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s e qu e n c e  a n a l ys i s  and  fo r  a l l o wi n g  me to q u o t e  h i s  u n p u b l i s h e d  work .

T h a n k s  also to all t he  p e o p l e  in labs.  2 0 9  and  210.

I w o u l d  l ike to t h a n k  to Drs .  M a h m o u d  T a h a ,  A l a s d a i r  R. 

M a c L e a n ,  D e r r i k ,  J. D a r g a n  and  Mr .  M o i n - u l - F a r e e d  for  t h e i r  t i me ,  

a dv i ce ,  he l p  and  f r i e n d s h i p .

I w ou l d  l ike to t h a n k  to Dr .  J u n e  H a r l a n d ,  Mrs.  F i o n a  

J a m i e s o n ,  Miss  El izabeth M c K a y ,  Miss  I r i s  M c D o u g a l l ,  Mr .  J i m Scot  

a nd  Mr. Graham McIntyre for  g i v i n g  t h e  b e n e f i t  o f  t h e i r  t e c h n i c a l  

k n o w l e d g e  in m o l e c u l a r  b i o l og y  and  my s p e c i a l  t h a n k s  to Mr .  Ai den  

Dol an  in D NA  s e q u e n c i n g  a na l ys i s  for  all  t h e  he l p  I r e c e i v e d  

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

T h e  he lp  of  Mr .  D a v i d  Mi l l e r  in t h e  a n i m a l  wo r k  and  Mr.

J i m A i t k e n  in t he  p a r t i c l e  c o u n t s  is h i g h l y  a p p r e c i a t e d .

I wi sh  to t h a n k  to w a s h r o o m ,  m e d i a ,  c y t o l o g y  and



a d m i n i s t r a t i v e  s t a f f  w i t h o u t  w h o s e  a s s i s t a n ce  t h i s  w o r k  w ou l d  h a v e  

b e e n  v e r y  d i f f i cu l t .

I w o u l d  l ike to m e n t i o n  m y  m o t h e r  H a n e e f a ’h and  my 

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

f a i t h  in me .

F i n a l l y ,  I w o u l d  l ike to t h a n k  to  t h e  G o v e r n m e n t  of 

P a k i s t a n ,  M i n i s t r y  of  Sc i e nc e  and  T e c h n o l o g y  for  g i v i n g  me  the  

o p p o r t u n i t y  to c o n t i n u e  m y  p o s t - g r a d u a t e  s t ud i e s .

Unles s  o t h e r w i s e  s t a t ed  all t h e  r e s u l t s  d e s c r i b e d  in thi s  

t h e s i s  w e r e  o b t a i n e d  by t h e  a u t h o r ’s own  e f f o r t s .
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T h e  a im of  t h e  w o r k  d e s c r i b e d  in t h i s  t h e s i s  was  to f u r t h e r  

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

s i m p l e x  v i r u s  t y p e - 1 ( HSV- 1)  s t r a i n  17 syn + , d e s i g n a t e d  as 1704,

1705 and  1706 ( M a c L e a n  a n d  B r o w n ,  1987b) .  T h e  c h a r a c t e r i z a t i o n  

i n c l u d e d ,  (1) s e q u e n c i n g  ac r os s  t h e  end  p o i n t s  o f  d e l e t i o n s  by  the  

d i d e o x y  c h a i n  t e r m i n a t i o n  r e a c t i o n  m e t h o d  , to (a) i n v e s t i g a t e  the  

r e l a t i o n s h i p  of  t he  v a r i a n t s  to each  o t h e r ,  s i nce  t h e y  h a d  a r i s e n  f r o m 

a s ingl e  r e c o m b i n a t i o n  e x p e r i m e n t  (b)  d e t e r m i n e  t h e  e x t e n t  of  the  

d e l e t i o n s  wi t h  r e s p e c t  to t h e  l oca t ion  of  t h e  l a t e n c y  a s s oc i a t e d  

t r a n s c r i p t s  ( LATs )  and  t h e  L A T  p r o m o t e r  r e g i o n  a n d  (2)  to ana l yse  

t h e  p a t h o g e n i c  and  l a t en cy  p h e n o t y p e  o f  t h e  t h r e e  v a r i a n t s  in the  

m o u s e  m o d e l  s ys t em.

T h e  c h a r a c t e r i s a t i o n  , of  t h e  v a r i a n t s  1704,  1705 and

1706 was  c a r r i e d  ou t  by r e s t r i c t i o n  e n z y m e  d i g e s t i o n  of  v i r u s  DNA,  

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

s e q u e n c i n g  ac ross  t he  e nd  p o i n t s  of  t he  d e l e t i o n  by  t h e  d i d e o x y  c h a i n  

t e r m i n a t i o n  r e a c t i o n  m e t h o d .

In t he  v a r i a n t  1704,  t h e  d e l e t i o n  in U ^ / I R ^  is 3 7 5 8 b p  in 

l e n g t h ,  s t a r t i n g  at n u c l e o t i d e  p o s i t i on  ( np )  116502 and  e n d i n g  at 

n p l 2 0 2 6 0 .  T h e  d e l e t i on  r e m o v e s  6 5 5 bp  o f  and  3103bp  of  I R l - 

T h e  U L 5 6  gene  and  7 9 9 b p  o f  t h e  5 ’ e n d  o f  t h e  l a t e n c y  a s s oc i a t e d  

t r a n s c r i p t s  ( LATs )  a r e  d e l e t e d  i n c l u d i n g  t h e  L A T  p r o m o t e r  r e g i o n .  

In T R l t h e  de l e t i on  is 9 4 2 b p  in l eng t h  e x t e n d i n g  f r om  n p 7 2 0 2  to 

8144 and  is c o n f i n e d  e n t i r e l y  w i t h i n  T R l * T h e  5 ’ e n d  of  t h e  L A T  is 

not  a f f e c t e d  bu t  t h e  L A T  p r o m o t e r  r e g i o n  is d e l e t ed .

S e q u e n c i n g  a n a l y s i s  o f  t h e  v a r i a n t  1705 s h o w e d  t h a t  t h e  

d e l e t i o n  in U l/ I R l is 4 7 3 5 b p  in l en g t h ,  e x t e n d i n g  f r o m  np 115453 to 

np 120188.  T h i s  de l e t i on  is 183bp and 6 9 4 b p  d o w n s t r e a m  f ro m  t h e  3 ’
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e n d s  of  t h e  I E2  and  IE1 g e n e s  r e s p e c t i v e l y  a n d  r e m o v e s  t h e  ge n e s  

U L5 5  a n d  UL56.  One  c o p y  of  t h e  L A T  c o d i n g  r e g i o n  p l u s  t h e  L A T  

p r o m o t e r  r e g i o n  is d e l e t ed .  T h e  v a r i a n t  1705 is no t  d e l e t e d  in T R l .

S e q u e n c i n g  a na l ys i s  of  t h e  v a r i a n t  1706 s h o w e d  t h a t  it has  

a 1807bp  de l e t i o n  at  t h e  r i g h t  h a n d  e n d  o f  U L w h i c h  ha s  been

r e p l a c e d  by 4 7 5 4 b p  f r o m  t h e  l e f t  end .  T h e  d e l e t i o n  s t a r t s  j u s t  80bp

d o w n s t r e a m  f r o m  t h e  3 ’ e n d  o f  t h e  I E 2  g e n e  a n d  t e r m i n a t e s  at t he  

U l/ I R l j u n c t i o n .  T h e  d e l e t i o n  t h e r e f o r e  c o m p l e t e l y  r e m o v e s  t he

U L 5 5  a n d  U L56  genes .  T h e  d e l e t ed  s e q u e n c e s  a r e  r e p l a c e d  by 

s e q u e n c e s  f r o m  t h e  lef t  e n d  of  U L c o n t a i n i n g  t h e  g e n e s  UL1,  UL2,  

UL3 ,  U L4  a n d  a p a r t i a l  c op y  o f  UL5 in an i n v e r t e d  o r i e n t a t i o n .

To  s t udy  t h e  b i o l o g i c a l  p r o p e r t i e s  of  t h e  v a r i a n t s ,  a 

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

i n d i v i d u a l  p l a q u e s  w e r e  p i c k e d  f r o m  t h e  e l i t e  s tock  of  17 syn + ;

r e s t r i c t i o n  e n z y m e  a n a l ys i s  of  t h e  DNA f r o m  each  of  t h e  n i n e  p l a q u e  

s t ocks  s h o w e d  no d i f f e r e n c e s  in t h e  s i ze  of  f r a g m e n t s  or  d i s t r i b u t i o n  

of  t h e  s i tes.  T h es e  p l a q u e s  w e r e  i n o c u l a t e d  i n t r a c r a n i a l l y  i n t o  t h r e e  

w e e k  old B A L B / c  m i c e  and  s h o w e d  no d i f f e r e n c e s  in t h e i r  L D 5o 

v a l u e s  c o m p a r e d  to t h e  p a r e n t a l  17 s y n + s tock.

I n o c u l a t i o n  of  t h e  v a r i a n t s ,  1704,  1705 and  1706 i n t o  3 

w e e k  old B A L B / c  mi ce  s h o w e d  t h a t  1705 was  not  d i f f e r e n t  in 

p a t h o g e n i c i t y  f r om  t h e  wi l d  t y p e  f o l l ow i n g  i n t r a c r a n i a l ,  f o o t p a d  and 

i n t r a p e r i t o n e a l  i n oc u l a t i o n s .  T h e r e f o r e ,  d e s p i t e  t he  d e l e t i o n ,  1705 

c o n s i s t e n t l y  b e h a v e d  as wi ld  t ype .  On t h e  o t h e r  h a n d  1704 and  1706 

c o m p a r e d  to wi ld  t y p e  w e r e  20 fold and  4 6 0  fold less v i r u l e n t  

r e s p e c t i v e l y  f o l l owi ng  i n t r a c r a n i a l  i n o c u l a t i o n  and  f a i l ed  to ki l l  any
7

a n i m a l  f o l l ow i n g  f o o t p a d  i n o c u l a t i o n ,  e v e n  at doses  of  10 

p f u / m o u s e .  In in v i v o  r e p l i c a t i o n  e x p e r i m e n t s  in t h e  p e r i p h e r a l  

n e r v o u s  s y s t em (DRG of  t h e  s p i n a l  cord)  o f  m i c e  1704 and  1706 g r ew 

v e r y  p o o r l y  .
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L a t e n c y  a n a l ys i s  o f  t h e  v a r i a n t s  s h o w e d  t h a t  t h e  t h r e e  

v a r i a n t s  e s t a b l i s h e d ,  m a i n t a i n e d  and  r e a c t i v a t e d  f r o m  l a t e n cy .  T h e  

k i n e t i c s  o f  r e a c t i v a t i o n  o f  1705 and  1706 w e r e  s i mi l a r  to t h e  p a r e n t  

17 syn + , in w h i c h  r e a c t i v a t i o n  o c c u r e d  5 - 6  d a y s  pos t  e x p l a n t a t i o n ,  

b u t  1704 r e a c t i v a t e d  w i t h  d e l a y e d  k i n e t i c s  i .e on t h e  12th day pos t  

e x p l a n t a t i o n .  S i nce  1704 h a s  d e l e t e d  b o t h  c o p i e s  o f  t h e  L A T  

p r o m o t e r  r e g i o n  and  one  c op y  o f  t h e  L A T  c o d i n g  r e g i o n  in I R l , it 

w a s  c o n c l u d e d  t h a t  t h e  L A T s  p l a y  a p a r t  in l a t e n cy  r e a c t i v a t i o n  of  

1704 f r o m  DRG (do r sa l  r oo t  g a n g l i a  o f  s p i n a l  cord)  in t h e  mo u s e  

mode l .

R e s t o r a t i o n  of  t h e  d e l e t e d  s e q u e n c e s  in t h e  v a r i a n t  1704 by 

m a r k e r  r e s c u e  w i t h  t h e  wi l d  t y p e  B a m H I b f r a g m e n t  r e s u l t e d  in a 

w i l d  t y p e  g e n o t y p e .  T h i s  v i r u s  wa s  d e s i g n a t e d  1704R.  L a t e n c y  

s t u d i e s  on 1704R r e v e a l e d  t h a t  t h e  r a t e  and  f r e q u e n c y  o f  r e a c t i v a t i o n  

w a s  i n t e r m e d i a t e  b e t w e e n  17 s y n + and  1704,  s u g g e s t i n g  a s ec ond r y  

u n d e t e c t e d  m u t a t i o n  a f f e c t i n g  l a t e n c y  p h e n o t y p e .  I so l a t i o n  of  

1 7 0 4 L P ’ in w h i c h  bo t h  c o p i e s  o f  t h e  p r o m o t e r  r e g i o n  of  t h e  L A T  are 

d e l e t e d  a n d  r e a c t i v a t i o n  o f  t h i s  v i r u s  f r om  l a t e n c y  w i t h  de l ayed  

k i n e t i c s  c o n f i r m s  t h a t  t h e  L A T s  pa l y  a ro l e  in r e a c t i v a t i o n  f rom 

l a t e n c y .
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I N T R O D U C T I O N

1.1 O B J E C T I V E S .

T h i s  p r o j e c t  i n v o l v e d  t h e  f u r t h e r  c h a r a c t e r i z a t i o n  o f  t h r e e  

s p o n t a n e o u s l y  d e r i v e d  d e l e t i o n  v a r i a n t s  ( 1704,  1705 and 1706) of  

h e r p e s  s i mp l e x  v i r u s  t y p e - 1 ( H S V - 1) s t r a i n  17 syn + . The  

c h a r a c t e r i z a t i o n  i n c l u d e d  (1) f i n d i n g  t h e  p r e c i s e  e n d  p o i n t s  o f  the  

d e l e t i o n s  by  d i d e o x y  s e q ue n ce  a n a l ys i s  (2)  d e t e r m i n i n g  the  

r e l a t i o n s h i p  i f  any  of  t h e  v a r i a n t s  to each  o t h e r  (3) a n a l y s i n g  the  

l a t en cy  a n d  p a t h o g e n i c  p h e n o t y p e s  o f  t h e  v a r i a n t s  in t he  m o us e  

m o d e l  s ys t em.

T h e  a i m of  t h i s  i n t r o d u c t i o n  is to p r o v i d e  a g e n e r a l  

o v e r v i e w  of  H SV  e m p h a s i s i n g  t he  a r e a s  r e l a t e d  to t h e  p r o j e c t ,  in 

p a r t i c u l a r ,  g e n o m e  s t r u c t u r e  and  l a t ency .

1.2 C L A S S I F I C A T I O N  O F  T H E  F A M I L Y  H E R P  E S V I R I  DA E.

At  least  80 v i r u s e s ,  w h i c h  c o m p r i s e  t he  f ami l y  

h e r p e s v i r i d a e  h a v e  b e e n  i so l a t ed  f ro m  a wi d e  v a r i e t y  of  v e r t e b r a t e s  

a nd  i n v e r t e b r a t e s  ( R o i z m a n ,  1982).  T h e  v i r i o n  is 1 5 0 - 2 0 0  nm in 

d i a m e t e r  and  c o n t a i n s  a d o u b l e  s t r a n d e d  l i ne a r  DNA  g e n o m e ,  w h i c h  

is e n c l os e d  in an i c o s a h e d r a l  caps id ,  c o n t a i n i n g  162 c a p s o m e r e s .  The  

c a p s i d  is s u r r o u n d e d  by a l i p id  e n v e l o p e  (Wi l dy  et  al., 1960).  T h e  

o t h e r  s t r u c t u r a l  e l e m e n t s  o f  h e r p e s  v i r u s e s  a r e  (i) t he  co re ,  an 

e l e c t r o n  o p a q u e  f i b r i l l a r  spool  a r o u n d  w h i c h  d o u b l e  s t r a n d e d  l i nea r  

D NA is w r a p p e d  and  (ii) t h e  t e g u m e n t ,  an e l e c t r o n  de n s e  a m o r p h o u s  

l a ye r  d i s t r i b u t e d  a s y m m e t r i c a l l y  a r o u n d  t h e  c a p s id .  V i r u s e s  o f  th i s  

f am i l y  r e p l i c a t e  in t h e  n uc l e u s  and  a c q u i r e  t h e i r  e n v e l o p e  by 

b u d d i n g  t h r o u g h  t he  n u c l e a r  m e m b r a n e  (Wi ldy  e t  a l ., 1960).

I t  is d i f f i c u l t  to c l ass i fy  h e r p e s v i r u s e s  m e r e l y  on t he  bas i s  

of  t h e i r  m o r p h o l o g y  ( F e n n e r ,  1976).  T h e y  can be d i f f e r e n t i a t e d  by 

t h e i r  b i o l og i c a l  and  p a t h o g e n i c  p r o p e r t i e s ,  i n c l u d i n g  hos t  r a n g e ,
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d u r a t i o n  o f  ly t i c  cyc l e ,  c y t o p a t h o l o g y ,  c h a r a c t e r i s t i c s  o f  l a t en t  

i n f e c t i o n  ( M a t h e w s ,  1982) ,  i m m u n o l o g i c a l  c r os s  r e a c t i v i t y ,  s i ze ,  base  

p a i r  c o m p o s i t i o n  and  s t r u c t u r e  o f  t h e i r  g e n o m e s  ( R o i z m a n ,  1982).

1 . 2 . 1  C l a s s i f i c a t i o n  on t h e  b a s i s  o f  b i o l o g i c a l  p r o p e r t i e s .

On the  bas i s  o f  b io l o g i c a l  p r o p e r t i e s ,  t h e  m e m b e r s  of  the  

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

Q<- h e r p e s v i r i n a e ,  h e r p e s v i r i n a e  and  X- h e r p e s v i r i n a e .

1 . 2 . 1 . a S u b - f a m i l y  h e r p e s v  i ri nae .

A l t h o u g h  m e m b e r s  o f  t h i s  s u b - f a m i l y  h a v e  a n a r r o w  host  

r a n g e  in n a t u r e ,  some ,  for  e x a m p l e ,  HSV can i n f ec t  a v a r i e t y  of  

e x p e r i m e n t a l  a n i m a l s  a nd  t i s sue  c u l t u r e  cel ls.  T h i s  f a m i l y  usua l l y  

c a u s e s  an ac u t e ,  s e l f - l i m i t i n g  d i s ease  in t h e i r  n a t u r a l  hos t .  T h e y  also 

h a v e  t h e  c a p a c i t y  to e s t a b l i s h  a p r i m a r y  i n f e c t i o n  fo l l owe d  by  l a t en t  

i n f e c t i o n ,  t yp i ca l l y  in t h e  do r s a l  r o o t  g a n g l i a  of  t h e  s p i n a l  cord.  

H S V - 1 is t h e  p r o t o t y p e  e x a m p l e  of  t h i s  f a m i l y .  P r i m a r y  in f ec t i on  

can  be i n a p p a r e n t  b u t  s o m e t i m e s  m a n i f e s t s  as acu t e  

g i n g i v o - s t o m a t i t i s  ( cold sores ) ,  oc c a s i ona l l y  o c u l a r  k e r a t i t i s  and  in 

v e r y  r a r e  cases ,  a c u t e  n e c r o t i s i n g  e n c e p h a l i t i s .  H S V - 2  is a n o t h e r  

m e m b e r  o f  t h i s  s u b - f a m i l y ,  w h i c h  is c lose ly  r e l a t e d  to H S V - 1 and 

c a u s e s  g en i t a l  l e s ions  in m a n  and  is v e n e r e a l l y  t r a n s m i t t e d .  A n o t h e r  

h e r p e s v i r u s  is v a r i c e l l a  z o s t e r  v i r u s  ( VZV)  w h i c h  c a u s es  va r i c e l l a  

or  c h i c k e n  pox ,  u s ua l l y  in c h i l d h o o d  and  z o s t e r  or  s h i ng l e s ,  a f t e r  

l a t e n t  v i r u s  r e a c t i v a t i o n  in adul t s .  T h e  o t h e r  m e m b e r s  i nc l ude  

b o v i n e  m a m  mi  l i t i s  v i r u s  ( BMV) ,  p s e u d o r a b i e s  v i r u s  ( PRV) ,  and 

e q u i n e  h e r p e s  v i r u s - 1 ( E H V - 1).

1 . 2 . 1 . b S u b - f a m i l y  h e r p e s v i r i n a e .

M e m b e r s  of  t h i s  s u b - f a m i l y  a r e  c h a r a c t e r i z e d  by
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r e s t r i c t e d  hos t  r a n g e  a n d  a l ong  r e p l i c a t i v e  cyc l e .  T h e i r  g r o w t h  in 

t i s s ue  c u l t u r e  p r o g r e s s e s  s lowly  and  i n f e c t e d  cel ls  b e c o m e  e n l a r g e d .  

L a t e n t  v i r u s  ha s  b e e n  d e m o n s t r a t e d  in s e c r e t o r y  g l ands ,  

l y m p h o r e t i c u l a r  cel ls,  k i d n e y s  a n d  o t h e r  t i s sues .  T h i s  s u b - f a m i l y  

cons i s t s  o f  h u m a n  c y t o m e g a l o  v i r u s  ( H C M V )  a n d  m u r i n e  

c y t o m e g a l o v i r u s  ( M C M V )  . A l t h o u g h  m o s t  i n f e c t i o n s  w i t h  H C M V  

a r e  s y mp t o m l e s s ,  H C M V  is a m a j o r  cause  of  c o n g e n i t a l  d i s ease .  Th i s  

v i r u s  can also c a u s e  s e v e r e  g e n e r a l i s e d  d i s e a s e  in 

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

t r a n s p l a n t  s u r g e r y  ( A l f o r d  and  Br i t t ,  1985) and  m o r e  r e c e n t l y  those  

w i t h  A c q u i r e d  I m m u n e  D e f i c i e n c y  S y n d r o m e  ( AI DS ) .

1.2.1.C S u b - f a m i l y  h e r p e s v  i r i n a e .

M e m b e r s  of  t h i s  g r o u p  are  l y m p h o p r o l i f e r a t i v e  v i r us e s .

T h e y  n o r m a l l y  e x h i b i t  a n a r r o w  r a n g e  in v i v o .  I n  v i t r o ,  v i r u s e s  can

i n f ec t  ly mh  ob l a s t o i d  cel l s  w h i c h  are  u s u a l l y  non p e r m i s s i v e  or 

s e m i p e r m i s s i v e  for  v i r u s  r e p l i c a t i o n .  V i r u s e s  a r e  g e n e r a l l y  spec i f i c  

for  T or  B l y m p h o c y t e s .  A l t h o u g h  t h e y  u s ua l l y  h a v e  r e s t r i c t e d

g r o w t h  in l y m p h o b l a s t o i d  cel ls ,  m a n y  v i r u s e s  in t h i s  s u b - f a m i l y  

p r o d u c t i v e l y  i n f ec t  f i b r o b l a s t i c  cel ls.  T h i s  s u b - f a m i l y  c o n t a i n s  

h e r p e s  v i r u s  s a i mi r i  (HVS) ,  E p s t e i n - B a r r  v i r u s  (EBV) ,  M a r e k ’s 

d i s ease  v i r u s  (MDV)  and  h e r p e s  v i r u s  at eles .

C l a s s i f i c a t i on  i n t o  v a r i o u s  f a m i l i e s  is s o m e w h a t  a r b i t r a r y  

a n d  s u b j e c t i v e ,  and  as a c o n s e q u e n c e  s ome  h e r p e s  v i r u s e s  h a v e  been 

i n c o r r e c t l y  a s s i gned ,  for  e x a m p l e ,  MDV.  In g e n e r a l ,  h o w e v e r ,  the  

c l a s s i f i c a t i o n  s ys t em ha s  p r o v e d  to be r e a s o n a b l y  s a t i s f a c t o r y .

1. 2 . 2  C l a s s i f i c a t i o n  on t h e  b a s i s  o f  g e n o m i c  s t r u c t u r e .

Usi ng  g e n o m i c  s t r u c t u r e ,  m e m b e r s  of  t h e  f ami l y
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h e r p e s v i r i d a e  h a v e  b ee n  c l a s s i f i e d  i n t o  f i v e  m a j o r  g r o u p s  ( R o i z m a n . ,  

1982).  T h e y  d i f f e r  c o n s i d e r a b l y  in t h e i r  base  p a i r  c o m p o s i t i o n  

( 3 2 - 7 5 %  G + C )  , t h e  s i ze  o f  t h e i r  g e n o m e  (80 to  150 mi l l i on  

m o l e c u l a r  w e i g h t )  and  t h e  a r r a n g e m e n t  o f  t h e  r e i t e r a t e d  s e q u en ce s  

( F i g u r e  1.1).

G r o u p  A.

In t h i s  g r o u p ,  t h e  g e n o m e  is c h a r a c t e r i z e d  by  a set of  

r e i t e r a t e d  s equence s ,  l oc a t e d  in t h e  s ame  o r i e n t a t i o n  at  t h e  t e r m i n i .  

T h e  D NA  is p r e s e n t  as on ly  one  i s om e r .  T h i s  g r o u p  is r e p r e s e n t e d  

by  c h a n n e l  ca t f i s h  v i r u s  ( CCV)  ( C h o u s t e r m a n  et  al. ,  1979).

G r o u p  B.

T h i s  g r o u p  is r e p r e s e n t e d  by  HVS and t h e i r  g e n o m e s  

c o n t a i n  m u l t i p l e  r e i t e r a t i o n s  o f  t h e  s a me  set o f  s e q u e n c e ,  p r e s e n t  as 

a d i r e c t  r e p e a t  at b o t h  t e r m i n i  in t h e  s a me  o r i e n t a t i o n .  T h e  DNA is 

p r e s e n t  as only  one  i s o m e r  ( B o r n k a m m  et  al. ,  1976).

G r o u p  C.

T h e  g e n o m e  of  t h e  m e m b e r s  o f  t h i s  g r o u p  c o n t a i n  m u l t i p l e  

r e i t e r a t i o n s  of  one  set  o f  s e q u e n c e  p r e s e n t  at bo t h  t e r m i n i  in t he  

s ame  o r i e n t a t i o n  as a d i r e c t  r e p e a t  and  i n t e r n a l  t a n d e m  r e i t e r a t i o n  of  

a s econd  set of  s equence s .  T h e  DNA is p r e s e n t  as a s ingle  i s ome r .  

T h i s  g r o u p  is r e p r e s e n t e d  by E B V  ( R a a b - T r a u b  et  al.,  1980).

Gr o u p  D.

G r o u p  D g e n o m e s  a r e  c h a r a c t e r i z e d  by t h e  p r e s e n c e  of  two  

r e g i o n s  of  u n i q u e  s eq u e n c e ,  one  of  w h i c h  is f l a n k e d  by i n v e r t e d  

r e p e a t s ,  w h i c h  al low i n v e r s i o n  of  t he  s ho r t  u n i q u e  s e q u e n c e  l ead ing  

to t he  p r e s e n c e  of  t wo  i s ome r s .  T h i s  g ro u p  is r e p r e s e n t e d  by PRV



F i g u r e  1.1

T h e  g e n o m i c  l a y o u t  o f  c h a n n e l  c a t f i s h  v i r u s  ( C C V ) ,  h e r p e s  

v i r u s  s i a m i r i  ( HVS ) ,  E p s t e i n - B a r r  v i r u s  ( EBV) ,  p s e u d o r a b i e s  v i r u s  

( P R V )  a n d  h e r p e s  s i m p l e x  v i r u s  ( HSV) .  U n i q u e  s e q u e n c e s  a r e  

d e n o t e d  by  so l id  l i n e s  a n d  r e p e a t  s e q u e n c e s  by  b o x e s .  T h e  a r r o w s  

, i n d i c a t e  r e l a t i v e  d i r e c t i o n  o f  r e i t e r a t e d  s e q u e n c e s .  L e t t e r s  a^  a n d  b^ 

s i g n i f y  m u l t i p l e  t a n d e m  r e p e a t  s e q u e n c e s .  T h e  s ma l l  t e r m i n a l  d i r e c t  

a n d  i n t e r n a l  i n v e r t e d  r e p e a t s  o f  H S V  ( t h e  ' a ’ s e q u e n c e s )  a r e  

i n d i c a t e d .  T h e  t y p e  o f  g e n o m e  a n d  n u m b e r s  o f  i s o m e r s  a r e  al so 

i n d i c a t e d .
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( B e n - P o r a t  e t  al. ,  1979) .

G r o u p  E.

G r o u p  E h a s  b e e n  d i v i d e d  i n t o  t w o  s u b g r o u p s : E l  c o m p r i s e s  

a g r o u p  o f  v i r u s e s  w h o s e  g e n o m e s  c o n t a i n  t w o  u n i q u e  s e qu e n ce s ,  

e a c h  f l a n k e d  by  i n v e r t e d  r e p e a t s ,  w h i c h  s h a r e  no  h o m o l o g y .  V Z V  is 

a m e m b e r  o f  t h i s  g r o u p .

T h e  s e c o n d  s u b g r o u p ,  E2 ,  r e p r e s e n t e d  by  h e r p e s  s i m p l e x  

v i r u s  t y p e  1 ( H S V - 1 )  a n d  t y p e  2 ( H S V - 2 ) ,  h a v e  t h e i r  g e n o m e s  w i t h  

t w o  u n i q u e  r e g i o n s ,  f l a n k e d  by  i n v e r t e d  r e p e a t s  w h i c h  s h a r e  a s h o r t  

r e g i o n  o f  D N A  d i r e c t l y  r e p e a t e d  at  t h e  t e r m i n i  a n d  i n d i r e c t l y  

r e p e a t e d  at  t h e  j u n c t i o n  b e t w e e n  t h e  i n t e r n a l  i n v e r t e d  r e p e a t s .  T h i s  

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

p o p u l a t i o n s  in a v i r u s  s tock .

1.3  H U M A N  H E R P E S V I R U S E S .

M a n  is t h e  n a t u r a l  hos t  f o r  six h e r p e s v i r u s e s ;  w h i c h  are ,  

H S V - 1 ,  H S V - 2 ,  V a r i c e l l a - z o s t e r  v i r u s  ( VZV ) ,  E p s t e i n - B a r r  v i r u s  

( EB V ) ,  H u m a n  c y t o m e g a l o v i r u s  ( H C M V )  a n d  H u m a n  h e r p e s  v i r u s - 6  

( H H V - 6 ) .  T h e  f i r s t  f i v e  a r e  r e l a t i v e l y  we l l  c h a r a c t e r i z e d  w i t h  

r e s p e c t  to b i o l o g y  a n d  p a t h o g e n e s i s  ( R o i z m a n ,  1982) .  I n  c o n t r a s t  

H H V - 6  w a s  f i r s t  i s o l a t e d  f r o m  p e r s o n s  s u f f e r i n g  f r o m  A I D S  or  o t h e r  

l y m p h o p r o l i f e r a t i v e  d i s o r d e r s  ( S a l a h u d d i n  et  a l ., 1986).  I t  h a s  also 

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

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

p r o p o s e d  as t h e  p os s i b l e  c a u s a t i v e  a g e n t  o f  t h e  d i s e a s e  ( Y a m a n i s h i  et  

al.,  1988) .  I t  h a s  b e e n  r e p o r t e d  t h a t  m o r e  t h a n  8 0 - 9 0 %  of  t h e  

h u m a n  a d u l t  p o p u l a t i o n  h a v e  d e v e l o p e d  a n t i - b o d ^  to  t h e  v i r u s  

e a r l y  in l i fe ( S a x i n g e r  e t  al. ,  1988).  R e c e n t l y ,  t h e r e  h a s  b e e n  a 

r e p o r t  o f  a s e v e n t h  h u m a n  h e r p e s v i r u s ,  d e s i g n a t e d  H H V - 7  ( F r e n k e l
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et  al . ,  1990) .

1 .4  S T R U C T U R E  O F  T H E  H E R P E S  S I M P L E X  V I R U S  G E N O M E .

1 . 4 . 1  G e n e r a l  p r o p e r t i e s  o f  t h e  H S V  g e n o m e .

T h e  g e n o m e  o f  H S V - 1  s t r a i n  17 s y n + is a l i n e a r  d o u b l e  

s t r a n d e d  D N A  m o l e c u l e  c o n t a i n i n g  152 , 26 0  b a s e s  in e a c h  s t r a n d  

( P e r r y  a n d  M c G e o c h ,  1988) .  L i k e  al l  h e r p e s  v i r u s e s  t h e r e  is 

h e t e r o g e n e i t y  b e t w e e n  H S V - 1  s t r a i n s ,  so t h i s  n u m b e r  r e f e r s  on ly  to 

s t r a i n  17 syn + . H S V - 1  h a s  a b a s e  c o m p o s i t i o n  o f  68 . 3% G + C  w h i c h  is 

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

e x a m p l e  h a s  a ba s e  p a i r  c o m p o s i t i o n  o f  7 9 . 5 %  G + C  ( M c G e o c h  et  al., 

1986)  a n d  t h e  s h o r t  u n i q u e  r e g i o n  is 64 . 3% G + C  ( M c G e o c h  et  al., 

1985) .  T h e  g e n o m e  o f  H S V  D N A  is u n m e t h y l a t e d  ( Lo w  e t  al. ,  1969).  

E a c h  t e r m i n u s  h a s  an o v e r h a n g i n g  r e s i d u e  w i t h  i t s  3 ’ h y d r o x y l  (OH) 

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

s t r a n d  ( M o c a r s k i  and  R o i z m a n ,  1982b) .

H SV-  1 D NA  c o n s i s t s  o f  t w o  c o v a l e n t l y  l i nk e d  c o m p o n e n t s ,  

l o n g  (L)  a n d  s h o r t  (S) c o n t a i n i n g  82% a n d  18% of  t h e  t o t a l  D NA  

r e s p e c t i v e l y  ( R o i z m a n ,  1979) .  T h e  l o n g  r e g i o n  c o ns i s t s  o f  a long 

u n i q u e  s e q u e n c e  ( U L) f l a n k e d  by  a p a i r  o f  i n v e r t e d  r e p e a t  s e q u e n c e s  

at  t h e  t e r m i n u s  ( T R l ) a n d  t h e  j o i n t  ( I R L)- S i m i l a r l y  t h e  s h o r t  r e g i o n  

c o n s i s t s  o f  u n i q u e  s e q u e n c e s  (U ) a n d  r e p e a t  s e q u e n c e s ,  T R s and 

I R s . T h e  T R ^ / I R l s e q u e n c e s  f l a n k i n g  t h e  U L s e g m e n t  a r e  d e s i g n a t e d  

as a,  b a n d  b ’, a ’ w h i l e  I R ^ T R g  f l a n k i n g  U s a r e  d e s i g n a t e d  as  a ’, c ’ 

a n d  c, a,  r e s p e c t i v e l y .  W i t h  t h e  e x c e p t i o n  o f  a 4 0 0 b p  d i r e c t  r e p e a t  

at  t h e  g e n o m e  t e r m i n i  k n o w n  as t h e  ’a ’ s e q u e n c e  , t h e  s e q u e n c e s  of  

R l a n d  R s a r e  d i s t i nc t .  T h e  ' a ’ s e q u e n c e  is p r e s e n t  as one  c o p y  at  t he  

t e r m i n u s  o f  t h e  S c o m p o n e n t  a n d  in o n e  to n u m e r o u s  c o p i e s  at  t h e  L 

c o m p o n e n t  t e r m i n u s  a n d  at  t h e  j u n c t i o n  b e t w e e n  t h e  L a n d  S
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c o m p o n e n t s  ( W a g n e r  a n d  S u m m e r ,  1978).  T h e  r e p e a t  s e q u e n c e  in 

T R l a n d  I R L, e x c l u d i n g  t h e  ' a ’ s e q u e n c e  is k n o w n  as t h e  *b* s e q ue n c e .  

A c h a r a c t e r i s t i c  o f  H S V - 1  D N A  is t h a t  t h e  L a n d  S c o m p o n e n t s  

i n v e r t .  A s  a c o n s e q u e n c e ,  v i r a l  D N A  e x t r a c t e d  f r o m  i n f e c t e d  cel ls  

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

o r i e n t a t i o n  o f  t h e  t w o  c o m p o n e n t s  ( F i g u r e  1.2).  O n e  s p e c i f i c  

o r i e n t a t i o n  is d e s i g n a t e d  P ( p r o t o t y p e ) ,  t h e  o t h e r s  a r e  d e s i g n a t e d  I 

(L i n v e r t e d  w i t h  r e s p e c t  to P) ,  I (S i n v e r t e d  w i t h  r e s p e c t  to P)  and  

I ( b o t h  L a n d  S i n v e r t e d  w i t h  r e s p e c t  t o  P) .

I n  t h e  H S V  g e n o m e  t h e r e  a r e  g r o u p s  o f  s h o r t  t a n d e m  

r e i t e r a t e d  s e q u e n c e s  r a n g i n g  f r o m  10 to lOObp ( M c G e o c h  ,1989) .  T h e  

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

( R i x o n  e t  al . ,  1984).  S e r i a l  p a s s a g i n g  a n d  r e c l o n i n g  o f  t h e  s a me  

i s o l a t e s  l e ads  to v a r i a t i o n  in t h e  n u m b e r  o f  such  r e p e a t s  ( D a v i s o n  

a n d  W i l k i e ,  1981; W a t s o n  e t  al . ,  1981a,  M u r c h i e  a n d  M c G e o c h ,  1982,  

P e r r y  a n d  M c G e o c h ,  1988).  T h e  s h o r t  t a n d e m  r e i t e r a t i o n s  m a y  s e r ve  

to p r o m o t e  g e n e t i c  e x c h a n g e  b e t w e e n  t h e  r e p e a t s  t h u s  m a i n t a i n i n g  

h o m o l o g y  ( U m e n e , 1 9 8 7 )  or  t h e y  c o u l d  p r o m o t e  a h i g h  d e g r e e  of  

r e c o m b i n a t i o n ,  b u t  t h e  f u n c t i o n  o f  such  r e i t e r a t i o n s  in t h e  g e n o m e  is 

b a s i c a l l y  u n k n o w n .

1 . 4 . 2  O r g a n i s a t i o n  o f  H S V  g e n e s .

T h e  g e n o m e  o f  H S V - 1  G l a s g o w  s t r a i n  17 s y n + h a s  b e e n  

s e q u e n c e d  a n d  t h e  g e n e t i c  o r g a n i s a t i o n  h a s  b e e n  a n a l y s e d  ( M c G eo c h  

et  al. ,  1985,  1986,  1988; P e r r y  a n d  M c G e o c h ,  1988).  T h e r e  a r e  o v e r  

al l  72 r e c o g n i s e d  g e n e s  e n c o d i n g  70  d i s t i n c t  p r o t e i n s  ( F i g u r e  1.3). 

T h e r e  a r e  56 g e n e s  in UL f r o m  UL1 to U L5 6 ,  12 g e n e s  in US f r o m  

US1 to US 12 a n d  t h e  g e n e s  p r e s e n t  in t h e  r e p e a t s  a r e  d i p l o i d  

( d e s i g n a t e d  as IE1 a nd  IE3) .  A n o t h e r  g e n e  ( I C P 3 4 . 5 )  h a s  b e e n  

p o s t u l a t e d  in HSV1 s t r a i n  F ( C h o u  a n d  R o i z m a n ,  1986;  A c k e r m a n n



F i g u r e  1.2

D i a g r a m a t i c  r e p r e s e n t a t i o n  o f  t h e  H S V - 1  g e n o m e .  T h e  g e n o m e  

is d i v i d e d  i n t o  L a n d  S r e g i o n s  b o u n d e d  b y  t e r m i n a l  r e d u n d a n t  

s e q u e n c e s ,  T R l a n d  T R s , w h i c h  a r e  r e p e a t e d  in  an  i n t e r n a l  i n v e r t e d  

f o r m ,  I R l a n d  I R g t h a t  j o i n s  L t o  S. T h e  r e d u n d a n t  s e q u e n c e s  o f  L 

a n d  S f l a n k  t w o  u n i q u e  s e q u e n c e s  U L a n d  U . T h e  ' a ’ s e q u e n c e  is 

p r e s e n t  as  a d i r e c t  r e p e a t  a t  t h e  g e n o m i c  t e r m i n i  a n d  as  a n  i n v e r t e d  

r e p e a t  at  t h e  L - S  j u n c t i o n .  T h e  r e m a i n d e r  o f  R l is k n o w n  as  b a n d  

b ’ a n d  R g as  c a n d  c ’. I n t e r m o l e c u l a r  o r  i n t r a m o l e c u l a r  

r e c o m b i n a t i o n  e v e n t s  in t h e  r e d u n d a n t  s e q u e n c e s  c a n  g e n e r a t e  

i n v e r s i o n  o f  t h e  U L a n d / o r  U s l e a d i n g  to  f o u r  e q u i m o l a r  i s o m e r s .  

