p o l y p e p t i d e s  2 and  3 o r e s e n t  

u n d e r  r e d u c i n g  c o n d i t i o n s ,  t h o u g h  t h e i r  m o l e c u l a r  w e i g h t s  

were  s i m i l a r .

When n u c l e o c a p s i d  was e x t r a c t e d  f rom p u r i f i e d  v i r u s  by 

t h e  method  o f  M o u n t c a s t l e  e t  a l . ,  ( 1 9 ? 0 ) j  p o l y p e p t i d e s  w i t h  

m o l e c u l a r  w e i g h t s  s i m i l a r  t o  t h o s e  o f  p o l y p e p t i d e s  2 and 3 

wer e  f o u n d ,  A s i m i l a r  r e s u l t  was o b t a i n e d  when a d i f f e r e n t  

me t hod  of  e x t r a c t i o n ,  b a s e d  on t h e  a u t h o r ’ s e a r l i e r  s t u d i e s ,  

was e m p l o y e d .  A l l  p u b l i s h e d  work  on t h e  m o l e c u l a r  w e i g h t  

o f  t h e  n u c l e o p r o t e i n  e x t r a c t e d  f rom v i r u s  p a r t i c l e s  h a s

i n d i c a t e d  t h a t  t h i s  c o r r e s p o n d s  t o  a s i n g l e  p o l y p e p t i d e ,  

o f  m o l e c u l a r  w e i g h t  a r o u n d  6 0 , 0 0 0 ,  W a t e r s  a n d  B u s s e l l ,  (197U) 

r e p o r t e d  t h a t  t h e  m o l e c u l a r  w e i g h t  o f  t h e  n u c l e o p r o t e i n  of  

t h e  O n d e r s t e p o o r t  s t r a i n  o f  CDV was 3 ^ , 0 0 0  an d  t h a t  o f  

m e a s l e s  was 6 1 , 0 0 0 , t h e  n u d e  o c a p s  i d s  f o r  t h i s  s t u d y  

h a v i n g  b e e n  e x t r a c t e d  f r o m i n f e c t e d  c e i l s .  I f  t r y p s i n  was 

e m p l o y e d  t o  d i s p e r s e  t h e  c e l l s  p r i o r  t o  e x t r a c t i o n ,  two 

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

p r e p a r a t i o n s .  The m o l e c u l a r  w e i g h t s  o f  t h o s e  f r o m t h e  ODV 

i n f e c t e d  c e l l s  wer e  2 7 , 0 0 0  and  2 2 , ^ 0 0  w h e r e a s  t h o s e  f r o m 

c e l l s  i n f e c t e d  w i t h  m e a s l e s  v i r u s  were  3 8 , 0 ^ 0  and 2 l i , 0 0 0 ,  

M o u n t c a s t l e  e t  a l ,  ( 1970)  r e p o r t e d  s i m i l a r  f i n d i n g s  f o r  

t h e  n u c l e o c a p s i d s  o f  SV5, S e n d a i  and WDV v i r u s e s .  When 

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

t r e a t e d  w i t h  t r y p s i n ,  t h e  m o l e c u l a r  w e i g h t s  o f  t h e s e  wer e  

6 1 , 0 0 0 ; 6 0 , 0 0 0 ;  and  9 6 , 0 0 0  r e s p e c t i v e l y .  When t h e  “" o l e c u l a r  

w e i g h t s  o f  t h e  n u c l e o p r o t e i n  f ro m n u c l e o c a n s i d s  e x t r a c t e d
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f r o m  t r y p s i n  d i s p e r s e d  c e i l s  were  d e t e r m i n e d ,  the- r e s u l t s  

wer e  ^ 3 , 0 0 0 ;  i j .6 ,000;  and  [[ .7,000,  B o t h  W a t e r s  a n d  B u s s e l l  

(197[|.) a nd  M o u n t c a s t l e  e t  a l .  (1970)  c o n c l u d e d  t h a t  t h e  

t r y p s i n  h ad  t r i g g e r e d  an i n t r a c e l l u l a r  e n z y m a t i c  r e a c t i o n  

w h i c h  had r e s u l t e d  i n  c l e a v a g e  o f  n u c l e o p r o t e i n .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  n u c l e o c a p s i d  was 

e x t r a c t e d  f rom  v i r i o n s  and e x p o s u r e  t o  t r y o s i n  was n o t  

i n v o l v e d .  The f a c t  t h a t  p o l y p e p t i d e  3 was n r e s e n t  a l o n g  

w i t h  p o l y p e p t i d e .  2 c a n n o t  t h e r e f o r e  be due t o  t h e  same 

m e c h a n i s m .

S t o n e  e t  a l , ,  ( 1 9 7 2 ) ,  and  Z a i d e s  e t  a l . , (1974 a ud

1975)  h av e  shown t h a t  n u c l e o c a p s i d s  i s o l a t e d  f r o m  S e n d a i  

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

t r a n s c r i p t i o n .  D e t e r m i n a t i o n  o f  t h e  n umber  a n d  s i z e  o f  t h e  

p o l y p e p t i d e s  i n  t h e s e  s t r u c t u r e s  r e v e a l e d  t h a t  two main  

p o l y p e p t i d e s  we r e  p r e s e n t .  The m o l e c u l a r  w e i g h t  of  t h e  

f i r s t  — 6 0 , 0 0 0  — c o r r e s p o n d e d  t o  t h a t  o f  t h e  p o l y p e p t i d e  

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

7 1 , 0 0 0 "-7 9 p000  — c o r r e s p o n d e d  t o  t h a t  o f  t h e  l a r g e s t  m a j o r  

p o l y p e p t i d e  p r e s e n t  i n  t h e  e n v e l o p e .  S t o n e  e t  a l . ( 1972)  

s u g g e s t e d  t h a t  t h e  p o l y p e p t i d e  o f  m o l e c u l a r  w e i g h t  7 9 , 0 0 0  

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

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

v i r i o n  and  i n  t h e  c y t o p l a s m i c  n u c l e o c a p s i d  w o u l d  seem t o  

make t h i s  u n l i k e l y .
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I n  t h e  p r e s e n t  s t u d y ,  t h e  n u o l e o c a p s i d  p r e p a r a t i o n s  

w h i c h  c o n t a i n e d  t h e  two p o l y p e p t i d e s  wer e  p r e p a r e d  f r o m  

v i r i o n s  r a t h e r  t h a n  f r o m  c y t o p l a s m i c  e x t r a c t s  o f  I n f e c t e d  

c e l l s  b u t  i t  h a s  b e e n  shown c o n c l u s i v e l y  t h a t  t r a n s c r i p t i o n  

i n  v i t r o  c an  be c a r r i e d  o u t  u s i n g  d i s r u p t e d  S e n d a i  v i r i o n s  

and t h a t  c e l l u l a r  m a t e r i a l  i s  n o t  r e q u i r e d  ( S t o n e  e t  a l . ,  

I 97 I ;  R o b i n s o n ,  1 9 7 1 ) .  R o b i n s o n  (1971)  f u r t h e r  showed t h a t  

n u c l e o c a p s i d  e x t r a c t e d  f r o m  v i r i o n s  and  b a n d e d  i n  s u c r o s e  

was c a p a b l e  o f  c a r r y i n g  o u t  t r a n s c r i p t i o n .  F u r t h e r m o r e ,  

S t o n e  e t  a l , , ( 1972)  f o u n d  t h a t  DOG and GsCl  b o t h  

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

n u c l e o c a p s i d  and  s p e c u l a t e d  t h a t  t h e  w i d e s p r e a d  u s e  o f  

t h e s e  two compounds  f o r  t h e  i s o l a t i o n  o f  n u c l e o c a p s i d s  may 

h ave  a c c o u n t e d  f o r  t h e  f i n d i n g s  o f  o n l y  one p o l y p e p t i d e  i n  

n u c l e o c a p s i d  e x t r a c t e d  f r o m  v i r i o n s .  Ho wev er ,  i n  t h e  

p r e s e n t  s t u d y ,  one of t h e  m e t h od s  e mpl oyed  f o r  t h e  p r e p a r ­

a t i o n  of  t h e  n u c l e o c a p s i d  i n v o l v e d  t h e  u s e  of  b o t h  DOG and  

c a e s i u m  c h l o r i d e  t h o u g h  i n  t h e  o t h e r ,  n e i t h e r  wer e  u s e d .

A n o t h e r  i n d i c a t i o n  o f  l i n k a g e  o f  n u c l e o p r o t e i n  t o  

a n o t h e r  p o l y p e p t i d e  was o b t a i n e d  by Moore an d  Bur ke  (1974)*  

I n  a s t u d y  o f  I 4  s t r a i n s  o f  NDV, t h o s e  w o r k e r s  f o u n d  t h a t  a 

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

v i r i o n  p r o t e i n s  was c a r r i e d  o u t  u n d e r  n o n - r e d u c i n g  

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

p o l y p e p t i d e  was i s o l a t e d  and  s u b j e c t e d  t o  r e d u c i n g  c o n d i t ­

i o n s ,  I t  was f o u n d  t o  c o n s i s t  m a i n l y  o f  t h e  p o l y p e p t i d e  

. f r om  t h e  h a e m a g g l u t i n i n  ( m o l e c u l a r  w e i g h t  7 9 , 0 0 0 )  b u t  i t
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a l s o  c o n t a i n e d  a s u b s t a n t i a l  amount  of  t h e  n o l y p e n t i d e  f rom 

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

p o l y p e p t i d e s .  T h i s  i n d i c a t e d  t h a t ,  i n  t h e  v i r i o n s  o f  t h e s e  

e i g h t  s t r a i n s ,  t h e s e  r o l v n e n t i d e s  wer e  l i n k e d  by d i s u l n h i d e  

b r i d g e s .