T h e s e  a r e  d e s i g n a t e d  P ( p r o t o t y p e ) ,  I ( i n v e r s i o n  o f  t h e  l ong  

s e g m e n t ) ,  I s ( i n v e r s i o n  o f  t h e  s h o r t  s e g m e n t )  a n d  I ( i n v e r s i o n  of  

t h e  l o n g  a n d  s h o r t  s e g m e n t s ) .
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F ig u r e 1,3

O r i g a n i z a t i o n  o f  t h e  g e n e s  o f  H S V - 1 ,  r e p r e s e n t e d  on  f o u r  

s u c c e s s i v e  l i ne s .  L o c a t i o n  o f  H S V - 1  o p e n  r e a d i n g  f r a m e s  a r e  

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

t r a n s c r i b e d  r i g h t w a r d  or  l e f t w a r d  r e s p e c t i v e l y .  R e p e a t  s e q u e n c e s  a re  

r e p r e s e n t e d  as  o p e n  b o x e s .  O r i g i n s  o f  D N A  r e p l i c a t i o n  a r e  i n d i c a t e d  

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

b y  s m a l l  v e r t i c a l  l i ne s .  T h e  u p p e r  scale  is m a p  u n i t s  a n d  l o w e r  is 

K b p  ( F r o m  M c G e o c h  e t  a l ., 1989)
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et  al . ,  1986)  u p s t r e a m  o f  IE1  in t h e  s a m e  o r i e n t a t i o n  b u t  t h i s  

a s s i g n m e n t  h a s  b e e n  d i s p u t e d  ( P e r r y  a n d  M c G e o c h ,  1988).  I t  h a s  also 

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

a s s o c i a t e d  t r a n s c r i p t s  ( L A T s )  f o u n d  in l a t e n t l y  i n f e c t e d  a n i m a l  and  

h u m a n  g a n g l i a  ( S t e v e n s  e t  al. ,  1987; K r a u s e  e t  al . ,  1988).  I t  is 

t h o u g h t  n o t  to be  t r a n s l a t e d  i n t o  a p r o t e i n  p r o d u c t ,  as no  such 

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

t r a n s c r i p t  d o e s  no t  s u p p o r t  i t s  e x i s t e n c e  ( P e r r y  a n d  M c G e o c h ,  1988).  

G e n e s  w h i c h  e n c o d e  p r o t e i n s  w i t h  k n o w n  f u n c t i o n s  or  p r o p e r t i e s  a re  

l i s t ed  in T a b l e  1.1.

T h e r e  is no  d i f f e r e n c e  in t h e  s y n t h e s i s  a n d  p r o c e s s i n g  of  

v i r u s  s p e c i f i c  R N A s  f r o m  e u k a r y o t i c  R N A .  Hos t  e n c o d e d  RNA 

p o l y m e r a s e  I I  is u t i l i s e d  a n d  t r a n s c r i p t i o n  o c c u r s  in t h e  n u c l e i  of  

i n f e c t e d  ce l l s  ( W a g n e r  a n d  R o i z m a n ,  1969;  B e n - Z e e v e  a nd  B e c k e r ,  

1977;  C o s t a n z o  et  al. ,  1977) .  M o s t  H S V  g e n e s  p o sse s s  u p s t r e a m  and 

d o w n s t r e a m  r e g u l a t o r y  r e g i o n s  s i m i l a r  to  t h o s e  o f  ho s t  cel l  ge n e s  

( M c K i n g h t ,  1980 ). T h e s e  i n c l u d e  5 ’ e n d  p r o m o t e r  s e q u e n c e s  such  as 

a T A T A A  box  a n d  a C A A T  b o x  m o t i f  a n d  a 3 ’ p r e  m R N A  

p o l y a d e n y l a t i o n  s ignal ,  A A T A A A  ( B e n o i s t  e t  al. ,  1980;  Z a r k o w e r  et  

al. ,  1986) .  T h e r e  is a n o t h e r  m o t i f ,  t h e  Y G T G T T Y Y  ( w h e r e  Y 

r e p r e s e n t  C or  T)  s e q u e n c e  f o u n d  d o w n s t r e a m  f r o m  the  

p o l y a d e n y l a t i o n  s i te ( M c L a u c h l a n  a n d  C l e m e n t s ,  1983) w h i c h  has  

b e e n  s h o w n  to be  r e q u i r e d  for  e f f i c i e n t  p r o c e s s i n g  o f  t h e  3 ’ e n d  of  

m R N A  ( M c L a u c h l a n  et  al. ,  1985).  O n e  a s p e c t  in w h i c h  H SV  d i f f e r s  

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

g e n e s  s p l i c e d  for  e x a m p l e  I E 1, UL15,  1 E4 , IE5  a n d  m R N A  o f  U L 4 4  

( R i x o n  a n d  C l e m e n t s ,  1982;  W a t s o n  e t  al . ,  1981b;  P e r r y  et  al . ,  1986; 

M c G e o c h  et  al. ,  1988; F r i n k  et  al. ,  1983).  L A T s  al so a p p e a r  to  be 

s p l i c e d  ( W e c h s l e r  e t  al. ,  1988; W a g n e r  et  al. ,  1988).  R e c e n t  

c o n s t r u c t i o n  of  a r e c o m b i n a n t  v i r u s  c o n t a i n i n g  an i n t r o n l e s s  I E  g e n e



Table: 1.1 Properties of HSV-1 encoded polypeptide.

Gene Function or properties.

IE110 Immediate-early transcription regulator (Perry et al., 1986).

UL2 Uracil-DNA glycosylase (Mullaney et al., 1989).

UL5 DNA replication (McGeoch et al., 1988; Heillbronn et al., 1990).

UL6 Virion protein (McGeoch et al., 1988).

UL8 DNA replication (Wu et al., 1988; McGeoch et al., 1988).

UL9 DNA replication; origin binding protein (Weir et al., 1989).

UL12 Alkaline nuclease (Weller et al., 1990).

UL13 Putative protein kinase (Smith and Smith, 1989).

UL18 Capsid protein (Rixon et al., 1990).

UL19 Major capsid protein (Costa et al., 1984).

UL22 Virion glycoprotein H (Gompels and Minson, 1986).

UL23 Thymidine kinase (McKnight, 1980; Wagner et al., 1981).

UL25 Virion protein (Addison et al., 1984)

UL26 Capsid protein (Preston et al., 1983).

UL27 Virion glycoprotein B (Bzik et al., 1984).

UL28 Capsid protein (Addison et al., 1990)

UL29 DNA replication; major DNA binding protein (Conley et al., 1984;

Quinn and McGeoch, 1985).

UL30 DNA repliation; DNA polymerase (Chartrand et al., 1979; Quinn

and McGeoch, 1985).

UL32 Locus of immune cytolysis resistance mutation (Coen et al., 1984)#

UL34 Virion protein (Marsden et al., 1978)

UL36 Virion protein (Batterson et al., 1983)

UL37 viral replication; DNA binding protein (Shelton et al., 1990).



Table:1.1 (continued)

UL38 Virion protein (Rixon et al., 1990)

UL39 Large sub-unit of ribonucleotide reductase (Preston et al., 1984).

UL40 Small sub-unit of ribonucleotide reductase (Preston et al., 1988).

UL41 Virion host shutoff protein (Fenwick and Everett, 1990a).

UL42 DNA replication; sub-unit of DNA polymerase (Gottlieb et al.,

1990).

UL44 Virion glycoprotein C (Frink et al., 1983).

UL47 Tegument protein (McLean et al., 1990).

UL48 Major tegument protein; activator of IE genes (Campbell et al.,

1984; Dalrymple et al., 1985).

UL50 Deoxyuridine triphosphatase (Preston and Fisher, 1984).

UL52 DNA replication (Challberg, 1986; Wu et al., 1988).

UL54 IE transcriptional regulator (Watson et al., 1979).

UL55 IE transcriptional regulator? (Block et al., 1991).

IE175 IE transcriptional regulator (Preston, 1979).

US1 IE protein (McGeoch et al., 1985).

US3 Protein Kinase (McGeoch and Davison, 1986).

US4 Virion glycoprotein G (McGeoch et al., 1985, 1987).

US5 Putative glycoprotein (McGeoch et al., 1985).

US6 Virion glycoprotein D (Watson et al., 1982).

US7 Virion glycoprotein I (McGeoch et al., 1985; Longnecker and

Roizman, 1987).

US8 Virion glycoprotein E (McGeoch et al., 1985).

US9 Tegument phosphoprotein (Frame et al., 1986).

US10 Virion protein (Rixon and McGeoch, 1984).

US12 IE protein (Murchie and McGeoch, 1982).
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by  s i t e - d i r e c t e d  d e l e t i o n  m u t a g e n e s i s ,  r e v e a l e d  no  d i s t i n g u i s h a b l e  

d i f f e r e n c e s  in t h e  c h a r a c t e r i z a t i o n  o f  t h e  m u t a n t s  f r o m  t h e  p a r e n t .  

U s i n g  t r a n s f e c t i o n  assays ,  t h e  loss o f  b o t h  i n t r o n  s e q u e n c e s  r e s u l t e d  

in t h e  e l i m i n a t i o n  o f  t h e  a b i l i t y  o f  a p l a s m i d - e n c o d e d  IE1 to a c t i v a t e  

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

t h e  IE1  g e n e  m a y  c o n t r i b u t e  to t h e  e f f i c i e n t  e x p r e s s i o n  o f  t h e  

V m w I E l l O  p o l y p e p t i d e  ( E v e r e t t ,  1991).

1 . 5  H E R P E S  S I M P L E X  V I R U S  Ka ’ S E Q U E N C E .

1 . 5 . 1  G e n e r a l  p r o p e r t i e s  o f  t h e  ' a ’ s e q u e n c e .

T h e  H S V  g e n o m e  c o n t a i n s  s p e c i f i c  s e q u e n c e s  ca l l ed  t h e  ' a ’ 

s e q u e n c e  v a r y i n g  in l e n g t h  f r o m  2 5 0 - 5 5 0 b p  in a d i r e c t l y  r e p e a t e d  

o r i e n t a t i o n  at  t h e  t e r m i n i  o f  t h e  L a n d  S c o m p o n e n t s  a n d  in i n v e r t e d  

o r i e n t a t i o n  at  t h e  L - S  j u n c t i o n  ( W a d s w o r t h  et  a l ., 1975,  1976 ). T h e  

t e r m i n u s  c o n t a i n s  on ly  a s ing le  c o p y  o f  t h e  ' a ’ s e q u e n c e  b u t  t he  

n u m b e r  o f  c o p i e s  v a r i e s  at  t h e  L - S  j u n c t i o n  a n d  t h e  L t e r m i n u s .  

V a r i a t i o n  in t h e  s i ze  o f  t h e  ' a ’ s e q u e n c e  v a r i e s  b o t h  w i t h i n  and 

b e t w e e n  s t r a i n s  ( W a g n e r  a n d  S u m m e r s . ,  1978;  L o c k e r  a n d  F r e n k e l ,  

1979;  D a v i s o n  a n d  Wi lk i e ,  1981; M o c a r s k i  a n d  R o i z m a n ,  1981, 1982b;  

M o c a r s k i  e t ' a l ., 1985; V a r m u z a  a n d  S m i l e y ,  1985).

1 . 5 . 2  S t r u c t u r e  o f  t h e  ’a ’ s e q u e n c e .

T h e  s t r u c t u r e  o f  H S V - 1 s t r a i n  F is s h o w n  in F i g u r e  1.4 

( M o c a r s k i  a n d  R o i z m a n ,  1982b) .  T h e  ' a ’ s e q u e n c e  c o n s i s t  of:

(1) DR1:  a 17-21 bp e l e m e n t  p r e s e n t  as a d i r e c t  r e p e a t  at  t h e  e n d s  of  

t h e  ' a ’ s e q u e n c e

(2) Ub: a u n i q u e  s e q u e n c e  l oc a t e d  t o w a r d s  t h e  b s e q u e n c e

(3) D R 2 :  a 12bp e l e m e n t  p r e s e n t  in 1 to  at  l eas t  22  c op i e s .



F i g u r e  1.4

T h e  s t r u c t u r e  o f  H S V - 1  s t r a i n  F  i n  t h e  p r o t o t y p e  o r i e n t a t i o n  

( t o p  l i n e ) .  A n  e x p a n s i o n  o f  t h e  ' a ’ s e q u e n c e  i n  t h e  o r i e n t a t i o n  f o u n d  

a t  t h e  L - S  j u n c t i o n  i s  s h o w n  b e l o w  t h e  t o p  l i n e  ( M o c a r s k i  a n d  

R o i z m a n ,  1 9 8 2 ) .

D R 1 :  2 0 b p  e l e m e n t  p r e s e n t  as  a d i r e c t  r e p e a t  a t  t h e  e n d s  o f  t h e  ' a ’ 

s e q u e n c e .

| U b :  a u n i q u e  s e q u e n c e :  o f  6 4 b p  l o c a t e d  t o w a r d s  t h e  b ’ s e q u e n c e .
i

D R 2 :  a 1 2 b p  r e p e a t  e l e m e n t  p r e s e n t  i n  2 2  c o p i e s .

D R 4 :  a 3 7 b p  r e p e a t  e l e m e n t  p r e s e n t  i n  3 c o p i e s .

U c :  a u n i q u e  s e q u e n c e  o f  5 8 b p  t o w a r d s  t h e  c ’ s e q u e n c e s .
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(4)  D R 4 :  one  to t h r e e  r e p e a t s  o f  a 3 7b p  s e q u e n c e  c o n t a i n i n g  11 of  

t h e  12 n u c l e o t i d e s  o f  D R 2 .

(5) Uc:  a u n i q u e  5 8 b p  s e q u e n c e  l o c a t e d  t o w a r d s  t h e  c s e q u e n c e .

(6) DR1:  a s e c o n d  c o p y  o f  DR1.

1 . 5 . 3  F u n c t i o n s  o f  t h e  ' a ’ s e q u e n c e .  

1 . 5 . 3 . a C i r c u l a r i s a t i o n  o f  t h e  g e n o m e .

L i n e a r  v i r i o n  H SV  D N A  c i r c u l a r i s e s  soon a f t e r  i n f e c t i o n .

T h i s  is b e l i e v e d  to be  m e d i a t e d  by t h e  ' a ’ s e q u e n c e  ( D a v i s o n  and

V i l k i e ,  1983b;  P o f f e n b e r g e r  et  al. ,  1983; P o f f e n b e r g e r  a n d  R o i z m a n ,  

1985).  I t  is l i ke ly  t h a t  c i r c u l a r i z a t i o n  t a k e s  p l a c e  by  l i g a t i on  o f  t h e  

t w o  t e r m i n i  a i d e d  by  t h e  c o m p l e m e n t a r y  s i ng l e  ba s e  at  t h e  3 ’ end  

o v e r h a n g  ( M o c a r s k i  a n d  R o i z m a n ,  1982b) .

1 . 5 . 3 . b  I s o m e r i s a t i o n  o f  t h e  g e n o m e .

HSV-  1 D N A  c o n t a i n s  f o u r  e q u i m o l a r  a m o u n t s  o f  i s om e r s .

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

r e s t r i c t i o n  e n z y m e  a n a l y s i s  ( H a y w a r d  et  al . ,  1975;  C l e m e n t s  e t  al. ,  

1976) .  S t u d i e s  on i n t e r t y p i c  r e c o m b i n a t i o n  b e t w e e n  H SV-  1 a n d  2 

d e m o n s t r a t e d  t h a t  i n v e r s i o n  o f  t h e  L a n d  S s e g m e n t s  w a s  spe c i f i ca l l y  

d e p e n d e n t  u p o n  t h e  ' a ’ s e q u e n c e  ( D a v i s o n  a n d  Wi lk i e ,  1983b) .  

D e t a i l e d  a n a l ys i s  wa s  c a r r i e d  o u t  by  d e l e t i o n  in t h e  ' a ’ s eq ue n ce  

( C h o u  a n d  R o i z m a n ,  1985).  I t  w as  f o u n d  t h a t  d e l e t i o n  in DR2 

r e s u l t e d  in a low f r e q u e n c y  o f  i n v e r s i o n  ( V a r m u z a  a n d  S m i l e y ,  1985); 

d e l e t i o n  o f  DR4  s e q u e n c e s  r e s u l t e d  in i m p a i r m e n t  of  g e n o m i c  

i n v e r s i o n ,  w h i l s t  d e l e t i o n  o f  DR2  a n d  D R4  t o g e t h e r  r e s u l t e d  in 

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

s i gna l s  f o r  r e c o m b i n a t i o n  a n d  i n v e r s i o n  in t h e  D R 2  a n d  DR4
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s e q u e n c e s .  H a r l a n d  a n d  B r o w n  (1989)  r e p o r t e d  an  a p p r o x i m a t e l y

13.5kb d e l e t i o n  in H S V - 2  s t r a i n  H G5 2  a c r o s s  t h e  L - S  j u n c t i o n  w i t h

loss o f  t h e  ' a ’ s e q u e n c e  a n d  c o m p l e t e  loss  o f  I R l a n d  h a l f  o f  t h e  I R s

r e g i o n ,  r e s u l t i n g  in a f i x e d  p r o t o t y p e  o r i e n t a t i o n  o f  t h e  L. s e g m e n t .

H o w e v e r ,  b o t h  t h e  I R  a n d  T R  f r a g m e n t s  w e r e  p r e s e n t  a l b e i t ,  ins s
u n e q u a l  p r o p o r t i o n s  i n d i c a t i n g  t h a t  t h e  ' a ’ s e q u e n c e  is no t  n e c e s s a r y

for  t h e  i s o m e r i s a t i o n  o f  HSV.  T h e y  p o s t u l a t e d  t h a t  t h e  i n v e r s i o n  of

t h e  S s e g m e n t  is t a k i n g  p l a c e  t h r o u g h  h o m o l o g o u s  s e q u e n c e s  in T R s

a n d  t h e  r e m a i n d e r  o f  I R  . T h i s  i n d i c a t e s  t h a t  t h e  r e c o m b i n a t i o n a ls
s e q u e n c e s  a r e  d i s p e r s e d  t h r o u g h o u t  t h e  15kb L - S  j u n c t i o n  r e g i o n  

( V a r m u z a  and  S m i l e y ,  1985)

1 . 5 . 3 . C  C l e a v a g e  a n d  p a c k a g i n g  o f  t h e  g e n o m e .

I t  is a c c e p t e d  t h a t  H SV  r e p l i c a t e s  by  a r o l l i n g  c i rc l e  

m e c h a n i s m  a n d  n e w l y  r e p l i c a t e d  v i r a l  D N A  m o l e c u l e s  cons i s t  o f  l a rge  

h e a d  to t a i l  c o n c a t a m e r s  ( S t o w  et  al . ,  1983; S t o w ,  1985) .  C l e a v a g e  of  

c o n c a t a m e r i c  D N A  i n t o  u n i t  l e n g t h s  is m e d i a t e d  by  s i t e - s p e c i f i c  

s i gna l s  f o u n d  in t h e  ' a ’ s e q u e n c e  ( D a v i s o n  a n d  Wi l k i e ,  1981; V a r m u z a  

a n d  S m i l e y ,  1985).  C l e a v a g e  o f  t h e  D N A  is t h o u g h t  to  be  c o u p l e d  to 

e n c a p s i d a t i o n  ( De i s s  a n d  F r e n k e l ,  1986) a n d  t h e  cis-  a c t i n g  s igna l s  

r e s p o n s i b l e  for  b o t h  e v e n t s  a r e  al l  b e l i e v e d  to  be  w i t h i n  t h e  ' a ’ 

s e q u e n c e  ( S t o w ,  1985).  T h e s e  s igna l s  a r e  n o w  f o u n d  to  be  w i t h i n  a 

179bp f r a g m e n t  c o n t a i n i n g  U c - D R l - U b  f r o m  t h e  j u n c t i o n  o f  t h e  t wo  

t a n d e m  ' a ’ s e q u e n c e s  ( N a s s e r i  a n d  M o c a r s k i ,  1988).

1 . 5 . 3 . d  P r o m o t e r  a c t i v i t y .

I t  ha s  b e e n  f o u n d  in H S V - 1 s t r a i n  F t h a t  t h e  Ub r e g i o n  of  

t h e  ' a ’ s e q u e n c e  c o n t a i n s  a p r o m o t e r  f o r  a g e n e  e n c o d i n g  a 

p o l y p e p t i d e  I C P  34.5 ( C h o u  a n d  R o i z m a n ,  1986).  T h e  5 ’ e n d  o f  t he  

t r a n s c r i p t  is in DR1 a n d  t h e  c o d i n g  r e g i o n  is in t h e  l ong r e p e a t  in
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t h e  s a m e  o r i e n t a t i o n  as IE1  ( A c k e r m a n n  e t  a l ., 1986).  T h e  s e n s i t i v i t y  

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

T h e  p r o m o t e r  is  a t y p i c a l  o f  H S V  g e n e s  in t h a t  t h e r e  is no  T A T A  

c o n s e n s u s  in t h e  n o r m a l  p o s i t i o n  i .e a r o u n d  - 2 5 ,  b u t  t h e r e  is T A T A  

h o m o l o g y  i .e T T T A A A  at  a r o u n d  -15 p o s i t i o n .  A s i m i l a r  O R F  h a s  

no t  b e e n  f o u n d  in t h e  c o r r e s p o n d i n g  r e g i o n  o f  H S V - 1 s t r a i n  17 syn + 

( P e r r y  a n d  M c G e o c h ,  1988).

1 . 5 . 3 . e  P r o t e i n  b i n d i n g  to t h e  ' a ’ s e q u e n c e .

T h e  ' a ’ s e q u e n c e  e n c o d e s  c z s - a c t i n g  s i gna l s  w h i c h  a r e

n e c e s s a r y  fo r  c i r c u l a r i z a t i o n  ,c l e a v a g e - p a c k a g i n g ,  i n v e r s i o n  and

p r o m o t e r  a c t i v i t y .  A sma l l  p o l y p e p t i d e  a t t a c h i n g  to t h e  L - S  j u n c t i o n

o f  t h e  v i r u s  D N A  h a s  b e e n  o b s e r v e d  u n d e r  e l e c t r o n  m i c r o s c o p y  (Wu

et  al. ,  1979) .  S o m e  l a te  p o l y p e p t i d e s  ( 21 KDa  a n d  2 2 K D a )  e n c o d e d  by

t h e  g e n e  US11 ( R i x o n  a n d  M c G e o c h ,  1984; J o h n s o n  et  al. ,  1986))  h a v e

b e e n  s h o w n  to  i n t e r a c t  w i t h  t h e  ' a ’ s e q u e n c e  o f  H S V - 1 in v i t r o

( D a l z i e l  a n d  M a r s d e n ,  1984)  a nd  a r e  s t r o n g  D N A  b i n d i n g  p r o t e i n s

( M a c L e a n  e t  al. ,  1987).  T h e  f u n c t i o n  o f  t h e s e  p r o t e i n s  r e m a i n

u n c l e a r  s ince  US11 d e l e t i o n  m u t a n t s  a r e  v i a b l e  in t i s s u e  c u l t u r e

( U m e n e ,  1986; B r o w n  a n d  H a r l a n d ,  1987).  F u r t h e r  m o r e  t w o  p r o t e i n s

( > 2 5 0 k  a n d  140K)  a n d  v i r u s  sp e c i f i c  D N A s e s  w h i c h  f o r m  c o m p l e x e s

wi th  both PacI  (signal  specific site I for c leavage and packag ing  of  DNA 
located in the  Uc) and the  DR1 region of  the  ' a ’ sequence h a v e  been 
r epo r t e d  (Chou and Roizman,  1989).

1 . 6  H E R P E S  S I M P L E X  V I R U S  G E N E  E X P R E S S I O N .

1 . 6 . 1  T e m p o r a l  g e n e  e x p r e s s i o n .

H S V - 1  e n c o d e s  at  l eas t  70 p r e d i c t e d  p r o t e i n s  ( M c G eo ch  et  

al. ,  1988).  T h e  e x p r e s s i o n  o f  H SV g e n e s  is t i g h t l y  r e g u l a t e d  and  

s y s t e m a t i c a l l y  o r d e r e d  in c a s ca de  f a s h i o n .  A c c o r d i n g  to t h e i r  o r d e r
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of  s y n t h e s i s  t h e  g e n e s  a r e  c l a s s i f i ed  i n t o  t h r e e  b r o a d  g r o u p s :  

i m m e d i a t e  e a r l y  ( IE) ,  e a r l y  (E) a n d  l a t e  (L)  genes .

1 . 6 . 1 . a I m m e d i a t e  e a r l y  ( I E)  g e n e  e x p r e s s i o n .

T h e r e  a r e  f i v e  i m m e d i a t e  e a r l y  g e n e s  n a m e d  IE1,  I E 2 ,  IE3 ,  

I E 4  a n d  I E 5  e n c o d i n g  V m w I E l l O ,  V m w I E 6 3 ,  V m w I E 1 7 5 ,  V m w I E 6 8  

a n d  V m w I E 1 2  p o l y p e p t i d e  p r o d u c t s  r e s p e c t i v e l y  ( C l e m e n t s  e t  al. ,  

1979;  P r e s t o n ,  1979;  E a s t o n  a n d  C l e m e n t s ,  1980;  W a g n e r ,  1985).

I E  R N A s  a r e  f i r s t  d e t e c t e d  lh p o s t - i n f e c t i o n ,  r e a c h  t h e i r  

p e a k  at  4 - 6  h p o s t  i n f e c t i o n  a n d  t h e n  d e c r e a s e .  A l t h o u g h  IE  RNA 

ca n  be d e t e c t e d  at  l a t e  i n f e c t i o n  t i m e s  ( H a r r i s - H a m i l t o n  and  

B a c h e n h e i m e r ,  1985;  G o d o w s k i  a n d  K n i p e ,  1986) ,  t h e  transcription o f  

t h e s e  g e n e s  is i n d e p e n d e n t  o f  de n o v o  p r o t e i n  s y n t h e s i s  in n e w l y  

i n f e c t e d  cel l s  ( Ho n e s s  a n d  R o i z m a n ,  1974;  H a r r i s - H a m i l t o n  and  

B a c h e n h e i m e r ,  1985).

T h e  U L 4 8  g e n e  p r o d u c t  ( V m w 6 5 )  h a s  b e e n  s h o w n  to 

t r a n s - a c t i v a t e  IE  g e n e  e x p r e s s i o n  ( C a m p b e l l  e t  al. ,  1984).  

A d d i t i o n a l l y  IE g e n e  e x p r e s s i o n  is e n h a n c e d  by  f u n c t i o n a l  IE1 

( V m w I E l l O )  ( O ’H a r e  a n d  H a y w a r d ,  1 985 ) a nd  I E3  ( V m w l 7 5 )  g e n e  

p r o d u c t s  a n d  r e p r e s s e d  by  IE3  ( IE175)  ( P r e s t o n ,  1979;  P a t e r s o n  and  

E v e r e t t ,  1990)) .  T h e  I E5  g e n e  h a s  b e e n  s h o w n  to be  n o n - e s s e n t i a l  

f o r  g r o w t h  in t i s s ue  c u l t u r e  ( U m e n e ,  1986; B r o w n  a n d  H a r l a n d ,  1987).  

F o u r  ou t  o f  f i v e  IE  g e n e s  a r e  in t h e  r e p e a t s  a n d  t h r e e  o f  t h e  f i v e  IE 

t r a n s c r i p t s  a r e  sp l i ced .  I E4  a n d  I E5  a r e  d e r i v e d  f r o m  i d e n t i c a l  

p r o m o t e r s .  T h e  sp l i ce  s i t es  o f  t h e i r  R N A s  a r e  in t h e  s h o r t  r e p e a t  

r e g i o n  w h i l e  t h e i r  c o d i n g  r e g i o n s  a r e  d i f f e r e n t  ( Wa t s o n  et  al. ,  1981b; 

R i x o n  a n d  C l e m e n t s ,  1982) .  T h e  t r a n s c r i p t s  o f  I E 2  a n d  IE3  g e n e s  a r e  

u n s p l i c e d  a n d  a r e  t r a n s c r i b e d  e n t i r e l y  w i t h i n  a n d  IRS / T R S

r e s p e c t i v e l y  ( R i x o n  et  al, .  1982).

A h i g h l y  c o n s e r v e d  5 ’- T A A T G A R A T T C -  3 ’ (R= a p u r i n e  

r e s i d u e )  s e q u e n c e  p r e s e n t  u p s t r e a m  of  t h e  m R N A  cap  s i t e  p r e s e n t  in
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al l  f i v e  I E  g e n e s  is i m p o r t a n t  f o r  i n t e r a c t i o n  w i t h  t h e  m a j o r  

t e g u m e n t  p r o t e i n  ( V m w 6 5  T I F )  ( Pos t  et  al. ,  1981; M a c k e m  a nd  

R o i z m a n ,  1982a,  1982b;  W h i t t o n  e t  al. ,  1983).  T h i s  m o t i f  a p p e a r s  to 

b e  u n i q u e  to IE  g e n e s  a n d  is c r u c i a l  f o r  IE1 s t i m u l a t i o n  by  V m w 6 5  

( P r e s t o n  et  al. ,  1984).  M u t a t i o n  in t h e  V m w 6 5  T I F  g e n e  a b o l i s h e s  i t s 

a b i l i t y  to s t i m u l a t e  IE  g e n e  e x p r e s s i o n  ( Ac e  e t  al . ,  1989) .  T h i s  m o t i f  

is a l so c o n s e r v e d  in H S V - 2  ( W h i t t o n  e t  al. ,  1983; W h i t t o n  and  

C l e m e n t s ,  1984).  D e t a i l e d  a n a l y s i s  o f  t h e  V m w 6 5  p r o t e i n  in 

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

O C T - 1  w a s  c a r r i e d  o u t  by  d e t a i l e d  a n a l y s i s  o f  d e l e t i o n s  w i t h i n  t he  

V m w 6 5  p o l y p e p t i d e  ( G r e a v e s  a n d  O ’H a r e ,  1990) .  I t  w a s  f o u n d  t h a t  

a m i n o  ac i d  r e s i d u e s  4 9 - 7 5  f r o m  t h e  a m i n o - t e r m i n a l  e n d  a r e  e s s en t i a l  

f o r  c o m p l e x  a s s e m b l y  a n d  t r a n s a c t i v a t i o n .  S in g l e  a m i n o  acid 

s u b s t i t u t i o n  in t h i s  r e g i o n  a b o l i s h e s  t h e  f u n c t i o n  o f  V m w 6 5 .

1 . 6 . l . b  E a r l y  (E)  g e n e  e x p r e s s i o n .

A f t e r  t h e  IE g e n e s  t h e  n e x t  g e n e s  to be  e x p r e s s e d  a r e  t h e  E 

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

p e a k ,  i . e . ,  4 - 6  h pos t  i n f e c t i o n ,  a f t e r  w h i c h  t h e y  d e c l i n e  w i t h  t i me  

( H o n e s s  a n d  R o i z m a n ,  1974) .  S o m e  E p o l y p e p t i d e s  r e q u i r e  DNA  

s y n t h e s i s  f o r  m a x i m a l  e x p r e s s i o n  a n d  gD i s ' a n  e x a m p l e  o f  such a 

p r o t e i n  ( J o h n s o n  et  al. ,  1986) .E a r l y  g e n e  e x p r e s s i o n  is r e g u l a t e d  by  a 

n u m b e r  o f  f ac t o r s .  In  s h o r t  t e r m  t r a n s f e c t i o n  a s says ,  V m w I E 1 7 5  is 

c a p a b l e  o f  i n d u c i n g  E g e n e  e x p r e s s i o n .  T r a n s a c t i v a t i o n  by 

V m w I E l l O  is less s p e c i f i c  t h a n  by  V m w I E 6 3  or  V m w I E 1 7 5 .  A s c h e m e  

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

i n t o  1 ( m a j o r  D N A  b i n d i n g  p r o t e i n  a n d  l a r g e  s u b u n i t  of  

r i b o n u c l e o t i d e  r e d u c t a s e )  a n d  2 ( t h y m i d i n e  k i n a s e  a n d  DNA 

p o l y m e r a s e )  a c c o r d i n g  to t h e  t i m e  t h e y  a r e  f i r s t  e x p r e s s e d  

( M a v r o m a r a -  N a z o s  et  al . ,  1986).
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1 . 6 . l . c  L a t e  (L)  g e n e  e x p r e s s i o n .

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

g e n e  p r o d u c t s  b e i n g  d e t e c t e d  3 h pos t  i n f e c t i o n  a n d  r e a c h i n g  t h e i r  

p e a k  by  10-16 h pos t  i n f e c t i o n  ( R o i z m a n ,  1979) .  T h e  L g e n e s  are  

d i v i d e d  i n t o  t w o  c l asses  g a m m a .  ( t h e  l e a k y  l a t e )  w h i c h  a r e  

e x p r e s s e d Ain t h e  a b s e n c e  o f  v i r u s  D N A  r e p l i c a t i o n  a n d  g a m m a 2 ( t r u e  

l a t e )  w h i c h  h a v e  an e s s e n t i a l  r e q u i r e m e n t  fo r  v i r u s  D N A  r e p l i c a t i o n  

( H o l l a n d  et  al. ,  1980).  L e a k y  l a t e  g e n e s  a r e  e x e m p l i f i e d  by  t h e  m a j o r  

c a p s i d  p r o t e i n  ( M C P )  e n c o d e d  by  t h e  g e n e  UL19 a n d  gB e n c o d e d  by 

t h e  g e n e  U L 2 7  w h i l e  t r u e  l a t e  g e n e s  a r e  gC ( U L 4 4 ) ,  2 1 K / 2 2 K  (US11) 

a n d  8 2 K D a  & 81KDa p r o t e i n s  e n c o d e d  by  t h e  g e n e  U L 4 7  ( M c L e a n  et  

al. ,  1990) .

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

V m w I E l l O  and  V m w I E 1 7 5  a n d  t r u e  l a t e  g e n e s  h a v e  a s t r i n g e n t  

d e p e n d e n c e  on v i r a l  D N A  s y n t h e s i s  fo r  t h e i r  e x p r e s s i o n ,  u n l i k e  

l e a k y  l a t e s  w h o s e  e x p r e s s i o n  is r e d u c e d  b u t  no t  a b o l i s h e d (  S i l v e r  and  

R o i z m a n ,  1985).  T h e  ro l e  o f  t h e  I E2  g e n e  p r o d u c t  ( V m w I E 6 3 )  

a f f e c t i n g  t h e  L ge n e s  is t h a t  it not  on ly  s t i m u l a t e s  g a m m a ^  g e n e s  bu t  

is a l so r e q u i r e d  for  g a m m a 2 i n d u c t i o n  (Rice  a n d  K n i p e ,  1990).  Ts  

m u t a n t s  in t h e  IE3 g en e  s h o w  a p r o f o u n d  r e d u c t i o n  in t h e  l e v e l  of  L 

p r o t e i n s  at  t h e  n o n - p e r m i s s i v e  t e m p e r a t u r e  i n d i c a t i n g  an i m p o r t a n t  

r o l e  o f  V m w I E 1 7 5  in r e g u l a t i o n  ( D e L u c a  e t  al. ,  1984).

1 . 7  L Y T I C  I N F E C T I O N  B Y  H E R P E S  S I M P L E X  V I R U S .

1 . 7 . 1  V i r u s  a d s o r p t i o n ,  p e n e t r a t i o n  a n d  u n c o a t i n g .

V i r u s  p a r t i c l e s  a t t a c h  to s p e c i f i c  cel l  r e c e p t o r s  i n i t i a l l y  

w e a k l y  a n d  t h e n  by i r r e v e r s i b l e  b i n d i n g  of  t h e  v i r i o n  to t h e  cel l  

s u r f a c e  ( R o s e n t h a l  et  al. ,  1984) .  T h e  n a t u r e  o f  t h e  c e l l u l a r  r e c e p t o r s
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is n o t  y e t  k n o w n  b u t  a p p e a r s  to  b e  d i f f e r e n t  fo r  H S V - 1  a n d  2.

N e o m y c i n  b l o c k s  t h e  r e c e p t o r  b i n d i n g  o f  H S V  t y p e  1 b u t  n o t  t y p e  2, 

i m p l y i n g  t h a t  a m i n o g l y c o s i d e s  h a v e  a r o l e  in t h e  t y p e  1 v i r u s  

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

t h e  r e g i o n  e n c o d i n g  HSV-  1 a d s o r p t i o n  to t h e  cel l  r e c e p t o r  is b e t w e e n  

0 . 5 8 0 - 0 . 6 8 7  m a p  c o o r d i n a t e s  ( L a n g e l a n d  e t  al . ,  1990) .  C e r t a i n  hos t  

f a c t o r s  l i ke  t h e  f i b r o b l a s t  g r o w t h  f a c t o r  r e c e p t o r  al so f a c i l i t a t e  v i r u s  

e n t r y  i n t o  t h e  cel l  ( K a n e r  e t  al. ,  1990) .

F o l l o w i n g  a t t a c h m e n t  t h e  v i r u s  p e n e t r a t e s  i n t o  t h e  cel l  

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

t r a n f e r r i n g  v i r u s  e n v e l o p e  g l y c o p r o t e i n s  to t h e  cel l  m e m b r a n e  ( P a r a  

et  al. ,  1980) .  A t  l eas t  t h r e e  g l y c o p r o t e i n s  ( gC,  gB a n d  gD)  o f  the  

s e ve n  k n o w n  H SV -  1 g l y c o p r o t e i n s  a r e  ab l e  t o  f o r m  a c o m p l e x  wi t h  

c e l l u l a r  s u r f a c e  s t r u c t u r e s  ( K u h n  e t  al. ,  1990) .  G l y c o p r o t e i n  gD

a p p e a r s  to be  e s s e n t i a l  f o r  v i r u s  p e n e t r a t i o n  ( J o h n so n  et  al. ,

19 9 0 ) . A n  e s s e n t i a l  e p i t o p e  for  g l y c o p r o t e i n  gD h a s  b e e n  i d e n t i f i e d  

a n d  s u b s t i t u t i o n  o f  l e u c i n e  at  p o s i t i o n  25 by  p r o l i n e  r e n d e r s  t he

v i r u s  i n c a p a b l e  of  e n t r y  i n t o  t h e  cel l  ( C a m p a d e l l i - F i u m e  e t  al.,

1990) .  V a r i o u s  d e l e t i o n  m u t a n t s  h a v e  b e e n  a n a l y s e d  in o r d e r  to m a p

t h e  e s s e n t i a l  d o m a i n s  o f  gD.  T h i s  r e s u l t e d  in d i s t o r t i o n  o f  t he

p e p t i d e  s t r u c t u r e  or  l o s s - o f  i t s  a n t i g e n i c  c h a r a c t e r i s t i c s .  In  c o n t r a s t  

M u g g e r i d g e  (1990)  h a s  r e p o r t e d  a n o t h e r  d o m a i n  in gD in w h i c h  

d e l e t i o n  o f  r e s i d u e s  2 3 4 - 2 4 4  h a s  on ly  a l oca l i s ed  e f f e c t  on 

a n t i g e n i c i t y  b u t  r e s u l t s  in loss o f  i n f e c t i v i t y  by  p r e v e n t i n g  t h e  v i r u s  

f r o m  m a k i n g  a c o m p l e x  w i t h  t h e  cel l  r e c e p t o r .  gB h a s  b e e n  

i m p l i c a t e d  in v i r u s  f u s i o n  to t h e  cel l  s u r f a c e  ( J o h n s o n  et  al. ,  1984; 

Ca i  et  al. ,  1988).

A f t e r  p e n e t r a t i o n  t h e  v i r u s  c a p s i d  is d e g r a d e d  and

t r a n s p o r t e d  to t h e  n u c l e u s  v i a  t h e  c y t o p l a s m  w h e r e  t h e  v i r a l  D N A  is 

r e l e a s e d  ( B a t t e r s o n  and  R o i z m a n ,  1983).  T h e  D N A  e n t e r s  t h e  n u c l e u s
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t h r o u g h  t h e  n u c l e a r  p o r e s  ( B a t t e r s o n  e t  al . ,  1983).

1 . 7 . 2  S u p p r e s s i o n  o f  h o s t  c e l l  m a c r o m o l e c u l a r  s y n t h e s i s .

D u r i n g  ly t i c  i n f e c t i o n  H SV  d i r e c t s  t h e  h o s t  cel l  m e t a b o l i c  

m a c h i n e r y  to f a c i l i t a t e  i t s  o w n  g e n o m i c  r e p l i c a t i o n .  S y n t h e s i s  of  

h o s t  m a c r o m o l e c u l e s  t y p i c a l l y  d e c l i n e s  w i t h i n  2 - 4  h p o s t  i n f e c t i o n ,  

d e p e n d i n g  on t h e  v i r u s  s t r a i n  a n d  cel l  t y p e  ( F e n w i c k  and  

M c M e n a m i n ,  1984).  As  a r e s u l t  t h e r e  is a d e c l i ne  in h o s t  cel l  D NA ,  

R N A  a n d  p r o t e i n  s y n t h e s i s .  T h e  c o m p o n e n t s  o f  i n f e c t i o u s  v i r u s  

m e d i a t e  d i s a g g r e g a t i o n  o f  p o l y r i b o s o m e s .  T h e r e  is a spe c i f i c  

a p p e a r a n c e  of  R N A  p o l y m e r a s e  in e x t r a c t s  o f  h e r p e s v i r u s  i n f e c t e d  

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

m e m b r a n e s ,  f o l l ow e d  by  r e l e a s e  o f  t h e  e n z y m e  i n t o  t h e  cy t oso l  

( T s u r u m i  a n d  L e h m a n ,  1990)  A s  a c o n s e q u e n c e  o f  t h i s ,  hos t  p r o t e i n  

s y n t h e s i s  is i n h i b i t e d  ( S y d i s k i s  a n d  R o i z m a n ,  1966; F e n w i c k  and 

W a l k e r ,  1978;  N i s h i o k a  a n d  S i l v e r s t e i n ,  1978).

T h e  m e c h a n i s m  o f  hos t  s h u t - o f f  d i f f e r s  in H S V - 1 a n d  2 

(Hi l l  e t  al. ,  1983).  S o m e  s t r a i n s  o f  H S V - 2  p r o d u c e  s t r o n g  a n d  r a p i d  

i n h i b i t i o n  o f  ho s t  p r o t e i n s  ( P e r e i r a  e t  al. ,  1977,  S c h e k  and 

B a c h e n h e i m e r ,  1985).  T h e  v i r i o n  f u n c t i o n  i n v o l v e d  in s h u t - o f f  of  

h os t  p r o t e i n  s y n t h e s i s  h a s '  b e e n  m a p p e d  to  t h e  r e g i o n  b e t w e e n  

0 . 5 2 - 0 . 5 9  m a p  u n i t s  on t h e  H S V - 2  s t r a i n  H G 5 2  g e n o m e  ( M o r s e  et  al., 

1978; F e n w i c k  et  al. ,  1979) a n d  to a 2 6 5 b p  f r a g m e n t  s p a n n i n g  ma p  

c o o r d i n a t e s  0 . 6 0 4 - 0 . 6 0 6  of  t h e  H S V - 1 s t r a i n  K OS  g e n o m e  ( K w o n g  et  

al. ,  1988)  w h i c h  c o r r e s p o n d s  to t h e  p r o d u c t  o f  t h e  U L 4 1  gene  

( M c G e o c h  et  al. ,  1988).  T h e  p r o t e i n  e n c o d e d  by  t h i s  g e n e  h a s  not  

b e e n  i d e n t i f i e d  b u t  it  is p r e s u m e d  to  be  a n o n - e s s e n t i a l  v i r i o n  

s t r u c t u r a l  p r o t e i n  ( F e n w i c k  a n d  E v e r e t t  , 1990a) .  T h i s  p r o t e i n  is also 

r e s p o n s i b l e  f o r  e a r l y  d e g r a d a t i o n  o f  hos t  m R N A  in v i t r o  ( K i r k o r i a n  

a n d  R e a d ,  1991).  T r a n s f e r  o f  t h e  U L 4 1  g e n e  f r o m  t h e  s t r o n g
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s h u t - o f f  H S V - 2  s t r a i n  G to  t h e  w e a k  s h u t - o f f  H S V - 1 s t r a i n  17 syn + 

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

s y n t h e s i s  ( F e n w i c k  a n d  E v e r e t t ,  1990a ,  b;  E v e r e t t  a n d  F e n w i c k  

1990) .

1 . 7 . 3  D N A  r e p l i c a t i o n .

V e r y  l i t t l e  is k n o w n  a b o u t  t h e  m e c h a n i s m  o f  v i r a l  DNA 

s y n t h e s i s .  E l e c t r o n  m i c r o s c o p y  a na l ys i s  s h o w s  t h a t  v i r a l  DNA 

m o l e c u l e s  c i r c u l a r i s e  a f t e r  i n f e c t i o n  ( F r i e d m a n n  et  al. ,  1977; Hi r sch  

e t  al. ,  1977) .  T h i s  h a p p e n s  d u e  to d i r e c t  l i ga t i on  o f  t h e  t e r m i m  al ' a ’ 

s e q u e n c e  ( J acob  a n d  R o i z m a n ,  1977;  D a v i s o n  a n d  Wi lk i e ,  1983a ). At  

t h e  o n s e t  o f  r e p l i c a t i o n  v i r u s  D N A  m o l e c u l e s  s h o w i n g  ' e y e s ’ a n d  ' D ’ 

l o o ps  at  or  n e a r  one  e n d  o f  t h e  D N A  w e r e  observed d u r i n g  e l e c t r o n  

m i c r o s c o p y .  L a t e  in i n f e c t i o n ,  l a r g e  h e a d  to t a i l  c o n c a t e m e r s  l a c k i n g  

t e r m i n i  a p p e a r .  T h e s e  a r e  g e n e r a t e d  by  a r o l l i n g  c i rc l e  m e c h a n i s m  

f r o m  w h i c h  un i t  l e n g t h  g e n o m e s  a r e  c l e a v e d  w i t h i n  t h e  ' a ’ s eq u en ce  

( D a v i s o n  a n d  Wi lk i e ,  1981) a n d  p a c k a g e d  ( J acob  et  al. ,  1979;  K a e r n e r  

et  al. ,  1981; V l a z n e y  a n d  F r e n k e l ,  1981).  I n  v i t r o  D N A  s y n t h e s i s  of 

H S V - 1 al so s u p p o r t s  t h e  i d e a  o f  a r o l l i n g - c i r c l e  m o l e c u l e  ( R a b k i n  and 

H a n l o n ,  1990) .

1 . 7 . 3 . a O r i g i n  o f  D N A  r e p l i c a t i o n .

E v i d e n c e  for  at  l eas t  t w o  cis-  a c t i n g  s i gna l s  ( o r i g i n  of  

r e p l i c a t i o n  ) t h a t  cou l d  m e d i a t e  H S V  D N A  r e p l i c a t i o n  c a m e  f r o m  the  

s t u d i e s  u s i n g  d e f e c t i v e  v i r u s  D N A  ( F r e n k e l  e t  al . ,  1975)  a nd  e l ec t r o n  

m i c r o s c o p y  ( F r i e d m a n n  et  al . ,  1977; H i r s c h  e t  al. ,  1977 ).

S u b s e q u e n t l y  g r e a t e r  a c c u r a c y  w a s  a c h i e v e d  by  c h a r a c t e r i z a t i o n  of  

t h o s e  o r i g i n s  in a p l a s m i d  r e p l i c a t i o n  s y s t e m  ( S t o w  a n d  M c M o n a g l e ,  

1983; We l l e r  et  al. ,  1985).

O n e  l o c a t ed  c lose  to t h e  c e n t e r  o f  U L ( O r i L) is p r e s e n t  as a
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s ing l e  c o p y  b e t w e e n  d i v e r g e n t  p r o m o t e r s  of  t h e  g e n es  e n c o d i n g  D NA  

p o l y m e r a s e  (UL30)  a n d  t h e  m a j o r  D N A  b i n d i n g  p r o t e i n  (UL29)  

( We l l e r  e t  al . ,  1985).  T h e  o t h e r  ( O r i s ) is in b o t h  c o p i e s  o f  Rs and  is 

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

I E3  a n d  I E 4 / 5 in R5 ( S t o w ,  1982) .  I n  H S V - 1 s t r a i n  17 s y n + O r is 

c o n t a i n s  a n e a r l y  p e r f e c t  4 5 b p  p a l i n d r o m i c  s e q u e n c e  f e a t u r i n g  18 

c e n t r a l l y  l o c a t e d  A T  m o t i f s  s u r r o u n d e d  by  GC r e s i d u e s  ( S t o w and  

M c M o n a g l e ,  1983).

O r i L c o n t a i n s  a p e r f e c t  144bp l a rg e  p a l i n d r o m e  (Wel l e r  et  

al. ,  1985;  G r a y  a nd  K a e r n e r ,  1984;  Q u i n n  a n d  M c G e o c h ,  1985) w h i c h  

is p r e s u m a b l y  r e s p o n s i b l e  f o r  O r i L d e l e t i o n  d u r i n g  c l o n i n g  in p l a s m i d  

v e c t o r s  ( S p a e t e  a n d  F r e n k e l ,  1982) .

T h e r e  is a h i g h  d e g r e e  o f  h o m o l o g y  i n c l u d i n g  an A T  r i ch  

r e g i o n  b e t w e e n  O r i L a n d  O r i § ( M c G e o c h ,  1987).  S e q u e n c e  a n a l y s i s  of  

H S V - 2  O r i ^  s h o w s  a s t r o n g  h o m o l o g y ,  to t h a t  o f  H S V - 1 e s p e c i a l l y  in 

t h e  p a l i n d r o m e  ( L o c k s h o n  a n d  G a l l o w a y ,  1986).  T h e  s i g n i f i c a n c e  of  

t h r e e  o r i g i n s  o f  r e p l i c a t i o n  in H SV-  1 r e m a i n  u n s o l v e d .  M u t a n t  

v i r u s e s  l a c k i n g  e i t h e r  one  c op y  o f  O r i L ( P o l v i n o - B o d n a r  et  al. ,  1987) 

or  O r i s ( L o n g n e c k e r  a n d  R o i z m a n , 1986; B r o w n  a n d  H a r l a n d ,  1987) 

a r e  v i a b l e  in cel l  c u l t u r e .  H u b e n t h a l - V o s s  et  al  (1987)  h a v e  r e p o r t e d  

t h a t  t h e  O r i s o f  H S V - 1 is c o n t a i n e d  w i t h i n  a t r a n s c r i b e d  ORF,  

w h i c h  c o u l d  e n c o d e  a 34 K D a  p r o t e i n .  T h e  i n t e r p r e t a t i o n  o f  t h a t  

O R F  r e m a i n s  q u e s t i o n a b l e  ( M c G e o c h  et  al. ,  1988).

1 . 7 . 3 . b P r o t e i n s  i n v o l v e d  in D N A  r e p l i c a t i o n .

D u r i n g  t h e  c o u r s e  o f  i n f e c t i o n  s e v e r a l  v i r a l  s pec i f i c  

f u n c t i o n s  a r e  i n v o l v e d  in D N A  r e p l i c a t i o n  a n d  m e t a b o l i s m .  S o m e  of  

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

in v i r u s  i n f e c t e d  cells.

(1) A H S V  e n c o d e d  p o l y m e r a s e  w h i c h  is d i s t i n g u i s h a b l e  f r o m  t h e
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h o s t  cel l  p o l y m e r a s e  b y  h a v i n g  an a s s o c i a t e d  3 ’- 5 ’ e x o n u c l e a s e ,  a 

5 ’- 3 ’ e x o n u c l e a s e  ( RNase  H)  a n d  D N A  p o l y m e r a s e  c a t a l y t i c  a c t i v i t i e s  

( K e i r  e t  al . ,  1966; K n o p f ,  1979;  H a f f e y  et  al. ,  1990) .  I t  is m a p p e d  to 

g e n e  U L 3 0  ( Q u i n n  a nd  M c G e o c h , 1985) a n d  b e e n  s h o w n  to  be  e s s e n t i a l  

f o r  v i r a l  D N A  r e p l i c a t i o n  (Hay  a n d  S u b a k - S h a r p e  1976; C h a r t r a n d  

et  al. ,  1980) .  T h e r e  is i n c r e a s i n g  e v i d e n c e  t h a t  t h e  p r o d u c t  o f  t he  

g e n e  U L 4 2  ac t s  as an a c c e s s o r y  sub  u n i t  o f  D N A  p o l y m e r a s e .  Bo t h  

g e n e s  a r e  r e q u i r e d  for  v i r a l  r e p l i c a t i o n  a n d  t h e  c o m b i n e d  a c t i o n  of  

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

( G o t t l i e b  et  al. ,  1990).

(2)  H S V - 1 e n c o d e s  t h y m i d i n e  k i n a s e  ( p y r i m i d i n e  d e o x y r i b o n u c l e o t i d e  

k i n a s e )  w h i c h  h a s  b e e n  m a p p e d  to  t h e  U L 2 3  g e n e  a n d  s e q u e n c e d  

( M c K n i g h t ,  1980;  W a g n e r  et  al. ,  1981).  T h i s  e n z y m e  is d i s p e n s a b l e  

fo r  v i r u s  g r o w t h  ( J a m i e s o n  et  al. ,  1974) ,  b u t  Tk  n e g a t i v e  m u t a n t s  

s ho w r e d u c e d  p a t h o g e n i c i t y  ( F i e l d  a n d  Wi ldy ,  1978).

(3) T h e  a lk a l i n e  e x o n u c l e a s e  a c t i v i t y  a s s o c i a t e d  w i t h  H S V  i n f e c t e d  

cel l s  w a s  f i r s t  r e p o r t e d  by  K e i r  a n d  Go l d  (1963) .  L a t e r  it  w a s  f o u n d  

t h a t  t h e y  no t  on ly  e x h i b i t  3 ’ to 5 ’ e x o n u c l e a s e  a c t i v i t i e s  b u t  also 

e n d o n u c l e a s e  a c t i v i t y  ( H o f f m a n  a n d  C h e n g ,  1979;  H o f f m a n ,  1981).  In 

H S V - 2  it  h a s  b e e n  m a p p e d  b e t w e e n  0 . 1 4 5 - 0 . 1 8 5  m . u  ( Moss  e t  al., 

1979;  P r e s t o n  a nd  C o r d i n g l e y ,  1982)  a n d  h a s  b e e n  s h o w n  to  be 

e s s e n t i a l  fo r  D N A  s y n t h e s i s  ( F r a n c k e  e t  al. ,  1978; Moss  et  al . ,  1979; 

Moss ,  1986).  R e c e n t  e v i d e n c e  i n d i c a t e s  t h a t  in H S V - 1 t h e  a l k a l i n e  

e x o n u c l e a s e  e n c o d e d  by t h e  g e n e  UL12 ,  is no t  e s s e n t i a l  for  v i r a l  DNA 

s y n t h e s i s  b u t  m a y  p l ay  a r o l e  in t h e  p r o c e s s i n g  a n d  p a c k a g i n g  of  

v i r a l  D N A  i n t o  i n f e c t i o u s  v i r i o n s  (We l l e r  et  al . ,  1990).

(4)  V i r a l  e n c o d e d  uraci l -  D N A  g l y c o s y  lase  i n v o l v e d  in D N A  r e p a i r
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( L i n d a h l ,  1979) is r e s p o n s i b l e  f o r  r e m o v i n g  u r a c i l  r e s i d u e s  c r e a t e d  by 

d e a m i n a t i o n  o f  c y t o s i ne  ( C a r a d o n n a  e t  al . ,  1987) .  R e c e n t l y  i t  has  

b e e n  s h o w n  t h a t  in H S V - 1 U L 2  e n c o d e s  u r a c i l - D N A  g l y c o sy l a s e  

w h i c h  is  d i s p e n s a b l e  in t i s s ue  c u l t u r e  ( M u l l a n e y  e t  al. ,  1989).

(5) V i r a l l y  i n d u c e d  D N A  t o p o i s o m e r a s e ,  h e l i c a s e  a n d  p r i m a s e  

a c t i v i t i e s  ( M u l l e r  et  al. ,  1985) ; m a y  be  i n v o l v e d  in D N A  r e p l i c a t i o n ,  

t r a n s c r i p t i o n  a n d  r e c o m b i n a t i o n  (Ge l l e r t ,  1981).  T h e  p r o d u c t s  o f  UL5 

a n d  U L 5 2  ge n e s  f o r m  a h o l o e n z y m e  a n d  a r e  a s s o c i a t e d  w i t h  

D N A - d e p e n d a n t  A T P a s e ,  D N A - d e p e n d a n t  G T P a s e ,  D N A  h e l i c a s e  and  

D N A  p r i m a s e  a c t i v i t i e s  ( D o d s o n  a n d  L e h m a n ,  1991).

(6) D e o x y u r i d i n e  t r i p h o s p h a t a s e  w h i c h  c a t a l y s e s  t h e  c o n v e r s i o n  of  

d U T P  to  d U M P  a nd  p y r o p h o s p h a t e  is e n c o d e d  by  t h e  U L 5 0  gene  

( P r e s t o n  a n d  F i s h e r ,  1984).  T h i s  e n z y m e  is d i s p e n s a b l e  in t i s s ue  

c u l t u r e  ( P r e s t o n  and  F i s h e r ,  1984;  W i l l i a ms ,  1988).

(7)  T h e  v i r a l  e n co d e d  r i b o n u c l e o t i d e  r e d u c t a s e  c a t a l y s e s  t he  

r e d u c t i o n  o f  r i b o n u c l e o t i d e s  to d e o x y r i b o n u c l e o t i d e s  ( Th e l c md e r  and 

R e i c h a r d s ,  1979).  T h e  e n z y m e  c o n s i s t s  o f  t w o  s u b u n i t s  RR1 ( l a rge  

u n i t )  a n d  R R2  ( smal l  u n i t )  e n c o d e d  by  t h e  g e n e  U L 3 9  ( P r e s t o n  e t  al., 

1984;  N i k a s  et  al. ,  1986) a n d  t h e  g e n e  U L 4 0  ( P r e s t o n  et  al. ,  1988) 

r e s p e c t i v e l y .  T h e  RR1 a n d  RR2  f o r m  a h o l o e n z y m e  w h i c h  is e s s e n t i a l  

f o r  i t s  a c t i v i t y  ( F r a m e  et  a l . , 1985;  B a c c h e t t i  et  al. ,  1986;  N i k a s  e t  al. ,  

1990) .  T h i s  c o m p l e x  can  be  i n h i b i t e d  by  t a r g e t i n g  s y n t h e t i c  

o l i g o p e p t i d e s  a g a i ns t  t h e  c a r b o x y  t e r m i n u s  o f  RR2  ( F r a m e  e t  al., 

1985) .  A l t h o u g h  t h i s  e n z y m e  is d i s p e n s a b l e  in t i s s ue  c u l t u r e  

( Go ld s t e i n  a n d  Wel l e r ,  1988) it  is e s s e n t i a l  in v i v o  in t h e  m o u s e  

m o d e l  ( J a c o b s o n  e t  al.,  1989) .
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(8) P r o t e i n  k i n a s e s  e n c o d e d  by  t h e  g e n e  UL13 ( S m i t h  a n d  S m i t h ,

1989) a n d  t h e  g en e  US3 ( M c G e o c h  a n d  D a v i s o n ,  1986a)  a r e  

h o m o l o g o u s  w i t h  m e m b e r s  o f  t h e  p r o t e i n  k i n a s e  f a m i l y  of  

e u k a r y o t e s .  A l t h o u g h  US3 ( L o n g n e c k e r  and  R o i z m a n ,  1987) and  UL13 (

L. J  C o u l t e r ,  p e r s o n a l  c o m m u n i c a t i o n )  a r e  d i s p e n s a b l e  in v i t r o ,  t h e i r  

ro l e  in H SV  i n f e c t i o n  is ye t  to be  dec i ded .

(9) The major DNA binding protein (mDBP),  which preferentially binds to single 

stranded DNA (Bayliss et al ,  1975) and is encoded by the gene UL29 in HSV- 1. 

The mDBP mutants have altered sensitivity to the inhibitors of virus DNA 

polymerase,  suggesting a functional interaction between these proteins ( Chiou et 

al. ,  1985) .  F u n c t i o n a l  m D B P  is e s s e n t i a l  f o r  v i r u s  D N A  r e p l i c a t i o n  

( Co n l e y  at  al. ,  1981).

(10) An  o r i g i n  b i n d i n g  p r o t e i n  a s s i g n e d  to U L 9  h a s  b ee n  s h o w n  to 

p l a y  an e s s e n t i a l  ro l e  in D N A  r e p l i c a t i o n  (El i as  et  al. ,  1986; E l i a s  and  

L e h m a n ,  1988; O l i v o  et  al. ,  1988; W e i r  et  al . ,  1989; We i r  a n d  S t ow,

1990).  H e i l b ronn  el  al  (1990)  r e p o r t e d  t h a t  t he  UL9  g ene  is d i s pens ab l e  

f o r  S V 4 0  o r i g i n  o f  v i r u s  r e p l i c a t i o n .  A n e w l y  r e c o g n i s e d  D N A  

b i n d i n g  p r o t e i n  o f  1 2 0 K Da  e n c o d e d  by  t h e  g e n e  UL37  m a y  be 

i n v o l v e d  in l a te  e v e n t s  o f  v i r a l  r e p l i c a t i o n  ( S h e l t o n  et  al . ,  1990) .

(11) An  e s s e n t i a l  65K D N A  b i n d i n g  p r o t e i n  ( 6 5 K Dgp) (Bay l i s s  et  al.,  

1975;  P o w e l l  a n d  P u r i f o y ,  1976) e n c o d e d  by  U L 4 2  g e n e  ( P a r r i s  e t  al. ,  

1988) a n d  d i s t i n c t  f r o m  t h e  65k  v i r i o n  p o l y p e p t i d e  ( M a r s d e n  at  al.,

1987) is e s s e n t i a l  for  D N A  r e p l i c a t i o n  ( M c G e o c h ,  1987).  T h e  6 5 K ^ g p  

h a s  b e e n  s h o w n  to be  s t r o n g l y  a s s o c i a t e d  w i t h  D N A  p o l y m e r a s e  

( V a u g h a n  et  al. ,  1985; G o t t l i e b  et  al . ,  1990) .

HSV-  1 m u t a n t s  a n d  t h e  us e  o f  p l a s m i d  a m p l i f i c a t i o n  as says  

fo r  H S V - 1 o r i g i n  d e p e n d e n t  D N A  r e p l i c a t i o n  d e m o n s t r a t e d  t h a t  t h e
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p r o d u c t s  o f  g e n e s  UL5 ,  UL8 ,  U L 5 2  ( C h a l l b e r g ,  1986,  Wu  et  al . ,  1988),  

U L9  ( O l i v o  et  al . ,  1988; W e i r  e t  al . ,  1989;  W e i r  a n d  S t o w,  1990) ,  UL 

29  ( Co n l e y  et  al. ,  1981; Q u i n n  a n d  M c G e o c h  1985) ,  U L 3 0  ( C h a r t r a n d  

e t  al. ,  1979;  Q u i n n  a n d  M c G e o c h ,  1985) a n d  UL 42  ( P a r r i s  e t  al., 

1988) a r e  i n v o l v e d ,  n e c e s s a r y  a n d  s u f f i c i e n t  f o r  v i r a l  D N A  

r e p l i c a t i o n . T h r e e  o f  t h e s e  g e n e s  U L 2 9 ,  U L 3 0  a n d  UL42.  e n c o d e  for  

t h e  m a j o r  D N A  b i n d i n g  p r o t e i n ,  v i r a l  D N A  p o l y m e r a s e  a n d  6 5 K DBp 

r e s p e c t i v e l y .

1 . 8  V I R U S  A S S E M B L Y  A N D  M A T U R A T I O N .

M a t u r e  D N A  w h i c h  h a s  b e e n  r e p l i c a t e d  f r o m  a c i r c u l a r  

spoo l  a n d  f o r m s  c o n c a t e m e r s ,  is c l e a v e d  i n t o  u n i t  l e n g t h  m o l e c u l e s  

in t h e  n u c l e i  o f  i n f e c t e d  cel l s  ( S t o w et  a l . ,1983).  C l e a v a g e - p a c k a g i n g  

a n d  e n c a p s i d a t i o n  o c c u r  at  t h e  ' a ’ s e q u e n c e  ( see s ec t i on  1 .5 .3. c). 

T h e r e  a r e  at  l eas t  15-33 d i f f e r e n t  s t r u c t u r a l  p o l y p e p t i d e s ,  i n c l u d i n g  

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

a n d  R o i z m a n ,  1980).  T h e  n u c l e o c a p s i d  o f  H S V - 1 is c o n s i d e r e d  to be 

c o m p o s e d  o f  s even  s t r u c t u r a l  p r o t e i n s  ( Gi b s on  a n d  R o i z m a n ,  1972;  

H e i l m a n ,  1979;  C o h e n  et  al. ,  1980) .  T h e r e  is a s t r i k i n g  s i m i l a r i t y  of  

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

( D a r g a n ,  1986),  w h i c h  r e f l e c t s  t h e  r i g i d  s t r u c t u r e  o f  h e r p e s  v i r i o n  

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

m a k e  up  t h e  n u c l e o c a p s i d .  A l t h o u g h  s e v e r a l  v i r a l  g e n e s  i m p o r t a n t  

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

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

p o o r l y  u n d e r s t o o d .  A n a l y s i s  o f  d i f f e r e n t  ts m u t a n t s  d e m o n s t r a t e d  

t h a t  s t r u c t u r a l  p o l y p e p i d e  p 4 0  ( V p 2 2 a )  ( P r e s t o n  et  al. ,  1983) and  

s ome  o t h e r  u n i d e n t i f i e d  p o l y p e p t i d e s  p l a y  a r o l e  in D N A  p a c k a g i n g  

( A d d i s o n  et  al. ,  1984).  L a c k  o f  t h e s e  p o l y p e p t i d e s  is a s s o c i a t e d  wi t h  

e m p t y  c a p s i d s  ( P r e s t o n  et  al. ,  1983; R i x o n  e t  al. ,  1988).  V i r u s e s
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a c q u i r e  t h e i r  e n v e l o p e s  by  b u d d i n g  i n t o  t h e  c y t o p l a s m i c  v a c u o l e s  of  

t h e  go lg i  m e m b r a n e  (Ni i ,  1971).  P r e s t o n  et  al  (1983)  s h o w e d  t h a t  a 

m u t a n t  c o n t a i n i n g  a t e m p e r a t u r e  s e n s i t i v e  l e s i on  in g e n e  U L 2 6  is 

d e f e c t i v e  in p r o c e s s i n g  V P 2 2 a .  I t  h a s  b e e n  f o u n d  t h a t  t h e  g e n e  

U L 2 6  t r a n s c r i b e s  t w o  m R N A s ,  t r a n s l a t i o n  o f  w h i c h  g i v e  r i s e  to  635 

a n d  329 a m i n o  ac i ds  (Li u  a n d  R o i z m a n ,  1991).  S u b s e q u e n t l y  i t  was  

f o u n d  t h a t  t h e  U L 2 8  g en e  p r o d u c t  is i m p o r t a n t  f o r  m a t u r e  c a p s i d  

f o r m a t i o n  ( Ad d i s o n  e t  a l ., 1990) .  F u r t h e r m o r e ,  t w o  m o r e  c a p s i d  

p r o t e i n  p r o d u c t s  e n c o d e d  by  t h e  g e n e s  UL18 a nd  UL38  w e r e  f o u n d  by 

d i r e c t  a m i n o  ac i d  s e q u e n c i n g  ( R i x o n  et  al. ,  1990) .  R e c e n t l y  

A l - K o b a i s i  e t  al  (1991)  s h o w e d  t h a t  t h e  p r o d u c t  o f  U L33  g e n e  is 

r e q u i r e d  f o r  t h e  a s s e m b l y  o f  f u l l  c aps i d s .  A g r o u p  o f  f o u r  genes ,  

UL10 ,  U L 2 0 ,  U L 4 3  a n d  U L 5 3  w h o s e  p r o d u c t  p r o t e i n s  w e r e  a s s i g n ed  

to be  m e m b r a n e - i n s e r t e d  ( M c G eo ch  et  al. ,  1988),  h a v e  r e c e n t l y  b e e n  

c h a r a c t e r i s e d  by  M a c L e a n  et  al  (1991).  T h e y  r e v e a l e d  t h a t  any  

m u t a t i o n  in U L 2 0  a n d  U L 5 3  is l e t h a l  f o r  t h e  v i r u s ,  h o w e v e r  c h a n g e s  

in t h e  O R F s  o f  UL10 a n d  U L 4 3  b a r e l y  a f f e c t  t h e  v i a b i l i t y  o f  t h e  

g e n o m e .  F u r t h e r m o r e ,  p r o d u c t s  for  t h e  g e n e  UL10 a n d  U L 2 0  h a v e  

al so b e e n  d e t e c t e d .

V e r y  l i t t l e  is k n o w  a b o u t  t h e  n a t u r e  o f  t h e  t e g u m e n t  b u t  it 

is e s t i m a t e d  t h a t  t h e r e  a r e  at  l eas t  15 n o n - g l y c o s y l a t e d  p o l y p e p t i d e s ,  

w h i c h  t h e  v i r i o n  a c q u i r e s  d u r i n g  e n v e l o p m e n t  ( D a r g a n ,  1986).  One  

o f  t h e  m a j o r  t e g u m e n t  c o m p o n e n t s  is V m w 6 5 .  T h i s  p r o t e i n  is 

i n v o l v e d  in t r a n s a c t i v a t i o n  o f  IE  g e n es  ( C a m p b e l l  et  al . ,  1984).

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

t h e  s t r u c t u r a l  p r o t e i n s ,  w h i c h  ha s  b e e n  e x t e n s i v e l y  s t u d i e d .  A p a r t  

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

b o t h  t h e  n u c l e a r  a nd  c y t o p l a s m i c  m e m b r a n e s  o f  i n f e c t e d  cel l s  ( S p e a r  

et  al. ,  1970) .  H S V - 1  e n c o d e s  at  l eas t  s ev e n  g l y c o p r o t e i n s .  T h e s e  

i n c l u d e  gB,  gC,  gD,  gE,  gG,  gH and  gl  ( S p e a r  1976;  M a r s d e n  et  al.,
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1978;  B a u k e  a n d  S p e a r ,  1979;  R o i z m a n  e t  a l ., 1984;  F r a m e  et  al. ,  

1986; L o n g n e c k e r  et  al. ,  1987; M c G e o c h ,  1987)  e n c o d e d  b y  t h e  g e n e s  

U L 2 7 ,  U L 4 4 ,  US6,  US8,  US4 ,  U L 2 2  a n d  US7  r e s p e c t i v e l y  ( M c G e o c h  

et  al . ,  1988).  C l u s t e r i n g  o f  g l y c o p r o t e i n s  in U s w i t h  U S4 ,  6, 7 a n d  8 

w h i c h  e n c o d e  o f  gG,  gD,  g l  a n d  gE is an i n t e r e s t i n g  f e a t u r e  t o  no t e .  

T h e r e  m a y  h a v e  b e e n  g e n e  d u p l i c a t i o n  at  o n e  p o i n t  ( M c G e o c h  et  al. ,

1988).  A m o n g  t h e  c l u s t e r  o f  t h e  g e n e s  t h e r e  is one  O R F  (US5)  wi t h  

t h e  p o t e n t i a l  fo r  an a d d i t i o n a l  g l y c o p r o t e i n  in t h e  H S V - 1 g e n o m e  

( M c G e o c h  e t  al. ,  1985) b u t  t h i s  r e m a i n s  to be  i d e n t i f i e d .

S e v e r a l  g l y c o p r o t e i n s  a r e  d i s p e n s a b l e  in t i s s ue  c u l t u r e

( H o g g a n  a n d  R o i z m a n ,  1959;  H e i n e  et  al . ,  1974;  Cassa i  e t  al . ,  1975; 

H o l l a n d  e t  al. ,  1984; Z e z u l a k  a n d  S p e a r ,  1984;  L o n g n e c k e r  and

R o i z m a n ,  1986,  1987; H a r l a n d  a n d  B r o w n ,  1988).  O n l y  t h r e e

g l y c o p r o t e i n s  gB,  gD a n d  gH a r e  e s s e n t i a l  f o r  i n f e c t i v i t y  ( S a r m i e n t o  

e t  al. ,  1979;  L i t t l e  e t  al . ,  1981; W e l l e r  e t  al . ,  1983; B u c k m a s t e r  e t  al. ,  

1984;  G o m p e l s  a n d  M i n s o n ,  1986; M c G e o c h  a n d  D a v i s o n ,  1986b,  Desa i  

e t  al. ,  1988; L i g a s  a n d  J o h n s o n ,  1988).  T h e  f u n c t i o n s  o f  t h e s e  

g l y c o p r o t e i n s  a r e  d e s c r i b e d  b r i e f l y  in T a b l e  1.2.

E g r e s s  o f  v i r u s e s  f r o m  t h e  i n f e c t e d  cel l  o c c u r s  by  r e v e r s e

p h a g o c y t o s i s  ( K a t s u m o t o  et  al. ,  1981).  A p a r t  f r o m  v i r u s  c o m p o n e n t s

a n u m b e r  o f  ce l l u l a r  f a c t o r s  p l a y  a p a r t  in t h e  e g r e s s  o f  v i r u s .  T h e  

m o u s e  L - c e l l  m u t a n t  g r o 2 9  s u r v i v e s  H S V - 1 i n f e c t i o n  due  to

a  d e f e c t  in p r o p a g a t i o n  o f  t h e  v i r u s .  I t  h a s  b e e n  r e v e a l e d  t h a t  t h e  

m a t u r a t i o n  o f  v i r u s  and  g l y c o p r o t e i n  e x p r e s s i o n  on t h e  cel l  s u r f a c e  

is n o r m a l  b u t  t h e  g r o 2 9  cel l s  h a r b o u r  a l e s i on  t h a t  i n h i b i t s  t h e  e g r e s s  

o f  v i r u s  f r o m  t h e  cel l ,  i n d i c a t i n g  an a c t i v e  r o l e  o f  some  u n i d e n t i f i e d  

c e l l u l a r  c o m p o n e n t s  in t h i s  p r o c e s s  ( B a n f i e l d  a n d  T u f a r o ,  1990) .  Use 

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

Go l g i  i n t o  e n d o p l a s m i c  r e t i c u l u m ,  a r r e s t e d  t h e  m a t u r a t i o n  a n d  e g re s s  

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

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

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

( C h e u n g  e t  a l ., 1991).

1.9  H E R P E S  S I M P L E X  V I R U S  L A T E N C Y .

1 . 9 . 1  I n t r o d u c t i o n .

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

w e r e  d o c u m e n t e d  c o i n c i d e n t a l  w i t h  h e r p e t i c  l es i ons ;  t r i g e m i n a l  

g a n g l i o n i t i s  a n d  p n u e u m o n i t i s  ( He a d  a n d  C a m p b e l l ,  1900 ). A t  t h e  

s a m e  t i m e  C u s h i n g  (1905)  o b s e r v e d  a sequel lae a f t e r  r e m o v i n g  t h e  

t r i g e m i n a l  g a n g l i a  (an o p e r a t i o n  p e r f o r m e d  fo r  t h e  t r e a t m e n t  of  

t r i g e m i n a l  n e u r a l g i a )  in t h a t  t h e  p a t i e n t s  t r e a t e d  h a d  no  h e r p e t i c  

e r u p t i o n s  on t h e  s a me  s ide b u t  d i d  on t h e  o p p o s i t e  s ide o f  t h e  f ace  

i n n e r v a t e d  by  t h e  n e r v e .

T w o  d e c a d e s  a f t e r  t h e  d i s ea se  was  k n o w n  to  be  i n f e c t i o u s  and  

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

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

k e r a t i t i s  in a r a b b i t  ( G o o d p a s t u r e  a n d  T e a g u e ,  1923).

F o l l o w i n g  p r i m a r y  i n f e c t i o n  a n d  a c t i v e  r e p l i c a t i o n  at  

p e r i p h e r a l  s i tes ,  t h e  v i r u s  a t t a c h e s  to t h e  s e n s o r y  n e r v e  t e r m i n a l s ,

( V a h l n e  e t  a l ., 1978),  e n t e r s  t h e m  a n d  t r a v e l s  c e n t r i p e t a l l y  v i a  n e u r a l

r o u t e s  to  s en s o r y  g a n g l i a  ( S t e v e n s  a n d  C o o k ,  1971; Co ok  a n d

S t e v e n s ,  1973).  I t  is w i t h i n  t h e  n e u r o n s  o f  t h e  s e n so ry  g a n g l i a  t h a t  

t h e  v i r u s  b e c o m e s  l a t e n t  ( Cook  et  a l ., 1974;  S t e v e n s ,  1975).  D u r i n g  

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

g a n g l i o n i c  t i s sue  i n o c u l a t e d  i n t o  cel l  c u l t u r e .
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1 . 9 . 2  A n i m a l  m o d e l s  f o r  l a t e n c y .

S e v e r a l  a n i m a l  m o d e l  s y s t e m s  h a v e  b e e n  d e v e l o p e d  fo r  H SV  

l a t e n c y .  T h e  e a r l i e s t  one  is t h e  r a b b i t  e y e  mo de l .  T h e  f i n d i n g  o f  t he  

h i s t o l o g i c a l  l e s i ons  in t h e  t r i g e m i n a l  g a n g l i a  o f  r a b b i t s  i n f e c t e d  on 

t h e  c o r n e a  wa s  o b s e r v e d  by  F r i e d e n w a l d  (1923)  a n d  f u r t h e r  e x t e n d e d  

by  G o o d p a s t u r e  (1925,  1929) .  L a t e n c y  i n d u c e d  in a n i m a l  m o d e l s  l ike 

r a b b i t s ,  m i c e ,  g u i n e a - p i g s  a nd  r a t s  r e s e m b l e s  t h e  h u m a n  d i s e a s e  in 

m a n y  r e s p e c t s  t h o u g h  s p o n t a n e o u s  r e c u r r e n c e s  h a v e  on l y  b e e n  

o b s e r v e d  in m i c e  i n o c u l a t e d  in t h e  e a r  f l ap  (Hi l l  et  al. ,  1975) ,  in 

g u i n e a - p i g s  i n o c u l a t e d  i n t r a v a g i n a l l y  a n d  in t h e  f o o t - p a d  ( S c r i b a ,  

1975;  D o n n e n b e r g  et  al. ,  1980).  I n  g u i n e a - p i g s  s p o n t a n e o u s  

r e a c t i v a t i o n  is v e r y  c o m m o n  ( S c r i b a ,  1976;  S t a n b e r r y  e t  al. ,  1985).