Though  i t  i s  n o t  c l e a r  why t h e  i s o l a t e d  n u c l e o c a p s i d s i n  

t h e  p r e s e n t  i n v e s t i g a t i o n  c o n t a i n e d  two p o l y p e p t i d e s ,  i t  

w o u l d  seem p o s s i b l e  f ro m t h e  above  m e n t i o n e d  wo rk  t h a t  t h e  

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

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

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

n u c l e o c a p s i d  and  one o f  t h e  p o l y p e p t i d e s  f r o m  t h e  e n v e l o p e *
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PART SIX

INTRODUCTION AND REVIEW OP THE LITERATURE,

I f  ” old*“d o g - e n c e p h a l i t i s "  i s  c a u s e d  b y  a d e f e c t i v e  ODV 

i n f e c t i o n  a n a l a g o u s  t o  t h a t  o c c u r r i n g  i n  SSPE i n  man,  i t  i s  

p o s s i b l e  t h a t  m o s t  o f  t h e  v i r u s  RNA p r o d u c e d  i s  of  s u b -  

g e no mi c  l e n g t h .  The s u bg e n o m i c  RNA w o u l d  t h e n  be 

e n c a p s i d a t e d  i n  n u c l e o c a p s i d s  w h i c h  a r e  s m a l l e r  t h a n  t h o s e  

c o n t a i n i n g  t h e  c o m p l e t e  genome.  I n  o r d e r ,  t h e r e f o r e ,  t o  

d e m o n s t r a t e  t h a t  a g i v e n  n u c l e o c a p s i d  RNA i s  i n d e e d  s u b -  

g e n o m i c ,  k n o w l e d g e  o f  t h e  s i z e  of  t h e  c o m p l e t e  n u c l e o c a u s i d  

a n d  genome i s  o b v i o u s l y  n e c e s s a r y .  S i n c e  t h e  s i z e  o f  t h e s e  

s t r u c t u r e s  i s  mo s t  e a s i l y  d e t e r m i n e d  by  m e a s u r e m e n t  o f  

t h e i r  s e d i m e n t a t i o n  c o e f f i c i e n t s  ( o r  S v a l u e s ) ,  t h e  a i m of  

t h e  f o l l o w i n g  e x p e r i m e n t s  was t o  d e t e r m i n e  t h e s e  S v a l u e s  

f o r  t h e  CDV u s e d  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .

As f a r  a s  t h e  a u t h o r  i s  a w a r e ,  o n l y  one p a p e r  g i v i n g  

i n f o r m a t i o n  on t h e  S v a l u e  o f  t h e  ODV n u c l e o c a p s i d  and  one 

p a p e r  on t h e  S v a l u e  o f  CDV RNA h a s  so f a r  b e e n  p u b l i s h e d .  

T h a t  c o n c e r n i n g  t h e  n u c l e o c a p s i d  was by  W a t e r s  a n d  B u s s e l l  

(1974) vjho e s t i m a t e d  f r o m  s e d i m e n t a t i o n  o f  P - l a b e l l e d  

CDV t h a t  t h e  S v a l u e  o f  t h e  n u c l e o c a p s i d  was 276 S ,  From 

s t u d i e s  w i t h  an a n a l y t i c a l  u l t r a c e n t r i f u g e , t h e  S v a l u e  was 

e s t i m a t e d  a s  300  S ,  b u t  t h e  n u c l e o c a p s i d  s o m e t i m e s  h a d  a
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T a b l e  8 R e p o r t e d  3 V a lu e  o f  t h e  N u c l e o c a p s i d  and  t h e  

V i r a l  RNA of  some P a r a m y x o v i r u s e s .

R e f e r e n c e

a) N u d e ooaps i d

Virus S Value
Me a s 1 0 s 2 2 0 - 2 6 5
Measles 195
Measles 280

NDV 200
NDV 225
HVJ 2 5 0

Sends i 280

s v 5 300

b)  RNA

V1 rus S Value
Measles 5 2 - 5 4
Me as l e s 52
Measles 52

NDV 57
NDV 4 5 - 5 0
NDV 4 9 . 2
NDV 55
NDV 57
NDV 50
NDV 57
NDV 54

Sendai 57
Sendai 57
Sendai 57
S e n d a i 50

s v 5 50

N o r r b y  and H a m m a r s k j o l d  (1972)  
W a t e r s  e t  a 1 .  (1972)
H a l l  and  M a r t i n  ( 1973)
K i n g s b u r y  and D a r l i n g t o n  (1968)  
B i k e l  and D u e s b e r g  ( 1 9 6 9 )
Hosaka  (1963)
B l a i r  (1 9 7 0 )
Gompans and Gh opu i n  ( 1963)

R e f e r e n c e
H a l l  and M a r t i n  ( 1973)
G a r t e r  e t  a l ,  (19 73)
Hamr aa r s k j o l d  and  N o r r b y  ( 1974)  
D u e s b e r g  and R o b i n s o n  ( 1965)  
Adams (1965)
K i n g s b u r y  ( 1966)
K a k a j i m a  and Obara  ( 19 6? )
B r a t t  and R o b i n s o n  (1967)  
K i n g s b u r y  and D a r l i n g t o n  (1968)  
B l a i r  and R o b i n s o n  ( 1963)  
D u e s b e r g  (1969)
B l a i r  and R o b i n s o n  (196 ^)
B a r r y  and B u k r i n s k a y a  ( 196^)  
B l a i r  (1970)
K i n g s b u r y  e t  a l ,  ( 1970)
Gompans and  Ch o pp i n  (1963)
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b i t n o d a l  d i s t r i b u t i o n  i n d i c a t i n g  t h e  p r e s e n c e  o f  210 & 273 

S n u c l e o c a p s i d s .  The p u b l i c a t i o n  on t h e  ODV RNA was by  

HaTnmarskJ old. and N o r r b y  ( 1 9 7 4 ) ,  who e s t i m a t e d  I t s  S v a l u e  t o  

be 50 S ,

A l a r g e  number  o f  e s t i m a t i o n s  of  t h e  S v a l u e s  of  t h e  

n u c l e o c a p s i d s  and  RNA’s f ro m o t h e r  p a r a m y x o v i r u s e s  have  

b een  p u b l i s h e d  and some of  t h e s e  a r e  s u m m a r i s e d  i n  T a b l e  6 , 

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

l i e  i n  t h e  r a n g e  200 t o  300 S,  and t h o s e  f o r  t h e  RNA's a r e  

i n  t h e  r a n g e  5 0 - 5 7  S* The e x i s t e n c e  o f  d e f e c t i v e  p a r a m y x o ­

v i r u s  p a r t i c l e s  w i t h  s u b - g e n o m i c  RNA h a s  a l s o  b e e n  

d o c u m e n t e d .  The se  p a r t i c l e s ,  w h i c h  c o n t a i n  RNA m o l e c u l e s  

o f  l e s s  t h a n  50  S ,  have  b e e n  f o u n d  i n  p r e p a r a t i o n s  of  S e n d a i  

v i r i o n s  ( K i n g s b u r y  e t  a l , , 1 9 7 0 ) . and m e a s l e s  v i r i o n s  

( S c h l u e d e r b e r c ^ , 1 97 1;  C a r t e r  e t  a l , , 1 9 7 3 ;  H a l l  and ^ a r t k n ,  

1974^)0  I n  a d d i t i o n ,  n u c l e o c a p s i d s  o f  1 3 0 - l 5 0  S ,  and 

c o n t a i n i n g  18 S RNA have  b ee n  i s o l a t e d  f r o m  d e f e c t i v e  m e a s l e s  

p a r t i c l e s  ( H a l l  and  M a r t i n ,  1 9 7 4 a ) .
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MAT ER IALS TTITHODS

1 .  V i r u s  P r e p a r a t i o n .  Ampoules  of  p u r i f i e d  v i r u s ,  l a b e l l e d
3

w i t h  H - u r i d i n e ,  we r e  p r e p a r e d  by t h e  same method as  x-jas 

u s e d  i n  t h e  s t u d y  o f  t h e  v i r a l  p o l y p e p t i d e s .  F o l l o w i n g  t h e  

f i n a l  p e l l e t i n g ,  t h e  v i r u s  was r e s u s p e n d e d  i n  TS s a t u r a t e d  

w i t h  d i e t h y l p y r o o a r b o n a t e , The amp o ul e s  wer e  t h e n  s t o r e d  

a t  - 7 0 ° 0 .