T h e  p i o n e e r i n g  w o r k  in t h e  m o u s e  m o d e l  l a t e n c y  s y s t em 

w as  d e s c r i b e d  b y  S t e v e n s  a n d  Co o k  in 1971. T h e  p a t t e r n  of  

e s t a b l i s h m e n t  of  l a t e n c y  is s i mi l a r  to o t h e r  a n i m a l  m o d e l s  l i ke  t h e  

r a b b i t  e y e  m o d e l  ( S t e v e n s  e t  al. ,  1972) ,  t h e  m o u s e  ea r  m o d e l  (Hi l l  et  

al. ,  1972)  a nd  t h e  g u i n e a - p i g  fo r  g e n i t a l  H S V  i n f e c t i o n  ( S c r i b a ,

1976) .  T y p i c a l l y  i n o c u l a t i o n  in t h e  m o u s e  r e a r  f o o t - p a d  c a u s e s  local  

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

t h e  p e r i p h e r a l  a n d  c e n t r a l  n e r v o u s  s y s t e m .  V i r a l  r e p l i c a t i o n  ends  

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

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

D u r i n g  a c u t e  i n f e c t i o n  w h i c h  u s u a l l y  l a s t s  up  to  t en  d a y s  t h e  v i r u s  

can  be r e c o v e r e d  f r o m  t h e  sc i a t i c  n e r v e ,  DR G ,  p o s t e r i o r  r o o t ,  sp i na l  

c o r d  a nd  b r a i n .  H o w e v e r  in m i c e  r e c o v e r e d  a f t e r  3 w e e k s ,  t h e  v i r u s  

w a s  no t  p r e s e n t  in h o m o g e n a t e s  o f  t h e  n e r v o u s  s y s t e m  b u t  c ou l d  be 

r e a c t i v a t e d  by c o - c u l t i v a t i o n  of  t h e  D R G  w i t h  i n d i c a t o r  cel l  

m o n o l a y e r s  ( S t e v e n s  and  Cook . ,  1971).  T h i s  d e m o n s t r a t e s  t h a t  t he  

v i r u s  w as  in a l a t e n t  s t a t e  in n e r v o u s  t i s s ue .
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1 . 9 . 3  S i t e s  o f  l a t e n c y .

C l i n i c a l  a n d  h i s t o l o g i c a l  e v i d e n c e  t h a t  n e r v o u s  t i s s ue  is t he  

s i t e  o f  h e r p e s  l a t e n c y  a r os e  m u c h  e a r l i e r  ( C u s h i n g ,  1905; 

G o o d p a s t u r e  a n d  T e a g u e  1923) .  R e a c t i v a t i o n  o f  i n f e c t i o u s  H S V  f r o m  

s e n so ry  g a n g l i a  f o l l o w i n g  e x p l a n t a t i o n  o f  n e r v o u s  t i s s u e  a n d  o r g a n s  

( s p l e e n  a n d  a d r e n a l s  e t c . )  c u l t u r e d  in t h e  p r e s e n c e  o f  i n d i c a t o r  

m o n o l a y e r s  g a v e  d i r e c t  e v i d e n c e  of  s i t es  o f  l a t e n c y  in m i c e ,  r a b b i t s  

a n d  g u i n e a  p i g s  ( S t e v e n s  a nd  c o o k , 1971; S t e v e n s  et  al. ,  1972;  K n o t t s  

e t  al. ,  1973; B a r i n g e r  a n d  S w o v e l a n d ,  1974;  Wa l z  et  al. ,  1974;  S c r i b a ,  

1975,  1976).  M o r e  i m p o r t a n t l y  i s o l a t i on  o f  H S V  f r o m  h u m a n

t r i g e m i n a l  g a n g l i a  w as  f i r s t  r e p o r t e d  by  B a s t i a n  e t  al  ( 1972) .  

S u b s e q u e n t  s t u d i e s  h a v e  s h o w n  t h a t  H SV  c o u l d  be  r o u t i n e l y  i so l a t ed  

f r o m  t r i g e m i n a l ,  c e r v i c a l ,  v a g u s  and  s a c r a l  g a n g l i a  ( P l u m m e r ,  1973; 

B a r i n g e r  a n d  S w o v e l a n d ,  1973; R o dd a  e t  al. ,  1973; B r o w n  et  al. ,  1979; 

L o n s d a l e  et  al.,  1979,  W a r r e n  et  al.,  1979)  ( F i g u r e  1.5). S i g n a l s  of  

H S V  D N A  p r e s e n t  i n s id e  n e r v o u s  t i s sue  w as  no t  o n l y  r e p o r t e d  in 

a n i m a l  mode l s ,  (Wal z  et  al. ,  1976;  P u g a  e t  al. ,  1978;  C a b r e r a  e t  al., 

1980;  F r a s e r  et  al. ,  1984;  S t r o o p  et  al.,  1984) b u t  al so in h u m a n  b r a i n  

t i s s ue  ( S e q u i e r a  e t  al.,  1979;  F r a s e r  1981).

1 . 9 . 4  L a t e n c y  in n o n - n e u r o n a l  t i s s u e s .

E v i d e n c e  is a c c u m u l a t i n g  w h i c h  s u g g e s t s  t h a t  p e r i p h e r a l  

n o n - n e u r o n a l  s i t es  o f  h e r p e s  v i r u s  l a t e n c y  in h u m a n  and 

e x p e r i m e n t a l l y  i n f e c t e d  a n i m a l s  also e x i s t s .  T h e  p h e n o m e n o n  of 

v i r u s  s h e d d i n g  in t h e  a b s c e n c e  o f  c l i n i ca l  d i s ea s e  w a s  seen  in body  

s e c r e t i o n s  o f  h u m a n s  or  r a b b i t s  ( K a u f m a n  e t  al. ,  1967;  D o u g l a s  and 

C o u c h ,  1970 ) . In t h e  g u i n e a  p i g  m o de l  s p o n t a n e o u s  r e a c t i v a t i o n  of  

H S V  is c o m m o n  ( S c r i b a ,  1977).  N e r v e  sec t i on  in such  a n i m a l s  a f t e r  

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

i n f e c t i o n  at  t h e  s i te  of  i n o c u l a t i o n .  A l t h o u g h  t h e  i n c i d e n c e  o f  such 

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



F i g u r e  1.5

D i a g r a m  o f  a t y p i c a l  s p i n a l  n e r v e ,  t r a n s e c t i o n  o f  s p i n a l  c o r d  at 

t h e  l e v e l  o f  12 t h  t h o r a c i c  v e r t e b r a  a n d  d o r s a l  r o o t  g a n g l i a  o f  h u m a n s  

( a d a p t e d  f r o m  C u n n i n g h a m ’s M a n u a l  o f  P r a c t i c a l  A n a t o m y ) .
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n o n - n e u r o n a l  l a t e n c y  o f  HSV.  H o w e v e r ,  t r e a t i n g  such  an a n i m a l  

w i t h  p h o s p h o n o a c e t i c  ac i d  a n d  a c y c l o g u a n o s i n e  e l i m i n a t e d  H SV  in 

p e r i p h e r a l  t i s s ue s  b u t  t h a t  d i d  no t  e l i m i n a t e  t h e  a b i l i t y  o f  l a t e n t  HSV 

to r e a c t i v a t e  in g a n g l i a  f o l l o w i n g  e x p l a n t a t i o n  ( S c r i b a ,  1980) .  L a t e n t  

H S V - 1 h a s  al so b e e n  r e c o v e r e d  f r o m  t h e  a n t e r i o r  c h a m b e r  of  t he  

m o u s e  eye  i n c l u d i n g  u v e a ,  t h e  t i s s ue  m o s t  s u s c e p t i b l e  to p r o d u c t i v e  

i n f e c t i o n  ( C l a o u e  et  a l ., 1990) .  H S V - 1 a n d  2 h a v e  b o t h  b e e n  

r e c o v e r e d  f r o m  t h e  f o o t p a d  as  wel l  as f r o m  t h e  d o r s a l  r o o t  g a n g l i a  of  

l a t e n t l y  i n f e c t e d  m i c e  ( A l - S a a d i  e t  al. ,  1983; C l e m e n t s  and 

S u b a k - S h a r p e ,  1988; S u b a k - S h a r p e  e t  al. ,  1984a ,  1984b,  A l - S a a d i  et  

al. ,  1988).  T h e  p r e s e n c e  o f  H SV  sp e c i f i c  R N A  in t h e  m o u s e  f o o t - p a d  

f u r t h e r  c o n f i r m e d  t h e  e v i d e n c e  o f  n o n - n e u r o n a l  l a t e n c y  by  HSV.  

U s i n g  in s i tu h y b r i d i z a t i o n  t e c h n i q u e s ,  v i r a l  R N A  w a s  d e t e c t e d  in 

b a s a l  cel ls ,  r oo t  s he e t  cel l s  o f  h a i r  fo l l i c l es ,  e p i t h e l i a l  cel l s  o f  t he  

s e b a c e o u s  g l a n d s  a n d  cel l s  w i t h i n  t h e  e p i d e r m i s  ( C l e m e n t s  and  

J a m i e s o n ,  1989).  R e c e n t  e v i d e n c e  a f t e r  u s i n g  p h a s e  c o n t r a s t  

m i r c o s c o p y  o f  d o r s a l  r o o t  gang l i o n  cel l s  s h o w s  t h a t  spec i f i c  

l a t e n c y - a s s o c i a t e d  t r a n s c r i p t  o f  H S V - 2  h a v e  al so b e e n  d e t e c t e d  in 

n o n - n e u r o n a l  g a n g l i o n  cel l s  ( T e n s e r  e t  al. ,  1991) i n d i c a t i n g  

n o n - n e u r o n a l  l a t e n c y  o f  HSV.

H SV  h a s  b e e n  r e a c t i v a t e d  f r o m  c u l t u r e d  cel l s  o f  e x p l a n t e d  c o r n e a l  

t i s s u e  of  r a b b i t s  ( Cook  e t  al. ,  1987) a n d  m i c e  ( O p e n s h a w ,  1983).  In 

h u m a n s ,  a t t e m p t s  to r e c o v e r  l a t e n t  H S V  f r o m  p e r i p h e r a l  s i t es  h a v e  

b e e n  u n s u c c e s s f u l  ( R u s t i g i a n  et  al.,  1966) a p a r t  f r o m  t h e  i so l a t i on  

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

to c h r o n i c  s t r o m a l  k e r a t i t i s  ( S h i m e l d  et  al.,  1982) .

1 . 9 . 5  N e r v e  c e l l s  h a r b o u r i n g  t h e  v i r u s .

T h e  s oma  ( n e r v e  cel l  b o dy )  h a s  b e e n  p r e s u m e d  to h a r b o u r  

l a t e n t  h e r p e s  v i r u s .  T h i s  w a s  s u p p o r t e d  by  t h e  e v i d e n c e  in mi c e  and
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r a b b i t s  t h a t  v i r u s  w a s  r e g u l a r l y  r e a c t i v a b l e  f r o m  g a n g l i a  w h i c h  

c o n t a i n  cel l  b o d i e s  b u t  no t  f r o m  n e r v e  r o o t s  w h i c h  a r e  a x o n s  

( B a r i n g e r  a n d  S w o v e l a n d ,  1973; C o o k  e t  al. ,  1974) .  U l t r a s t r u c t u r a l  

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

r e p l i c a t i o n  i n s id e  t h e  S c h w a n n ,  s a t e l l i t e  a n d  i n t e r c e l l u l a r  c o n n e c t i v e  

t i s s u e  in m i c e  ( Di l l a r d  e t  al. ,  1972;  Co o k  a n d  S t e v e n s ,  1973;  K n o t t s  et  

al. ,  1974;  L a s c a n o  a n d  B e r r i a ,  1980) .

1 . 9 . 6  F a c t o r s  a f f e c t i n g  l a t e n c y .

1 . 9 . 6 . a P h y s i o l o g i c a l  s t a t e  o f  n e u r o n s .

A f t e r  t h e  n e o n a t a l  p e r i o d ,  no  cel l  d i v i s i o n  o c c u r s ,  so t h a t  

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

M a n y  f u n c t i o n s  o f  t h e  cel l ,  p a r t i c u l a r l y  t h os e  c o n c e r n e d  w i t h  cel l  

d i v i s i o n  a r e  r e p r e s s e d  so t h a t  t u r n o v e r  of  D N A  is v e r y  low.  

T h e r e f o r e  c e l l u l a r  D N A  s y n t h e s i s  o c c u r s  on l y  as a c o n s e q u e n c e  of  

D N A  r e p a i r  m e c h a n i s m s  a n d  l a rg e  a r e a s  o f  t h e  g e n o m e  r e m a i n  

u n t r a n s c r i b e d  ( S a n es  a n d  O k u n ,  1972;  I s h i w a k a  e t  al. ,  1978; Bly t h  

a n d  Hi l l ,  1984) .  I t  w a s  p o s t u l a t e d  t h a t  l a t e n c y  is t h e  n a t u r a l  

r e l a t i o n s h i p  b e t w e e n  v i r u s  a n d  n e u r o n s  ( Bly t h  a n d  Hil l ,  1984) .  M a n y  

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

g a n g l i a  a n d  wi l l  i n e v i t a b l y  i n d u c e  ce l l u l a r  r e p a i r .  In  t u r n  t h i s  w o u l d  

r e q u i r e  t r a n s c r i p t i o n  o f  r e g i o n s  o f  ce l l u l a r  D N A  t h a t  a r e  n o r m a l l y  

s i l en t .  I f  v i r a l  D NA  w a s  a s s o c i a t e d  w i t h  such  r e g i o n s ,  t h e  r e p a i r  

m i g h t  r e a c t i v a t e  v i r u s  r e p l i c a t i o n  ( Wa t so n ,  1974;  G r a f s t e i n ,  1975).  

O t h e r  f a c t o r s  w h i c h  b r e a k  t h a t  n a t u r a l  r e l a t i o n s h i p  are  

i m m u n o l o g i c a l  f ac t o r s ,  e l e c t r i c a l  s t i mu l i  to t h e  t r i g e m i n a l  g a n g l i a  in 

v i v o  ( N e s b u r n  et  al.,  1977; G r e e n  et  al.,  1981),  d a m a g e  to n e u r o n s  by 

n e u r e c t o m y  ( P r i c e  a n d  S c h m i t z ,  1978) or  by  6- h y d r o x y d o p a m i n e  

( P r i c e ,  1979)  can  r e a c t i v a t e  v i r u s  f r o m  t h e  n e u r o n s .
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1 . 9 . 6 . b I m m u n i t y .

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

in e s t a b l i s h i n g  t h e  l a t e n t  s t a t e  o f  H S V  o t h e r  t h a n  t h e  p h y s i o l o g i c a l  

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

d e m o n s t r a t e d  in v i t r o  by  i m m u n o g l o b u l i n  ( Co s t a  e t  al. ,  1977)  a n d  in  

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

r e c i p i e n t  a n i m a l s  t r e a t e d  w i t h  a n t i -  H S V  s e r u m  ( S t e v e n s  and  Cook ,  

1974) .  T h e r e f o r e  it  wa s  s u g g e s t e d  ( L e h n e r  et  al. ,  1975;  C o s t a  et  al.,

1977)  t h a t  i m m u n o g l o b u l i n s  b i n d i n g  to t h e  cel l  m e m b r a n e  o f  t h e  

n e u r o n s  s u p p r e s s  v i r a l  r e p l i c a t i o n  in v i v o .  B u t  t h e  r o l e  o f  

c i r c u l a t i n g  a n t i - H S V  a n t i b o d i e s  b e c a m e  c o n t r o v e r s i a l  a f t e r  an 

e x p e r i m e n t  in w h i c h  m i c e  w e r e  p a s s i v e l y  i m m u n i s e d  w i t h  a n t i - H S V  

a n t i - b o d y  a n d  l a t e n t l y  i n f e c t e d .  N i n e  w e e k s  l a t e r  w h e n  a n t i - H S V  

a n t i b o d i e s  h a d  b e e n  e l i m i n a t e d ,  on ly  14% of  t h e  a n i m a l s  m a i n t a i n e d  

l a t e n t  i n f e c t i o n  and  w e r e  f o u n d  to  be  s e r o p o s i t i v e  a f t e r  13 w e e k s .  

Co l d  s t i m u l i  at t h e  p r i m a r y  s i t e  o f  i n o c u l a t i o n  ( sk in  o f  l ip)  was  

f o l l o w e d  by  t h e  a p p e a r a n c e  of  a n t i - H S V  a n t i - b o d i e s  in s e r u m  of  9 0 % 

o f  t h e  m i c e  w i t h  no c l i n i c a l  s ign or  v i s i b l e  l e s i on  at  t h e  skin o f  t h e  

l ip ( S e k i z a w a  e t  al.,  1980) .  R e i n f e c t i o n  o f  l a t e n t l y  i n f e c t e d  mi c e  

g a n g l i a  w i t h  h o m o t y p i c  a n d  h e t e r o t y p i c  H S V - 1  a n d  H S V - 2  

s u g g e s t e d  t h a t  r e s i s t a n c e  to  t h e  e s t a b l i s h m e n t  o f  a s e co nd  l a t e n t  

i n f e c t i o n  in a gag l i on  is d e t e r m i n e d  by  t h e  g e n e r a l  i m m u n i t y  o f  t h e  

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

( Y i r r e l l  e t  al.,  1990) .

In  h u m a n s ,  t h e r e  is no  c o r r e l a t i o n  b e t w e e n  t h e  l e v e l  of  

n e u t r a l i z i n g  a n t i b o d i e s  a n d  t h e  f r e q u e n c y  o f  r e c u r r e n t  d i sease .  

P r e - e x i s t i n g  a n t i b o d i e s  to H S V - 1  do not  p r e v e n t  r e c u r r e n c e  of  

H S V - 2  g e n i t a l  d i s ease  ( C o r e y  e t  al. ,  1982;  R e e v e s  e t  al. ,  1981).  T h e r e  

is e v i d e n c e  a b o u t  t h e  c o r r e l a t i o n  b e t w e e n  r e c u r r e n c e  a n d  T - c e l l
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i m m u n i t y .  F r e q u e n t  r e c u r r e n c e  h a s  b e e n  f o u n d  in h u m a n s  ( S h i l l i t o e  

e t  al. ,  1977)  a n d  in g u i n e a  p i g s  ( D o n n e n b e r g  et  al . ,  1980)  w i t h  

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

a g a i n s t  h e r p e s  l a b i a l i s  h a s  al so b e e n  d i s c u s s e d  ( C u n n i n g h a m  a n d  

M e r i g q n ,  1983).

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

i m m u n o c o m p e t e n t  a n i m a l s  by  c y c l o p h o s p h a m i d e  ( O p e n s h a w  e t  al., 

1979)  a n d  x - i r r a d i a t i o n  (Hi l l  e t  al. ,  1981) i n d u c e s  r e a c t i v a t i o n .  

H o w e v e r  in t h o s e  cases  t h e  p h y s i o l o g i c a l  s t a t e  o f  t h e  n e u r o n s  c a n n o t  

be  r u l e d  o u t  b e c a u s e  x - r a y s  c a u s e  d a m a g e  to t h e  D N A  a n d  s i m i l a r  

e f f e c t s  o f  c y c l o p h o s p h a m i d e  a r e  f o u n d  i f  u s ed  in h i g h e r  d o s e s  (100 to 

2 0 0  m g / k g )  ( L u d l u m . ,  1975).

1 . 9 . 7  R e a c t i v a t i o n / R e c u r r e n c e  a n d  r e c r u d e s c e n c e .

A v a r i e t y  o f  s t i m u l i  can  c a u s e  r e a c t i v a t i o n  in h u m a n  b e i n g s ,  e.g 

f e v e r ,  s t r e s s  a n d  s u n b u r n  (UV r a d i a t i o n )  ( Hi l l ,  1985)  a n d  s e v e r a l  

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

S e v e r a l  h y p o t h e s e s  p r o p o s e d  to e x p l a i n  t h e  a b i l i t y  o f  e x t e r n a l  

s t i m u l i  to c a u s e  r e a c t i v a t i o n  a r e  discussed b e l ow  (Wi l dy  e t  al. ,  1982) .

The  ganglion tr igger  theory  proposes  v i rus  reac t ivat ion f rom the 

gangl ia fol lowing nonspeci f ic s t imuli  like f ever  and mens t rua t ion  and 

shedding of  v i rus  at the  pe r i p h e r y  wi th or wi thou t  clinical lesions and 

v i rus  can be isolated. Thi s  ph e n o m e n o n  is cal led r ecur rence .

T h e  g a n g l io n  and  sk in  t r ig g e r  t h e o r y  s u g g e s t s  r e a c t i v a t i o n  

in t h e  g a n g l i a  and  t r a n s f e r  of  t h e  v i r u s  to t h e  e n d  of  t h e  d e r m a t o m e ,  

f o l l owi n g  p e r i p h e r a l  s t i m u l i ,  w h e r e  it r e p l i c a t e s  in e p i d e r m a l  t i s sue  

and  c a u s es  c l i n i ca l  l es ions .  T h i s  is ca l l ed  r e c r u d e s c e n c e .

S k i n  t r ig g e r  h y p o t h e s i s  p r o p o s e s  t h a t  local  s t i m u l i  c r e a t e  

c h a n g e s  f ea s i b l e  fo r  H SV  g r o w t h .  A s  a r e s u l t  m i c r o f o c i  o f  H S V 

l a t e n c y  a l r e a d y  p r e s e n t  due  to l a t e n t  i n f e c t i o n ,  or  r e a c t i v a t i o n  o f  t h e
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l a t e n t  i n f e c t i o n  in t h e  g a n g l i a ,  g r o w  a n d  c a u s e  c l i n i c a l  l e s i on s  a t  t he  

p e r i p h e r y .

I t  is we l l  d o c u m e n t e d  t h a t  H S V  c a n  e s t a b l i s h  l a t e n c y  in 

p e r i p h e r a l  t i s s ue  (see s ec t i on  1.9.4).  So a n y  c h a n g e s  in t he  

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

at  t h e  p e r i p h e r a l  s i te or  p r i m a r y  s i te  o f  i n o c u l a t i o n  ( Ta b l e  1.3) l ike 

i n j u r y  to skin by  p l u c k i n g  t h e  h a i r  ( H u r d  a n d  R o b i n s o n ,  1977) ,  UV 

l i g h t  ( B l y t h  e t  al. ,  1976),  a p p l i c a t i o n  o f  c e l l o p h a n e  t a p e  (Hi l l  e t  al.,

1978) a n d  x y l e n e  ( H a r b o u r  et  al. ,  1983) c a u s e  r e a c t i v a t i o n .  S t r i p p i n g  

o f  skin w i t h  c e l l o p h a n e ,  h o w e v e r  c a u s e s  s e v e r a l  c h a n g e s  in t h e  

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

e p i t h e l i a l  l a ye r ,  h a i r s a r e  p l u c k e d  (Hi l l  e t  al. ,  1978) ,  t h e r e  is i n c r e a s e d  

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

a n d  5 - h y d r o x y t r y p t a m i n e  a n d  up to a 35 fold i n c r e a s e  in 

p r o s t a g l a n d i n  in t h e  t i s s ue  ( H a r b o u r  e t  al. ,  1983).  I n j e c t i o n  of

p r o s t a g l a n d i n  a l so i n d u c e s  i n f e c t i o u s  v i r u s  in t h e  skin ( B l y t h  et

al. ,  1976).

R e a c t i v a t i o n  o f  H SV  h a s  b e e n  r e p o r t e d  a f t e r  t r e a t i n g  skin 

a n d  g a n g l i a  w i t h  D M S O .  M e t h y l a t i o n  o f  c y t o s i n e  b a s e s  in D N A  is 

a s s o c i a t e d  w i t h  t r a n s c r i p t i o n a l  i n a c t i v i t y .  D M S O  c auses

h y p o m e t h y l a t i o n  o f  ce l l u l l a r  D N A  ( C h r i s t m a n  e t  al. ,  1977) .  T h e r e

h a s  b e e n  r e a c t i v a t i o n  i n d u c t i o n  o f  H S V  in g a n g l i a  t r e a t e d  w i t h  

D M S O  (Hi l l  et  al.,  1983; H a r b o u r  e t  al. ,  1983).  F u r t h e r m o r e  a v e r y  

sma l l  r e g i o n  o f  t h e  H SV  g e n o m e  is t r a n s c r i b e d  d u r i n g  l a t e n t  

i n f e c t i o n  ( S t e v e n s  et  al.,  1987) a n d  it  w a s  a s s u m e d  t h a t  l a t e n c y  is 

m a i n t a i n e d  by e x t e n s i v e  m e t h y l a t i o n  o f  t h e  H SV  g e n o m e  w h i l e  

d e m e t h y l a t i o n  r e a c t i v a t e s  it .  T h e r e  is a l so e v i d e n c e  fo r  e x t e n s i v e  

m e t h y l a t i o n  of  t h e  HSV g e n o m e  in an in v i t r o  l a t e n c y  s ys t em

( Y o u s s o u f i a n  et  al.,  1982).  Bu t  t h e  r e p o r t  t h a t  t h e  H SV  g e n o m e  in

v i v o  is n o t  e x t e n s i v e l y  m e t h y l a t e d  ( D r e s s i e r  e t  al. ,  1987) s u g g e s t s
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t h a t  h y p o m e t h y l a t i o n  o f  t h e  ce l l u l a r  D N A  i n i t i a t e s  t r a n s c r i p t i o n  of  
VoVt-

s i l e n t ^ g e n e s  t h u s  r e a c t i v a t i n g  l a t e n t  H SV  g e n o m e s .

1 . 9 . 8  V i r a l  D N A  d u r i n g  l a t e n c y .

V i r i o n  H SV  D N A  is l i ne a r  a n d  a f t e r  i n f e c t i o n  i t  c i r c u l a r i s e s  

a n d  i n i t i a t e s  i t s  r e p l i c a t i o n  ( P o f f e n b e r g e r  a n d  R o i z m a n ,  1985).  

T r a n s i t i o n  f r o m  l i n e a r  to c i r c u l a r  D N A  c a u s e s  t h e  d i s a p p e a r a n c e  of  

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

f r a g m e n t s .  T e r m i n a l  f r a g m e n t s  a r e  r e p e a t e d  i n t e r n a l l y  w h i l e  t h e  L 

a nd  S p o r t i o n s  o f  t h e  g e n o m e  i n v e r t  r e l a t i v e  to e a c h  o t h e r ,  g i v i n g  

r i s e  to f o u r  e q u i m o l a r  i s o m e r s  in a p o p u l a t i o n  o f  v i r u s  D N A .  T h i s  

g i v e s  r i s e  to f o u r  m o l e c u l e s  o f  u n i q u e  (1M),  t w o  ( 0 . 5 M )  o f  r e p e a t  and  

one  ( 0 . 2 5 M )  j u n c t i o n  f r a g m e n t s .  T h u s  i f  D N A  c i r c u l a r i s e s  t h i s  wi l l  

d e c r e a s e  t h e  u n i q u e  a n d  r e l a t i v e l y  i n c r e a s e  t h e  L - S  j u n c t i o n  

f r a g m e n t s  ( R o i z m a n  a n d  Se a r s ,  1987).

R o c k  a n d  F r a s e r  (1983,  1985)  a n a l y s e d  D N A  f r om

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

t h a t  j o i n t  f r a g m e n t s  w e r e  p r e s e n t  at  an a p p r o x i m a t e l y  2:1 m o l a r  

r a t i o  w i t h  r e s p e c t  to  u n i q u e  s e q u e n c e s  o f  HSV.  T h e s e  o b s e r v a t i o n s  

w e r e  c o n f i r m e d  by  E f s t a t h i o u  et  al  (1986) .  T h e s e  f i n d i n g s  i n d i c a t e  

t h a t  l a t e n t  H SV  D N A  is in a n o n l i n e a r  e n d l e s s  f o r m ,  i .e.  e i t h e r
Co-nC«Ct«»*,*'T'C

i n t e g r a t e c l ^ o r  c i r c u l a r .  In  an a t t e m p t  to d i s t i n g u i s h  b e t w e e n  e i t h e r  

p o s s i b i l i t y ,  M e l l e r i c k  a n d  F r a s e r  (1987)  e x a m i n e d  t h e  H S V - 1  g e n o m e  

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

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 .  S i n c e  t h e y  c o n c l u d e d  t h a t  t he  

m a j o r i t y  o f  t h e  l a t e n t  H S V  D N A  ex i s t s  in an e x t r a c h r o m o s o m a l  s t a t e  

in m o u s e  g a n g l i a ,  e n t r a p m e n t  of  v i r a l  D N A  in t h e  c h r o m o s o m a l  b a n d  

m a k e s  it d i f f i c u l t  to d ec i de  w h e t h e r  it is e p i s o m a l  or  in an i n t e g r a t e d  

f o r m.
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1 . 9 . 9  TK" M u t a n t s .

P r e l i m i n a r y  s t u d i e s  w i t h  T K  m u t a n t s  h a d  s u g g e s t e d  an

e s s e n t i a l  r o l e  fo r  T K  in t h e  e s t a b l i s h m e n t  o f  l a t e n c y  ( T e n s e r  e t  a l .,

1979) .  S e v e r a l  s t u d i e s  h a v e  s u g g e s t e d  TK"  m u t a n t s  a r e  less

p a t h o g e n i c ,  a p p e a r  to r e p l i c a t e  at  p e r i p h e r a l  s i t e s  b u t  c ou l d  no t  be

r e c o v e r e d  by  e x p l a n t a t i o n  o f  g a n g l i a  ( T e n s e r  a n d  D u n s t a n ,  1979;

T e n s e r  et  al.,  1979;  K a t z  e t  al. ,  1990) .  U s i n g  g e n e t i c a l l y  e n g i n e e r e d

m u t a n t s  in t h e  T K  g e n e  it  h a s  b e e n  s h o w n  t h a t  n e i t h e r  a c u t e  nor

l a t e n t  i n f e c t i o n  e s t a b l i s h m e n t  h a s  b e e n  s u c c e s s f u l  in m i c e

( M c D e r m o t t  e t  al.,  1984;  T e n s e r  a n d  E d r i s ,  1987) .  S u r p r i s i n g l y

M e i g n i e r  et  al  (1988)  r e p o r t e d  a hos t  cel l  s p e c i f i c  d e t e r m i n a n t  of

TK" m u t a n t ,  t h a t  a we l l  c h a r a c t e r i z e d  TK"  w i t h  a 7 0 0 b p  d e l e t i o n  in

t h e  T K  g e n e  w as  l a t e n c y  n o n c o m p e t e n t  f o r  m i c e  b u t  c o m p e t e n t  for

r a b b i t s .  R e c e n t  r e p o r t s  ( E f s t a t h i o u  e t  al. ,  1989;  L e i s t  e t  al. ,  1989;
e

F r i e d r i c h  and  Schnev^i s ,  1990;  K o s z - V n e n c h a k  e t  al. ,  1990)  show 

H S V - 1  a n d  2 TK" m u t a n t s  c a p a b l e  o f  e s t a b l i s h i n g  l a t e n t  i n f e c t i o n  in 

m i c e .  T h e s e  f i n d i n g s  c o n c l u d e  t h a t  a l t h o u g h  T K  m u t a n t s  a r e  c a p a b l e  

o f  e s t a b l i s h i n g  l a t e n c y ,  t h e y  m a y  p l a y  a r o l e  in r e a c t i v a t i o n  f r om  

l a t e n c y .

1 . 9 . 1 0  D e l e t i o n  a nd  i n s e r t i o n  m u t a n t s .

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

( H e i n e  e t  al.,  1974) ,  an i n t e r e s t  a rose  in u s i n g  d e l e t i o n  a n d  i n s e r t i o n  

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

l a t e n c y .  E x p e r i m e n t s  u s i n g  d e l e t i o n  a n d  i n s e r t i o n  m u t a n t s  h a v e  

s h o w n  t h a t  t h e  o r i ^  r e g i o n  o f  t h e  H SV  g e n o m e  ( P o l v i n o - B o d n a r  et  

al. ,  1987),  v i r a l  p r o t e i n  k i n a s e  ( M e i g n e i r  et  al. ,  1988) I E  V m w 6 8 ,  TK 

( S e a r s  et  al.,  1985; M e i g n e i r  et  al., 1988),  IE110 ( C l e m e n t s  a n d  S t ow,

1989) a n d  r i b o u c l e o t i d e  r e d u c t a s e  ( K a t z  e t  al. ,  1990)  a r e  no t  n e e d e d  

fo r  l a t e n c y  e s t a b l i s h m e n t .  A l t h o u g h  t h e  d e l e t i o n  m u t a n t s  in t h e
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I C P 4  ( IE3)  g e n e  a r e  s e v e r e l y  i m p a i r e d  in r e p l i c a t i o n  t h e y  do 

r e a c t i v a t e  f r o m  l a t e n t l y  i n f e c t e d  m i c e  g a n g l i a  ( K a t z  e t  al. ,  1990) .

A m o n g  t h e  i n s e r t i o n  m u t a n t s  u s e d  w a s  H S V - 1  in  1814 w h i c h  

h a s  a 12 ba s e  p a i r  i n s e r t i o n  in t h e  g e n e  U L 4 8  ( S t e i n e r  e t  al. ,  1990) 

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

g a n g l i a .  S i n c e  t h i s  m u t a n t  f a i l s  to p r o d u c e  a l y t i c  i n f e c t i o n  it  w as  

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

b e t w e e n  2 4 - 4 8  h w i t h o u t  I E  or  L g e n e  e x p r e s s i o n .  T h u s  i n d i c a t i n g  

t h a t  H S V - 1  c o u l d  e s t a b l i s h  l a t e n c y  w i t h o u t  l y t i c  i n f e c t i o n  a nd  t h e  

b lo c k  to  p r o d u c t i v e  r e p l i c a t i o n  d u r i n g  e s t a b l i s h m e n t  o f  a l a t e n t  

i n f e c t i o n  by  H S V  o c c u r s  b e f o r e  or  d u r i n g  t h e  e a r l y  e x p r e s s i o n  of  

i m m e d i a t e  e a r l y  ge ne s .  T h i s  al so i n d i c a t e s  t h a t  t h e  p a t h w a y  l e a d i n g  

to  l y t i c  a n d  l a t e n t  i n f e c t i o n  in n e u r o n s  m a y  d i v e r g e  at  an e a r l y  s t age  

o f  h o s t - H S V - 1  i n t e r a c t i o n  a nd  t h a t  t h e  l e v e l  o f  v i r a l  I E  gene

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

(Ace  e t  al. ,  1989, V a l y i - N a g y  et  al.,  1991)

1 . 9 . 11  I n  v i t r o  l a t e n c y  s y s t e m s .

T r a d i t i o n a l l y  a n i m a l  m o d e l s  h a v e  b e e n  u s ed  in o r d e r  to

i n v e s t i g a t e  l a t e n cy .  In  t h i s  s y s t e m it  is d i f f i c u l t  to o b s e r v e  t h e  

e v e n t s  t a k i n g  p l a c e  in i s o l a t e d  cel l s  f r o m  e x a m i n a t i o n  o f  t h e  i n t a c t  

a n i m a l s ,  so it  w o u l d  be  m u c h  e a s i e r ,  i f  l a t e n c y  c o u l d  be  e s t a b l i s h e d  

in cel l  c u l t u r e .  T y p i c a l l y  in;  in v i t r o  l a t e n c y  s y s t e ms ,  cel l s  a r e

i n f e c t e d  at  s u p e r o p t i m a l  t e m p e r a t u r e  ( 4 2 ° C )  in t h e  p r e s e n c e  of  

a n t i v i r a l  d r u g s  or  i n t e r f e r o n s  in such  a c o n c e n t r a t i o n  t h a t  c an  i n h i b i t  

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

s t a t e  can  be  m a i n t a i n e d  at  3 7 ° C .  ( C o l b e r g - P o l y  et  al. ,  1979) .  T h e  

l a t e n t  v i r u s  can  be r e a c t i v a t e d  by s u p e r i n f e c t i o n  w i t h  h e l p e r  v i r u s  

l i ke ,  E B V ,  V Z V  a n d  a d e n o v i r u s  or  l o w e r i n g  t h e  t e m p e r a t u r e .  

C o l b e r g - P o l y  et  al  ( 1979)  f i r s t  r e p o r t e d  r e a c t i v a t i o n  o f  in v i t r o  l a t e n t
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H S V - 2  b y  s u p e r i n f e c t i n g  i t  w i t h  C M V.  T h i s  i n d i c a t e s  t h a t  al l  t h e  

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

Ru s s e l  e t  al  (1987)  h a v e  s h o w n  i n f e c t i o n  o f  h u m a n  f o e t a l  l u n g  cel ls  

w i t h  H S V - 2  at  t h e  s u p e r o p t i m a l  t e m p e r a t u r e  o f  4 2 ° C  r e s u l t s  in a 

l a t e n t  s t a t e  w h i c h  is s t a b l e  on d o w n s h i f t  o f  t h e  c u l t u r e  to  3 7 ° C .
g

T h e  l a t e n t  H S V - 2  v i r u s  c a n n o t  be  r e a c t i v a t e d  by  supAr i n f e c t i o n  w i t h  

t h e  H S V - 1  d e l e t i o n  m u t a n t  <i/1403 w h i c h  h a s  a d e l e t i o n  in t h e  IE1 

ge ne .  A n  a d e n o v i r u s  r e c o m b i n a n t  e x p r e s s i n g  H S V - 1  I E 110 

r e a c t i v a t e d  in v i t r o  l a t e n t  H S V - 2  ( H a r r i s  e t  al. ,  1989;  Z h u  e t  al.,

1990)  c o n f i r m i n g  t h e  i m p o r t a n c e  o f  t h e  IE1 g e n e  in t h e  in v i t r o  

l a t e n c y  s ys t em.

T h e  l a t e n t  s t a t e  of  HSV in an in v i t r o  s y s t em is d i f f e r e n t  

t h a n  in v i v o .  T h e  ge n e s  or  p a r t  o f  t h e  g e n o m e  e x p r e s s e d  d u r i n g  in 

v i v o  l a t e n c y  ( LA T s )  h a v e  not  ye t  b e e n  r e p o r t e d  in v i t r o .  M o r e o v e r  

t h e  s t a t e  of  t h e  l a t en t  g e n o m e  in v i t r o  l a t e n c y  s y s t e m s  o f  W i g d a h l  is 

d i f f e r e n t  t h a n  in a n i m a l  mo d e l s  and  a p p e a r s  to be  l i n e a r  ( Wi g d a h l  et  

al.,  1984).  On t h e  c o n t r a r y  H a r r i s  and  P r e s t o n  (1991) r e p o r t e d  a 

H S V - 1  m u t a n t  z«1814 e s t a b l i s h e d  l a t e n c y  in v i t r o  a n d  t h e  D NA  was  

f o u n d  in a n o n - l i n e a r  c o n f i g u r a t i o n  similar to in vivo.

1 . 9 . 12  M o l e c u l a r  m e c h a n i s m  o f  l a t e n c y .

T h e  m e c h a n i s m s  o f  e s t a b l i s h m e n t ,  m a i n t e n a n c e  and  

r e a c t i v a t i o n  f r o m  l a t e n c y  h a v e  b e e n  s t u d i e d  e x t e n s i v e l y  (Wi l dy  et  

a l . , 1982)  b u t  st i l l  r e m a i n  p o o r l y  u n d e r s t o o d .  I n v e s t i g a t i o n  o f  t he  

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

b e e n  d i f f i c u l t  b e c a u s e  on l y  1% o f  t h e  n e u r o n s  in a g a n g l i o n  h a r b o u r  

t h e  v i r u s  in t h e  l a t e n t  f o r m .  A s  n e u r o n s  c o n s t i t u t e  1 0 - 2 0 %  of  t he  

cel l s  in a g a n g l i o n ,  a p p r o x i m a t e l y  0 . 1 - 0 . 2 %  of  cel l s  c o n t a i n  v i r a l  

g e n o m e s  t h a t  can be  r e a c t i v a t e d  (Walz  e t  al. ,  1976; K e n n e d y  et  al.,  

1983).  V a r i o u s  r e p o r t s  h a v e  s h o w n  H S V - 1  a n d  H S V - 2  s p ec i f i c  RNA
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p r e s e n t  in l a t e n t l y  i n f e c t e d  h u m a n  g a n g l i a  ( G a l l o w a y  e t  al. ,  1979; 

S t e i n e r  e t  al. ,  1988) a n d  in m i c e  g a n g l i a  ( S t r o o p  et  al. ,  1984;  D e a t l y ,

1987).