2 M a r k e r s o

a )  F o r  t h e  n u c l e o c a p s i d ,  A c o m m e r c i a l  p r e p a r a t i o n  o f  MS2 

b a c t e r i o p h a g e  was i.ised. The S v a l u e  of  t h i s  i s  80 S,  The 

p r e p a r a t i o n  had  an o p t i c a l  d e n s i t y  fQD) o f  56  un i t s  p e r  ml 

a nd  was o b t a i n e d  f rom M i l e s  L a b o r a t o r i e s  I n c ,

b)  F o r  t h e  RNA, T h i s  m a r k e r  was p r o v i d e d  by a c o m m e r c i a l  

p r e p a r a t i o n  of  a m i x t u r e  o f  10% 23 S and 3 0 ^  16 S F . c o l i  

r i b o s o m a l  RNA, h a v i n g  an  OD of  200 u n i t s  p e r  m l , T h i s  was 

o b t a i n e d  f r o m M i l e s  L a b o r a t o r i e s  I n c ,

3 .  E x t r a c t i o n  o f  N u c l e o c a p s i d ,  T h i s  was done by  m i x i n g  a 

sampl e  of  t h e  v i r u s  w i t h  s u f f i c i e n t  10$^ S t e r o x  SL i n  TS t o  

g i v e  a f i n a l  c o n c e n t r a t i o n  of  1 ^ ,  T h i s  xvas t h e n  l e f t  a t  

room t e m p e r a t u r e  f o r  45  m i n u t e s  p r i o r  t o  r a t e - z o n a l  

c e n t r i f u g a t i o n ,



II. E x t r a c t i o n  of  t h e  RNA, S o l u t i o n s  u s e d  wer e  : -

a)  S t o c k  s o l u t i o n  of  lO/I s a r k o s y l  i n  TS, T h i s  d e t e r g e n t  i s

s i m i l a r  t o  SUS and was used  in. p r e f e r e n c e  t o  SDS as  i t  does

n o t  p r e c i p i t a t e  i n  t h e  c o l d .

b)  P h e n o l / C h l o r o f o r m .  T h i s  x̂ jas p r e p a r e d  by  t h o r o u g h l y  

m i x i n g  p h e n o l  w i t h  an e q u a l  volume o f  TS and l / 5 t h  volume 

of  c h l o r o f o r m .  T h i s  was l e f t  t o  s e t t l e ,  and t h e  b o t t o m  

l a y e r  ( p h e n o l )  t h e n  c o l l e c t e d .

S u f f i c i e n t  s a r k o s y l  was added  t o  t h e  v i r u s  t o  g i v e  a 

f i n a l  c o n c e n t r a t i o n  of  1%, An e q u a l  volume o f  n h e n o l  x-'?ag

t h e n  a d d e d  and  t h e  m i x t u r e  s h a k e n  a t  room t e m n e r a t u r e  fo.r

5 - 1 0  m i n u t e s .  The p h a s e s  were  t h e n  s e p a r a t e d  by  c e n t r i f u g ­

a t i o n  a t  1 , 0 0 0  rpm f o r  5 m i n u t e s ,  and t h e  t o p  a q u e o u s  

l a y e r  was c o l l e c t e d .  T h i s  was t h e n  t r e a t e d  w i t h  a volume

o f  e t h e r  s l i g h t l y  g r e a t e r  t h a n  t h e  s a mp l e  volume i n  o r d e r

t o  remove t r a c e s  o f  p h e n o l .  A f t e r  t h o r o u g h  s h a k i n g ,  t h i s  

m i x t u r e  x̂ zas s p un  a t  1 , 0 0 0  rpm f o r  a b o u t  30  s e c o n d s  a n d  t h e  

e t h e r  was t h e n  r emov ed  f rom  t h e  t o p .  F o l l o w i n g  a s e c o n d  

t r e a t m e n t  w i t h  e t h e r ,  t r a c e s  o f  t h e  l a t t e r  we r e  t h e n  

r emoved  f rom t h e  s a mp l e  by b u b b l i n g  n i t r o g e n  t h r o u g h  i t ,

5 .  G r a d i e n t  n r e u a r a t i o n  and u l t r a c ^ n t r i f u a 'a t i  on . 

à )  F o r  t h e  n u c l e o c a p s i d .  The g r a d i e n t s  we r e  p r e p a r e d  u s i n g  

t h e  g r a d i e n t  m i x e r ,  as  d e s c r i b e d  i n  t h e  M a t e r i a l s  and. Methods  

s e c t i o n  o f  P a r t  T h r e e ,  They wer e  p r e p a r e d  i n  i S  ml SM 27 

u l t r a c e n t r i f u g e  t u b e s  and c o n s i s t e d  o f  an 0 . 5  ml pad  of  

60^' s u c r o s e  i n  t h e  b o t t o m  o f  t h e  t u b e  and a l 6 . 6  ml
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g r a d i e n t  of  15™30/ü s u c r o s e  w i t h  0«5 a S t e r o x  i n  TS on t o n  of  

t h i s  *

b )  F o r  t h e  RNA. The g r a d i e n t s  were  p r e p a r e d  i n  Si  ̂ 5 o , l  

u l t r a c e n t r i f u g e  t u b e s  w h i c h  had b een  r i n s e d  w i t h  DW 

c o n t a i n i n g  0 , . l 5  s a r k o s y l  and d r i e d  i n  a h o t  a i r  o ve n .  The 

g r a d i e n t s  we r e  p r e p a r e d  by c a r e f u l l y  l a y e r i n g  1 , 2  ml 

v o l u me s  of  20%, 15%, 10% and 5% s u c r o s e  p l u s  1% s a r k o s y l  i n  

T S . on t o p  of  e a c h  o t h e r  i n  t h e  t u b e s ,  and  l e a v i n g  t h e s e  

o v e r n i g h t  a t  4*^0, The s p e e d  and l e n g t h  of  u l t r a c e n t r i ­

f u g a t i o n  em pl oy ed  i s  d e s c r i b e d  i n  t h e  p r o c e d u r e  s e c t i o n  o f  

t h e  i n d i v i d u a l  e x p e r i m e n t s ,

6 ,  F r a c t i o n a t i o n  o f  Gr a d i e n t s , T h i s  X\ âs c a r r i e d  o u t  as 

d e s c r i b e d  i n  t h e  M a t e r i a l s  and Methods  s e c t i o n  of  P a r t  T hr e e

7 0 O p t i c t \ l  d e n s i t y me a s u r e m e n t s . ' f r a c t i o n s  f rom e a c h  

g r a d i e n t  wer e  d i l u t e d  w i t h  0 , 5  ml of  TFl and t h e ^ r  o p t i c a l  

d e n s i t i e s  a t  2 6 0 X m e a s u r e d  and r e c o r d e d  u s i n g  a Unicam 

S p e c t r o p h o t o m e t e r ,

6 ,  R a d i o a s s a y .  T h i s  was c a r r i e d  ou t  a s  d e s c r i b e d  i n  P a r t  

T h r e e  e x c e p t  t h a t  1 ml vo lumes  of  BSA and  10% TGA was a d de d  

t o  t h e  f r a c t i o n s  i n s t e a d  of  0 . 5  ml v o l u m e s ,

9 ,  C a l c u l a t i o n  of  S v a l u e s .  The S v a l u e s  wer e  c a l c u l a t e d  

f r o m  t h e  p o s i t i o n  o f  t h e  p e a k  i n  t h e  g r a d i e n t  by means o f  

t h e  f o r m u l a  -
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D i s t a n ce m i g r a t e d  by t h e m a r k e r  _ 3 v a l ue o f  m a r k e r  
D i s t a n c e  m i g r a t e d  by t h e  unknown S v a l u e  o f  unknown

( M a r t i n  and  Ames,  ( 1 9 6 1 ) ,
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EX P E R IM E N T A L  PROCEDURES A^'D R^’SU'LTS

EXPERIMENT 6 . 1  

To D e t e r m i n e  t h e  S e d i m e n t a t i o n  G o o f T i o i e n t  o f  t h e

N u o l e o o a p s i d  o f  CDV.

P r o c e d u r e . 0 , 2  ml o f  t h e  c o n c e n t r a t e d  v i r u s  was mixed  w i t h

2 0 X o f  10% S t e r o x  and l e f t  f o r  45 m i n u t e s  a t  room t e m n e r a t u r e  

50A of  t h e  K32 b a o t e r i o n h a g e  v i r u s  s u s n e n s i o n  was t h e n  added  

and t h e  s a m n l e  was l a y e r e d  on t o n  o f  a l 5 - ' i 0 %  s u c r o s e

g r a d i e n t .  The t u b e  was c e n t r i f u g e d  a t  2 4 , 0 0 0  rnm f o r  1 h o u r

55 m i n u t e s ,  98 s i x - d r o p  f r a c t i o n s  were  t h e n  c o l l e c t e d .  The 

OD and  r a d i o a c t i v i t y  o f  e a c h  f r a c t i o n  wer e  m e a s u r e d  as  

p r e v i o u s l y  d e s c r i b e d .