R e c e n t l y  w o r k  b y  S t e v e n s  e t  al  (1987)  d e f i n e d  t h e  r e g i o n

o f  t h e  H S V -  1 g e n o m e  e x p r e s s i n g  R N A  d e t e c t a b l e  in s e n s o r y  g a n g l i a

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

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

a n d  e x p e r i m e n t a l l y  i n f e c t e d  a n i m a l s  ( mi ce  a n d  r a b b i t s )  ( C r o e n  et

a / . ,1987;  R o c k  et  al. ,  1987a;  S p i v a k  a n d  F r a s e r ,  1987;  S t e i n e r  et

al. ,  1988; D e a t l y  et  al. ,  1988; S t e v e n s  et  al. ,  1988).  S i m i l a r  t r a n s c r i p t s

h a v e  al so b e e n  r e p o r t e d  in H S V - 2  ( M i t c h e l l  e t  al.,  1990b ,  B u r k e  et

al. ,  1991, T e n s o r  e t  al. ,  1991),  b o v i n e  h e r p e s  v i r u s  a n d  p s e u d o r a b i e s

v i r u s  in d i f f e r e n t  a n i m a l  m o d e l s  (Rock  e t  al.,  1987b,  1988) .  T h e  a r e a

of  t h e  g e n o m e  e x p r e s s i n g  t h e  t r a n s c r i p t  e n c o d e s  t h e  I E V m w l l O

p o l y p e p t i d e  ( S t e v e n s  e t  al. ,  1987 P u g a  a n d  N o t k i n s ,  1987;  D e a t l y  et

al. ,  1987,  1988; R o c k  e t  al. ,  1987a;  S t e i n e r  e t  al. ,  1988).  T h e  R N A s

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

c o m p l e m e n t a r y  to IE1 t r a n s c r i p t s  ( S t e v e n s  e t  al. ,  1987;  R o c k  et  al.,

1987b) .  T h i s  RN A  is k n o w n  as t h e  l a t e n c y  a s s o c i a t e d  t r a n s c r i p t s

( LA T s ) .  A t  l eas t  t h r e e  t r a n s c r i p t s ,  2 . 0 ,  1.5 a n d  1.45 k b  h a v e  b e e n

d e t e c t e d  b y  N o r t h e r n  b lo t  a n d  in s i tu  h y b r i d i s a t i o n  a n d  h a v e  b e e n

f i n e l y  m a p p e d  ( S p i v a k  a n d  F r a s e r ,  1987;  W e c h s l e r  e t  al. ,  1988; 

W a g n e r  e t  al., 1988).  T h e s e  R N A s  m a p  w i t h i n  t h e  H S V - 1  B a m  HI

r e s t r i c t i o n  Kb ’ f r a g m e n t  a n d  p a r t i a l l y  o v e r l a p  t h e  3 ’ t e r m i n u s  o f  IE1

on t h e  o p p o s i t e  D N A  s t r a n d  ( S p i v a k  a nd  F r a s e r  , 1987).  T h e r e  a r e  at

l e as t  t w o  L A T  spec i e s ;  (1) m a j o r  L A T s  ( a p p r o x i m a t e l y  2,  1 . 3 - 1.5kb)

w h i c h  a r e  in h i g h  a b u n d a n c e  a n d  h y b r i d i s e  to t h e  H S V - 1  B a m H I  b

f r a g m e n t  ( W a g n e r  et  al. ,  1988,  Rock  et  al.,  1987a)  a nd  (2)  t h e  m i n o r

L A T  ( a p p r o x i m t e l y  8 . 3kb  ), w h i c h  is d e t e c t e d  at  less t h a n  10% t he

a b u n d a n c e  o f  t h e  m a j o r  one  a n d  h y b r i d i s e s  to t h e  H S V - 1  B a m  HI  k 

f r a g m e n t  ( W a g n e r  et  al. ,  1988; Z w a a g s t r a  et  al. ,  1990)  ( F i g u r e  1.6).



F i g u r e  1.6

A .  A d i a g r a m a t i c  r e p r e s e n t a t i o n  o f  t h e  H S V - 1  g e n o m e .

B.  T h e  r e g i o n  o f  t h e  g e n o m e  f r o m  112 to 132 k b p  m a p  p o s i t i o n  has 

b e e n  e x p a n d e d .

C.  T h e  l o c a t i o n  o f  t h e  I E 1, I E3  a n d  L A T  R N A s  a r e  s h o w n .  The 

l o c a t i o n  o f  T A T A A  a n d  C A A T  b o x  is a l so i n d i c a t e d .  N o t  all the 

c o p i e s  o f  L A T  a r e  sp l i ced .  L a r g e r  8 . 3kb  m i n o r  L A T  is r epresented 

by  d o t - d o t - d a s h  l i ne .
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T h e  s i ze  of  L A T  t r a n s c r i p t s  r e p o r t e d  by  d i f f e r e n t  a u t h o r s  

v a r i e s .  T h e  v a r i a t i o n  in s i ze  o f  t h e  2 k b  t r a n s c r i p t  ( S p i v a k  and  

F r a s e r ,  1987) a n d  2 . 6 k b  ( S t e v e n s  e t  al. ,  1987) ,  m i g h t  be  d u e  to 

d i f f e r e n c e s  in t h e  t r a n s c r i p t s  e x p r e s s e d  d u r i n g  l a t e n c y  in s p i n a l  a n d  

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

T h e  e x p r e s s i o n  o f  L A T s  is r e g u l a t e d  by  an I E  g e n e  in 

c u l t u r e d  cel ls ,  s i nce  p r o t e i n  s y n t h e s i s  i n h i b i t i o n  w a s  s h o w n  to 

p r e v e n t  t h e  e x p r e s s i o n  o f  t h e  L A T  g e n e .  H o w e v e r  t h i s  c o n c l u s i o n  

w as  no t  s u p p o r t e d  by  W a g n e r  e t  al  (1988)  w h o  f o u n d  e x p r e s s i o n  of  

t h e  L A T  o c c u r r e d  d e s p i t e  p r o t e i n  s y n t h e s i s  i n h i b i t i o n .  On t h e  

c o n t r a r y  B a t c h e l o r  a n d  O ’H a r e  (1990)  h a v e  r e c e n t l y  s h o w n  t h a t  

p r o m o t e r  a c t i v i t y  of  t h e  L A T s  is r e g u l a t e d  p o s i t i v e l y  b y  V m w I E l l O  

a n d  v e r y  e f f i c i e n t l y  r e p r e s s e d  by  V m w I E 1 7 5 .  T h e  s i t e  o f  r e p r e s s i o n  

w a s  l o c a t e d  w i t h i n  a 55 bp  r e g i o n  j u s t  d o w n s t r e a m  of  a p o t e n t i a l  

T A T A A  b ox .  T h e y  f u r t h e r  c o n c l u d e d  t h a t  t h i s  r e g i o n  e x h i b i t e d  a 

h i g h  d e g r e e  of  h o m o l o g y  w i t h  t h e  I E3  g e n e  cap  s i t e  a n d  m a y  be  a

b i n d i n g  s i te  for  V m w I E 1 7 5 .

T h e  s e q u e n c e  o f  t h e  m a j o r  L A T  for  HSV-  1 s t r a i n  17 syn +

a nd  H S V - 1  s t r a i n  K OS is k n o w n  by  N o r t h e r n  b l o t  h y b r i d i s a t i o n ,  u s i n g  

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

s y n t h e t i c  o l i g o n u c l e o t i d e s  and  m o r e  p r e c i s e l y  by  p r i m e r  e x t e n s i o n  

a n d  S I  n u c l e a s e  ana l ys i s .  ( W e c h s l e r  e t  al. ,  1988; W a g n e r  e t  al.,  

1988) .T h e  h o m o l o g y  b e t w e e n  t h e s e  s t r a i n s  is v e r y  h i g h  ( P e r r y  and  

M c G e o c h ,  1988; W a g n e r  et  al. ,  1988).  T h e  5 ’ e n d (  t h e  p o s i t i o n  o f  t h e  

5 ’ e n d  is a t  119461np in I R L a n d  6 9 1 0 np  in TR,  in H S V - 1  s t r a i n  17 

syn + , T C C A G G T A ,  w h e r e  t h e  f i r s t  G wi l l  be  r e g a r d e d  as t h e  

n u c l e o t i d e  p o s i t i o n  1) s t a r t s  1210 n u c l e o t i d e s  d o w n s t r e a m  f r o m  t h e  3 ’ 

e n d  o f  IE1 m R N A .  T h e  3 ’ e n d  o v e r l a p s  IE1 by  n e a r l y  1000 

n u c l e o t i d e s ,  w h i c h  c a n n o t  be  d e t e r m i n e d  p r e c i s e l y  as t h e r e  a r e  no 

p o l y a d e n y l a t i o n  s i t es  c lose to t h e  m a p p e d  e n d  . T h e  c o m p u t e r  

a n a l y s i s  by  W e c h s l e r  et  al  (1988)  in t h e  s e a r ch  f o r  t h e  L A T  p r o m o t e r
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in H SV-  1 17 s y n + s eq u e n c e s ,  h o w e v e r  d id  n o t  r e v e a l  a n y  g o o d '  

c o n s e n s u s  R N A  t r a n s c r i p t i o n a l  p r o m o t e r  e l e m e n t  n e a r  t h e  5 ’ e n d  of  

t h e  L A T s  . T h e  f i r s t  l i ke l y  T A T A A  b o x  f o u n d  at  - 6 8 6 ,  

( T T T A T A  A A A G C )  a n d  f i r s t  C A A T  b o x  is at  p o s i t i o n  -817  

( A T C A A T C C ) .  T h r e e  S p l  b i n d i n g  s i t e s  or  GC b o x e s  w e r e  l o c a t e d  

b e g i n n i n g  at  t h e  p o s i t i o n s  - 8 8 6 ,  - 8 6 2  a n d  - 5 8 9 .  T h e  c o m b i n a t i o n  of  

T A T A A  & C A A T  b o x e s  a n d  s e v e r a l  S p l  b i n d i n g  s i t e s  m a k e s  t h i s  

r e g i o n  a good  t r a n s c r i p t i o n a l  p r o m o t e r  f o r  R N A  p o l y m e r a s e  II 

( W e c h s l e r  e t  al.,  1988; W a g n e r  e t  al. ,  1988; Z w a a g s t r a  et  al. ,  1990) .

T h e  c h l o r a m p h e n i c o l  a c e t y l e t r a n s f e r a s e  ( C A T )  assay  

r e v e a l e d  t h a t  L A T  p r o m o t e r  a c t i v i t y  w a s  d e c r e a s e d  3-12  f o l d  in 

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

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

b e g i n s  a b o u t  28 n u c l e o t i d e s  f r o m  t h e  f i r s t  T o f  t h e  T A T A  b o x  w h i c h  

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

p r o m o t e r  r e g i o n ,  b u t  t h i s  n e e d s  to be c o n f i r m e d  in v i v o .  ( Z w a a g s t r a  

et  al.,  1990) .  P o t e n t i a l  s p l i c i n g  s i t es  w e r e  l o c a t e d  at  t h e  p o s i t i o n  

p r e d i c t e d  by  h y b r i d i s a t i o n  d a t a  ( W e c h s l e r  e t  al. ,  1988; W a g n e r  e t  al.,

1988).  I t  a p p e a r s  t h a t  at  l eas t  one  o f  t h e  s ma l l e r  t r a n s c r i p t s  is t h e  

s p l i c ed  p r o d u c t  of  t h e  l a r g e r  one  ( W e c h s l e r  e t  al. ,  1989).  S o m e  

l a r g e r  s p ec i e s  w e r e  al so d e t e c t e d  in t h e  s a m e  o r i e n t a t i o n  as  t h e  m a j o r  

L A T .  T h e s e  s pec i e s  a r e  u n s p l i c e d  a n d  s ince  t h e y  s h ow  v e r y  f a i n t  

s igna l s  d u r i n g  h y b r i d i s a t i o n  t h e y  w e r e  d e s i g n a t e d  as t h e  m i n o r  L A T s  

( M i t c h e l l  e t  al.,  1990a;  Z w a a g s t r a  et  al. ,  1990) .  T h e  D N A  o f  t h e  

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

s e q u e n c e d  a n d  a p a r t  f r o m  IE1,  does  no t  c o n t a i n  a ny  c o n v i n c i n g  

p r o t e i n  c o d i n g  s e q u en ce s  ( P e r r y  a n d  M c G e o c h ,  1988).  M o r e o v e r  t h e r e  

a r e  no  c o n s e n s u s  p o l y a d e n y l a t i o n  s igna l s  in c lose p r o x i m i t y  to t h e  3 ’ 

e n d  o f  t h e  L A T s  ( P e r r y  a n d  M c G e o c h ,  1988; W e c h s l e r  et  al. ,  1988; 

W a g n e r  e t  al. ,  1988).  H o w e v e r  r e c e n t l y  a p r o t e i n  o f  a p p a r e n t
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m o l e c u l a r  w e i g h t  o f  8 0 k D a  h a s  b e e n  r e c o g n i s e d  c a l l e d  a l a t e n c y  

a s s o c i a t e d  a n t i g e n  ( L A A )  ( D o e r i g  e t  a l ., 1991).  T h i s  p r o t e i n  is ye t  to 

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

m a c h a n i s m  o f  l a t e n c y  is to  be  d e f i n e d .

T h e  r o l e  o f  L A T s  in t h e  e s t a b l i s h m e n t ,  m a i n t e n a n c e  and  

r e a c t i v a t i o n  f r o m  l a t e n c y  r e m a i n s  o b s c u r e .  D e l e t i o n  m u t a n t s  

a p p a r e n t l y  f a i l i n g  to p r o d u c e  L A T s ,  e s t a b l i s h e d  a n d  m a i n t a i n e d  

l a t e n c y  b u t  r e a c t i v a t e d  w i t h  d e l a y e d  k i n e t i c s  ( Do bs o n  e t  al. ,  1989; 

L e i b  et  al. ,  1989; S t e i n e r  e t  al.,  1989).  H o w e v e r  t h i s  is no t  s u p p o r t e d  

b y  al l  L A T  m u t a n t s  (Ho a nd  M o c a r s k i ,  1989;  B l oc k  et  al. ,  1990) .  T h e  

o t h e r  p o s s i b i l i t i e s  t h a t  can  be  e n v i s a g e d  a r e  (i) L A T s  m a y  f u n c t i o n  

as  an a n t i s e n s e  r e g u l a t o r y  f a c t o r  f o r  t h e  IE1  g e n e .  A s  t h e  L A T s  a r e  

c o m p l e m e n t a r y  to t h e  V  e n d  o f  IE1 r a t h e r  t h a n  t h e  5 ’ e n d ,  a n d  t h e  

IE1 g e n e  p l a y s  a c r u c i a l  p a r t  in t h e  r e g u l a t i o n  o f  g e n e  e x p r e s s i o n ,  it 

is p o s s i b l e  to get  a n t i s e n s e  s u p p r e s s i o n  by  3 ’ e n d  c o m p l e m e n t a r i t y  

( G r e e n  e t  al. ,  1981),  ( i i )  T r a n s c r i p t i o n  o f  t h e  L A T s  m a y  h a v e  a 

c i s - a c t i n g  e f f ec t  t h a t  p h y s i c a l l y  p r e v e n t s  t r a n c r i p t i o n  o f  IE1 m R N A  

on t h e  s a m e  s t r a n d  of  D N A  ( Roc k  et  al. ,  1987a) ,  ( i i i )  l o c a l i z a t i o n  o f  

t h e  L A T s  to t h e  n u c l e u s  d u r i n g  l a t e n c y  f a v o u r s  t h e  i d e a  t h a t  it m a y  

f u n c t i o n  as  a t r a n s - a c t i n g  f a c t o r  (Rock  e t  al.,  1987a)  a n d  ( iv)  t h e r e  

a r e  p u t a t i v e  o p e n  r e a d i n g  f r a m e s  w i t h i n  t h e  L A T  g e n e  ( P e r r y  and  

M c G e o c h ,  1988),  t h e r e f o r e  i f  L A T  g e n e  p r o t e i n  p r o d u c t s  a r e  b e i n g  

t r a n s l a t e d ,  t h e y  m i g h t  be  i n v o l v e d  in i n f l u e n c i n g  l a t e n c y .

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

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

b e e n  e x a m i n e d  (Le i b  et  al. ,  1991).  T h e  L A T  p r o m o t e r  r e g i o n  h as  a 

h i g h l y  c o n s e r v e d  7 - b a s e  c o n s e n s u s  e l e m e n t  ( T G C G T C A )  at  - 6 9 0  

p o s i t i o n ,  w h i c h  is i d e n t i c a l  to t h e  c A M P  r e s p o n s e  e l e m e n t  of  t h e  

p r o e n k e p h a l i n  gene .  T h e  T G C G T C A  m o t i f  o f  t h e  c A M P  r e s p o n s e  

e l e m e n t  is h i g h l y  c o n s e r v e d  a n d  m u t a t i o n  o f  t h i s  m o t i f  l e a ds  to a loss
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of  i n d u c i b l e  a c t i v i t y .

I t  w as  f o u n d  t h a t  r e a c t i v a t i o n  o f  w i l d  t y p e  H S V - 1 w a s  

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

t r i g e m i n a l  g a n g l i a  by  t h e  a d d i t i o n  o f  c A M P  a n a l o g s  or  a d e n y l a t e  

cy c l a s e  a c t i v a t o r s .  H o w e v e r ,  t h e s e  a g e n t s  d i d  n o t  a c c e l e r a t e  

r e a c t i v a t i o n  o f  a de l e t i o n  m u t a n t  in t h e  L A T  p r o m o t e r  r e g i o n  and  

L A T  c o d i n g  r e g i o n ,  i n d i c a t i n g  a r o l e  fo r  c A M P  in t r i g g e r i n g  v i r a l  

r e a c t i v a t i o n  ( Le i b  et  al.,  1991).

1.10  P A T H O G E N I C I T Y  O F  H S V .

H S V  i n d u c e s  l i fe t h r e a t e n i n g  a n d  f a t a l  e c e p h a l i t i s  in 

h u m a n s .  A l t h o u g h  t h e  i n c i d e n c e  is r a r e ,  t h e r e  is c o n t i n u e d  i n t e r e s t  

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

m o d e l s  s uch  as mi c e ,  g u i n e a  p igs ,  r a b b i t s ,  r a t s  a n d  m o n k e y s  h a v e  

b e e n  used .  S e v e r a l  f a c t o r s  c o n t r o l l i n g  p a t h o g e n i c i t y  h a v e  b e e n  

i d e n t i f i e d .  A m o n g  t h e  hos t  f ac t o r s ,  h u m o r a l  i m m u n i t y  ( M c K e n d a l l  et  

a l ., 1979) ,  c y t o t o x i c  i m m u n i t y  (Nash et  a l ., 1985) ,  i n t e r f e r o n s  ( L o p e z ,  

1985) ,  s t a t e  o f  skin a nd  m u c o u s  m e m b r a n e ,  a ge  o f  h os t  a n d  r o u t e  of  

i n o c u l a t i o n  ( S p r e c h e r  a n d  B e c k e r  1986,  1987)  e f f e c t  t h e  v i r u l e n c e .

T h e  d e g r e e  o f  p a t h o g e n i c i t y  is al so a f f e c t e d  by  v i r u s  s t r a i n ,  s e r i a l  

p a s s a g e  o f  t h e  v i r u s  in v i v o  ( K a e r n e r  et  al. ,  1983) ,  in v i t r o  ( G o o d m a n  

a n d  S t e v e n s ,  1986) a nd  b o d y  t e m p e r a t u r e  o f  t h e  h os t  ( T h o m s o n  and  

S t e v e n s ,  1983).

H S V - 1  t h y m i d i n e  k i n a se  n e g a t i v e  ( tk  ) m u t a n t s  a r e  u n a b l e  

to g r o w  in n o n d i v i d i n g  a nd  s e r u m - s t a r v e d  cel l s  ( J a m i e s o n  e t  al.,  

1974)  N e u r o n s  a r e  a m o n g  t h e  cel l s  o f  t h e  b o d y  t h a t  do not  

r e g e n e r a t e .  T h i s  led to t h e  s p e c u l a t i o n  t h a t  tk  m u t a n t s  m i g h t  f a i l  

to g r ow  in n e u r o n s ,  and  c ou l d  be  a v i r u l e n t .  V a r i o u s  tk  m u t a n t s  o f  

H S V - 1  ( F i e l d  a n d  Wi ldy ,  1978) a nd  H S V - 2  ( S t a n b e r r y  e t  al. ,  1985) 

h a v e  b e e n  s h o w n  to be  less  v i r u l e n t .
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L i k e  tk ,  r i b o n u c l e o t i d e  r e d u c t a s e  is d i s p e n s a b l e  in v i t r o  

( G o l d s t e i n  a n d  We l l e r ,  1988).  T h e  H S V - 1  ts  m u t a n t s  in RR,  ts  1207 

a n d  ts  1222 ( P r e s t o n  e t  al. ,  1988) h a v e  r e d u c e d  p a t h o g e n i c i t y  

f o l l o w i n g  i n t r a c r a n i a l  a n d  i n t r a p e r i t o n e a l  i n o c u l a t i o n  ( C a m e r o n  et  

al.,  1988).

T h e  H S V - 2  s t r a i n  186 g r o w s  p o o r l y  in t h e  e y e s  a n d  s e ns o r y  

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

o cu l a r  i n f e c t i o n  ( O a k es  e t  al. ,  1986).  M a r k e r  r e s c u e  o f  t h a t  s t r a i n  

s h o w e d  t h a t  t h e  l es ion w a s  in t h e  D N A  p o l y m e r a s e  g e n e  a n d  t h e  

r e s c u e d  v i r u s  g a i n e d  t h e  wi l d  t y p e  p h e n o t y p e  (Day  e t  al. ,  1987).  

R e c e n t l y  L a u s c h  e t  al  (1990)  r e p o r t e d  t h e  f a i l u r e  o f  s i m i l a r  s t r a i n s  to 

g r o w  in h u m a n  l y m p h o c y t e s  i n d i c a t i n g  t h a t  t h e  g e n e  fo r  H S V  D N A  

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

H S V - 1  I E  g e n e s  h a v e  a c i s - a c t i n g  r e g u l a t o r y  e l e m e n t  

( T A A T G A R A T ) .  T h i s  e l e m e n t  r e s p o n d s  to H S V -  1 v i r i o n  p o l y p e p t i d e  

V m w 6 5  t r a n s i n d u c i n g  f a c t o r  ( T I F )  w h i c h  i n i t i a t e s  t r a n s c r i p t i o n  f r o m  

IE  p r o m o t e r s  ( O ’H a r e  a n d  H a y w a r d ,  1987) .  I n s e r t i o n a l  m u t a g e n e s i s  

in t h e  T A A T A G R A T  e l e m e n t  r e s u l t e d  in f a i l u r e  o f  t r a n s i n d u c t i o n  of  

t h e  IE  g en e  e x p r e s s i o n  a n d  r e d u c e d  p a t h o g e n i c i t y  f o l l o w i n g  

i n t r a p e r i t o n e a l  a n d  i n t r a c r a n i a l  i n o c u l a t i o n  ( Ac e  et  al. ,  1989).

T h e  r o l e  o f  H S V  g l y c o p r o t e i n s  in p a t h o g e n i c i t y  r e m a i n s  

l a r g e l y  u n e x p l o r e d .  T h e  gC" n e g a t i v e  m u t a n t s  o f  b o t h  HSV-  1 a n d  

H S V - 2  r e m a i n  h i g h l y  v i r u l e n t  fo r  m i c e  f o l l o w i n g  i n t r a v a g i n a l  

( J o h n s o n  e t  al.,  1986),  i n t r a c r a n i a l  a nd  f o o t - p a d  i n o c u l a t i o n  (Dix  et  

al.,  1983; S u n s t r u m  et  al. ,  1988).  T h e r e f o r e  gC is no t  a v i r u l e n c e  

d e t e r m i n a n t  in t h e  m o u s e  mode l .  S i m i l a r l y  m o n o c l o n a l  a n t i b o d y  

r e s i s t a n t  ( m a r )  gD or  gB m u t a n t s  h a v e  no  c o n s i d e r a b l e  e f f e c t  on 

p a t h o g e n i c i t y  ( K u m e l  et  al., 1985).  I n t r a t y p i c  r e c o m b i n a n t s  o f  gB 

g e n e  f r o m  H S V - 1  s t r a i n  KOS w h i c h  h a s  b e e n  s h o w n  to be  

a p a t h o g e n i c  fo r  m i c e  f o l l o w i n g  i n t r a p e r i t o n e a l  i n o c u l a t i o n  ( S c h r o d e r  

e t  al. ,  1983) w i t h  H S V - 1  s t r a i n  A N G  p a t h ,  w h i c h  is p a t h o g e n i c  for
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m i c e  w h e n  i n o c u l a t e d  by  t h e  s a m e  r o u t e  ( K a e r n e r  e t  al. ,  1983) 

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

(Wei se  e t  al. ,  1987) i n d i c a t i n g  s ome  r o l e  o f  gB in p a t h o g e n i c i t y .  

S o m e  g e n e t i c a l l y  e n g i n e e r e d  m u t a n t s  in gG a n d  gE s h o w e d  104 and  

10 fo lds  h i g h e r  L D 5q t h a n  t h e  w i l d  t y p e  r e s p e c t i v e l y  ( M e i g n i e r  et  

al.,  1988) s h o w i n g  i n v o l v e m e n t  o f  t h o s e  g l y c o p r o t e i n s  in 

p a t h o g e n i c i t y .

T h e r e  is g r o w i n g  e v i d e n c e  t h a t  t h e  s e q u e n c e s  in bo t h  

c o p i e s  o f  R_l  b e t w e e n  t h e  ' a ’ s e q u e n c e  a n d  t h e  IE1 g e n e  in H S V - 1  and  

2 c a r r y  a n e u r o v i r u l e n c e  d e t e r m i n a n t .  Los s  o f  such  s e q u e n c e s  r e s u l t s  

in a n o n - n e u r o v i r u l e n t  p h e n o t y p e .  T a h a  et  al  ( 1989a ,  b)  r e p o r t e d  a 

1488bp s p o n t a n e o u s  d e l e t i o n  u p s t r e a m  of  IE1  w h i c h  e l i m i n a t e s  

n e u r o v i r u l e n c e  in a v a r i a n t  o f  H S V - 2  s t r a i n  H G 5 2  . C o r r e c t i o n  of  

t h e  d e l e t i o n  r e s t o r e d  t h e  w i l d t y p e  p h e n o t y p e .  R e c e n t l y  M a c L e a n  et  

al  (1991) f o u n d  t h a t  a d e l e t i o n  o f  7 5 9 b p  u p s t r e a m  of  IE1 in H S V - 1  

s t r a i n  17+ also r e s u l t e d  in a n o n - n e u r o v i r u l e n t  v i r u s .  T h e  a b o v e  

f i n d i n g s  s ugge s t  t h a t  t h e  s e q u e n c e s  r e l a t e d  to  n e u r o v i r u l e n c e  are  

c o n s e r v e d  in H S V - 1  s t r a i n  17 s y n + a n d  H S V - 2  s t r a i n  H G 5 2 .  Bo t h  

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

m o u s e  b r a i n .  T h e s e  d e l e t i o n s  in b o t h  v a r i a n t s  r e m o v e d  one  c o p y  of  

t h e  DR1 e l e m e n t  o f  t h e  ' a ’ s e q ue n ce .  T h e  5 ’ e n d  o f  t h e  p r o p o s e d  

g a m m a j  g e n e  I C P 3 4 . 5  in H S V - 1  s t r a i n  F l i es  in t h e  DR1 e l e m e n t  of  

t h e  ' a ’ s eq u e n c e .  S e v e r a l  o t h e r  r e p o r t s  ( T h o m p s o n  et  al. ,  1989;  C h o u  

et  al. ,  1990;  J e n k i n s  a n d  M a r t i n ,  1990)  al so s u p p o r t  t h e  a b o v e  

f i n d i n g s  i n d i c a t i n g  a n e u r o v i r u l e n t  d e t e r m i n a n t  in t h e  R^ r e g i o n  of  

t h e  H SV  g e n o m e .  T h e  d e t a i l e d  s t udy  by  C h o u  e t  al  ( 1990)  s u g g e s t e d  

t h e  p o s t u l a t e d  g a m m a ^  p r o t e i n  d e s i g n a t e d  as I C P 3 4 . 5 ,  t h o u g h  it  is 

d i s p e n s a b l e  in t i s sue  c u l t u r e ,  is e s s e n t i a l  f o r  v i r u s  r e p l i c a t i o n  in 

m o u s e  b r a i n  cel ls.  A l t h o u g h ,  no  such g e n e  w a s  o r i g i n a l l y  f o u n d  in 

t h e  H S V - 1  s t r a i n  17 syn + , t h e r e  w e r e  p r o t e i n  c o d i n g  s e q u e n c e s  in
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t h i s  r e g i o n  ( P e r r y  a nd  M c G e o c h ,  1988).  R e v i s e d  a n a l y s i s  o f  t h e  c l one s  

c o n t a i n i n g  t h e  H S V - 1  s e q u e n c e s  u p s t r e a m  o f  t h e  IE1 g e n e  h a v e  

s h o w n  t h a t  t h i s  r e g i o n  does  c o n t a i n  a g e n e  (Dr .  D. J .  M c G e o c h ,  

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



MA TERIA LS A ND  
METHODS
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C e l l s

B a b y  h a m s t e r  k i d n e y  c l one  13 ( B H K - 2 1 / C 1 3 )  cel ls

( M a c P h e r s o n  a n d  S t o ke r . ,  1962)  w e r e  u s ed  t h o u g h o u t .

V i r u s e s

H e r p e s  s i m p l e x  v i r u s  t y p e - 1 ( H S V - 1 )  G l a s g o w  s t r a i n  17 

s y n + ( B r o w n  at al. ,  1973) a n d  t h e  H S V - 1  17 s y n + d e l e t i o n  v a r i a n t s  

1704,  1705 a n d  1706 i s o l a t e d  a n d  c h a r a c t e r i z e d  by  M a c L e a n  and 

B r o w n  (1987b)  w e r e  u sed  t h r o u g h o u t .

C e l l  C u l t u r e  M e d i a

B H K - 2 1  C13 cel l s  w e r e  g r o w n  in m o d i f i e d  E a g l e ’s m e d i u m  

( B u s b y  e t  al.,  1966) c o n t a i n i n g  t w i c e  t h e  n o r m a l  c o n c e n t r a t i o n  of  

v i t a m i n s  a n d  a m i n o  ac i ds ,  100 u n i t s / m l  o f  p e n i c i l l i n ,  l OO u g / ml  

s t r e p t o m y c i n ,  0 . 0 2  u g / m l  a m p h o t e r i c i n  B,  0 . 0 0 2 %  ( w / v )  p h e n o l  red ,  

5% ( v / v )  t r y p t o s e  p h o s p h a t e  b r o t h  a n d  10% ( v / v )  n e w  b o r n  ca l f  

s e r u m  ( ETC10) .  V a r i a n t s  o f  t h e  m e d i a  u s ed  d u r i n g  t h e  w o r k  w e r e

P I C

P h o s p h a t e  f r e e  E a g l e ’s m e d i u m  c o n t a i n i n g  1% c a l f  s e r u m .

E H u 5

E a g l e ’s m e d i u m  c o n t a i n i n g  5% h u m a n  s e r u m .

E M C 5

E a g l e s  m e d i u m  c o n t a i n i n g  1.5% M e t h y l  ce l l u l o s e  a n d  5% 

c a l f  s e r u m .
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E M e t /  5 C 2

E a g l e ’s m e d i u m  c o n t a i n i n g  o n e  f i f t h  t h e  n o r m a l  

c o n c e n t r a t i o n  o f  m e t h i o n i n e  a n d  2% ( v / v )  c a l f  s e r u m .

E C S 5 0

E a g l e ’s m e d i u m  c o n t a i n i n g  50% f o e t a l  c a l f  s e r u m .

A g a r  a n d  B a c t e r i a l  G r o w t h  m e d i a .

2 x Y T  B r o t h

8 5 m M  NaCl ,  l % ( v / v )  D i f c o  b a c t o t r y p t o n e  l % ( w / v ) y e a s t  

e x t r a c t .

L- B r o t h

17 0 mM NaCl ,  1% ( v / v ) D i f c o  b a c t o t r y p t o n e ,  0 . 5 %  ( w / v )  

y e a s t  e x t r a c t .

L - B r o t h  A g a r

L - B r o t h  c o n t a i n i n g  1 . 5 % ( w / v )  a g a r .

T o p  a g a r

l % ( w / v )  a g a r  in w a t e r .

B a c t e r i a

T h e  b a c t e r i a  u s e d  w e r e  D H 5  a l p h a  ( H a n a h a n . ,  1985)  and
of  E .C ol i

J M 101  ( M e s s i n g  ., 1979) s t r a i n s ^  T h e s e  w e r e  g r o w n  in L - b r o t h  w i t h  

a m p i c i l l i n  or  t e t r a c y c l i n e ,  w h e r e  a p p r o p r i a t e .

P l a s m i d s

p UC1 9  ( Y a n i c h - P e r r o n  e t  al.,  1985) w a s  u s e d a s  t h e  c l o n i n g  

v e c t o r .  T h e  p G X  159 p l a s m i d  c o n t a i n i n g  t h e  H SV-  1 17 s y n + B a m  HI 

b f r a g m e n t  c l on e d  i n t o  p A T  153 ( T w i g g  a n d  S h e r r a t . ,  1980)  was
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k i n d l y  s u p p l i e d  by  Dr  V.G.  P r e s t o n .

E x p e r i m e n t a l  A n i m a l s .

T h r e e  w e e k  old B A L B / c  m i c e  o f  b o t h  s exes  o b t a i n e d  f r om  

c o m m e r c i a l  s u p p l i e r s  ( B a n t i n  a n d  K i n g m a n  L t d . )  w e r e  u s e d  in t h i s  

s t udy .

G i e m s a  s t a i n .

1.5% ( w / v )  G i e m s a  in g l yc e r o l ,  h e a t e d  at  5 6 ° C  fo r  120 mi n  

a n d  d i l u t e d  w i t h  an e q u a l  a m o u n t  o f  m e t h a n o l .

E n z  v m e s

R e s t r i c t i o n  endonuclease*,  l a rge  f r a g m e n t  p o l y m e r a s e ,  T 4 

D N A  l i gase  a n d  b o v i n e  s e r u m  a l b u m i n  ( B S A )  w e r e  p u r c h a s e d  f r o m  

B e t h e s d a  R e s e a r c h  L a b o r a t o r i e s ;  T 4 D N A  p o l y m e r a s e  a n d  T4 DNA  

k i n a s e  f r o m  B i o l a b s  Ne w  E n g l a n d ;  ca l f  i n t e s t i n a l  p h o s p h a t a s e  ( C I P )  

f r o m  B o e h r i n g e r  C o r p o r a t i o n  a n d  T ? p o l y m e r a s e  f r o m  P h a r m a c i a  

L t d .

R a d i o c h e m i c a l s

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

I n t e r n a t i o n l  p ic  at  i n d i c a t e d  s p e c i f i c  a c t i v i t y .

[c<-32P]  d N T P s

[Y-32p ] a t p

[ 35S] M e t h i o n i n e

3 00 0  C i / m m o l  

5 0 0 0  C i / m m o l  

800  C i / m m o l
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S o l u t i o n s  a n d  B u f f e r s .

P h o s p h a t e  b u f f e r e d  s a l i n e - A  ( P B S - A )

170rr*M NaCl ,  3 . 4 m M  KC1, I m M N a  H P O  ,
2 4

2 m M  K H  P O  p H  7.2
2 4 r

P h o s p h a t e  b u f f e r e d  s a l i n e  ( P B S ) .

P B S - A  s u p p l e m e n t e d  w i t h  6 . 8 m M  C a C l 2 

a n d  4 . 9 m M  M g C l 2

P B S / C a l f  s e r u m

P BS  c o n t a i n i n g  5% ca l f  s e r u m .

T ry p s i n

0 . 2 5 %  ( w / v )  D i f c o  t r y p s i n  d i s s o l v ed  

in Tr i s -  s a l i ne

T r i s -  s a l i n e

1 4 0 m M  NaCl ,  3 0 m M  KC1, 2 8 0 m M  Na  H P O
’ ’ 2 4

l m g / m l  g l ucose ,  0 . 0 0 1 5 %  (w / v )  p h e n o l  r e d  

2 5 m M  T r i s - H C l  ( p H 7 . 4)  100 u n i t s / m l  p e n i c i l l i n ,  

l O O u g /m l  s t r e p t o m y c i n .

V e r s e n e .

0 . 6 m M  E D T A  d i s s o l v e d  in P BS  

c o n t a i n i n g  0 . 0 0 2 %  ( w / v )  p e n o l  r ed .

Tr y  p s i n /  V e r s e n e .

o ne  v o l u m e  of  0 . 2 5 %  of  T r y p s i n  

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

l OmM T r i s - H C l  p H  7.5 , l O mM E D T A  a n d  lOOmM NaCl .  

p h e n o l  w a s  s a t u r a t e d  in p h e n o l  s a t u r a t e d  b u f f e r

P h e n o l - C h l o r o f o r m  (1:1) .

A 1:1 m i x t u r e  o f  p h e n o l  a n d  c h l o r o f o r m .

C h l o r o f o r m r i s o a m y l  a l c o h o l  ( 2 4 : 1 ) .

T h i s  is a 24 : 1  ( v / v )  m i x t u r e  o f  c h l o r o f o r m  a n d  i s o a m y l  

a l coho l .

T B E

8 9 m M  T r i s - b a s e ,  8 9 m M  B o r i c  ac i d  2 m M  E D T A  p H  8.3.

T E

l OmM T r i s - H C l ,  O . l m M  E D T A  p H  7.4.

\ x  3 5 m M  T r i s - H C l ,  2 9 m M  N a H 2P 0 4. H20 ,

0 . 9 9  m M  E D T A

R e s t r i c t i o n  e n z v m e  b u f f e r s .

T h e  b u f f e r s  w e r e  u s e d  e i t h e r  as r e c o m m e n d e d  by  B R L  or 

M a n i a t i s  e t  al  (1982) .  T h e s e  w e r e  p r e p a r e d  as  lOx s t ock  s o l u t i o n s  

a n d  s t o r e d  at  - 2 0 ° C .

C h e m i c a l s .

Mo s t  c h e m i c a l s  w e r e  s u p p l i e d  by  B D H  C h e m i c a l s  U K  or  

S i g m a  C h e m i c a l  Co.  a nd  w e r e  a n a l y t i c a l  g r a d e .  M13 s ing l e  s t r a n d e d  

p r o m o t e r ,  u n l a b e l l e d  n u c l e o t i d e s ,  2 ’ 3 ’ d i d e o x y r i b o n u c l e o t i d e

t r i p h o s p h a t e s  w e r e  s u p p l i e d  by  P h a r m a c i a  L t d .  W a c k e r  s i l i co n e  was
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p r o v i d e d  by  W a c k e r  C h e m i c a l  C o m p a n y  M u n i c h .  R e p e l c o t e  (2% 

s o l u t i on  o f  d i m e t h y l  d i c h l o r o s i l a n e  1,1,1- t r i c h l o r o e t h a n e )  w a s  

s u p p l i e d  by  H o p k i n  a n d  W i l l i a ms ,  E n g l a n d .  D N A  b l o t t i n g  m e m b r a n e  

( N y t r a n )  w a s  p u r c h a s e d  f r o m  S c h l e i c h e r  a n d  S c h ue l l .
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2 . 1  G r o w t h  o f  c e l l s

B H K - 2 1  C13 cel l s  w e r e  p r o p a g a t e d  in  8 0o z  r o l l e r  b o t t l e s  

c o n t a i n i n g  150ml  o f  E T C 1 0  in t h e  p r e s e n c e  o f  5% ( v / v )  C 0 2 in ai r .  