R e s u l t s . T h e s e  a r e  shown i n  F i g u r e  4-^; f r o m  w h i c h  i t  can  

be s e e n  t h a t  s e v e r a l  p e a k s  o f  r a d i o a c t i v i t y  w er e  o b t a i n e d .

Two m a j o r  ones  wer e  p r e s e n t  a t  221 and 105 3 and  s m a l l e r

b u t  n e v e r t h e l e s s  d i s t i n c t  ones  a t  2 5 2 , 178 and  115 3 ,

C o n c l u s i o n s  and  D i s c u s s i o n .  From t h e  a bo ve  r e s u l t s ,  i t  

s eemed  t h a t  m os t  o f  t h e  n u c l e o c a p s i d  e x i s t e d  i n  two 

d i f f e r e n t  s i z e s ,  n a m e l y  221 S and 105 3 ,  t h o u g h  s m a l l e r  

p o p u l a t i o n s  o f  t h e  o t h e r  s i z e s  were  a l s o  u r e s e n t .  I t  

seemed p r o b a b l e  t h a t  t h e  221 3 s t r u c t u r e  r e n r e s e n t e d  t h e



2 5 9

c o m p l é t é  n u c l e o c a p s i d  w i t h  i n t a c t  genome.  The s m a l l  p e a k  

a t  252  S may h a ve  b e e n  a n a l a g o u s  t o  t h e  273  S p a r t  o f  t h e  

b i m o d a l  p e a k  d e s c r i b e d  by  W a t e r s  and  B u s s e l l  ( 1974)#

The 105  S p e a k  may have  b e e n  due e i t h e r  t o  f r a g m e n t a t i o n  

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

s h o r t  n u c l e o c a p s i d s  i n  v i r u s  p a r t i c l e s .  I n  t h e  l a t t e r  

i n s t a n c e ,  t h e  s h o r t  n u c l e o c a u s i d  may h ave  b ee n  u r e s e n t  

a l o n g  w i t h  t h e  f u l l  n u c l e o c a p s i d  o r  a l o n e ,  K i l e y  e t  a l . 

(19 74)  o b t a i n e d  110 and 200 S and o c c a s i o n a l l y  170 S 

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

c e l l s ,  K i l e y  and Payne  ( 1974)  f u r t h e r  showed t h a t ,  i n  c e l l s  

i n f e c t e d  w i t h  m e a s l e s  v i r u s  c o n t a i n i n g  a l a r ^ e  number  of  

d e f e c t i v e  p a r t i c l e s ,  110 S n u c l e o c a p s i d s  w e r e  p r e s e n t  i n  

g r e a t e r  n u m be r s  t h a n  t h e  200 S n u c l e o c a p s i d s ,  w h e r e a s ,  when 

t h e  c e l l s  wer e  i n f e c t e d  w i t h  v i r u s  c o n t a i n i n g  few d e f e c t i v e  

p a r t i c l e s ,  200  S n u c l e o c a p s i d s  p r e d o m i n a t e d ,  N u c l e o c a p s i d s  

o f  I 3 O - I 50  S h ave  b e en  i s o l a t e d  f rom d e f e c t i v e  m e a s l e s  

v i r u s  p a r t i c l e s  ( H a l l  and  M a r t i n ,  1974&)# I n  t h e  u r e s e n t  

i n v e s t i g a t i o n ,  t h e r e f o r e ,  t h e  105 S and 170 S p e a k s  o f  

r a d i o a c t i v i t y  may have  b ee n  due t o  t h e  b a n d i n g  o f  s m a l l e r  

n u c l e o c a u s 5ds c o n t a i n i n g  s u bg en om ic  RNA m o l e c u l e s .

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

s u n ^ e s t e d  t h a t  r a t e  s e d i m e n t a t i o n  s t u d i e s  o f  t h e  e x t r a c t e d  

RNA w o u l d  r e v e a l  t h e  p r e s e n c e  of  two d i s t i n c t  p o p u l a t i o n s  

o f  RNA m o l e c u l e s .  I n  t h e  p r e s e n t  e x p e r i m e n t ,  s m a l l  p e a k s  

o f  r a d i o a c t i v i t y  o c c u r r e d  a t  50 S and  11 S and  t h e s e  may 

h ave  b e e n  due t o  b a l d i n g  o f  f r e e  v i r a l  RNA,
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M u m b e # '
F i g u r e  1|9, P r o f i l e  o b t a i n e d  f rom r a t e  z o n a l  c e n t r i f u g a t i o n  

of  ^ H - u r i d i ne l a b e l l e d  CDV RNA,
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EXPERIMENT 6 , 2  

To D e t e r m i n e  t h e  S v a l u e  o f  t h e  CDV RNA E x t r a c t e d  u i t h  

S a r k o s y l  an d  P h e n o l e

P r o c e d u r e , 0 , 2  ml o f  s t o c k  v i r u s  was m i xe d  w i t h  20 ^  o f  t h e

E . c o l i  r i b o s o m e  p r e p a r a t i o n  and t r e a t e d  w i t h  p h e n o l  as 

d e s c r i b e d  p r e v i o u s l y .  The sample  was l a y e r e d  on t o n  of  a 5 

t o  2 0 % s u c r o s e  g r a d i e n t  and c e n t r i f u g e d  a t  ^^0,00^ rpm f o r  

1 h o u r .  Due t o  t h e  lo%v s u r f a c e  t e n s i o n  and  s m a l l  d r o p  s i z e  

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

t w e n t y - d r o p  f r a c t i o n s  were  c o l l e c t e d .  The o p t i c a l  d e n s i t y  

and t h e  r a d i o a c t i v i t y  o f  e a c h  were  m e a s u r e d  as  p r e v i o u s l y  

d e s c r i b e d .

R e s u l t s . The r e s u l t s  a r e  shown i n  F i g u r e  f r o m w h i c h

i t  w i l l  be s e e n  t h a t  mos t  o f  t h e  r a d i o a c t i v i t y  l a y  i n  t h e  

same r e g i o n  a s  t h e  23 S OD p e a k ,  a nd  t h e r e  was no p e a k  o f  

r a d i o a c t i v i t y  i n  t h e  $0 S r e g i o n .

C o n c l u s i o n s  and D i s c u s s i on.  From t h e  above  r e s u l t s ,  o n l y  

RNA m o l e c u l e s  o f  l e s s  t h a n  ^0 3 were  a p p a r e n t l y  n r e s e n t .

T h i s  may h ave  b e e n  due t o  b r e a k - u p  o f  t h e  ^0  3 RNA, The
3

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

o f  RNA m o l e c u l e s  wer e  p r e s e n t  a n d ,  a s  t h e s e  c o u n t s  were  s t i l l  

c l o s e  t o  t h e  t o p  o f  t h e  g r a d i e n t ,  i t  was d e c i d e d  t o  i n c r e a s e  

t h e  t i m e  o f  c e n t r i f u g a t i o n  i n  t h e  n e x t  e x p e r i m e n t  and t o  

c o l l e c t  s m a l l e r  f r a c t i o n s  i n  o r d e r  t o  a c h i e v e  b e t t e r  

s e p a r a t i o n  o f  t h e  d i f f e r e n t  p o p u l a t i o n s .
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F i g u r e  ,^0. P r o f i l e  o b t a i n e d  f rom r a t e  z o n a l  c e n t r i f u g a t i o n
3

of  H - u r i d i n e  l a b e l l e d  GDV RNA a f t e r  1 h o u r  Ij5 m i n u t e s  o f  

c e n t r i f u g a t i o n  a t  5 0 , 0 0 0  rpm.
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EXPERIMENT 6 .3 

To D e t e r m i n e  t h e  S V a l u e  of  t h e  CDV RNA E x t r a c t e d  w i t h

S a r k o s y l  a l o n e *

S e v e r a l  w o r k e r s  ( B a r r y  and B u k r i n s k a y a ,  IQBA;

K i n g s b u r y  e t  a l , , 1970)  have  r e p o r t e d  t h a t  t h e  same r e s u l t s  

a r e  o b t a i n e d  when RNA i s  e x t r a c t e d  w i t h  SDS a l o n e  as  when 

SDS and p h e n o l  a r e  e mpl oyed  t o g e t h e r .  I n  o r d e r  t o  e n s u r e  

t h a t  no b r e a k - u p  of  RNA o c c u r r e d  due t o  t h e  n h e n o l / e t h e r  

t r e a t m e n t ,  i t  was d e c i d e d  t o  r e n e a t  t h e  l a s t  e x p e r i m e n t  

b u t  t o  o m i t  t h e  l a t t e r  s t e p s .

P r o c e d u r e . 0 . 2  ml o f  s t o c k  v i r u s  was m ixed  w i t h  2 0 X of  t h e

E . c o l i  p r e p a r a t i o n  and 2 0 X of  s a r k o s y l  and  l a y e r e d  on t o p  

o f  a 5 t o  20% s u c r o s e  g r a d i e n t .  C e n t r i f u g a t i o n  a t  5 0 , 0 0 0  

rpm was c a r r i e d  o u t  f o r  1 h o u r  I4.5 m i n u t e s .  At t h e  end  of  

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

g r a d i e n t  and t h e  OD and t h e  r a d i o a c t i v i t y  of  e a c h  f r a c t i o n  

m e a s u r e d  a s  p r e v i o u s l y  d e s c r i b e d .

R e s u l t s , The r e s u l t s  a r e  shown i n  Ei g r r e  5 0 ,  f r o m  w h i c h  i t  

can  be s e e n  t h a t  once a g a i n  no c l e a r - c u t  p e a k  o f  r a d i o ­

a c t i v i t y  i n d i c a t i v e  of  t h e  p r e s e n c e  of  50 S RNA was o b t a i n e d .  

T h e r e  was a s m a l l  p e a k  of  r a d i o a c t i v i t y  a t  t h e  37 S p o s i t i o n  

and a n o t i c e a b l e  s h o u l d e r  a r o u n d  21 S.  Most  o f  t h e  

r a d i o a c t i v i t y ,  h o w e v e r ,  l a y  i n  t h e  r e g i o n  o f  16 S t o  i|- S,  

w i t h  a p e a k  a t  6 S*



2 6 4

C o n c l u s i o n s and D i s c u s s i o n ,  From the  above r e s u l t s ,  i t  i s

obv ious  t h a t  most  of  t he  RNA r e c o v e r e d  by t h e  t e c h n i q u e s  

d e s c r i b e d  above c o n s i s t e d  of  r e l a t i v e l y  s m a l l  m o l e c u l e s .  

P o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  a r e  d e s c r i b e d  i n  t he  

f o l l o w i n g  D i s c u s s i o n .
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D I S C U S S I O N

S i n c e  s e d i m e n t a t i o n  of  v i r u s  d i s r u p t e d  w i t h  S t e r o x  

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

n u c l e o c a p s i d ,  t h e  one o f  221 S b e i n g  o f  s u f f i c i e n t  s i z e  t o  

c o n t a i n  t h e  f u l l  genome,  i t  was e x p e c t e d  t h a t  s e d i m e n t a t i o n  

o f ' t h e  v i r a l  RNA woul d r e v e a l  t h e  p r e s e n c e  o f  genomic  RNA. 

However ,  no RNA of  t h i s  s i z e  (50 S) was r e c o v e r e d .  S i n c e  

t h e  CDV n u c l e o c a u s i d  p r o d u c e d  i n  OH c e l l s  was shown t o  be 

o f  t h e  same l e n g t h  and d e n s i t y  ( P a r t  T h r e e )  a s  t h a t  o f  

o t h e r  p a r a m y x o v i r u s ' n u d e  o ca ps  i ds w h i c h  a r e  known t o  c o n t a i n  

5 0 - 5 7  S RNA, i t  seems h i g h l y  u n l i k e l y  t h a t  t h e  genomi c  RNA 

of  CDV i s  l e s s  t h a n  50 S ,  I t  i s  p o s s i b l e  t h a t  b r e a k - u p  o f  

t h e  50 S RNA had  o c c u r r e d  due t o  t h e  a c t i o n  o f  RNase t h o u g h  

t h e  u l t r a c e n t r i f u g e  t u b e s  ha d  b e en  was hed  w i t h  DW,and 

s a r k o s y l  was i n c l u d e d  i n  t h e  g r a d i e n t s  t o  h e l p  e l i m i n a t e  a n ^  

RNase,  A l s o ,  i n  E x p e r i m e n t  6 . 3  o n l y  m i l d  s a r k o s y l  

t r e a t m e n t  was u s e d  i n  o r d e r  t o  e n s u r e  t h a t  t h e  n u c l e o c a u s i d  

was b r o k e n  up w i t h  minimum damage t o  i t s  RNA, However ,  i f  

o n l y  a s m a l l  amount  o f  f u l l y  genomic  RNA was u r e s e n t  i n  t h e  

f i r s t  p l a c e ,  any  t r a c e s  o f  RNase may have  b e e n  s u f f i c i e n t  t o  

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

A l a r g e  amount  o f  RNA s m a l l e r  t h a n  50 S was r e c o v e r e d .  

S i n c e  t h e  v i r a l  p a r t i c l e s  were  RNase t r e a t e d  d u r i n g  

p u r i f i c a t i o n  and  l i t t l e  m a t e r i a l  o f  l e s s  t h a n  50  S was
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o b t a i n e d  i n  E x p e r i m e n t  6 , 1 ,  i t  i s  v e r y  u n l i k e l y  t h a t  t h e  

s m a l l  m o l e c u l a r  w e i g h t  HNA was c e l l u l a r  i n  o r i g i n .  

F u r t h e r m o r e , due t o  t h e  p r e c a u t i o n s  t a k e n  t o  e l i m i n a t e  as  

much RNase as  p o s s i b l e ,  i t  i s  a l s o  u n l i k e l y  t h a t  a l l  o f  t h e  

s m a l l  RNA r e s u l t e d  f r o m  a m a s s i v e  b r e a k - u p  o f  l a r g e r  RNA 

m o l e c u l e s .  T a k i n g  i n t o  c o n s i d e r a t i o n  t h e  r e s u l t  o b t a i n e d  

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

l i k e l y  t h a t  some of  t h i s  s m a l l e r  RNA r e p r e s e n t e d  s u b g en o mi c  

RNA f r o m  v i r u s  p a r t i c l e s .

A l l  o f  t h e  r e s u l t s  o b t a i n e d  t h e r e f o r e  s u g g e s t e d  t h a t  

some d e f e c t i v e  v i r u s  may have  b e en  p r e s e n t  a l o n g  w i t h  

i n f e c t i o u s  v i r u s .  From t h e  f o r m u l a  o f  A b e l s o n  and  Thomas 

(1 9 6 6 ) ,

D., % °« 3 8
1 _ I 1 1

^ 2

w h e r e  an d  a r o  t h e  d i s t a n c e s  m i g r a t e d  

and  a n d  a r e  t h e  m o l e c u l a r  w e i g h t s ,  

t h e  221 S n u c l e o c a p s i d  mu s t  have  b e en  a p p r o x i m a t e l y  7 t i m e s  

(7*091;) g r e a t e r  i n  s i s e  t h a n  t h e  105 S n u c l e o c a p s i d .  From 

t h e  r a d i o a c t i v e  c o u n t s  a t  e a c h  p e a k ,  t h e r e  mu s t  t h e r e f o r e  

h a ve  b e e n  5 t i m e s  a s  many 105 S n u c l e o c a p s i d s  a s  221 3 

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

was t h e  same i n  b o t h .  What  i s  unknown,  h o w e v e r ,  i s  w h e t h e r  

t h e  105 S n u c l e o c a p s i d s  wer e  p r e s e n t  i n  p a r t i c l e s  a l s o  

c o n t a i n i n g  t h e  221 S s t r u c t u r e s  o r  w h e t h e r  t h e y  we r e  p r e s e n t  

s i n g l y  o r  i n  c h a i n s *  I n  t h e  e l e c t r o n  m i c r o s c o p i c  s t u d i e s  

r e c o r d e d  i n  P a r t  Two* no p a r t i c l e s  were  s e e n  w h i c h  

a p p e a r e d  t o  be d e f i c i e n t  i n  n u c l e o c a p s i d .  T h u s ,  i n  t h o s e
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s e c t i o n e d  e q u a t o r i a l l y ,  n u c l e o c a p s i d  was s e e n  i n  c r o s s -  

s e c t i o n  a l o n g  t h e  whol e  l e n g t h  o f  t h e  n e r i p h e r y .  S i m i l a r l y  

i n  v i r i o n s  s e c t i o n e d  t a n g e n t i a l i y ,  b a n ds  of  n u c l e o c a p s i d  

a p p e a r e d  t h r o u g h o u t  t he  e n t i r e  l e n g t h  o f  t h e  p a r t i c l e .  

M o r e o v e r ,  t h e  amount  and d i s t r i b u t i o n  o f  t h e  a l i g n e d  

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

i t  was p r e s e n t  i n  f a i r l y  l o n g  p i e c e s .  On t h i s  b a s i s ,  i t  i s  

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

two 105 S n u d e o c a r s i  ds  wer e  p r o d u c e d  u n d e r  t h e  c o n d i t i o n s  

e m p l oy ed  by  t h e  a u t h o r .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  

105  S n u c l e o c a p s i d s  may have  u n i t e d  p r i o r  t o  a l i g n m e n t .  

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

t h a t  e x p o s u r e  0 ^ t h e  v i r i o n s '  t o  S t e r o x  had  b r o k e n  them up 

i n t o  t h e  i n d i v i d u a l  105 S u n i t s .  S i n c e  S t e r o x  d i d  n o t  

a p p a r e n t l y  b r e a k  up t h e  221 S n u c l e o c a p s i d ,  i t  wou l d  seem, 

u n l i k e l y  t h a t  c h a i n s  o f  105 S d i d  i n  f a c t  o c c u r ,  t h o u g h  i t  

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

e n v e l o p e  o c c u r s  i n  s u c h  a way as  t o  g i v e  t h e  i m p r e s s i o n  of  

c o n t i n u i t y  b e t w e e n  i n d i v i d u a l  n u c l e o c a p s i d s .  E n d - t o - e n d  

l i n k a g e  of  e x t r a c t e d  n u c l e o c a p s i d s  h a s  b e e n  r e p o r t e d  by 

s e v e r a l  w o r k e r s  i n c l u d i n g  Gompans and Ch opp in  ( 1 9 6 7 a ) ,