T h e  cel l s  u s u a l l y  b e c o m e  c o n f l u e n t  a f t e r  t h r e e  d a y s  a n d  each  

c o n f l u e n t  b o t t l e  c o n t a i n s  2 - 3 x l 0 8 cel ls .  C o n f l u e n t  cel l s  w e r e  

h a r v e s t e d  by  w a s h i n g  t w i c e  w i t h  t r y p s i n / v e r s e n e  a n d  r e s u s p e n d i n g  

in a t o t a l  v o l u m e  o f  2 0 m l  ET C10 .  Cel l s  f r o m  o n e  r o l l e r  b o t t l e  a r e  

e n o u g h  to seed  t en  f u r t h e r  b o t t l e s .  B H K - 2 1  C13 cel l s  w e r e  al so u s e d  

to seed  f l a t  b o t t o m  m u l t i w e l l  t i s s u e  c u l t u r e  m i c r o t i t r e  p l a t e s  at  a 

d e n s i t y  o f  6x10 cel l s  in 0.15 m l  o f  E T C 1 0 .  I n c u b a t i o n  w a s  c a r r i e d  

o u t  a t  3 7 ° C  in a h u m i d i f i e d  i n c u b a t o r  c o n t a i n i n g  5% ( v / v )  CCK

2 . 2  Ce l l  s t o r a g e .

F r e s h l y  h a r v e s t e d  B H K - 2 1  C13 cel l s  w e r e  p e l l e t e d  at  2 0 0 0  

r p m  for  10 m i n  at  4 ° C  a n d  r e s u s p e n d e d  in E T C 1 0  c o n t a i n i n g  2 0 %

g ly c e r o l  ( v / v )  a n d  2 0 %  F C S  ( v / v ) .  Cel l s  w e r e  a l i q u o t e d  in 2 ml
7 Ob l a c k  cap  v i a l s  at  a c o n c e n t r a t i o n  o f  10 / m l ,  f r o z e n  s lowly  to - 7 0  C 

o v e r n i g h t  a n d  s t o r e d  at  - 1 7 0 ° C .  Cel l s  w e r e  r e c o v e r e d  b y  t h a w i n g  

q u i c k l y  a n d  r e s u s p e n d i n g  in ET C10 .

2 . 3  G r o w t h  o f  v i r u s  s t o c k s .

C o n f l u e n t  B H K - 2 1  C13 cel l s  in 80 o z  r o l l e r  b o t t l e s  w e r e

i n f e c t e d  a t  a m o i  o f  0 . 0 0 3  p f u / c e l l .  T h e  i n f e c t e d  cel l s  w e r e

i n c u b a t e d  at  31°C for  3 - 4  d a y s  or  u n t i l  e x t e n s i v e  cpe  a p p e a r e d .  Cel ls  

w e r e  h a r v e s t e d  by  s h a k i n g  t h e  cel l s  i n t o  t h e  m e d i u m  or  w i t h  t h e  aid 

o f  glass  b e a d s  a n d  p e l l e t e d  at  2 0 0 0  r p m  for  10 m i n .  at  4 ° C .  T h e  

s u p e r n a t a n t  w a s  c e n t r i f u g e d  at 12000  r p m  f o r  2 h r  at  4 ° C  in a 

S o r v a l  G SA  r o t o r  a n d  t h e  v i r u s  pe l l e t  r e s u s p e n d e d  in 5 ml  of
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s u p e r n a t a n t  and  s on i c a t e d .  T h i s  w a s  t e r m e d  s u p e r n a t a n t  v i r u s .  T h e  

cel l  p e l l e t  f r o m  t h e  o r i g i n a l  c e n t r i f u g a t i o n  w a s  r e s u s p e n d e d  in 5 ml  

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

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

2 . 4  T i t r a t i o n  o f  v i r u s  s t o c k s .

T e n  fo ld  s e r i a l  d i l u t i o n s  o f  v i r u s  s t o c k s  w e r e  m a d e  in 

P B S / c a l f  s e r u m .  A f t e r  r e m o v i n g  m e d i u m  f r o m  n e a r l y  c o n f l u e n t  

B H K - 2 1  C13 cel ls  in 5 0 m m  p e t r i - d i s h e s ,  0.1 m l  o f  e a c h  d i l u t i o n  w a s  

a dded .  V i r u s  w a s  a l l o w e d  to a b s o r b  fo r  a n  h o u r ,  t h e  p l a t e s  w e r e  

o v e r l a i d  by  E M C 5  a n d  i n c u b a t e d  at  3 7 ° C  fo r  2 d a y s  o r  31°C for  3 

d a y s  or  u n t i l  p l a q u e s  w e r e  v i s i b l e .  M o n o l a y e r s  w e r e  f i x e d  a n d  s t a i n e d  

w i t h  G i e m s a  s t a i n  at  r o o m  t e m p e r a t u r e  (RT)  fo r  h a l f  an h o u r  and  

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

2 . 5  S t e r l i t y  c h e c k s  on  v i r u s  a n d  c e l l  s t o c k s .

Cel l  or  v i r u s  s t o c k s  w e r e  c h e c k e d  fo r  b a c t e r i a l  

c o n t a m i n a t i o n  by s t r e a k i n g  on b l o o d  a g a r  p l a t e s  in d u p l i c a t e  a n d  

i n c u b a t i n g  at  3 7 ° C  a n d  31° C fo r  at  l eas t  5 days .  T h e  cel l  a n d  v i r u s  

s t ocks  w e r e  c o n s i d e r e d  s t e r i l e  i f  t h e r e  w as  no  c o n t a m i n a t i o n  

d e t e c t e d  on t h e  p l a t e s .

2 . 6  P r e P a r a t i o n  o f  v i r i o n  D N A .

V i r io n  D N A  w a s  p r e p a r e d  as d e s c r i b e d  by  W i l k i e  (1973)  

a n d  S t o w  a nd  Wi l k i e  (1976) .  C o n f l u e n t  B H K - 2 1  C13 cel l s  in 80oz  

r o l l e r  b o t t l e s  w e r e  i n f e c t e d  w i t h  v i r u s  at  a mo i  o f  1 :300.  Ce l l s  w e r e  

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

p e l l e t e d  at  2 0 0 0  r p m  f o r  10 m i n  at  4 ° C .  T h e  s u p e r n a t a n t  w a s  k e p t  

on ice a n d  t h e  cel l  pe l l e t  r e s u s u p e n d e d  in RSB [ l O m M  KC1, 1 . 5mM
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M g C l 2, l O m M  T r i s - H C l  a n d  N P 4 0  at  a f i n a l  c o n c e n t r a t i o n  of  

0 . 5 % ( v / v ) ] .  Cel l s  w e r e  i n c u b a t e d  on ice f o r  10 m i n .  T o  p e l l e t  t h e  

n uc l e i  a n d  d e b r i s ,  cel l s  w e r e  c e n t r i f u g e d  a t  2 0 0 0  r p m  f o r  3 m i n  a n d  

t h e  pe l l e t  t r e a t e d  w i t h  R S B / N P 4 0  as a b o v e .  T h e  t w o  c y t o p l a s m i c  

s u p e r n a t a n t s  w e r e  m i x e d  w i t h  i n f e c t e d  cel l  m e d i u m  a n d  c e n t r i f u g e d  

at  12000  r p m  in a Sorva l !  GSA r o t o r  f o r  2 h r .  A f t e r  d i s c a r d i n g  t h e  

s u p e r n a t a n t ,  t h e  v i r a l  p e l l e t  w a s  r e s u s p e n d e d  by  s o n i c a t i n g  in 8ml  of  

N T E  ( l Om M  T r i s - H C l  p H  7.5 l OmM N a C l  a n d  I m M  E D T A ) .  V i r i o n  

p a r t i c l e s  w e r e  lysed  by  a d d i n g  SDS a n d  E D T A  to  a f i n a l  

c o n c e n t r a t i o n  o f  2% ( w / v )  a n d  l OmM r e s p e c t i v e l y .  V i r i o n  D N A  was  

e x t r a c t e d  w i t h  g e n t l e  m i x i n g  ( 2 - 3  t i m e s )  w i t h  an e q u a l  v o l u m e  of  

s a t u r a t e d  p h e n o l  a n d  o n c e  w i t h  c h l o r o f o r m r i s o a m y l  a l c o h o l  ( 24 : 1  

v / v )  a n d  p r e c i p i t a t e d  by  a d d i n g  t w o  v o l u m e s  o f  a b s o l u t e  a l coho l .  

D N A  w as  s t o r e d  at  - 2 0 ° C  o v e r n i g h t  a n d  r e c o v e r e d  by c e n t r i f u g i n g  at  

2 0 0 0  r p m  for  10 m i n ,  w a s h e d  o n c e  w i t h  7 0 %  e t h a n o l ,  d r i e d  in a 

v a c u u m  d e s i c c a t o r  a n d  r e d i s s o l v e d  in w a t e r  c o n t a i n i n g  5 0 u g / m l

RNase .  T h e  D N A  w a s  q u a n t i t a t e d  by  a g a r o s e  gel  e l e c t o r p h o r e s i s  

u s i n g  a s t a n d a r d  D NA  o f  k n o w n  c o n c e n t r a t i o n .

2 . 7  V i r u s  p a r t i c l e  c o u n t s .

A 5u l  a l i qu o t  o f  v i r u s  s tock  w a s  m i x e d  t h o r o u g h l y  w i t h  an 

e q u a l  v o l u m e  o f  1% S S T  p H  7 . 00  a n d  5 u l  o f  l a t e x  b e a d s

(1.43x 10n / m l ) .  A 5u l  s a m p l e  w a s  s p o t t e d  o n t o  t h e  m e s h  o f  a

p a r l o d i u m  g i rd .  A f t e r  a f ew  m i n u t e s  e x c e s s  w a s  r e m o v e d  by  f i l t e r

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

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

c o n c e n t r a t i o n  o f  p a r t i c l e s  in t h e  v i r u s  s t ock  w a s  c a l c u l a t e d  by  t h e  

f o l l o w i n g  f o r m u l a :
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N u m b e r  o f  v i r u s  p a r t i c l e s

P a r t i c l e  c o u n t  = ------------------------------------------- x l . 4 3 x l O n

N u m b e r  o f  l a t e x  b e a d s

2 . 8  P u r i f i c a t i o n  o f  s i n g l e  p l a q u e  i s o l a t e s .

V i r u s  s t ocks  w e r e  t i t r a t e d  as d e s c r i b e d  ( S e c t i o n  2 . 4 )  and  

cel l  m o n o l a y e r s  w i t h  t h e  f e w e s t  p l a q u e s  ( 5 - 10  p l a q u e s )  w e r e  w a s h e d  

t w i c e  w i t h  P B S / c a l f  s e r u m .  I n d i v i d u a l y  s e p a r a t e d  p l a q u e s  w e r e  

p i c k e d  i n t o  5 0 0 u l  P B S / c a l f  s e r u m ,  s o n i c a t e d  a n d  s t o r e d  at  - 7 0 C .  

I n d i v i d u a l  p l a q u e s  w e r e  p u r i f i e d  an a d d i t i o n a l  t h r e e  t i m e s  p r i o r  to 

f u r t h e r  an a l ys i s .  To  g r o w  a p l a t e  s tock ,  a B H K - 2 1  C13 m o n o l a y e r  

w a s  i n f e c t e d  w i t h  lOOul o f  t h e  p l a q u e  s o l u t i o n  a n d  i n c u b a t e d  at  

3 7 ° C  u n t i l  c p e  w as  c o m p l e t e .  T h e  m o n o l a y e r  w a s  h a r v e s t e d ,  

s o n i c a t e d  a n d  t h e  v i r u s  s t o r e d  at  - 7 0 ° C .

2 . 9  V i r u s  g r o w t h  p r o p e r t i e s  i n v i t r o .

O n e  s tep g r o w t h  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  as d e s c r i b e d  

by B r o w n  a n d  H a r l a n d  (1987) .  C o n f l u e n t  B H K - 2 1  C13 ce l l s  in 3 5 m m  

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

3 7 ° C  for  1 h r  to  a l low t h e  v i r u s  to a b s o r b .  Ce l l s  w e r e  w a s h e d  t w i c e  

w i t h  P B S / c a l f  s e r u m ,  o v e r l a i d  w i t h  E T C 5  a n d  i n c u b a t e d  at  3 7 ° C .  

S a m p l e s  w e r e  h a r v e s t e d  at  0,  2,  4,  6, 8, 12 a n d  24  h r  p os t  i n f e c t i o n ,  

s o n i c a t e d  a n d  t h e  v i r u s  y i e l ds  t i t r a t e d  on B H K - 2 1  C13 cel l  at  3 7 ° C .

2 . 1 0  V i r u s  g r o w t h  p r o p e r t i e s  i n v i v o .

V i r u s  g r o w t h  p r o p e r t i e s  in v i v o  w e r e  c a r r i e d  o u t  by 

i n o c u l a t i n g  1x10s p f u / c e l l  i n t o  t h e  l e f t  r e a r  f o o t p a d  o f  3 w e e k  old 

f e m a l e  B A L B / c  mi ce .  A t  0,  24 ,  48,  72 ,  96 ,  120 a n d  144 h r  pos t  

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

a n d  n in e  d o r s a l  r o o t  g a n g l i a  (DRG)  ( las t  t h o r a c i c ,  six l u m b a r  a n d  t w o
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sac r a l )  w e r e  r e m o v e d  a s e p t i c a l l y  a n d  h o m o g e n i s e d  in 5 0 0 u l  of  

P B S / c a l f  s e r u m ,  u s i n g  a d o u n c e  h o m o g e n i s e r  ( Q u i c k  f i t ,  E n g l a n d ) .  

T h e  cel l  s u s p e n s i o n  w a s  s o n i c a t e d  t h o r o u g h l y  a n d  0 . 1 m l  o f  t h e  

r e s u l t i n g  s u s p e n s i o n  wa s  t i t r a t e d  on B H K - 2 1  C13 ce l l s  at  3 7 ° C  as 

d e s c r i b e d  ( S e c t i o n  2.4) .

2 . 1 1  A n i m a l  i n o c u l a t i o n .

T h r e e  w e e k  old B A L B / c  m i c e  w e r e  a n a e s t h e t i s e d  w i t h  

H a l o t h a n e  a n d  0 . 0 2 5 m l  o f  t h e  a p p r o p r i a t e  v i r u s  d i l u t i o n  in P B S / c a l f  

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

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

s i ng l e  d i l u t i o n  o f  each  v i r u s  s t ock  b e t w e e n  l O ^ l O 5 p f u / a n i m a l .  T h e  

v i r u s  s t o c k s  w e r e  a l wa y s  t i t r a t e d  on B H K - 2 1  C13 cel l s  on  t h e  d ay  of  

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

Mi c e  w e r e  o b s e r v e d  da i l y  for  21 d a y s  p o s t  i n o c u l a t i o n  a n d  t h e i r  

c l i n i c a l  s t a t e  r e c o r d e d  . T h e  5 0 % l e t h a l  dos e  v a l u e  ( L D 5q) w a s  

c a l c u l a t e d  a c c o r d i n g  to  t h e  f o r m u l a  o f  R e e d  a n d  M u e n c h  (1938) ,  on 

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

s t u d i e s  w e r e  al so c a r r i e d  ou t  u s i n g  t h e  f oo t  p a d  a n d  t h e  

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

F o r  t h e  p u r p o s e  o f  r e a c t i v a t i o n  f r o m  l a t e n c y ,  0 . 0 2 5 m l  of  

a p p r o p r i a t e  v i r u s  d i l u t i o n s  in P B S / c a l f  w e r e  i n o c u l a t e d  w i t h  105- 107 

p f u / m o u s e  i n t o  t h e  l ef t  r e a r  f o o t p a d  o f  3 w e e k  old B A L B / c  m i ce .  

Six w e e k s l a t e r  m i c e  w e r e  s ac r i f i c e d ,  D R G  w e r e  e x p l a n t e d  (see sec t i on  

2 . 12)  a n d  p r o c e d u r e  w a s  c a r r i e d  o u t  as d e s c r i b e d  in t h e  s e c t i on  2.13.

2 . 1 2  E x p l a n t a t i o n  o f  d o r s a l  r o o t  g a n g l i a  ( D R G ) .

M i c e  w e r e  k i l l ed  by d ee p  c h l o r o f o r m  a n a e s t h e s i a  a n d  f i x e d  

on a d i s s e c t i n g  b o a r d  in t h e  d o r s o - v e n t r a l  p o s i t i o n .  T h e  b a c k  o f  t h e  

m o u s e  w a s  c a r e f u l l y  w a s h e d  w i t h  a b s o l u t e  a l coho l .  T h e  sk in  w a s
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d i s s ec t e d  a w a y  f r o m  t h e  b o d y  on e i t h e r  s ide a n d  f i x e d  b y  m e a n s  of  

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

l a t e r a l l y  on e i t h e r  s ide  o f  t h e  v e r t e b r a l  c o l u m n  so as t o  s e p a r a t e  t h e  

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

t h r o u g h  t h e  v e r t e b r a l  c o l u m n  at  t h e  l e ve l  o f  t h e  l as t  t w o  r i b s .  T h e  

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

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

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

t h o r a c i c ,  six l u m b a r  a n d  t w o  s ac r a l  v e r t e b r a e  w e r e  d i s s e c t e d  ou t .  

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

p l a t e  we l l  c o n t a i n i n g  E C S 5 0 .

2 . 1 3  V i r u s  r e a c t i v a t i o n  f r o m  l a t e n t l y  i n f e c t e d  D R G .

V i r u s  r e l e a s e d  i n t o  t h e  s u p e r n a t a n t  o f  D R G  c u l t u r e s  w as  

d e t e c t e d  by  s c r e e n i n g  t h e  s u p e r n a t a n t  on s e m i c o n f l u e n t  B H K - 2 1  C13 

cel l s  g r o w n  in f l a t  b o t t o m  m i c r o t i t r e  p l a t e s  at  3 7 ° C .  T h e  s c r e e n i n g  

p r o c e d u r e  w a s  c a r r i e d  o u t  da i l y  fo r  t h e  f i r s t  w e e k  to  a v o i d  t h e  r i s k  

of  c o n t a m i n a t i o n  a n d  s u b s e q u e n t l y  on a l t e r n a t e  d a y s ,  w h e n  t h e  t o t a l  

s u p e r n a t a n t  was  r e m o v e d  a n d  p l a t e d  on B H K - 2 1  C13 cel l s .  V i r u s  w a s  

d e t e c t e d  by  t h e  a p p e a r a n c e  o f  v i s i b l e  c y t o p a t h i c  e f f e c t  in t h e  

i n d i c a t o r  B H K - 2 1  C13 cel ls .  T h e  m i c r o t i t r e  p l a t e s  were '  s t a i n e d  w i t h  

G i e m s a  a n d  s co r ed  + v e  or  - v e  fo r  v i r u s .  F r e s h  m e d i u m  w a s  a d d e d  to 

t h e  D R G  t i s sue  c u l t u r e  we l l s  a n d  i n c u b a t i o n  c o n t i n u e d .

2 . 1 4  P r e p a r a t i o n  a n d  i s o l a t i o n  o f  32P l a b e l l e d  v i r a l  D N A  in 

vi vo.

T h i s  is a m o d i f i c a t i o n  o f  t h e  m e t h o d  of  L o n s d a l e  (1979) .  

N e a r ly  c o n f l u e n t  B H K - 2 1  C13 cel l s  p r o p a g a t e d  in P I C  m e d i u m  in 

L i n b r o  we l l s  w e r e  i n f e c t e d  at  a mo i  o f  10 p f u /  cel l .  O n e  h r  pos t  

i n f e c t i o n  u n a b s o r b e d  v i r u s  w a s  r e m o v e d  by  w a s h i n g  t w i c e  a n d  t h e
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cel l s  i n c u b a t e d  at  31°C.  A f t e r  2 h r ,  5 u C i  o f  32P - o r t h o p h o s p h a t e  w a s  

a d d ed  p e r  we l l  a n d  i n c u b a t i o n  c o n t i n u e d  f o r  48  h r  at  31°C.  Cel l s  

w e r e  l y s ed  by  t h e  a d d i t i o n  o f  SDS at a f i n a l  c o n c e n t r a t i o n  o f  2 . 5 % 

( v / v )  a n d  i n c u b a t e d  at  3 7 ° C  fo r  10 m i n .  D N A  w a s  e x t r a c t e d  once  

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

e t h a n o l ,  d r i e d  a t  3 7 ° C  for  15 m i n  a n d  r e d i s s o l v e d  in 2 0 0 u l  o f  s t e r i l e  

E ^ O .  2 0 u l  o f  D N A  w a s  u s ed  fo r  a p p r o p r i a t e  r e s t r i c t i o n  e n z y m e  

a na l ys i s  a n d  e l e c t o p h o r e s e d  on an a g a r o s e  ge l  ( 0 . 5 - 1 . 2 % )  fo r  

a p p r o x i m a t e l y  16 h r  a t  4 0 - 5 0  V. Gels  w e r e  a i r  d r i e d  in a h o t  a i r  

o v e n  at  8 0 ° C  a n d  a u t o r a d i o g r a p h e d  u s i n g  K o d a k - X o m a t  S 100 f i l m 

at  r o o m  t e m p e r a t u r e .

2 . 1 5  A g a r o s e  g e l  e l e c t r o p h o r e s i s .

A g a r o s e  ge l s  ( 0 . 5 % - 1 . 2 % )  w e r e  p r e p a r e d  in 2 5 0 m l  o f  e i t h e r  

l x E  or T B E  b u f f e r .  T h e  s o l u t i o n s  w e r e  p o u r e d  o n t o  g l ass  p l a t e s  in 

w h i c h  12 to 15 t e e t h  c o m b s  w e r e  p l a c e d .  A f t e r  s e t t i n g  ge l s  at  RT  for  

an h r  t h e y  w e r e  t r a n s f e r r e d  to h o r i z o n t a l  t a n k s  c o n t a i n i n g  t h e  

a p p r o p r i a t e  b u f f e r .  F o r  non  r a d i o a c t i v e  D N A  s a m p l e s  t h e  ge l s  w e r e  

s t a i n e d  w i t h  e t h i d i u m  b r o m i d e .  Gel s  w e r e  e l e c t r o p h o r e s e d  at  4 0 - 5 0  V 

o v e r n i g h t .

2 . 1 6  E l u t i o n  o f  D N A  f r a g m e n t s  f r o m  a g a r o s e  g e l s .

T h i s  is t h e  m e t h o d  d e s c r i b e d  by  M a n i a t i s  e t  al  (1982) .  

T h e  D N A  w a s  d i g e s t e d  w i t h  a 5 fo ld  e x c e s s  o f  t h e  a p p r o p r i a t e  

r e s t r i c t i o n  e n z y m e  a n d  r u n  on an a g a r o s e  ge l  in t h e  p r e s e n c e  of  

5 u g / m l  E t h i d i u m  b r o m i d e  . T h e  gel  w a s  v i s u a l i z e d  u n d e r  l ong  w a v e  

UV l i gh t  a n d  t h e  a p p r o p r i a t e  f r a g m e n t  i d e n t i f i e d  a n d  c u t  ou t  w i t h  a 

s t e r i l e  s h a r p  sca lpe l .  T h e  i s o l a t e d  gel  s l ice w a s  i m m e r s e d  in 1 or  2 ml  

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

p r e b o i l e d  in O. lx T B E  or  E b u f f e r  f o r  10 m i n .  T h e  d i a l y s i s
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m e m b r a n e  b a g  w a s  e l e c t r o p h o r e s e d  at  2 0 0 - 3 0 0  V f o r  1-2 h r .  D N A  

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

a D E A E - S e p h a c e l  c o l u m n .

2 . 1 7  D E A E - S e p h a c e l  c o l u m n  p u r i f i c a t i o n  o f  D N A .

T h i s  is m o d i f i e d  f r o m  t h e  m e t h o d  d e s c r i b e d  b y  M a n i a t i s  et  

al  (1982) .  T h e  c o l u m n  w a s  w a s h e d  w i t h  s t e r i l e  H 20 ,  1M N a O H ,  1M 

T r i s  p H  7.5 a nd  H 20  r e s p e c t i v e l y .  T h e  c o l u m n  w a s  t h e n  p a c k e d  w i t h  

0 . 5 m l  o f  s e p h a c e l  a n d  w a s h e d  w i t h  1.5 m l  of  N T E .  D N A  w a s  l o a d e d  

a n d  w a s h e d  w i t h  2.5 m l  of  N T E  a g a i n .  D N A  w a s  e l u t e d  by  TE  p l u s  

1M N a C l ,  p h e n o l / c h l o r o f o r m  e x t r a c t e d ,  p r e c i p i t a t e d  w i t h  a b s o l u t e

a l coho l ,  w a s h e d  w i t h  7 0 %  e t h a n o l ,  d r i e d  in a v a c u u m  d e s i c c a t o r ,  

r e d i s s o l v e d  a n d  q u a n t i t a t e d  by  a g a r o s e  ge l  e l e c t r o p h o r e s i s  a g a i n s t  a 

k n o w n  s t a n d a r d .

2 . 1 8  T r a n s f e c t i o n  o f  v i r u s  D N A  by  C a l c i u m  p h o s p h a t e

p r e c i p i t a t i o n / D M S O  b o o s t .

T r a n s f e c t i o n  o f  v i r a l  D N A  w a s  p e r f o r m e d  as d e s c r i b e d  by 

S t o w  a n d  Wi lk i e  (1976) .  0 . 0 2 -  1 ug  o f  v i r a l  D N A  w a s  m i x e d  w i t h

lOug o f  c a l f  t h y m u s  D N A  as c a r r i e r  in H E P E S  b u f f e r  ( 1 3 0 m M  NaCl ,  

4 . 9 m M  KC1, 1 .6mM Na H P O  5 . 5 m M  D - g l u c o s e ,  2 1 m M  H E P E S ,  p H
2 4 ,

7 . 05 )  a n d  c a l c i u m  c h l o r i d e  w a s  a d d e d  to  a f i n a l  c o n c e n t r a t i o n  of  

130mM.  T h e  m i x t u r e  w a s  a l l o w e d  to s t a n d  at  R T  fo r  2 0  m i n  u n t i l  a 

f i ne  p r e c i p i t a t e  d e v e l o p e d .  T h i s  D NA  w a s  a d d e d  to 8 0 % c o n f l u e n t  

m o n o l a y e r s  o f  B H K - 2 1  C13 cel l  in 5 0 m m  p e t r i - d i s h e s  f r o m  w h i c h  t he  

m e d i u m  h a d  b e e n  d r a i n e d .  A f t e r  45 m i n  o f  i n c u b a t i o n  ce l l s  w e r e  

o v e r l a i d  w i t h  E T C 5 .  F o u r  h o u r  pos t  i n f e c t i o n  cel l s  w e r e  t r e a t e d  

w i t h  2 5 % ( v / v )  D M S O  in H E P E S  b u f f e r  fo r  f o u r  m i n  at  RT.  D M S O  

w a s  r e m o v e d  g e n t l y  by  w a s h i n g  t w i c e  w i t h  E T C 5  a n d  ce l l s  w e r e

o v e r l a i d  w i t h  E T C 5  and  i n c u b a t e d  at  31°C fo r  3 - 4  d a y s  o r  u n t i l
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c y t o p a t h i c  e f f e c t  a p p e a r e d .  T h e  cel ls  w e r e  h a r v e s t e d ,  s o n i c a t e d  and  

s t o r e d  at  - 7 0 ° C .  T r a n s f e c t e d  p l a t e  s t o c k s  w e r e  t i t r a t e d  a n d  s ingle  

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

g e n o m e .  F o r  m a r k e r  r e s c u e  o f  t h e  d e l e t i o n  in t h e  v a r i a n t  1704,  t h e  

wi l d  t y p e  f r a g m e n t  s p a n n i n g  t h e  d e l e t i o n  w a s  a d d e d  to t h e  

t r a n s f e c t i o n  mi x  at  a 5, 10 a n d  20  fo ld  m o l a r  e x c e s s  w i t h  t h e  i n t a c t  

d e l e t i o n  v a r i a n t  g e n o m e .

2 . 1 9  P r e p a r a t i o n  an d  a n a l y s i s  o f  H S V  i n f e c t e d  c e l l  p o l y p e p t i d e .

T h i s  m e t h o d  w a s  e s s en t i a l l y  t h a t  d e s c r i b e d  b y  M a r s d e n  et  

al. ,  (1976) .  C o n f l u e n t  B H K - 2 1  C13 ce l l s in  L i n b r o  w e l l s  w e r e  i n f e c t e d  

at  a m o i  o f  20  p f u / c e l l .  A f t e r  a b s o r p t i o n  f o r  an h r  a t  3 7 ° C ,  t he  

m o n o l a y e r s  w e r e  w a s h e d  t w i c e  w i t h  E a g l e s ’s m e d i u m  c o n t a i n i n g  2 0 % 

t h e  n o r m a l  c o n c e n t r a t i o n  o f  m e t h i o n i n e  a n d  2 %  c a l f  s e r u m  

( E m e t / 5 C 2 )  and  t h e  s a m e  m e d i u m  w a s  u s e d  to  o v e r l a y  t he  

m o n o l a y e r s .  A f t e r  4 h r  i n c u b a t i o n  at  3 7 ° C ,  100 u C i /  p l a t e  of

35S - m e t h i o n i n e  w a s  a d de d  a n d  i n c u b a t i o n  c o n t i n u e d  a t  3 7 ° C  fo r  24 

h r .  S a m p l e s  w e r e  w a s h e d  t w i c e  w i t h  P B S ,  h a r v e s t e d  i n t o  5 0 0 u l  

s a m p l e  b u f f e r  ( 1 5 0 m M  T r i s - H C l  p H  6.7,  6 . 2 8 %  ( w / v )  S DS ,  0 .15% 

( v / v )  2 - m e r c a p t o e t h a n o l ,  0 . 3% ( v / v )  g l y c e r o l ,  0 . 1% ( w / v )

b r o m o p h e n o l  b l u e )  a nd  a f t e r  b o i l i n g  fo r  5 - 1 0  m i n  w e r e  a n a l y s e d  by 

S D S - P A G E  ( d e s c r i b e d  in s ec t i on  2 . 2 0 )

2 . 2 0  S o d i u m  d o d e c y l  s u l p h a t e - p o l y  a e r y  l a m i d e  ge l  

e l e c t r o p h o r e s i s  ( S D S - P A G E ) .

T w o  glass  p l a t e s  s e p a r a t e d  by  1 . 5mm t h i c k n e s s  p e r s p e x  

w e r e  cas t  v e r t i c a l l y  a n d  sea l ed  w i t h  S c o t c h  t a p e .  T w o  t y p e s  of  

r e s o l v i n g  gels  w e r e  u sed  (i) s i ngl e  c o n c e n t r a t i o n  ge l s  c o n t a i n i n g  the  

a p p r o p r i a t e  a m o u n t  o f  a c r y l a m i d e  c r o s s  l i n k e d  w i t h  2 . 5 %  ( w / w )  N , N ’ 

m e t h y l e n e  b i s a c r y l a m i d e  in r e s o l v i n g  ge l  b u f f e r  ( 3 7 5 m M  T r i s - H C l
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p H  8.9,  0.1% ( w / v )  SDS a n d  (i i )  g r a d i e n t  gel s  c o n t a i n i n g  5 % - 1 2 . 5 %  

g r a d i e n t  a c r y l a m i d e  c r o s s  l i n k e d  w i t h  5% ( w / w )  N , N ’ m e t h y l e n e  

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

( A P S )  a n d  N,  N,  N,  N ’ t e t r a m e t h y l e t h y l e n e  d i a m i n e  ( T E M E D )  w e r e  

a d d e d  to a f i n a l  c o n c e n t r a t i o n  of  0 . 0 0 6 %  ( w / v )  a n d  0 . 0 0 4 %  ( v / v )  

r e s p e c t i v e l y  p r i o r  to p o u r i n g .  A f t e r  p o l y m e r i z a t i o n  ge l s  w e r e  

o v e r l a i d  w i t h  b u t a n - 2 - o l  to ge t  a s m o o t h  top  s u r f a c e  w h i c h  w a s  t h e n  

w a s h e d  o f f  w i t h  d e i o n i z e d  w a t e r .  T h e  s t a c k i n g  ge l s  c o n t a i n e d  5% 

a c r y l a m i d e  (cross  l i n k e d  w i t h  t h e  s a m e  r a t i o  o f  N,  N ’ m e t h y l e n e  

b i s a c r y l a m i d e  u s ed  in r e s o l v i n g  gel )  in ge l  b u f f e r  ( O . l l m M  T r i s - H C l  

p H  6.7,  0 .1% ( w / v )  SDS) .  A P S  a n d  T E M E D  w e r e  a d d e d  t o  t h e  

s t a c k i n g  gel  s o l u t i on  as a b o v e  a n d  a t e f l on  c o a t e d  c o m b  w a s  i n s e r t e d  

p r i o r  to p o u r i n g .  S a m p l e s  w e r e  b o i l e d  f o r  5 - 1 0  m i n  in s a m p l e  

b u f f e r ,  l oa ded  a nd  e l e c t r o p h o r e s e d  in t a n k  b u f f e r  ( 5 2 m M  T r i s - H C l ,  

5 3 m M  g l yc i n e ,  0 .1% ( w / v )  SDS )  at  6 0 m A  fo r  3 - 4  h r  ( M a r s d e n  e t  a l ., 

1976,  1978).  Gel s  w e r e  f i x ed ,  s t a i n e d  fo r  1 h r  by  s h a k i n g  in 

m e t h a n o l : ^ O : a c e t i c  ac i d  5 0 : 4 3 : 7  in t h e  p r e s e n c e  o f  0 . 2 %  ( w / v )  

C o o m a s s i e  Br i l l i a n t  B l u e  R 2 5 0 .  Gel s  w e r e  d e s t a i n e d  fo r  1-2 h r  in 

m e t h  anol :  H 20 :  a ce t i c  ac i d  5 : 8 8 : 7 ,  d r i e d  u n d e r  v a c u u m  a n d  e x p o s e d  

for  a u t o r a d i o g r a p ^  at  RT.

2 . 2 1  G l y c e r o l  s t o c k s  o f  b a c t e r i a .

B a c t e r i a l  s t ocks  w e r e  p r e p a r e d  f r o m  a 5 m l  s t a n d i n g  c u l t u r e  

g r o w n  o v e r n i g h t  at  3 7 ° C  in L - b r o t h  c o n t a i n i n g  t h e  a p p r o p r i a t e  

a n t i b i o t i c .  T h e  b a c t e r i a l  s t ocks  w e r e  p e l l e t e d  at  5 0 0 0  r p m  f o r  5 mi n  

at  4 ° C  a n d  p e l l e t s  w e r e  r e s u s p e n d e d  in L-  b r o t h  c o n t a i n i n g  50% 

( v / v )  g l yc e r o l .  T h e  s t ocks  w e r e  s t o r e d  at  - 7 0 ° C .

2 . 2 2  Preparat ion o f  L - b r o t h / a g a r  p l a t e s .

L - b r o t h / a g a r  w a s  m e l t e d  by  p l a c i n g  a 350 m l  b o t t l e  in a
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b o i l i n g  w a t e r  b a t h  fo r  a b o u t  1 h r  or  in a m i c r o w a v e  o v e n  f o r  8 m i n  

at  m e d i u m  r a n g e  s e t t i n g  a n d  g r a d u a l l y  a l l o w i n g  to  c oo l  u n t i l  

c o m f o r t a b l e  to hold .  F o r  L - b r o t h / a g a r  p l a t e s  a l o n e ,  a p p r o x i m a t e l y  

20  m l  w a s  p o u r e d  o n t o  9 0 m m  b a c t e r i a l  p e t r i  d i s h e s ,  a l l o w e d  to set  at 

RT for  a b o u t  30 m i n ,  a n d  t h e  p l a t e s  d r i e d  f o r  2 0  m i n  at  3 7 ° C  in an 

i n v e r t e d  p o s i t i o n  w i t h  t h e  l ids  loose .  P l a t e s  w e r e  s t o r e d  at  4 ° C  for  

up  to 1 m o n t h  p r i o r  t o  use .  F o r  L - b r o t h / a g a r  p l a t e s  c o n t a i n i n g  

a n t i b i o t i c ,  t h e  a n t i b i o t i c  w as  a d d e d  at t h e  a p p r o p r i a t e  c o n c e n t r a t i o n  

j u s t  p r i o r  to p o u r i n g .

2 . 2 3  C o n s t r u c t i o n  o f  r e c o m b i n a n t  p l a s m i d s .

T h e  l i n e a r i s e d  p l a s m i d  v e c t o r  p U C 1 9  ( Y a n i s c h - P e r r o n  et  

al. ,  1985)  w a s  t r e a t e d  w i t h  C I P  at  a c o n c e n t r a t i o n  o f  5 u n i t s / u g  of  

p l a s m i d  D N A .  A f t e r  i n c u b a t i o n  at  3 7 ° C  fo r  4 h r ,  t h e  D N A  w a s  

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

(1:1),  o n ce  w i t h  c h l o r o f o r m  a l on e  a nd  p r e c i p i t a t e d  w i t h  t w o  v o l u m e s  

of  e t h a n o l  in t h e  p r e s e n c e  o f  1/10 v o l u m e  o f  3M N a  a c e t a t e .  T h e  

D NA  p e l l e t  w a s  w a s h e d  w i t h  7 0 % e t h a n o l ,  d r i e d  a n d  r e s u s p e n d e d  in 

an a p p r o p r i a t e  a m o u n t  o f  w a t e r  to g i v e  4 0 n g / u l .  A 3 - 4  t i m e s  m o l a r  

e x ce s s  o f  t h e  p u r i f i e d  H S V  D N A  f r a g m e n t  r e l a t i v e  to  t h e  

p h o s p h a t a s e  t r e a t e d  v e c t o r  ( 4 0 n g )  wa s  l i g a t e d  o v e r n i g h t  at  15°C in a 

2 0 u l  l i g a t i o n  r e a c t i o n  c o n t a i n i n g  2 u n i t s  o f  T 4  D N A  l i ga se  and  

l x l i g a s e  b u f f e r  ( l OmM T r i s - H C l  p H  7 . 5 ,  l O m M  M g C l 2, l Om M D T T  

a nd  I m M  A T P ) .

2 . 2 4  T r a n s f o r m a t i o n  o f  b a c t e r i a l  c e l l s  w i t h  p l a s m i d s .

T h i s  p r o c e d u r e  w a s  b a s ed  on t h e  m e t h o d  d e s c r i b e d  by 

B a n k i e r  et  al  (1987) .  Hos t  b a c t e r i a l  cel l  E. co l i  s t r a i n  D H 5  ( H a n a h a n . ,  

1985) w e r e  g r o w n  to an o p t i c a l  d e n s i t y  at  6 0 0 n m  ( O D 6oq) o f  0 .3  a n d  

30 ml  o f  b a c t e r i a  p e l l e t e d  by  c e n t r i f u g i n g  at  2 0 0 0  r p m  f o r  10 m i n  at
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4 ° C .  T h i s  p e l l e t  w a s  r e s u s p e n d e d  g en t l y  in 2 . 5  m l  o f  t r a n s f o r m a t i o n  

b u f f e r  ( T F B ) ( 1 0 m M  M E S ,  lOOmM r u b i d i u m  Cl  ( R b C l ) ,  4 5 m M

m a n g a n e s e  C l ( M n C l  . 4H O) ,  l OmM C a l c i u m  C l ( C a C l  .H O)  a n d  3 m M
2 2 2  2

H e x a m i n e c o b a l t i c  Cl)  a n d  i n c u b a t e d  on i ce  . A f t e r  15 m i n  t h e  cel l s  

w e r e  t r e a t e d  w i t h  0.1 m l  o f  D M S O  a n d  0.1 m l  o f  D T T / K A C  ( 2 . 2 5 M  

D T T  a n d  4 0 m M  K A c  p H  6. 0)  a n d  k e p t  on i ce  f o r  5 m i n .  T h e  v e c t o r  

a n d  H S V  f r a g m e n t  l i g a t i o n  m i x t u r e  w a s  d i l u t e d  5 f o ld  a n d  1, 3 a nd  

5u l  w e r e  i n c u b a t e d  on ice  f o r  30 m i n .  w i t h  2 0 u l  o f  c o m p e t e n t  ce l l s  . 