Taj  ima e t  a l , ( 1 97 1)  and  Yeh a n d  I w a s a k i  ( 1 9 7 2 ) .  A v i r i o n  

c o n t a i n i n g  o n l y  105 3 n u c l e o c a p s i d s  w o u l d ,  o f  c o u r s e ,  be 

d e f e c t i v e  b u t  i t  i s  n o t  known w h e t h e r  o r  n o t  t h e  p r e s e n c e  of  

105  3 n u c l e o c a p s i d s  i n  v i r i o n s  a l s o  c o n t a i n i n g  221 S 

s t r u c t u r e s  w ou ld  r e s u l t  i n  I n t e r f e r e n c e  w i t h  t h e  r e p l i c a t i o n  

o f  t h e  f u l l  genomic  HHA.
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I t  h a s  b e en  shown c o n c l u s i v e l y  t h a t  d e f e c t i v e  v i r a l  

p a r t i c l e s  o c c u r  i n  some p r é p a r â t i o n s o f  m e a s l e s  and S e n d a i  

v i r u s e s  and  may a l s o  o c c u r  i n  s u s p e n s i o n s  of  r i n d e r p e s t  

(Underwood and  Brown,  1974)  and  NDV v i r u s e s  ( W i l c o x ,  1 9 5 9 ) .  

T he se  p a r t i c l e s ,  w h i c h  i n t e r f e r e  w i t h  t h e  r e p l i c a t i o n  of  

i n f e c t i o u s  v i r u s ,  have  b e en  s e e n  mos t  f r e q u e n t l y  i n  s t o c k s  

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

h i g h  m u l t i p l i c i t y  of  i n f e c t i o n  (MOI) ( K i n g s b u r y  e t  a l . , 1970 ;  

G h i a r i n i  and  N o r r b y ,  1 9 70 ;  G a r t e r  e t  a l . ,  1 9 7 3 ;  H a l l  and 

M a r t i n ,  1974&; K i l e y  and P a y n e ,  1 9 7 4 ) ,  However ,  K i n g s b u r y  

and  F o r t n e r  (1970)  c o n c l u d e d  t h a t  t h e s e  p a r t i c l e s  a r o s e  f rom 

s p o n t a n e o u s  m i s t a k e s  i n  t h e  r e p l i c a t i o n  o f  t h e  v i r a l  genome 

and t h a t ,  a l t h o u g h  t h e  c o n d i t i o n s  of  h i g h  MOI r r r e a t l y  

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

o c c u r r e n c e ,  Huang and B a l t i m o r e  (1970)  n u t  f o r w a r d  t h e  

f o l l o w i n g  t h e o r y  t o  a c c o u n t  f o r  t h e  c y c l i c a l  r i s e  and t a l l  

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

s e r i a l  p a s s a g e .  When a d e f e c t i v e  p a r t i c l e  i s  f o r m e d ,  i t  

c an  r e p l i c a t e  o n l y  i f  t h e  c e l l  w h i c h  i t  i n f e c t s  i s  

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

I f  t h i s  o c c u r s ,  more d e f e c t i v e  p a r t i c l e s  a r e  p r o d u c e d ,  and 

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

T h u s ,  o v e r  s e v e r a l  c y c l e s  o r  p a s s a g e s  of  t h e  v i r u s ,  t h e  

number  of  d e f e c t i v e  p a r t i c l e s  i n c r e a s e s .  As t h i s  p r o c e s s  

c o n t i n u e s ,  h o w e v e r ,  t h e  cha nc e  of  s i m u l t a n e o u s  i n f e c t i o n  of  

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

and so t h e  p r o d u c t i o n  of  d e f e c t i v e  p a r t i c l e s  d i m i n i s h e s  

a g a i n .  T h i s  i n c r e a s e s  t h e  p r o b a b i l i t y  o f  a c e l l  b ^ i n g  

i n f e c t e d  o n l v  w i t h  an i n f e c t i o u s  p a r t i c l e ,  and h e n c e  t h e
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numb er  o f  I n f e c t i o u s  p a r t i c l e s  a g a i n  i n c r e a s e s .  T h i s  

c y c l i c a l  i n c r e a s e  and  d e c r e a s e  i n  i n f e c t i v i t y  t i t r e s  d u r i n g  

p a s s a g e  h as  b e e n  shown t o  o c c u r  by Huang and B a l t i m o r e

( 1 9 7 0 ) and  a l s o  S o k o l  e t  a 1 , , (1964)*  I t  can  f e a s i l y  be 

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

h i g h  MOI w i l l  f a v o u r  t h e i r  r e p l i c a t i o n .  T h i s  h a s  b e e n  

shown t o  o c c u r  by K i n g s b u r y  e t  a l , ,  ( 1 9 7 0 ) ;  G h i a r i n i  and 

N o r r b y  ( 1 9 7 0 ) ;  K i l e y  and Payne (1974-);  H a l l  and  M a r t i n  

( 1 9 7 4 a ) '  S i m i l a r l y ,  d e c r e a s i n g  t h e  MOI h a s  b e e n  shown t o  

f a v o u r  t h e  p r o d u c t i o n  o f  i n f e c t i o u s  p a r t i c l e s  ( G h i a r i n i  and 

N o r r b y ,  1 9 70 ;  Underwood and Brown,  1 9 7 4 ;  K i l e y  and P a y n e ,  

1 9 7 4 ) .

The d e f e c t i v e  v i r a l  p a r t i c l e s  d i f f e r  f r o m  t h e  

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

c o e f f i c i e n t  o f  t h e  d e f e c t i v e  n a r t i c l e s  i s  a n p r o x i m a t e l y  400  S 

w h e r e a s  t h a t  of  i n f e c t i o u s  n a r t i c l e s  i s  a t  l e a s t  1 , 0 0 0  S 

( K i n g s b u r y  e t  a l , , 1 9 7 0 ;  H a l l  and M a r t i n ,  1 9 7 4 a ) ,  t h e i r  

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

( G h i a r i n i  an d  N o r r b y ,  1 970 ;  Underwood and Brown,  1974)*

E l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  of  t h e  two t y n e s  of  

p a r t i c l e s  shows t h a t  t h e  i n f e c t i o u s  n a r t i c l e s  c o n s i s t  o f  

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

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

( G h i a r i n i  and  N o r r b y ,  1 9 7 0 ) .  The i n f e c t i v i t y  t i t r e s  o f  

v i r u s  s u s p e n s i o n s  c o n t a i n i n g  a l a r g e  number  of  t h e s e  

d e f e c t i v e  p a r t i c l e s  i s  l o w,  t h o u g h  t h e  h a e m a g g l u t i n i n  and 

h a e m o l y s i n  t i t r e s  g e n e r a l l y  r e m a i n  h i g h .  H a l l  and  M a r t i n  

( 1 9 7 4a )  showed t h a t ,  w h e r e a s  t h e  1 , 0 0 0  3 i n f e c t i o u s  m e a s l e s
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v i r u s  p a r t i c l e s  c o n t a i n e d  250-200 S n u c l e o c a p s i d s  w i t h  50 S 

RNA, t h e  s l o w e r  s e d i ^ e n t i n g ,  n o n - i n f e o t i o u s  n a r t i c l e s  

c o n t a i n e d  10O-15O S n u c l e o c a n s i d s  w i t h  10 S RNA* H a l l  and 

Mar t i n  (197i |a)  a l s o  showed t h a t ,  wh i l e  d i l u t e  nos s age  v i r u s  

c o n t a i n e d  52 and 4 3 RNA, t h r e e  u n d i l u t e  n a s s a g e s  r e s u l t e d  

i n  t h e  p r o d u c t i o n  of  v i r u s  c o n t a i n i n g  52,  10 and 4 S R' f̂A . 

s p e c i e s  and ,  a f t e r  3 u n d i l u t e  n a s s a v e s ,  52 ,  30,  10,  11 and 

4 S RNA s n e c i e s  w^re n r e s e n t .  S i m i l a r l y ,  Underwood and 

Brown, (1974)  r e p o r t e d  t h a t  r i n d e r n e s t  v i r u s  p a s s a g e d  a t  an 

MOI of  1 c o n t a i n e d  20 S and 5 3 RNA b u t  when p a s s a g e d  a t

an MOI of  0 , 0 0 1 ,  a s m a l l  amount  of  50 S RNA was n r e s e n t .

The r e s u l t s  o f  t h e  t h r e e  e x p e r i m e n t s  d e s c r i b e d  i n ‘t h i s  

s e c t i o n  wer e  u n e x p e c t e d  s i n c e  a l l  t h e  p r e v i o u s  wor k  had  

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

u n d e r  t h e  c o n d i t i o n s  empl oy ed  by t h e  a u t h o r  was i n f e c t i o u s .  