T h e  cel l s  w e r e  h e a t  s h o c k e d  at  4 2 ° C  f o r  2 m i n  a n d  t r a n s f e r r e d  to 

SOC m e d i u m  ( B a c t o t r y p t o n e  2 % ( w / v ) ,  Y e a s t  e x t r a c t  0 . 5 %  ( w / v ) ,  

N a Cl  l OmM,  KC1 2 . 5 m M ,  M g C l  . M g S O  20  m M  ( l O m M  e a c h )  a nd  

Gl u c o s e  2 0 m M )  a n d  g r o w n  w i t h  s h a k i n g  at  3 7 ° C  in a o r b i t a l  s h a k e r  

fo r  2 h r  to  e x p r e s s  t h e  a n t i b i o t i c  r e s i s t a n t  g e n e  ( H a n a h a n ,  1985).  

lOOul o f  eac h  s a m p l e  w a s  s p r e a d  on L - b r o t h  a g a r  p l a t e s  c o n t a i n i n g  

l O O u g / m l  a m p i c i l l i n  a n d  i n c u b a t e d  o v e r n i g h t  at  3 7 ° C .  S i n g l e  

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

2 . 2 5  S m a l l  s c a l e  i s o l a t i o n  o f  p l a s m i d  D N A .

B a c t e r i a  f r o m  s i ng l e  c o l o n i e s  w e r e  g r o w n  in 1.5 ml  

L - b r o t h  c o n t a i n i n g  l O O u g / m l  a m p i c i l l i n  in an o r b i t a l  s h a k e r  at  3 7 ° C .

T h e  cel l s  w e r e  p e l l e t e d  at  1300 r p m  f o r  t w o  m i n  at  R T  in a 

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

r e s u s p e n d e d  in 5 0 u l  f r e s h l y  p r e p a r e d  s o l u t i o n  I ( 5 0 m M  G l uc o s e ,  

l OmM E D T A ,  2 5 m M  T r i s - H C l  p H  8.00  c o n t a i n i n g  4 m g / m l  l y s o z y m e )  

a n d  i n c u b a t e d  on ice fo r  5 m i n .  lOOul of  f r e s h l y  p r e p a r e d  s o l u t i o n  II 

(0 .2  M N a O H ,  1% ( w / v )  SDS)  w a s  a d d e d  a n d  i c u b a t i o n  c o n t i n u e d  for  

5 m i n .  I ce  cold s o l u t i on  I I I  ( K A c  ph  4 . 8 )  w a s  a d d e d  a n d  i n c u b a t i o n  

c o n t i n u e d  on ice for  5 m i n .  T h e  cel l  d e b r i s  a n d  c h r o m o s o m a l  D N A  

w e r e  p e l l e t e d  by c e n t r i f u g i n g  at  13000 r p m  f o r  10 m i n .  P l a s m i d  D N A  

was  e x t r a c t e d  by  t r e a t i n g  t h e  s u p e r n a t a n t  t w i c e  w i t h  an e q u a l  

v o l u m e  o f  p h e n o L c h o l o r o f o r m  (1:1 v / v  ) a n d  p r e c i p i t a t e d  b y  t h e
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a dd i t i on  o f  2 v o l u m e  o f  e t h a n o l  a t  R T  f o r  2 0  m i n .  T h e  D N A  pe l l e t  

was  w a s h e d  w i t h  7 0 %  e t h a n o l  d r i e d  in a v a c u u m  d e s i c c a t o r  a n d  

r e s u s p e n d e d  in 5 0 u l  o f  H zO.  U s u a l l y  lOul  o f  t h i s  w a s  u s e d  fo r  

r e s t r i c t i o n  e n z y m e  d i g e s t i o n .

2 . 2 6  L a r g e  s c a l e  i s o l a t i o n  o f  p l a s m i d  D N A .

T h i s  m e t h o d  is  b a s i c a l l y  t h a t  d e s c r i b e d  by  Birr* b o i n  a n d  

Doly (1979)  as m o d i f i e d  by  M a n i a t i s  e t  al  ( 1982) .  S i n g l e  b a c t e r i a l  

co l on ies  f r o m  L - b r o t h  a g a r  p l a t e s  o r  lOul  f r o m  b a c t e r i a l  g l y c e r o l  

s tocks  w e r e  i n o c u l a t e d  i n t o  10 m l  o f  L - b r o t h  c o n t a i n i n g  l O O u g / m l  

a mp ic i l l i n  a n d  i n c u b a t e d  at  3 7 ° C  o v e r n i g h t  in an  o r b i t a l  s h a k e r .  2 m l  

of  t h e  o v e r n i g h t  c u l t u r e  w a s  i n o c u l a t e d  in 350  m l  L - b r o t h  c o n t a i n i n g  

lOOug / ml  a m p i c i l l i n  a n d  s h a k e n  o v e r n i g h t  a t  3 7 ° C .  B a c t e r i a  w e r e  

pe l l e t e d  at  10 , 000  r p m  f o r  8 m i n  at  4 ° C  in a S o r v a l l G S A  r o t o r .  T h e  

s u p e r n a t a n t  w a s  d i s c a r d e d  c a r e f u l l y  a n d  t h e  p e l l e t  r e s u s p e n d e d  in 7 

ml  o f  f r e s h l y  p r e p a r e d  s o l u t i o n  I ( see  s e c t i o n  a b o v e )  c o n t a i n i n g  

4 m g / m l  l y s o z y m e  i n c u b a t e d  at  R T  f o r  10 m i n .  14 m l  o f  f r e s h l y  m a d e  

so lu t i on  I I  w a s  a d d e d  a n d  i n c u b a t i o n  c o n t i n u e d  f o r  10 m i n  on ice . 

Ice cold s o l u t i o n  I I I  w a s  a d d e d  a n d  i n c u b a t i o n  c o n t i n u t e d  f o r  10 m i n  

on ice.  T h e  cel l  d e b r i s  a n d  c h r o m o s o m a l  D N A  w e r e  p e l l e t e d  at  

12000 r p m  f o r  30 m i n  in a S o r v a l  S S 3 4  r o t o r  at  4 ° C .  T h e  

s u p e r n a t a n t  w a s  t r e a t e d m o r e  t h a n  o n c e  w i t h  p h e n o l : c h l o r o f o r m  (1:1 

v / v )  u n t i l  t h e r e  w a s  no  i n t e r p h a s e .  D N A  w a s  p r e c i p i t a t e d  by  a d d i n g  

two  v o l u m e s  o f  a b s o l u t e  a l c o h o l ,  w a s h e d  w i t h  7 0 %  e t h a n o l ,  d r i e d  a nd  

r e d i s s o l v e d  in 20  m l  o f  T E  p H  7 . 4 .  C l o s e d  c i r c u l a r  p l a s m i d  D N A  

was  i s o l a t ed  by  Cs Cl  g r a d i e n t  c e n t r i f u g a t i o n .

2 . 2 7  C s C l / E t .  Br .  g r a d i e n t  p u r i f i c a t i o n  o f  r e c o m b i n a n t  

p l a s m i d .

T h i s  is t h e  m e t h o d  d e s c r i b e d  b y  M a n i a t i s  e t  al  ( 1982) .
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CsCl  w a s  a d d e d  to  t h e  p l a s m i d  so t h a t  t h e  f i n a l  d e n s i t y  o f  t h e  

s o l u t i on  w a s  1 . 5 5 g / m l  a n d  t h e  f i n a l  c o n c e n t r a t i o n  o f  E t B r  6 0 0 u g / m l .  

T h e  s o l u t i o n  w a s  t r a n s f e r r e d  to  a B e c k m a n  T y p e - 5 0  t u b e ,  s ea l e d  a n d  

c e n t r i f u g e d  a t  4 5 , 0 0 0  r p m  f o r  36 h r  at  16°C.  T h e  D N A  w a s  

v i s u a l i z e d  u n d e r  l o n g  w a v e  UV l i g h t .  N o r m a l l y  t w o  b a n d s  s h o u l d  be  

seen,  t h e  u p p e r  o n e  is c h r o m o s o m a l  a n d  n i c k e d  c i r c u l a r  D N A  a n d  t h e  

l o we r  is c l o s e d  c i r c u l a r  D N A .  T h e  l o w e r  b a n d  w a s  r e m o v e d  t h r o u g h  

a # 21 h y p o d e r m i c  n e e d l e .  T h e  e t h i d i u m  b r o m i d e  w a s  r e m o v e d  by  

e x t r a c t i n g  t h e  D N A  3 - 4  t i m e s  w i t h  an e q u a l  v o l u m e  o f  i s o a m y l  

a l c o h o l  a n d  t h e  C s Cl  b y  d i a l y s i n g  t h e  s a m p l e  o v e r n i g h t  in 5 l i t r e  of  

O . l x S S C at  4 ° C .  T h e  D N A  w a s  r e c o v e r e d  b y  p r e c i p i t a t i n g  w i t h  2 

v o l u m e s  o f  3M N a A c .  T h e  D N A  w a s  p e l l e t e d  b y  c e n t r i f u g i n g  at  

2 0 0 0  r p m  f o r  10 m i n  at  4 ° C ,  w a s h e d  w i t h  7 0 %  e t h a n o l ,  d r i e d  in a

d e s i c c a t o r ,  r e d i s s o l v e d  in 1 m l  o f  H  O a n d  q u a n t i t a t e d  a t  O D  . T h e
2 n  260

c o n v e r s i o n  f a c t o r  f o r  d o u b l e  s t r a n d e d  D N A  is 1 O . D = 5 0 u g / m l .

2 . 2 8  T r a n s f e r  o f  D N A  f r a g m e n t s  to  n i t r o c e l l u l o s e .

T h i s  m e t h o d  is b a s i c a l l y  as  d e s c r i b e d  by  S o u t h e r n  

( 1 97 5 ) an d  m o d i f i e d  b y  M a n i a t i s  e t  al  ( 1982) .  We l l  s e p a r a t e d  D N A  

f r a g m e n t s  in a g a r o s e  ge l s  w e r e  d e n a t u r e d  in Ge l  S o a k  I ( 2 0 0 m M  

N a O H,  6 0 0 m M  N a C l )  f o r  45  m i n .  a n d  n e u t r a l i s e d  in G e l  S o a k ' l l  (1M 

T r i s - H C l  p H  8 . 00 ,  0 . 5 9 M  N a C l )  f o r  a n o t h e r  45  m i n  . T h e  ge l  w a s  

t r a n s f e r r e d  o n t o  t w o  s h e e t s  o f  3 m m  f i l t e r  p a p e r  p r e s o a k e d  in  l O x S S C  

( 1XSSC is 1 5 mM  T r i s o d i u m  c i t r a t e ,  1 5 0 m M  N a C l ) .  A s h e e t  o f  N y t r a n  

b l o t t i n g  m e m b r a n e  c u t  t o  t h e  e x a c t  s i z e  o f  t h e  ge l  w a s  p l a c e d  on top  

of  t h e  gel ,  f o l l o w e d  b y  s e v e r a l  s i m i l a r  s i z e d  s h e e t s  o f  W h a t m a n  3 m m  

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

f i na l ly  a w e i g h t  w a s  p l a c e d  on t o p  to  k e e p  t h e  s u r f a c e  o f  t o w e l s  a n d  

f i l t e r  p a p e r s  in t o u c h  w i t h  e a c h  o t h e r  . A f t e r  1 6 - 2 4  h r  t h e  N y t r a n  

b l o t t i n g  m e m b r a n e  w a s  a i r  d r i e d  a n d  t h e  D N A ,  U V c r o s s l i n k e d  fo r
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5 m i n  at  a 3 1 2 m m  w a v e  l e n g t h  on  a t r a n s i l l u m i n a t o r .

2 . 2 9  H y b r i d i s a t i o n  p r o c e d u r e .

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

b u f f e r  ( 0 . 5 m M  N a H P 0 4 p H  7 . 4 ,  7% ( w / v )  S D S )  w i t h  e i t h e r  a n i c k
32t r a n s l a t e d  or  r a n d o m l y  p r i m e d  P l a b e l l e d  p r o b e  o f  D N A .  

H y b r i d i s a t i o n  w a s  a l l o w e d  to  p r o c e e d  f o r  24  h r  at  6 5 ° C .  T h e  N y t r a n  

b l o t t i n g  m e m b r a n e  w a s  r e m o v e d ,  w a s h e d  3x w i t h  O . l x S S C  a n d  1% 

SDS ( w / v )  e a c h  f o r  30,  15, a n d  15 m i n  r e s p e c t i v e l y  a t  RT.  T h e  

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

K o d a k  X O M A T - S  f i l m at  - 7 0 ° C  w i t h  an  i n t e n s i f y i n g  s c r e e n  .

2 . 3 0  I n  v i t r o  32P l a b e l l i n g  o f  D N A  by  n i c k  t r a n s l a t i o n .

T h i s  m e t h o d  w a s  as  d e s c r i b e d  b y  R i g b y  e t  al  ( 1977) .  0 . 5 u g  

of  t h e  D N A  to be  u s e d  as  a p r o b e  w a s  l a b e l l e d  in a r e a c t i o n  m i x t u r e  

c o n t a i n i n g  2 u n i t s  o f  D N A  P o l y m e r a s e  I ,  5 0 m M  T r i s - H C l  p H  7.8,  

5 m M  M g C l 2, l O mM  D T T ,  10 - 4  m g / m l  D N A s e ,  l O u g / m l  B S A ,  2 u C i  

[*-2P]  d C T P ,  2uCi [*<-2P ] d G T P ,  0 . 2 m M  d A T P  a n d  0 . 2 m M  d T T P  in a 

f i na l  v o l u m e  o f  3 0u l  a n d  i n c u b a t e d  a t  15° C f o r  2 h r .  T h e  D N A  w as  

p r e c i p i t a t e d  on d r y  i ce  f o r  15 m i n  w i t h  0 . 6  v o l u m e  o f  i s o p r o p y l  

a l c o h o l  a n d  0.1 v o l u m e  o f  3M N a A c e t a t e .  T h e  D N A  w a s  p r e c i p i t a t e d  

a nd  t h e  p r o c e d u r e  r e p e a t e d  t w i c e .  T h e  r e s u l t a n t  p e l l e t  w a s  

r e d i s s o l v e d  in lOul  o f  w a t e r  a n d  8 0 % ( v / v )  d e i o n i s e d  f o r m a m i d e  a nd  

d e n a t u r e d  by  b o i l i n g  at  1 0 0 ° C  f o r  5 m i n .

2 . 3 1  I n v i t r o  32P l a b e l l i n g  o f  d o u b l e  s t r a n d e d  D N A  by  r a n d o m  

p r i m i n g .

T h i s  m e t h o d  w a s  as  d e s c r i b e d  b y  S a m b r o o k  e t  al  (1989) .  

2 0 0 n g  o f  d o u b l e  s t r a n d e d  ^ D N A  w a s  m i x e d  w i t h  7 5 n g  of  

h e x a d e o x y r i b o n u c l e o t i d e s  in a m i x t u r e  c o n t a i n i n g  l u l  o f  2 0 m M
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d i t h i o t h r e i t o l ,  l u l  o f  5 m M  s o l u t i o n  o f  e a c h  d G T P ,  d T T P ,  d A T P ,  l u l  

of  lOx RP  b u f f e r  ( 9 0 0 m M  H E P E S  p H  6 . 6  a d j u s t e d  w i t h  4 N  N a O H  a nd  

lOOmM M g C l 2), 3ju( o f  [°c-2P]  d C T P  ( s p e c i f i c  a v t i v i t y  > 3 0 0 0  C i / m m o l ) ,  

5 u n i t s  o f  K l e n o w  p o l y m e r a s e  a n d  H 20  up  to  lOul .  I n c u b a t i o n  w a s  

c a r r i e d  o u t  a t  r o o m  t e m p e r a t u r e  o v e r n i g h t .  lOul  o f  b u f f e r  A ( 5 0 m M  

Tr i s . C l  p H  7 . 5 ,  5 0 m M  Nac l ,  5 m M  E D T A  p H  8 . 0 )  w a s  m i x e d  w i t h  t h e  

p r o b e .  T h e  p r o b e  w a s  t h e n  b o i l e d  f o r  a m i n u t e  a n d  q u i c k l y  a d d e d  to 

t he  b lo t .

2 . 3 2  O l i g o n u c l e o t i d e  s y n t h e s i s  a n d  p u r i f i c a t i o n .

O l i g o n u c l e o t i d e s  w e r e  s y n t h e s i z e d  on t h e  B i o s e a r c h  8 0 0 0  

D NA  s y n t h e s i z e r .  T h e  D N A  w a s  e l u t e d  b y  r e s u s p e n d i n g  in 1 m l  o f  

a m m o n i a  a n d  i n c u b a t i n g  at  5 5 ° C  f o r  5 h r .  T h e  a m m o n i a  w as  

r e m o v e d  in  a v a c u u m  d e s i c c a t o r  o v e r n i g h t .  T h e  D N A  w a s  

r e s u s p e n d e d  in 5 0 u l  o f  w a t e r ,  v o r t e x e d  a n d  c e n t r i f u g e d  in a 

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

5 0 u l  o f  s a m p l e  b u f f e r  ( 2 8 u l  l O x T B E ,  117ul  H 20 ,  8 0 0 u l  d e i o n i s e d  

f o r m a m i d e )  b o i l e d  f o r  10 m i n ,  c o o l e d  on  i ce  b r i e f l y  a n d  l o a d e d  

i m m e d i a t e l y  o n t o  a 16% a c r y l a m i d e  ge l  c o n t a i n i n g  1 p a r t  in 30 N, 

N ’m e t h y l e n e  b i s - a c r y l a m i d e  a n d  8 . 3M u r e a  in  l x T B E .  T w o  u l  of  

f o r m a m i d e  dye  w a s  l o a d e d  in a s e p a r a t e  w e l l  t o  ac t  as a m o l .  wt .  

m a r k e r .  T h e  ge l  w a s  e l e c t r o p h o r e s e d  s l o w l y ,  at  3 . 5 m A  o v e r n i g h t  in 

TBE.

D N A  w a s  v i s u a l i s e d  b y  s e p a r a t i n g  t h e  p l a t e ,  w r a p p i n g  t h e  

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

by a n g l e d  l ong  w a v e  U V  l i g h t .  S u c c e s s f u l  s y n t h e s i s  o f  an 

o l i g o n u c l e o t i d e  wi l l  s h o w  a s t r o n g ,  p r e d o m i n a n t  b a n d  w i t h  a f ew 

m i n o r  l o w e r  m o l .  w t .  b a n d s .  T h e  top  b a n d  w a s  c u t  w i t h  a s h a r p  

scalpe l ,  m a s h e d  w i t h  a g l a s s  r o d  a n d  i n c u b a t e d  at  4 2 ° C  f o r  16 h r  in 

lml  o f  e l u t i o n  b u f f e r  ( 0 . 5 M  A m m o n i u m  a c c e t a t e  I m M  E D T A  a n d



CEAJPTTBIR 1TWD 68 M E T H O D S

0 . 5% ( w / v )  S DS ) .  T h i s  w a s  f i l t e r e d  t h r o u g h  gl ass  w o o l ,  p h e n o l  

c h l o r o f o r m  (1:1) e x t r a c t e d ,  e t h a n o l  p r e c i p i t a t e d ,  w a s h e d  in  7 0 %  

e t ha n o l ,  d r i e d ,  r e d i s s o l v e d  in w a t e r  a n d  t h e  D N A  q u a n t i t a t e d  at

OD . T h e  c o n v e r s i o n  f a c t o r  f o r  s y n t h e t i c  o l i g o n u c l e o t i d e s  is 1 OD =
260  J  ®

2 0 u g / m l .

322 . 3 3  I n  v i t r o  P l a b e l l i n g  o f  s y n t h e t i c  o l i g o n u c l e o t i d e s  b y  a 

f o r w a r d  r e a c t i o n  u s i n g  T4  p o l y n u c l e o t i d e  k i n a s e .

T h i s  m e t h o d  w a s  as d e s c r i b e d  b y  M a n i a t i s  e t  al  ( 1982 )  .

D N A ( 0 . 1 - 0 . 2  u g ) t o  be  u s e d  as a p r o b e  w a s  l a b e l l e d  in a r e a c t i o n

c o n t a i n i n g  2 u n i t s  o f  T 4  D N A  p o l y n u c l e o t i d e  k i n a s e  in 2 u l  o f  5x

l i nke r  k i n a s e  b u f f e r  ( 3 3 0 m M  T r i s - H c l  p H  7 . 5 ,  5 0 m M  M g C l 2 a n d

5 0 m M  D T T )  a n d  5 0 u C i  g a m m a —2P «{ATP ( s p e c i f i c  a c t i v i t y  > 3 0 0 0

C i / m m o l )  a n d  H O a d d e d  to  a t o t a l  v o l u m e  o f  lOul .  T h e  r e a c t i o n  w a s  
2

c a r r i e d  o u t  at  3 7 ° C  f o r  an  h r  a n d  s t o p p e d  b y  t h e  a d d i t i o n  o f  0 . 2 5 M  

ED TA.

2 . 3 4  C o n s t r u c t i o n  o f  r e c o m b i n a n t  M1 3 .

T h e  d o u b l e  s t r a n d e d  r e p l i c a t i o n  f o r m  (RE)  o f  b a c t e r i o p h a g e  M13 

m p l 8  a n d  m p l 9  ( N o r r e n d e r  e t  a l ., 1983)  w a s  l i n e a r i s e d  w i t h  t h e  

a p p r o p r i a t e  e n z y m e  or  e n z y m e s .  T h e  H S V  D N A  i n s e r t  in p U C 1 9  w a s  

cut  ou t  by  d i g e s t i n g  it  w i t h  E c o RI  a n d  B a m Y H  in t h e  ca se  o f  1704 

and  1705 a n d  w i t h  B a m  HI  fo r  1706.  40  n g  o f  t h e  D N A  i n s e r t  p l u s  2 

un i t s  o f  T 4  D N A  l i ga se  in l i ga s e  b u f f e r  w a s  i n c u b a t e d  at  RT 

o v e r n i g h t  ( S a n g e r  et  al. ,  1980) .

2 . 3 5  T r a n s f e c t i o n  o f  b a c t e r i a l  c e l l s  w i t h  M 1 3 .

E. c o l i  s t r a i n  J M  101 ( M e s s i n g . ,  1979)  w e r e  g r o w n  in 2 x Y T  

b r o t h  to an O D 63q o f  0 .3  a n d  m a d e  c o m p e t e n t  as  d e s c r i b e d  ( s ec t i on  2 . 2 4 )  

T h e  l i g a t i on  m i x  w a s  a d d e d  to  lOOul  a l i q u o t s  o f  J M 1 0 1  ce l l s  a n d
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i n c u b a t e d  on i ce  f o r  30 m i n  w i t h  o c c a s i o n a l  s h a k i n g .  Ce l l s  w e r e  h e a t  

s h oc k e d  at  4 2 ° C  f o r  45  s e c o n d s .  3 m l  o f  m e l t e d  t op  a g a r  c o n t a i n i n g  

2 0 u l  of  2 . 5 %  ( w / v )  i s o p r o p y l - D - t h i o g a l a c t o s i d e  ( I P T G )  a n d  2 5 u l  o f  

2% ( w / v )  5 - c h l o r o - 4 - b r o m o -  3- i n d o l y l ^ - D - g a l c t o s i d e  ( B C I G )  in

d i m e t h y l  f o r m a m i d e  w a s  a d d e d  to  t h e  s a m p l e  a n d  t h e  m i x t u r e  wa s  

p o u r e d  o n t o  a 9 0 m m  L - b r o t h  a g a r  p l a t e  a l l o w e d  to  s t a y  at  R T  f o r  15 

mi n  a nd  i n c u b a t e d  at  3 7 ° C  o v e r n i g h t  . C o l o u r l e s s  p l a q u e s  i n s i d e  t h e  

h a z e  l a wn  o f  b a c t e r i a  i n d i c a t e  t r a n f e c t e d  r e c o m b i n a n t  c l o n e s .  Non  

r e c o m b i n a n t  p l a q u e s  wi l l  e x p r e s s  \ f i- g l a c t o s i d a s e  a n d  a p p e a r  b l u e .

2 . 3 6  G r o w t h  a n d  e x t r a c t i o n  o f  r e c o m b i n a n t  M 1 3  c l o n e s .

A n  o v e r n i g h t  s t a n d i n g  c u l t u r e  o f  E . c o l i  s t r a i n  J M 1 0 1  w as  

us ed  to i n o c u l a t e  2 x Y T  b r o t h  (1 :100) .  T h i s  w a s  d i s p e n s e d  in  1 .5ml  

a l i q u o t s  in 2 5 m l  u n i v e r s a l  b o t t l e s .  T h e  r e c o m b i n a n t  M13  c l o n e s  w e r e  

t oo t h  p i c k e d  f r o m  t h e  p l a t e s  i n t o  t h e  b r o t h  a n d  i c u b a t e d  a t  3 7 ° C  for  

6 - 8h in an  o r b i t a l  s h a k e r .  T h e  ce l l s  w e r e  t r a n s f e r r e d  t o  an 

e p p e n d o r f  t u b e  a n d  c e n t r i f u g e d  at  13000  r p m  f o r  5 m i n  in  a 

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

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

DNA w a s  p r e c i p i t a t e d  b y  t h e  a d d i t i o n  o f  2 0 0 u l  o f  2 0 %  ( w / v )  

p o l y e t h y l e n e  g l yc o l  ( P E G  M r  6 0 0 0 )  in 2 . 5 M  N a C l  f o r  at  l e a s t  30 m i n  

at  RT a n d  c e n t r i f u g e d  at  13000  r p m  f o r  5 m i n .  T h e  s u p e r n a t a n t  w as  

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

c a p i l l a r y  t u b e .  T h e  p h a g e  p e l l e t  w a s  r e s u s p e n d e d  in lOOul  T E ,  t h e  

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

v o l u m e s  o f  e t h a n o l  a n d  0.1 v o l u m e  3M s o d i u m  a c e t a t e ,  w a s h e d  w i t h  

70% e t ly io l ,  d r i e d  in a v a c u u m  d e s i c c a t o r ,  r e d i s s o l v e d  in 3 0 u l  o f  TE 

and  s t o r ed  at  - 7 0 ° C  ( S a n g e r  e t  a l ., 1980) .
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2 . 3 7  S e q u e n c e  a n a l y s i s  o f  r e c o m b i n a n t  M1 3  c l o n e s .

S e q u e n c i n g  w a s  c a r r i e d  o u t  by  t h e  d i - d e o x y n u c l e o t i d e  

c h a i n  t e r m i n a t i o n  r e a c t i o n  m e t h o d .  T h i s  m e t h o d  b a s i c a l l y  is as 

d e s c r i b e d  by  S a n g e r  e t  al  ( 1977)  w i t h  m o d i f i c a t i o n  in  t h e  r a t i o  of  

d e - o x y  a n d  d i - d e o x y  n u c l e o t i d e s  t o  f a c i l i t a t e  H S V  D N A  s e q u e n c i n g .  

T h e  s ingl e  s t r a n d e d  D N A  t e m p l a t e  w a s  a n n e a l e d  w i t h  M13 f o r w a r d  

s eq u e n c e  p r i m e r (  U n i v e r s a l  p r i m e r )  or  in  t h e  c a s e  o f  t h e  1704 H p a l  

o* f r a g m e n t  c o n s t r u c t ,  t h e  o l i g o n u c l e o t i d e  n u m b e r  2 ( 5 ’

T G G A G C C C G G C A G A A C A  3 ’) w a s  u s e d  as  a p r i m e r  in t h e  p r e s e n c e  

of  a n n e a l i n g  b u f f e r  ( l O m M  T r i s - H C l  p H  8.5 a n d  l O m M  M g C l 2). T h e  

v o l u m e  w a s  m a d e  up  t o  lOul  w i t h  H 20  at  3 7 ° C  f o r  3 0 m i n .  S a m p l e s  

w e r e  a l l o w e d  to s t a n d  at  R T  f o r  at  l e a s t  10 m i n  t o  c o m p l e t e  t h e  

p r o c e s s  o f  a n n e a l i n g .  T o  t h e  a n n e a l e d  D N A ,  2 u n i t  o f  k l e n o w  

p o l y m e r a s e  I w a s  a d d e d  a n d  t h e  m i x t u r e  a l i q u o t e d  in  2 u l  f r a c t i o n s  

i n t o  f o u r  we l l s  o f  a U - b o t t o m  m i c r o t i t r e  p l a t e  c o r r e s p o n d i n g  to  t h e  

s p ec i f i c  T,  C,  G a n d  A r e a c t i o n  o f  e a c h  c l on e .  A n  e q u a l  v o l u m e  of  

t he  n u c l e o t i d e  m i x t u r e  c o n t a i n i n g  d N T P ’s a n d  s p e c i f i c  d d N T P ’s, l u l  

of  11.8uM d A T P ,  0 . 3 u G [ v - 2P]  d A T P  w a s  a d d e d  to  e a c h  w e l l  a n d  t h e  

r e a c t i o n  a l l o w e d  to  p r o c e e d  f o r  10 m i n  at  3 7 ° C .  T h e  r e a c t i o n  w as  

c h a s e d  by  a d d i t i o n  o f  2 u l  o f  c h a s e  s o l u t i o n  ( 0 . 5 m M  u n i f o r m  m i x t u r e  

of  al l  f o u r  d N T P ’s) a n d  i n c u b a t i o n  c o n t i n u e d  f o r  30 m i n  a t  3 7 ° C .  

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

m i x t u r e ( 0 . 1 %  ( w / v )  b r o m o p h e n o l  b l u e  a n d  0 . 1% ( w / v )  x y l e n e  c y n o l  

in d e - i o n i s e d  f o r m a m i d e ) .  T h e  s a m p l e s  w e r e  h e a t e d  f o r  1 m i n  at  

100°C to d e n a t u r e  D N A  a n d  e l e c t r o p h o r e s i s  w a s  c a r r i e d  o u t  on 

p o l y a c r y l a m i d e  gel s .

2 . 3 8  E l e c t v o p h o r e s i s  a n d  a u t o r a d i o g r a p h y  o f  s e q u e n c i n g  g e l s .

V e r t i c a l  p l a t e s  4 0 x 2 0 x 0 . 0 3  c m in s i z e  w e r e  u s e d  a n d  s p a c e r  

gel  c o m b s  w e r e  c u t  f r o m  p l a s t i c  c a r d .  T h e  n o t c h e d  p l a t e  w a s  t r e a t e d  

wi th  r e p e l c o t e .  T h e  p l a i n  p l a t e  w a s  t r e a t e d  w i t h  0 . 5 %  ( v / v )  W a c k e r ’s
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s i l i con in 0 . 3% ( v / v )  a c e t i c  a c i d  a n d  e t h a n o l  ( G a r o f f  a n d  A n s o r g e . ,  

1981),  w h i c h  b o n d s  t h e  a c r y l a m i d e  to  t h e  p l a t e  . G e n e r a l l y  t h e

e l e c t r o p h o r e s i s  w a s  c a r r i e d  o u t  t h r o u g h  6% a c r y l a m i d e  gel s .  I n  t h i s  

sys t em t h e  t op m i x  u s e d  w a s  0 . 5 % x T B E ,  6% a c r y l a m i d e  ( E l e c t r o n  

g r ad e )  a n d  9 M  u r e a  ( M c G e o c h  e t  al. ,  1986) .  A S P  a n d  T E M E D  w e r e  

added  to t h e  top  m i x  to  a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 1 6 %  ( w / v )  a n d  

0.16% ( w / v )  r e s p e c t i v e l y  . T h e  c o n t e n t s  w e r e  p o u r e d ,  t h e  ge l  c o m b  

was  i n s e r t e d  a n d  ge l  r e s t e d  in a n e a r l y  h o r i z o n t a l  p o s i t i o n  u n t i l  

p o l i m e r i z a t i o n  w a s  c o m p l e t e .  T h e  t a p e  w a s  r e m o v e d  f r o m  t h e  b o t t o m  

of  t h e  ge l  a n d  t h e  p l a t e s  se t  w i t h  0 . 5 x T B E  in  b o t h  t h e  t o p  a n d

b o t t o m  t a n k  o f  t h e  ge l  k i t .  B e f o r e  l o a d i n g  t h e  D N A  s a m p l e ,  gel

wel l s  w e r e  f l u s h e d  w i t h  0 . 5 %  T B E  a n d  t h e  ge l  r u n  at  a c o n s t a n t  

p o w e r  o f  4 0 W  f o r  2 h r .  A f t e r  e l e c t r o p h o r e s i s  t h e  plqtes w e r e

d i s m a n t l e d  a n d  t h e  gel  b o n d e d  to t h e  p l a i n  p l a t e  i m m e r s e d  in a 10% 

ace t i c  ac i d  b a t h  f o r  30 m i n  to  f i x  D N A  a n d  r e m o v e  t h e  u r e a  f r o m  

t h e  gel .  T h e  gel  w a s  d r i e d  d o w n  on t h e  p l a t e  in an o v e n  at  1 20 ° C 

for  1-2 h r  a n d  e x p o s e d  a g a i n s t  K o d a k  X S - I  f i l m at  RT.

2 . 3 9  A c c u m u l a t i o n  a n d  h a n d l i n g  o f  t h e  s e q u e n c e  d a t a .

D N A  s e q u e n c e  d a t a  w a s  h a n d l e d  a n d  i n t e r p r e t e d  u s i n g  t h e  

I n s t i t u t e  o f  V i r o l o g y ’s V A X / V M S  c o m p u t e r  s y s t e m  r u n n i n g  t h e  G C G  

s o f t w a r e  ( D e v e r e u x  et  a t . ,  1984) .  T h e  ge l  r e a d i n g s  w e r e  r e a d  a n d  

t y p e d  i n t o  an a c c o u n t  u s i n g  t h e  E D I T  p r o g r a m  w h i c h  s t o r e s  d a t a  

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

i n t o  G CG  s e q u e n c e  u s i n g  t h e  F R O M S T A D E N  p r o g r a m .  T h e  gel  

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

B E S T F I T  to  d e t e r m i n e  o v e r l a p p i n g .  T h e  ge l  r e a d i n g s  w e r e  a l i g n e d  

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

B E S T F I T  a n d  G A P  p r o g r a m m e s .



RESULTS
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3. 1  S E Q U E N C E  A N A L Y S I S  O F  D E L E T I O N  V A R I A N T S  O F  

H S V - 1  S T R A I N  17 S Y N + .

3. 1 .1  I n t r o d u c t i o n .

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

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

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

p o p u l a t i o n .  V a r i a t i o n s  in  t h e  g e n o m i c  s t r u c t u r e  o f  H S V  h a v e  

f r e q u e n t l y  b e e n  r e p o r t e d  ( B r o w n  a n d  H a r l a n d ,  1987;  H a r l a n d  and  

B r o w n ,  1985;  M a c L e a n  a n d  B r o w n ,  1987b) .  T h e  f r e q u e n c y  of  

v a r i a n t s  w i t h  r e a r r a n g e m e n t s  in  l ong  r e p e a t  r e g i o n  o f  t h e  g e n o m e  

w i t h i n  t h e  w i l d  t y p e  s t o c k  o f  H S V - 2  s t r a i n  H G 5 2  w a s  f o u n d  to  be  

24% ( H a r l a n d  a n d  B r o w n ,  1985) .  H o w e v e r ,  in H S V - 1  s t r a i n  17 syn + 

th i s  v a l u e  w a s  f o u n d  to  be  0 . 0 2 %  ( M a c L e a n  a n d  B r o w n ,  1987b) .  

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

of  H SV  c o u l d  b e  d u e  t o  t h e  r e i t e r a t e d  s e q u e n c e s  f o u n d  in t h e s e  

r e g i o n s  o f  t h e  g e n o m e  a n d  w h i c h  c a u s e  v a r i a t i o n  in  t h e  s i z e  of  

r e s t r i c t i o n  f r a g m e n t s ,  ( R i x o n  e t  a l ., 1984;  M a c L e a n  a n d  B r o w n ,  

1987b)  i s o l a t i o n  o f  H S V -  1 s t r a i n  17 s y n + g e n o m e s  d i s p l a y i n g  

e x t e n s i v e  v a r i a t i o n ,  no t  p r e v o u s l y  i d e n t i f i e d ,  r a i s e d  t h e  p o s s i b i l i t y  o f  

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

r e c o m b i n a t i o n / r e a r r a n g e m e n t  p r o c e s s  ( M a c L e a n  a n d  B r o w n ,  1987b) .

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

e x p e r i m e n t ,  e x h i b i t e d  e x t e n s i v e  v a r i a t i o n  in t h e  I R l/ U l r e g i o n  of  

t he  g e n o m e .  T h e s e  t h r e e  d e l e t i o n  v a r i a n t s  w e r e  d e s i g n a t e d  1704,  

1705 a n d  1706.  I t  a p p e a r e d  t h e r e f o r e  t h a t  t h e y  m a y  h a v e  b e e n  

c losely r e l a t e d  to e a c h  o t h e r  a n d  c o u l d  h a v e  a r i s e n  f r o m  a s i ng l e  

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

r e a r r a n g e m e n t ,  t o  g i v e  r i s e  to  t h e  d e l e t i o n  v a r i a n t s  ( M a c L e a n  a n d
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B r o w n ,  1987b) .  S e v e r a l  f i n d i n g s  w e r e  in f a v o u r  o f  t h i s  h y p o t h e s i s ;  

(i) s i m i l a r i t y  o f  t h e  d e l e t i o n s  at  t h e  r i g h t  e n d  o f  I R l  in 1704 a n d  

1705 a n d  in U L in 1705 a n d  1706,  ( i i )  al l  t h e  v a r i a n t s  e x h i b i t e d  

s i mi l a r  g r o w t h  p r o p e r t i e s  in v i t r o  a n d  ( i i i )  r e d u c e d  l e v e l s  of  

p r o d u c t i o n  o f  V m w I E 6 3  in 1705 a n d  1706.

In  o r d e r  to  s t u d y  t h e  g e n o m i c  s t r u c t u r e  a r o u n d  t h e

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

f l a n k i n g  t h e  d e l e t i o n s ,  m i g h t  p l a y  a p a r t  in t h e  r e a r r a n g e m e n t s ,  t h e  

v a r i a n t s  1704,  1705 a n d  1706 w e r e  s e q u e n c e d  a c r o s s  t h e  e n d  p o i n t s  of  

t h e  de l e t i o n s .

3 . 1 . 2  S e q u e n c e  a n a l y s i s  a c r o s s  t h e  U / I R  a n d  T R  d e l e t i o n s  in
L L L

t he  v a r i a n t  1 7 0 4 .

R e s t r i c t i o n  e n z y m e  a n a l y s i s  o f  t h e  1704 g e n o m e  r e v e a l e d  a 

de l e t i o n  b o t h  in T R l  a n d  U / I R L. D i g e s t i o n  w i t h  H p a l  s h o w e d  t h a t  

t he  o f r a g m e n t  ( np  6 0 6 8 - 9 6 1 8 ,  2 . 3 x l 0 6 M r  ) w a s  r e d u c e d  by

a p p r o x i m a t e l y  0 . 8 x l 0 6 M r  a n d  m i g r a t e d  b e l o w  t h e  s b a n d  ( np 

112512- 115763,  2 . 1 x l 0 6 M r  ) m a k i n g  a n o v e l  f r a g m e n t  of

a p p r o x i m a t e l y  1 . 5 x l 0 6 M r  d e s i g n a t e d  as o*.  T h e  s a n d  m f r a g m e n t s  

( np 1 - 59 0 0  a n d  np  1 2 0 3 0 0 - 1 2 6 2 0 0 ,  3 . 9 x l 0 6 M r )  w e r e  u n a l t e r e d .  