F o r  e x a m p l e ,  t h e  b u o y a n t  d e n s i t y  of  t h e  v i r u s  w?as s i m i l a r  t o  

t h a t  o f  o t h e r  p a r a m y x o v i r u s e s ,  e l e c t r o n  m i c r o s c o p y  showed 

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

were  f ound  i n  n e g a t i v e l y - s t a i n e d  h o m o g e n a t e s  o f  i n f e c t e d  

c e l l s ,  and v i r u s  p a s s a g e d  o v e r  20 t i m e s  a t  d i l u t i o n s  r a n g i n g

f r o m  1 i n  1 t o  1 i n  4 was s t i l l  c a u a b l e  o f  p r o d u c i n g  an

e x t e n s i v e  OPE w i t h i n  f o u r  d a y s .  Over  t h i s  p e r i o d ,  t h e  t i t r e s  

t h e  few o c c a s i o n s  when v i r u s  was p a s s a g e d  a t  a h i g h e r

of  h a r v e s t e d  v i r u s  g e n e r a l l y  r e a c h e d  10 TGID^^ p e r  m l .  On

d i l u t i o n ,  t h e  p e r i o d  b e t w e e n  i n f e c t i o n  and t h e  d e v e l o p m e n t  

of  t h e  GPE was c o r r e s p o n d i n g l y  p r o l o n g e d .  T h e r e f o r e ,  by 

w a i t i n g  f o r  t h e  CPE t o  become o b v i o u s  b e f o r e  t h e  v i r u s  was 

h a r v e s t e d ,  t h e  s a m e  c o n d i t i o n s  were  p r o d u c e d  as  were  p r e s e n t
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when c e l l s  wer e  i n f e c t e d  a t  a h i g h e r  MOI b u t  t h e  v i r u s  

h a r v e s t e d  e a r l i e r ,  i . e .  i n  b o t h  s i t u a t i o n s ,  t h e  s a ne  

o p p o r t u n i t y  f o r  d u a l  i n f e c t i o n  w i t h  I n f e c t i o u s  and d e f e c t i v e  

p a r t i c l e s  mu s t  have  e x i s t e d  j u s t  b e f o r e  t h e  v i r u s  was 

h a r v e s t e d .  I t  t h e r e f o r e  had seemed t h a t  n o t h i n g  v^as l i k e l y  

t o  be g a i n e d  by  i n f e c t i n g  t h e  c e l l s  a t  low MOI. I t  s h o u l d  

a l s o  be e m n h a s i s e d  t h a t ,  e v en  w i t h  v i r u s  n as sac r ed  u n d i l u t e ,  

t h e  MOI was n e v e r  g r e a t e r  t h a n  a n p r o x i ^ a t e l y  0 . 1 ,  so t h a t  

s e v e r a l  c y c l e s  m us t  have  o c c u r r e d  b e f o r e  d u a l  i n f e c t i o n  was 

p o s s i b l e .

In  s u p p o r t  of  t h e  above  a r g u m e n t ,  t h e r e  i s  e v i d e n c e  

t h a t ,  i n  some s y s t e m s ,  u n d i l u t e  p a s s a g e  d oe s  n o t  l e a d  t o  

t h e  f o r m a t i o n  o f  d e f e c t i v e  p a r t i c l e s ,  A s t r a i n  of  S e n d a i  

v i r u s  s t u d i e d  by  K i n g s b u r y  and P o r t n e r  ( 1970)  was p a s s a g e d

s e v e r a l  t i m e s  a t  h i g h  MOI w i t h o u t  t h e  p r o d u c t i o n  o f  d e f e c t i v e  

p a r t i c l e s .  A l s o ,  Huang and B a l t i m o r e  ( 1970)  and K i n g s b u r y  

and  P o r t n e r  ( 1970)  b o t h  f o u n d  t h a t  t h e  c e l l  s y s t e m  i n f l u e n c e d  

t h e  f o r m a t i o n  o f  d e f e c t i v e  p a r t i c l e s ,  some c e l l  s y s t e m s  

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

i n f e c t e d  w i t h  i d e n t i c a l  n r o n o r t i o n s  o f  i n f e c t i o u s  and 

d e f e c t i v e  v i r u s  p a r t i c l e s .  I t  i s  ’̂ o s s i b l e  t h a t  i n  a l l  of  

t h e  a u t h o r ’ s e a r l i e r  w o r k ,  l i t t l e  o r  no d e f e c t i v e  v i r u s  was 

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

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

v i r u s  was b e i n g  p r e p a r e d  f o r  t h i s  wor k .  A d e n s i t y  r a n g e  o f  

a p p r o x i m a t e l y  l . l A  t o  1 , 2 2  g / c c  was c o l l e c t e d  f rom t h e  

d e n s i t y  g r a d i e n t s  a n d ,  t h e r e f o r e ,  i f  d e f e c t i v e  p a r t i c l e s  were
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p r e s e n t ,  t h e s e  would have been i n c l u d e d  i n  t h e  p u r i f i e d  

v i r u s .  Ano the r  p o s s i b i l i t y  i s  t h a t  t he  lOu d n u c l e o c a p s i d s  

o c c u r r e d  a l o n g  w i t h  t he  221 S n u o l e o c a p s i d a  i n  t he  v i r i o n s ,  

b u t  w i t h o u t  t he  fo r m er  p r o d u c i n g  any i n t e r f e r e n c e  w i t h  t he  

r e p l i c a t i o n  of  t he  SO 3 RK.A and hence of  t h e  i n f e c t i o u s  

v i r u s .  F u r t h e r  work would have been r e q u i r e d  t o  show 

w h e t h e r  t he  r e s u l t s  o b t a i n e d  i n  t h i s  s e c t i o n  were due t o  

t h e  P r e s e n c e  of d e f e c t i v e  v i r a l  p a r t  i d e s ,  o r  s i rnnly  t o  

mas s ive  b r e a k - u p  of  $0 3 genomic RNA, A s e a r c h  f o r  b.OO S 

v i r u s  p a r t i c l e s  m igh t  have P r o v i d e d  an answer  t o  t h i s  and 

a s t u d y  of t he  e f f e c t  on t he  v i r u s  RhA of  s e r i a l  p a s s a g e  

o f  t h e  v i r u s  a t  h i g h  d i l u t i o n  m igh t have p rov ed  r e w a r d i n g .



F I N A L  D I S C U S S I O N ,

The two p r i n c i p a l  a ims  of  t h e  a u t h o r ’ s i n v e s t i g a t i o n  

we r e  t o  o b t a i n  d a t a  on t h e  s t r u c t u r e  and r e p l i c a t i o n  of  t h e  

v i r u s .  At i t s  commencement ,  m e t hod s  were  n o t  a v a i l a b l e  f o r  

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

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

f u l l  s e q u e n c e  of  u l t r a s t r u c t u r a l  e v e n t s  f rom t h e  e a r l i e s t  

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

v i r u s  p r o d u c t i o n  had  f a l l e n  t o  an a l m o s t  n e g l i g i b l e  leveX* 

T h u s ,  f o r  t h e  f i r s t  t i m e ,  t h e  e c l i p s e  p h a s e  o f  t h e  v i r u s  i n  

dog c e l l s  was e s t a b l i s h e d ,  i n f o r m a t i o n  was g a i n e d  on t h e  

me t ho d  of  v i r u s  m a t u r a t i o n  and m o r p h o l o g i c a l  d i f f e r e n c e s  In  

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

s i t u a t i o n s  was o b t a i n e d .

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

l e v e l ,  i t  was c l e a r l y  n e c e s s a r y  t o  c h a r a c t e r i s e  t h e  

i n d i v i d u a l  m a c r o m o l e c u l e s  o f  t h e  v i r u s .  B e f o r e  t h i s  c o u l d  

be d o n e ,  h o w e v e r ,  t h e  n e c e s s a r y  t e c h n o l o g y  had  t o  be 

d e v e l o p e d .  S i n c e  t h e  v i r u s  grows r e l a t i v e l y  p o o r l y  i n  

c e l l " c u l t u r e , a m e t ho d  of  o b t a i n i n g  t h e  t i t r e  o f  v i r u s  

r e q u i r e d  f o r  b i o c h e m i c a l  s t u d i e s  bad t o  be f o u n d .  From 

t h e  e x p e r i m e n t s  d e s c r i b e d  i n  P a r t  One,  a me t hod  was e v o l v e d  

f o r  p r o d u c i n g  l a r g e  q u a n t i t i e s  o f  v i r u s  w h i c h  c o u l d  t h e n  be 

c o n c e n t r a t e d  by u l t r a c e n t r i f u g a t i o n .  The i n f o r m a t i o n  t h u s  

g a i n e d  s h o u l d  be o f  v a l u e  n o t  o n l y  t o  t h o s e  i n t e r e s t e d  i n
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t h e  b i o c h e m i s t r y  o f  t h e  v i r u s  b u t  a l s o  t o  t h o s e  who 

r e q u i r e  v i r u s  f o r  o t h e r  p u r p o s e s  s u c h  as  v a c c i n e  r - roduc t i  o n .

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

f o r  t h e  p u r i f i c a t i o n  of  p a r a m y x o v i r u s e s ,  l i t t l e  h a s  b e e n  

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

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

e t c , ,  and on t h e  p r o p o r t i o n  of  v i r u s  r e c o v e r a b l e  f rom e a c h ,
3

By p r e p a r i n g  a s i n g l e  s t o c k  of  v i r u s  l a b e l l e d  w i t h  H- 

u r i d i n e ,  i t  was f ound  t h a t  p o t a s s i u m  t a r t r a t e  was s u p e r i o r  

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

t ne c o n c e n t r a t i o n  and p u r i f i c a t i o n  of  t h e  v i r u s  and p r o v i d e d  

a h i g h e r  r e c o v e r y  r a t e .  Aga i n  t h i s  i n f o r m a t i o n  s h o u l d  be 

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

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

v i r u s e s ,  F u r t h e r m o r e ,  i t  was f o u n d  t h a t  b e t t e r  s e p a r a t i o n  

o f  d i s t e m p e r  v i r u s  f r o m  myconlasma c o u l d  be o b t a i n e d  i n  

p o t a s s i u m  t a r t r a t e  t h a n  i n  s u c r o s e  and t h i s  i n f o r m a t i o n  

may be o f  v a l u e  I n  a t t e m p t i n g  t o  e l i m i n a t e  mycopl asma  

c o n t a m i n a t i o n  . f rom s t o c k s  of  p a r a m y x o v i r u s e s .

A l t h o u g h  i n j e c t e d  c e l l s  c o n t a i n  a larçce amount  o f  

n u c l e o c a p s i d ,  i t  m o v e d  d i f f i c u l t  t o  r e c o v e r  l a r g e  amount s  

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

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

g r a d i e n t s  f o l l o w i n g  e x t r a c t i o n  w i t h  v a r i o u s  d e t e r g e n t s ,  

B t e r o x  SL a p p e a r e d  t o  be t h e  mos t  s a t i s f a c t o r y  of  t h e  

d e t e r g e n t s  t e s t e d  i n  t h i s  r e s p e c t .  However ,  s i n c e  q u a n t i ­

t a t i v e  m e t ho ds  o f  c o m p a r i s o n  were  n o t  a v a i l a b l e  a t  t h i s
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s t a g e  of  t h e  i n v e s t i g a t i o n ,  t h i s  c o u l d  n o t  be c o n f i r m e d  

w i t h  c e r t a i n t y .  Some f r a g m e n t a t i o n -  o f  n u o l e o c a n s i d  

a l w a y s  o c c u r r e d ,  b u t  t h i s  was r e d u c e d  when B3A was i n c o r p o r ­

a t e d  i n t o  b o t h  t h e  d e t e r g e n t  s o l u t i o n  and t h e  d e n s i t y  

g r a d i e n t ,

D i f f i c u l t y  was e x p e r i e n c e d  i n  i n c o r p o r a t i n g  

u r i d i n e  i n t o  v i r a l  RNA, t h e  amount  of  l a b e l l e d  v i r u s  RNA 

b e i n g  v e r y  s m a l l  co mpar ed  t o  t h a t  of  l a b e l l e d  c e l l u l a r  RNA,

I n  t h e  c a s e  o f  v i r u s  w h i c h  had b e en  c o n c e n t r a t e d  and 

p u r i f i e d  t h e r e  was no p r o b l e m  i n  d e m o n s t r a t i n g  t h a t  t h e  

r a d i o a c t i v i t y  was s p e c i f i c  t o  t h e  v i r u s ,  b u t  p r o b l e m s  of 

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

f r o m  c e l l s .  A l t h o u g h  A o t i n o m y c i n  D p r e v e n t e d ,  c e l l u l a r  RNA 

s y n t h e s i s ,  i t  p r o v e d  t o o  t o x i c  t o  t h e  c e l l s  t o  be o f  a ny  

r e a l  v a l u e  i n  t h e  s o l u t i o n  o f  t h i s  p r o b l e m .  However ,  

t r e a t m e n t  o f  t h e  e x t r a c t e d  m a t e r i a l  w i t h  RNase was f o u n d  

t o  remove a v « r y  l a r g e  amount  o f  t h e  c e l l u l a r  RNA and t h u s  

f a c i l i t a t e d  t h e  d e t e c t i o n  of  v i r a l  RNA. I n . d e n s i t y  g r a d i e n t s  

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

c o r r e s p o n d i n g  t o  a s e p a r a t e  p e a k  of  r a d i o a c t i v i t y ,  and 

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

c o n t a i n e d  r e c o g n i s a b l e  n u c l e o c a p s i d .  I n  p o t a s s i u m  t a r t r a t e ,  

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

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

F u r t h e r  wor k  i s  t h e r e f o r e  r e q u i r e d  t o  a s s e s s  t h e  b e s t  

me thod  f o r  e x t r a c t i n g  and p u r i f y i n g  t h e  n u c l e o c a p s i d  f ro m 

i n f e c t e d  c e i l s .



A l t h o u g h  t h e  met hod  e mp lo ye d  f o r  t h e  p r o d u c t i o n  of  

v i r u s  s t o c k s  was s a t i s f a c t o r y  f o r  s t u d i e s  o f  t h e  v i r a l  

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

of  l a r g e  amo un t s  of  d e f e c t i v e  v i r u s »  T h i s  p o s s i b i l i t y  w i l l  

o b v i o u s l y  have  t o  be i n v e s t i g a t e d  b e f o r e  s t u d i e s  on t h e  

v i r a l  RNA can  be c o m p l e t e d .  The s i x  p o l y p e p t i d e s  e x t r a c t e d  

f rom t h e  v i r u s  seemed t o  c o r r e s p o n d  q u i t e  c l o s e l y  t o  t h o s e  

d e s c r i b e d  by  h a t e r s  and  . B u s s e l l  (1973)  b u t ,  f o r  t h e  f i r s t  

t i m e  w i t h  IDV, i t  was shown t h a t  f o u r  o f  them w er e  d e r i v e d  

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

e x t r a c t e d  f ro m v i r u s  i n  two d i f f e r e n t  ways and b an d ed  i n  

two d i f f e r e n t  ways  was f o u n d  t o  c o n t a i n  two p o l y p e p t i d e s .  

S i n c e  mos t  p r e v i o u s  work  on p a r a m y x o v i r u s  n u c l e o c a p s i d  h as  

shown t h a t  i t  c o n s i s t s  o f  o n l y  one p o l y p e p t i d e ,  c o n f i r m a t i o n  

o f  t h i s  d i s c o v e r y  i s  r e q u i r e d .  F u r t h e r  wor k  w i l l  a l s o  have  

t o  be done t o  i d e n t i f y  t h e  o t h e r  p o l y p e p t i d e s ,  i . e . ,  t o  

show wh i ch  a r e  d e r i v e d  f r o m  t h e  e n v e l o p e  and w h i c h  a r e  t h e  

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

o f  t h e  v a r i o u s  p o l y p e p t i d e s  w i l l  have t o  be d e v e l o p e d ,  

p e r h a p s  i n v o l v i n g  some of  t h e  t e c h n i q u e s  d e s c r i b e d  by 

S c h e i d  and Chopuin  ( 1973)  snd H a l l  and ^ a r t i n  (197^b)  f o r  

t h e  i s o l a t i o n  o f  some o f  t h e  p o l y p e p t i d e s  o f  NDV and m e a s l e s  

v i r u s e s  r e s p e c t i v e l y .  In b o t h  t h e s e  l a t t e r  s t u d i e s ,  t h e  

b i o l o g i c a l  a c t i v i t i e s  o f  t h e  p o l y p e p t i d e s ,  i . e .  

h a e m . a g g l u t i n a t i n g  and h a e m o l y t i c  a c t i v i t y ,  wer e  n o t  

d e s t r o y e d  by t h e  p r o c e d u r e s  e m p l o y e d .  It may be p o s s i b l e  

t h e r e f o r e  t o  o b t a i n  s e p a r a t e  lOV p r o t e i n s  r e t a i n i n g  t h e i r  

a n t i g e n i c  and  b i o l o g i c a l  a c t i v i t i e s .  P r o d u c t i o n  of  a n t i s e r a  

t o  t h e s e  would  t h e n  p e r m i t  a more d e t a i l e d  s t u d y  of  GDV
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r e p l i c a t i o n  t o  be c a r r i e d  out  by i m m u n o - e l e c t ro n  mic ro scopy ,  

Thi s  c o u l d  a l s o  be a p p l i e d  t o  t he  s t u d y  of  v i r u s  i n f e c t i o n  

i n  s e c t i o n s  of  b r a i n s  of dogs w i t h  e n c e p h a l i t i s ,  and a l s o  

t o  c e l l  c u l t u r e s  d e r i v e d  from t h e s e  a n i m a l s .  I n  t h i s  way 

v a l u a b l e  i n f o r m a t i o n  may e v e n t u a l l y  be r a i n e d  on t he  

mechanisms i n v o l v e d  i n  d e f e c t i v e  GDV i n f e c t i o n  of  t h e  

c e n t r a l  n e rv o u s  sv s t e m .  I t  i s  hoped t h a t  t h i s  t h e s i s  w i l l  

have h e l p e d . p a v e  t h e  way t o  t h a t  goa l s
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