F r a g m e n t s  v ( np  115763-  117007,  0 . 8 x l 0 6 M r  ) a n d  r ( np 

117008-  120298 ,  2 . 1 x l 0 6 M r  ) a f f e c t e d  by  t h e  2 . 5 x l 0 6 M r  d e l e t i o n

w i t h i n  U l/ I R l w e r e  a b s e n t .  R e m n a n t s  o f  t h e  v a n d  r  f r a g m e n t s

w e r e  f u s e d  to  f o r m  a n o v e l  f r a g m e n t  o f  a p p r o x i m a t e l y  7 0 0 b p

d e s i g n a t e d  as v * / r *  w h i c h  r u n s  at  t h e  b o t t o m  o f  t h e  ge l  ( F i g u r e s  3.1 

and  3.2)  ( M a c L e a n  a n d  B r o w n ,  1987b) .

3 . 1 . 2 . a O l i g o n u c l e o t i d e  m a p p i n g  o f  t h e  U / I R  d e l e t i o n  in 1 7 0 4 .
L L

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

b e f o r e  s e q u e n c i n g ,  t h e  s e q u e n c e  o f  t h e  w i l d  t y p e  g e n o m e  in t h e



F i g u r e  3. 1

A u t o r a d i o g r a p h  o f  H p a l  d i g e s t  o f  v i r a l  D N A  32P l a b e l l e d  in v i v o  

o f  17 s y n + ( l a n e  1), 1704 ( l a n e  2)  a n d  1705 ( l ane  3). L e t t e r s  r e f e r  to 

s p e c i f i c  f r a g m e n t s ;  a r r o w h e a d s  i n d i c a t e  t h e  p o s i t i o n  w h e r e  f r a g m e n t s  

a r e  m i s s i n g  a n d  s t a r s  i n d i c a t e  n o v e l  f r a g m e n t s .  T h e  D N A  p r o d u c t s  

w e r e  s e p a r a t e d  on  a 0 . 8 %  a g a r o s e  gel .





F i g u r e  3 . 2

H p a l ,  BamYLI ,  X b a l  a n d  B g l l l  r e s t r i c t i o n  m a p s  o f  t h e  D N A  of  

H S V - 1  s t r a i n  17 syn  + .(Wilkie, 1976; Davison,  1981)
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r eg i on  o f  t h e  d e l e t i o n s  w a s  e x a m i n e d  a n d  a s e r i e s  o f  o l i g o n u c l e o t i d e s  

t h o u g h t  t o  s pa n  t h e  d e l e t i o n s ,  w e r e  s y n t h e s i s e d .  T h e s e  w e r e  u s e d  as 

p r o b e s  in S o u t h e r n  b l o t  h y b r i d i s a t i o n  e x p e r i m e n t s .  A s  w e  w e r e  

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

the L A T s  a n d  t h e  L A T  p r o m o t e r ,  t h e  o l i g o n u c l e o t i d e s  w e r e  c h o s e n  to 

map  on l y  t h e  e n d  o f  t h e  IR_L d e l e t i o n  a f f e c t i n g  t h e  L A T s .  T h e  

o l i g o n u c l e o t i d e s  f r o m  np  119561 to np  1 2 0 3 7 7  a r e  s h o w n  in T a b l e  3.1.

O l i g o n u c l e o t i d e s  6 to  9 w i t h i n  t h e  H p a l  r f r a g m e n t  f a i l e d  to 

h y b r i d i s e  a n d  o l i g o n u c l e o t i d e  No.  10 w i t h i n  H p a l  m  s h o w e d  p o s i t i v e  

h y b r i d i s a t i o n  (ge l s  n o t  s h o w n  ) ( s ee  F i g u r e  3 .2) .

T h i s  a n a l y s i s  s h o w e d  t h a t  o n e  e n d  o f  t h e  d e l e t i o n  w a s  

b e t w e e n  np  120177 a n d  np  1 2 0 30 0  ( t h e  H p a l  r i m  j u n c t i o n )  i . e  w i t h i n  

123 bp .

3 . 1 . 2 . b  C l o n i n g  o f  t h e  H p a l  v * / r *  f r a g m e n t  o f  1 7 0 4  a n d  

n u l c e o t i d e  s e q u e n c e  a n a l y s i s .

T h e  D N A  o f  v a r i a n t  1704 w a s  d i g e s t e d  w i t h  a f i v e  fold 

excess  o f  H p a l  a n d  r u n  on  a 0 . 8 %  a g a r o s e  gel .  T h e  n o v e l  f r a g m e n t  

v * / r *  w a s  i d e n t i f i e d ,  c u t  o u t  f r o m  t h e  ge l ,  e l e c t r o e l u t e d  a n d  c l o n e d  

into p U C1 9 .  S i n c e  p U C 1 9  h a s  n o  H p a l  s i t e ,  i t  w a s  c l o n e d  i n t o  t h e  

c o m p a t i b l e  b l u n t  e n d e d  S m a l  s i t e .  L a r g e  s ca l e  p r e p a r a t i o n  a n d  C s C l 2 

g r ad i e n t  p u r i f i c a t i o n  o f  p l a s m i d  D N A  w a s  c a r r i e d  o u t .  T h e  c l o n e d  

f r a g m e n t  w a s  c u t  by  d o u b l e  e n z y m e  d i g e s t i o n  w i t h  B a m  HI  a n d  

EcoRl .  T h i s  f r a g m e n t  w a s  s u b s e q u e n t l y  c l o n e d  i n t o  M13 m p l 8  a n d  

m p l 9 .  S e q u e n c i n g  w a s  c a r r i e d  o u t  u s i n g  t h e  d i d e o x y n u c l e o t i d e  c h a i n  

t e r m i n a t i o n  r e a c t i o n  m e t h o d  b y  a n n e a l i n g  r e c o m b i n a n t  M 1 3 '  s i ng l e  

s t r anded  D N A  w i t h  u n i v e r s a l  p r i m e r .  S e q u e n c i n g  o f  t h e  v */ r* 

f r a g m e n t  s h o w e d  t h a t  t h e  d e l e t i o n  is 3 75 8  b p  in l e n g t h  s p a n n i n g  t h e  

U / I R l  j u n c t i o n  ( F i g u r e s  3.3 a n d 3 4 q ) ;  s t a r t i n g  a t  n u c l e o t i d e  p o s i t i o n  

116502 a n d  e n d i n g  at  np  1 2 0 2 6 0 .  T h e  d e l e t i o n  r e m o v e s  655  bp  o f  U L



)|» 5t*
Table: 3.1 Southern blot analysis of Hpal v / r  
restriction fragment of the variant 1704 with synthetic 
oligonucleotides.

OLIGONUCLEOTIDE HYBRIDISATION TO

No: Coordinates (np) Hpal v / r fragment (1704)

6. 119561-119577
7. 119771-119587
8. 119961-119977
9. 120161-120177
10. 120361-1203771 +

I Oligonuleotide No. 10 is from Hpal m (see Figure 3.2)



F i g u r e  3 . 3

A p o r t i o n  o f  an  a u t o r a d i o g r a p h  s h o w i n g  t h e  s t a r t  ( np  116502)  

a n d  e n d  ( np  120261)  o f  t h e  d e l e t i o n  in t h e  v a r i a n t  1704 in U l / I R l . 

S e q u e n c i n g  p r o d u c t s  w e r e  s e p a r a t e d  on  a 6% d e n a t u r e d  

p o l y a c r y l a m i d e  g e l  ( S a n g e r  e t  al . ,  1980)  c o n t a i n i n g  9 M  u r e a  

( M c G e o c h  e t  al . ,  1986) .



120261116502



F i g u r e  3 . 4 . Q

S t r u c t u r e  o f  t h e  H S V - 1  g e n o m e  ( top  l i ne )  s h o w i n g  U L a n d  Us 

f l a n k e d  b y  T R l / I R l  a n d  I R s/ T R s r e s p e c t i v e l y .  T h e  s e c o n d  l i n e  s h o w s  

e x p a n s i o n  b e t w e e n  l l O k b  m a p  p o s i t i o n  a n d  t h e  I R l / I R s j u n c t i o n .  

T h i n  a n d  t h i c k  l i ne s  i n d i c a t e  u n i q u e  a n d  r e p e a t  p o r t i o n s  o f  t h e  l ong 

r e g i o n  o f  t h e  g e n o m e .  A b o v e  t h e  l i ne ,  t h e  p o s i t i o n  o f  3 ’ e n d  o f  IE1,  

3 ’ e n d  o f  I E 2 ,  5 ’ e n d  o f  t h e  L A T  a n d  U l / I R l  j u n c t i o n  a r e  i n d i c a t e d  

by  t h e  a r r o w s .  T h e  L A T  p r o m o t e r  r e g i o n  is i n d i c a t e d  b y  a h a t c h e d  

b a r .  T h e  e x t e n t  o f  t h e  d e l e t i o n  in  t h e  v a r i a n t  1704 in  U l / I R l  is 

m a r k e d  b e l o w  t h e  l i ne .  C o o r d i n a t e s  a r e  g i v e n  as  n u c l e o t i d e  p o s i t i o n s  

( M c G e o c h  e t  a l ., 1988) .
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and 3103 bp  o f  IR_l  s t a r t i n g  6 2 2  b p  d o w n s t r e a m  o f  t h e  3 ’ e n d  o f  IE1.  

Only 170 b p  o f  t h e  3 ’ e n d  o f  U L 5 6  (np  116930-  116332)  a r e  r e t a i n e d  

and 7 9 9 b p  f r o m  t h e  5 ’ e n d  o f  t h e  L A T s  (np  119461)  a r e  d e l e t e d  as 

wel l  as t h e  L A T  p r o m o t e r  r e g i o n  (np 118775-  118575)  ( T A T A A  & 

C A A T  b o x e s  a n d  S p l  b i n d i n g  s i t e s )  ( W e s c h l e r  e t  a l ., 1988;  Z w a a g s t r a  

et a l , 1990)

3.1.2.C O l i g o n u c l e o t i d e  m a p p i n g  o f  t h e  T R l d e l e t i o n  in  1 7 0 4 .

A n  i n i t i a l  e s t i m a t e  o f  t h e  e x t e n t  o f  t h e  d e l e t i o n  in T R l  in 

1704 w a s  o b t a i n e d  b y  S o u t h e r n  b l o t  h y b r i d i s a t i o n  e x p e r i m e n t s  u s i n g  

a r a n g e  o f  f i v e  1 7 - m e r  s y n t h e t i c  o l i g o n u c l e o t i d e s .  T h e s e  

o l i g o n u c l e o t i d e s  w e r e  s e l e c t e d  f r o m  np  6 2 9 1  to  np  9 5 0 7  a n d  t h e  

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

o l i g o n u c l e o t i d e  f a i l e d  t o  h y b r i d i s e  ( . 3*'^ i> • ) i n d i c a t i n g  t h a t

the  d e l e t i o n  w a s  b e t w e e n  np  7 0 5 7  a n d  np  8 7 2 0  ( T a b l e  3.2 ).

3 . 1 . 2 . d  C l o n i n g  o f  H p a l  o*  f r a g m e n t  o f  1 7 0 4  a n d  n u c l e o t i d e  

s e q u e n c i n g  a n a l y s i s .

T h e  1704 H p a l  <9* f r a g m e n t  w a s  c l o n e d  i n t o  t h e  S m a l  s i te  

of  pUC19 .  C l o n i n g  w a s  c o n f i r m e d  by :

(a) H p a l  d i g e s t e d  S o u t h e r n  b l o t s  o f  1704 a n d  17 syn  + . F i g u r e  3 . 5 (a )  

shows  t h a t  t h e  o* f r a g m e n t  h y b r i d i s e d  to  t h e  1704 <9* f r a g m e n t  a n d  

the  0  f r a g m e n t  in 17 syn + . A s  a c o n t r o l  r a n d o m l y  p r i m e d  17 syn + 

DNA w a s  h y b r i d i s e d  to t h e  s a m e  d ig e s t  o f  17 s y n + a n d  1704 in o r d e r  

to i d e n t i f y  t h e  p o s i t i o n  o f  t h e  r e l e v a n t  f r a g m e n t s  on t h e  ge l  ( F i g u r e  

3.5b).

( b )  R e s t r i c t i o n  e n z y m e  a n a l y s i s  o f  t h e  c l o n e d  H p a l  <9*  f r a g m e n t  w a s  

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

Hpa  I r (H p a l  r a n d  o s h a r e  t h e  s a m e  R l  s e q u e n c e s )  T h e  s e q u e n c e  o f



1 2 3
a b a b a b

4.
a b

5
a b

F i g u r e  3.4b

Autoradiograph of Southern blot in which 32P labelled in vitro,  
oligonucleotides (1-5) were hybridised to DNA of  strain 17 syn (lane b) and 1704 
(lane a), which had been digested with Hpal.  Let ters indicate specific fragments,  
stars indicate the novel  f ragments  and ar rowhead indicates where  the specifc 
oligonucleotide failed to hybridise.



Table: 3.2 Southern blot analysis of Hpal o restriction 
f r a g m e n t  of  t he  v a r i a n t  1704 w i t h  s y n t h e t i c  
oligonucleotides.

OLIGONUCLEOTIDE HYBRIDISATION TO

No: Coordinates (np) Hpal o fragment (1704)

1. 6291-6370 +
2. 7041-7057 +
3. 8054-8070
4. 8721-8737 +
5. 9491-9507 +



F i g u r e  3 .5

32
A u t o r a d i o g r a p h  o f  S o u t h e r n  b l o t s  in  w h i c h  r a n d o m l y  p r i m e d  P 

l a b e l l e d  in v i t r o  p r o b e s  o f  (a)  H p a l  o* a n d  (b)  17 s y n + w e r e  

h y b r i d i s e d  to  D N A  o f  1704 ( l ane  1 a n d  3) a n d  17 s y n + ( l a n e  2 a n d  4),  

w h i c h  h a d  b e e n  d i g e s t e d  w i t h  H p a l .  L e t t e r s  r e f e r  t o  spe c i f i c  

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

of 231,  7 8 6 ,  2 5 1 6  a n d  18 b p  in l e n g t h .  I n  a g r e e m e n t  w i t h  t h e  

o l i g o n u c l e o t i d e  m a p p i n g  d a t a  t h e  2516  b p  S p h l  r e s t r i c t i o n  f r a g m e n t  

was r e d u c e d  to  a f r a g m e n t  o f  a p p r o x i m a t e l y  1300 bp  c o n t a i n i n g  t h e  

end p o i n t s  o f  t h e  d e l e t i o n  ( F i g u r e  3.6) .

T h e  2 . 8  k b  n o v e l  H p a l  o* f r a g m e n t  w a s  c l o n e d  i n t o  M13 

m p l 8  a n d  m p l 9 .  I t  w a s  d i f f i c u l t  to  d e t e r m i n e  t h e  p r e c i s e  e n d  p o i n t s  

of t he  d e l e t i o n  d u e  to  t h e  l a r g e  s i ze  o f  t h e  f r a g m e n t  a n d  t h e  l o c a t i o n  

of t h e  d e l e t i o n  in t h e  m i d d l e  o f  t h e  f r a g m e n t ,  b y  s e q u e n c i n g  f r o m  

one e n d  or  t h e  o t h e r  t h e r e f o r e  s e q u e n c i n g  w a s  i n i t i a t e d  u s i n g  

o l i g o n u c l e o t i d e  No .  2 ( T a b l e  3 .2)  as a p r i m e r .  O l i g o n u c l e o t i d e  No.  2 

had  s h o w n  p o s i t i v e  h y b r i d i s a t i o n  w i t h  t h e  H p a l  o*  f r a g m e n t  o f  1704.

I t  w a s  f o u n d  t h a t  t h e  d e l e t i o n  w a s  9 4 2  bp  in l e n g t h  

e x e n d i n g  f r o m  np  7 2 0 2  to  np  8144 i .e.  e n t i r e l y  w i t h i n  T R ^  ( F i g u r e s  

3.7 and 3.8) .  T h e  L A T  t r a n s c r i p t s  a r e  n o t  a f f e c t e d  a n d  t h e  p r o m o t e r  

r eg ion  at  np  7 5 9 6 - 7 7 9 6  is  r e m o v e d .  T h i s  i n c l u d e s  T A T A A  & C A A T  

boxes  and  S p l  b i n d i n g  s i t es .

3.1.3 S e q u e n c i n g  a n a l y s i s  a c r o s s  t h e  U l/ I R l d e l e t i o n  in t h e  

v a r i a n t  1 7 0 5 .

T h i s  v a r i a n t  h a s  a 3 . 5 x l 0 6 M r  d e l e t i o n  in U l / I R l - O n  H p a l  

d iges t ion t h e  s, v a n d  r f r a g m e n t s  a r e  a b s e n t  a n d  t h e  m  b a n d  is 

una l t e r ed .  T h e  d e l e t i o n  in U l / I R l  c r e a t e d  a n o v e l  b a n d  of  

a p p r o x i m a t e l y  1 . 8 x l 0 6 M r  c o n s i s t i n g  o f  t h e  r e m n a n t s  o f  H p a l  s a n d  r 

d e s i gna t ed  as  s * / r *  w h i c h  is r u n n i n g  b e l o w  ( F i g u r e s  3.1 a n d  3.2)  

( MacLean  a n d  B r o w n ,  1987b) .

3 . 1 . 3 . a O l i g o n u c l e o t i d e  m a p p i n g  o f  t h e  U / I R  d e l e t i o n  i n  t h e
L L

va r i an t  1 7 0 5 .

In  o r d e r  to  n a r r o w  d o w n  t h e  e n d  p o i n t s  o f  t h e  d e l e t i o n  a



F i g u r e  3 . 6

32A u t o r a d i o g r a p h  o f  S o u t h e r n  b l o t  in w h i c h  r a n d o m l y  p r i m e d  P 

l a b e l l e d  in v i t r o  H p a l  r w a s  h y b r i d i s e d  to  S p h l  d i g e s t e d  D N A  o f  t he  

H p a l  o * f r a g m e n t  o f  t h e  v a r i a n t  1704.  N u m b e r s  i n d i c a t e  s i z e  o f  t he  

s p e c i f i c  f r a g m e n t s  i n  b a s e  p a i r s .



M B A  1300
786

231



F i g u r e  3 . 7

A p o r t i o n  o f  an  a u t o r a d i o g r a p h  s h o w i n g  t h e  s t a r t  ( n p  7 2 0 2 )  and  

e n d  (np  8145)  o f  t h e  d e l e t i o n  in t h e  v a r i a n t  1704 in T R l - S e q u e n c i n g  

p r o d u c t s  w e r e  s e p a r a t e d  on a 6% d e n a t u r e d  p o l y a c r y l a m i d e  gel  

( S a n g e r  e t  al . ,  1980)  c o n t a i n i n g  9 M  u r e a  ( M c G e o c h  e t  al . ,  1986) .



7202



F i g u r e  3 . 8

S t r u c t u r e  o f  t h e  H S V - 1 g e n o m e  ( t op  l i ne )  s h o w i n g  U L a n d  U s 

f l a n k e d  by  T R l / I R l  a n d  I R s/ T R s r e s p e c t i v e l y .  T h e  s e c o n d  l i ne  s h o w s  

e x p a n s i o n  o f  t h e  T R ^  r e g i o n  o f  t h e  g e n o m e .  A b o v e  t h e  l i ne ,  t he  

p o s i t i o n  o f  3 ’ e n d  o f  IE1 ,  5 ’ e n d  o f  t h e  L A T  a r e  i n d i c a t e d  b y  a r r o w s .  

T h e  L A T  p r o m o t e r  r e g i o n  is i n d i c a t e d  b y  a h a t c h e d  b a r .  T h e  e x t e n t  

o f  t h e  d e l e t i o n  in t h e  v a r i a n t  1704 in T R l  is m a r k e d  b e l o w  t h e  l ine.  

C o o r d i n a t e s  a r e  g i v e n  as  n u c l e o t i d e  p o s i t i o n s  ( M c G e o c h  e t  al . ,  1988).
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n u m b e r  o f  r e l e v a n t  o l i g o n u c l e o t i d e s  w e r e  u s e d  in S o u t h e r n  b l o t  

h y b r i d i s a t i o n  e x p e r i m e n t s  w i t h  1705.  N o n e  o f  t h e  o l i g o n u c l e o t i d e s  

h y b r i d i s e d  to  H p a l  s * / r *  o f  1705 ( T a b l e  3.3,  ge l s  n o t  s h o w n ) .  T h i s  

v a r i a n t  d o e s  s y n t h e s i s e  V m w I E 6 3  f r o m  I E 2  ( M a c L e a n ,  1988) 

i n d i c a t i n g  t h a t  o n e  e n d  o f  t h e  d e l e t i o n  m u s t  b e  b e t w e e n  np  115270  ( 

the  3 ’ e n d  o f  I E 2  ) a n d  np  115460 ( t h e  f i r s t  n u c l e o t i d e  of  

o l i g o n u c l e o t i d e  No.  11 ) i . e  w i t h i n  190 b p .

3 . 1 .3 . b  C l o n i n g  o f  t h e  H p a l  s * / r *  f r a g m e n t  o f  1 7 0 5  a n d  

n u c l e o t i d e  s e q u e n c i n g  a n a l y s i s .

T h e  n o v e l  H p a l  s * / r *  f r a g m e n t  o f  1705 w a s  c l o n e d  i n t o  t h e  

b l un t  e n d e d  S m a l  s i t e  o f  p U C 1 9 .  C l o n i n g  w a s  c o n f i r m e d  by  a 

S o u t h e r n  b l o t  ( F i g u r e  3.9) .  L a r g e  sca l e  p r e p a r a t i o n  a n d  C s C l 2 

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

c loned  1705 f r a g m e n t  w a s  a l m o s t  t h e  s a m e  s i z e  as t h e  v e c t o r  a 

doub l e  d i g e s t  w a s  c a r r i e d  o u t  w i t h  E c o R I  a n d  D r a l  u s i n g  t h e  s a m e  

r e s t r i c t i o n  e n d o n u c l e a s e  e n z y m e  b u f f e r  a n d  a d d i t i o n a l l y  w i t h  X b a l .  

The  1705 H p a l  5* / r *  f r a g m e n t  d o e s  n o t  h a v e  a D r a l  s i t e  b u t  t h e  

ve c t o r  c o n t a i n s  t w o  s i t e s  g i v i n g  f r a g m e n t s  o f  1975,  692  a n d  19 b p .  

The  H p a l  s * / r *  i n s e r t  is t h e r e f o r e  e a s i l y  s e p a r a t e d  ( F i g u r e .  3 .10)

The  f r a g m e n t  s*/  r *  w a s  c l o n e d  i n t o  t h e  E c o RI a n d  X b a l  s i t e s  o f  M13 

m p l 8  a n d  m p l 9 .  R e c o m b i n a n t s  w e r e  a n n e a l e d  w i t h  a u n i v e r s a l  

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

me t h o d .  T h e  d e l e t i o n  w a s  f o u n d  to b e  4 7 3 5  bp  in l e n g t h ,  e x t e n d i n g  

f rom np 115453 to  np  120188 ( F i g u r e  3.11 a n d  3.12) .  T h e  d e l e t i o n  

r e m o v e s  3031 bp  o f  I R  a n d  1704 bp  o f  U c o n t a i n i n g  U L 5 5  a n d
L, L

UL56 a n d  s t o p s  183 bp  a n d  694  b p  d o w n s t r e a m  o f  t h e  3 ’ e n d s  o f  I E 2  

and IE1 r e s p e c t i v e l y .  7 2 7 b p  f r o m  t h e  5 ’ e n d  o f  t h e  L A T s  a n d  t h e  

LAT p r o m o t e r  r e g i o n  h a v e  a l so  b e e n  d e l e t e d .  T h e  v a r i a n t  1705 is 

not d e l e t e d  in T R  .



Table: 3.3 Southern blot analysis of Hpal s, s /r  and I 

restriction fragments of 17+, 1705 and 1706 respectively 

with synthetic oligonucleotides.

OLIGONUCLEOTIDE HYBRIDISATION TO

No: Coordinates (np) Hpal s Hpal s /r  Hpal 1

(17+) (1705) (1706)

11. 115461-115477 + _ _

12. 115561-115577 + _ _

13. 115661-115677 + _ _



F i g u r e  3 , 9

A u t o r a d i o g r a p h  o f  S o u t h e r n  b l o t  in w h i c h  t h e  r a n d o m l y  p r i m e d  

32P l a b e l l e d  in v i t r o  s*I  r*  c l o n e d  f r a g m e n t  o f  t h e  v a r i a n t  1705 w a s  

h y b r i d i s e d  to H p a l  d i g e s t e d  D N A  o f  1705 ( l ane  1) a n d  17 s y n + ( l ane  

2 ).
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T h e  m a p  o f  a c o n s t r u c t  o f  H p a l  s * / r *  f r a g m e n t  ( s h a d e d  a r e a )  of  

t h e  v a r i a n t  1705 in t h e  p l a s m i d  p U C 1 9 .  V a r i o u s  r e s t r i c t i o n  s i t e s  a n d  

s i z e  o f  t h e  f r a g m e n t s  in b a s e  p a i r s  is  a l so  i n d i c a t e d .



EcoRI

pUC19 -  2.68 kb
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A p o r t i o n  o f  an a u t o r a d i o g r a p h  s h o w i n g  t h e  s t a r t  (np  115453)  

a n d  e n d  (np 120189)  o f  t h e  d e l e t i o n  in t h e  v a r i a n t  1705 in U / I R  . 

S e q u e n c i n g  p r o d u c t s  w e r e  s e p a r a t e d  on a 6% d e n a t u r e d  

p o l y  a c r y l f l m i d e  ge l  ( S a n g e r  e t  al . ,  1980)  c o n t a i n i n g  9 M  u r e a  

( M c G e o c h  e t  al . ,  1986) .
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S t r u c t u r e  o f  t h e  H S V - 1 g e n o m e  ( t op  l i ne)  s h o w i n g  U L a n d  U s 

f l a n k e d  b y  T R l / I R l  a n d  I R s/ T R s r e s p e c t i v e l y . T h e  s e c o n d  l i ne  s ho ws  

e x p a n s i o n  b e t w e e n  m a p  p o s i t i o n  l l O k b  a n d  t h e  I R l / I R s j u n c t i o n .  

T h i n  a n d  t h i c k  l i ne s  i n d i c a t e  u n i q u e  a n d  r e p e a t  p o r t i o n s  o f  t h e  long 

r e g i o n  o f  t h e  g e n o m e .  A b o v e  t h e  l i ne ,  t h e  p o s i t i o n  o f  3 ’ e n d  o f  IE1,  

3 ’ e n d  o f  I E 2 ,  5 ’ e n d  o f  t h e  L A T  a n d  U l / I R l  j u n c t i o n  a r e  i n d i c a t e d  

b y  t h e  a r r o w s .  T h e  L A T  p r o m o t e r  r e g i o n  is i n d i c a t e d  b y  a h a t c h e d  

b a r .  T h e  e x t e n t  o f  t h e  d e l e t i o n  in t h e  v a r i a n t  1705 in  U l / I R l  is 

m a r k e d  b e l o w  t h e  l i ne .  C o o r d i n a t e s  a r e  g i v e n  as n u c l e o t i d e  p o s i t i o n s  

( M c G e o c h  e t  a l ., 1988).
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3. 1 .4  S e q u e n c i n g  a n a l y s i s  a c r o s s  t h e  d e l e t i o n / i n s e r t i o n  in  t h e  

v a r i a n t  1 7 0 6 .

T h e  v a r i a n t  1706 h a s  a d e l e t i o n  o f  l x l O 6 M r  i n v o l v i n g  t h e  

r i g h t  e n d  o f  U L a d j a c e n t  t o  I R L- T h e  d e l e t e d  s e q u e n c e s  h a v e  b e e n  

r e p l a c e d  b y  s e q u e n c e s  o f  a p p r o x i m a t e l y  3 x l 0 6 M r  f r o m  t h e  l e f t  s ide 

of  U , so t h a t  t h e  t o t a l  s i z e  o f  t h e  1706 g e n o m e  h a s  b e e n  i n c r e a s e d  

by 2 x l 0 6 M r  ( M a c L e a n  a n d  B r o w n ,  1987b) .  On  B a m  HI  d i g e s t i o n  t h e  b 

f r a g m e n t  w a s  a b s e n t  a n d  t h e  e f r a g m e n t  a p p e a r e d  to  b e  2 M .  A n o v e l  

band  o f  a p p r o x i m a t e l y  2 . 7 x l 0 6 M r  r u n n i n g  a b o v e  o w a s  t h e  f u s i o n  

p r o d u c t  o f  p a r t  o f  B a m U l  b a n d  p a r t  o f  B a m  HI  c d e s i g n a t e d  as b * / c *  

( F i g u r e s  3.13 a n d  3 .2) .

On  H p a l  d i g e s t i o n  t h e  o f r a g m e n t  w a s  2 M  a n d  t h e  s, r a n d  

v f r a g m e n t s  w e r e  a b s e n t .  A n o v e l  b a n d  o f  a p p r o x i m a t e l y  4 . 7 x l 0 6 Mr  

a b o v e  k ,  t h e  f u s i o n  p r o d u c t  o f  s a n d  /, d e s i g n a t e d  as  /*,  w a s  p r e s e n t  

( F i g u r e s  3.14 a n d  3 .2) .  ( M a c L e a n  a n d  B r o w n ,  1987b) .

3 . 1 . 4 . a O l i g o n u c l e o t i d e  m a p p i n g  o f  t h e  U L d e l e t i o n / i n s e r t i o n  in 

the v a r i a n t  1 7 0 6 .

I n  o r d e r  to  m a p  b o t h  t h e  d e l e t i o n  a n d  t h e  i n s e r t i o n ,  a 

ser ies  o f  1 7 - m e r  s y n t h e t i c  o l i g o n u c l e o t i d e s  w e r e  m a d e  a n d  u s e d  as 

p r o b e s  in S o u t h e r n  b l o t  h y b r i d i s a t i o n  e x p e r i m e n t s  w i t h  1706 D N A .  

To d e l i m i t  t h e  s pa n  o f  t h e  d e l e t i o n  t h r e e  o l i g o n u c l e o t i d e s  No.  11, 12 

and 13 f r o m  np  115461 to  np  115667 w e r e  s e l e c t e d  83 b p  e q u i d i s t a n t  

f rom e a c h  o t h e r .  R a d i o l a b e l l e d  o l i g o n u c l e o t i d e s  w e r e  a l l o w e d  to 

h y b r i d i s e  t o  H p a l  d i g e s t e d  S o u t h e r n  b l o t s  o f  1706 a n d  17 s y n + D N A .  

All t h e  o l i g o n u c l e o t i d e s  f a i l e d  t o  h y b r i d i s e  to  1706 (ge l s  no t  s h o w n )  

d e m o n s t r a t i n g  t h a t  t h e  s e q u e n c e s  b e t w e e n  np  115461 a n d  np  115667 

are m i s s i n g  ( T a b l e  3.3).  T h e  v a r i a n t  1706 e x p r e s s e s  V m w I E 6 3  f r o m  

the IE2  g e n e  ( M a c L e a n , .  1988) ,  i n d i c a t i n g  t h a t  t h e  t e r m i n a t i o n  o f  t h e



F i g u r e  3 . 13

A u t o r a d i o g r a p h  of  a B a m Y i l  d i g e s t  o f  v i r a l  D N A  32P l a b e l l e d  in 

v i v o  o f  17 s y n + ( l a n e  1) a n d  1706 ( l a n e  2) .  L e t t e r s  r e f e r  to  s p e c i f i c  

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

m i s s i n g  a n d  s t a r s  i n d i c a t e  n o v e l  f r a g m e n t s .  T h e  D N A  p r o d u c t s  a re  

s e p a r a t e d  on a 1 .2% a g a r o s e  gel .
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32
A u t o r a d i o g r a p h  o f  a H p a l  d i g e s t  o f  v i r a l  D N A  P l a b e l l e d  in 

v i v o  of  17 s y n + ( l a n e  1) a n d  1706 ( l a n e  2) .  L e t t e r  r e f e r  to  s p e c i f i c  

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

m i s s i n g  a n d  s t a r s  i n d i c a t e  n o v e l  f r a g m e n t s .  T h e  D N A  p r o d u c t s  a r e  

s e p a r a t e d  on  a 0 . 8 %  a g a r o s e  gel .
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de l e t i on  is b e t w e e n  np  115270 ( t h e  3 ’ e n d  o f  I E 2 )  a n d  np  115460 i .e 

w i t h i n  190 b p .

T o  d e t e r m i n e  t h e  e x t e n t  o f  t h e  i n s e r t i o n  f r o m  t h e  l e f t  e n d  

of U L a s e r i e s  o f  six s y n t h e t i c  1 7 - m e r  o l i g o n u c l e o t i d e s  b e t w e e n  np 

10611 a n d  np  15717 w e r e  s e l e c t e d  a n d  s y n t h e s i s e d .  H p a l  d i g e s t e d  

S o u t h e r n  b l o t  h y b r i d i s a t i o n  o f  1706 a n d  17 s y n + D N A  w i t h  t h e  

o l i g o n u c l e o t i d e s  s h o w e d  t h a t  n u m b e r s  14, 15, 16 a n d  17 h y b r i d i s e d  to 

both H p a l  I a n d  t h e  /* f r a g m e n t  o f  1706 a n d  H p a l  I o f  17 syn + . 

O l i g o n u c l e o t i d e  no .  18 a n d  19 s h o w e d  o n l y  p o s i t i v e  h y b r i d i s a t i o n  to 

Hpal  I o f  1706 a n d  17 s y n + b u t  no t  to t h e  H p a l  /* f r a g m e n t  o f  1706 

(Table  3 .4 ,  F i g u r e  3.14,  ge l s  no t  s h o w n ) .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  

the f r a g m e n t  f r o m  t h e  l e f t  e n d  o f  U L i n s e r t e d  in t h e  r i g h t  e n d  s t a r t s  

b e f o r e  np  10601 a n d  t e r m i n a t e s  b e t w e e n  np  13657 a n d  np  14691 i .e.  

it is at  l e a s t  3 0 5 5  b p  in l e n g t h .

3 . 1 . 4 . b  C l o n i n g  o f  t h e  B a m H I b * / c *  f r a g m e n t  o f  t h e  v a r i a n t  

1706 a n d  n u c l e o t i d e  s e q u e n c i n g .

T h e  n o v e l  B a m H  I b * / c *  f r a g m e n t  o f  t h e  v a r i a n t  1706 w as  

c loned i n t o  p U C 1 9 .  C l o n i n g  in t h e  p U C 1 9  v e c t o r  w a s  c o n f i r m e d  by  

h y b r i d i s i n g  t h e  r a n d o m l y  p r i m e d  p r o b e  o f  t h e  c l o n e d  n o v e l  B a m  HI  

b* / c*  f r a g m e n t  o f  t h e  v a r i a n t  1706 w i t h  H p a l  a n d  B a m  HI  d i g e s t e d  

S o u t h e r n  b l o t s  o f  1706 a n d  17 s y n + D N A .  T h e  H p a l  d i g e s t i o n  

s howed  t h a t  in 1706 h y b r i d i s a t i o n  w a s  s p e c i f i c  t o  t h e  / a n d  /* b a n d s  

and in 17 s y n + to  H p a l  I a n d  H p a l  o ( F i g u r e  3 . 15a  ). T h e  B a m Y l l  

d iges t i on  c o n f i r m e d  t h e  c o r r e c t  f r a g m e n t  as  t h e r e  w a s  p o s i t i v e  

h y b r i d i s a t i o n  to  B a m U l  b a n d  c in 17 s y n + a n d  to  B a m  HI  c a n d  t h e  

novel  f r a g m e n t  b * / c *  in 1706 ( F i g u r e  3 . 15b) .  T h i s  w a s  f u r t h e r  

c o n f i r m e d  by  h y b r i d i s i n g  r a n d o m l y  p r i m e d  p r o b e  o f  t h e  B a m  HI  c 

f r a g m e n t  w i t h  a B a m  HI  d i g e s t e d  S o u t h e r n  b l o t  o f  17 s y n + a n d  t h e  

va r i a n t  1706.  F i g u r e  3 .15(c)  s h o w s  p o s i t i v e  h y b r i d i s a t i o n  w i t h



Table: 3.4 Southern blot analysis of Hpal I restriction 

fragment of 17+ and Hpal I and I restriction fragments of 

1706 with synthetic oligonucleotides.

OLIGONUCLEOTIDE HYBRIDISATION TO

No: Coordinates (np) Hpall Hpall Hpal 1*

(17+) (1706) (1706)

14. 10600-10617 + + +

15. 11631-11647 + + +

16. 12660-12677 + + +

17. 13641-13657 + + +

18. 14691-14707 + + __

19. 15701-15717 + + —
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A u t o r a d i o g r a p h  o f  a S o u t h e r n  b l o t  o f  t h e  r a n d o m l y  p r i m e d  32P 

in v i t r o  l a b e l l e d  n o v e l  f r a g m e n t  H p a l  /* o f  t h e  v a r i a n t  1706 was  

h y b r i d i s e d  to:

(a) H p a l  d i g e s t e d  17 s y n + ( l ane  1) a n d  1706 ( l a n e  2)  D N A s  a n d

(b)  B a m H l  d i g e s t e d  1706 ( l a ne  3) a n d  17 s y n + ( l a n e  4)  D N A s .

(c) B a m H l  d i g e s t e d  o f  17 s y n + a n d  1706 D N A s :  l a n e  5; 1706 p r o b e d  

w i t h  B a m  HI  c , l a ne  6; 17 s y n + p r o b e d  w i t h  B a m H l  c. L e t t e r s  r e f e r  

t o  s p ec i f i c  f r a g m e n t s  a n d  s t a r s  i n d i c a t e  t h e  n o v e l  f r a g m e n t s .
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B a m H l  c o f  17 syn  a n d  B a m H l  c a n d  t h e  n o v e l  Z?*/c* f r a g m e n t  o f  

1706 i n d i c a t i n g  t h a t  t h e  n o v e l  b * / c *  f r a g m e n t  c o n t a i n s  s e q u e n c e s  

bo th  f r o m  B a m H l  b a n d  c.

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

c l oned  B a m  HI  b * /  c*  f r a g m e n t  w a s  d i g e s t e d  w i t h  B a m H l / H p a l / S m a l  

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

r a n d o m n l y  p r i m e d  B a m  HI  b a n d  c as  p r o b e s .  T h e  s u b f r a g m e n t  of  

861 a n d  7 2 6  bp  h y b r i d i s e d  to  B a m  HI  b a n d  t h o s e  o f  7 2 6 ,  6 75 ,  516 

and 271  b p  to  B a m  HI  c. T h e  on l y  f r a g m e n t  c o n t a i n i n g  s e q u e n c e s  

bo t h  f r o m  B a m  H I  b a n d  c w a s  t h e  7 2 6  bp  f r a g m e n t  ( F i g u r e  3.16).  

Th i s  f r a g m e n t  w a s  e l e c t r o e l u t e d ,  c l o n e d  i n t o  M13 m p l 8  a n d  m p l 9  a n d  

s e qu e n c e d .  S e q u e n c i n g  o f  t h e  f r a g m e n t  r e v e a l e d  t h a t  1706 h a d  a 

1807 bp  d e l e t i o n  a t  t h e  r i g h t  h a n d  e n d  o f  U L w h i c h  h a d  b e e n  

r e p l a c e d  b y  4 7 5 4  b p  f r o m  t h e  l e f t  h a n d  e n d  ( F i g u r e s  3.17 a n d  3.18).  

The  d e l e t i o n  s t a r t e d  80 bp  d o w n s t r e a m  o f  t h e  3 ’ e n d  o f  I E 2  at  np 

11535 a n d  t e r m i n a t e d  at  np  117157.  T h e  d e l e t i o n  t h e r e f o r e  

c o m p l e t e l y  r e m o v e d  U L 5 5  a n d  56.  T h e  s e q u e n c e s  f r o m  np 9215  to 

np 13969 h a v e  b e e n  r e p e a t e d  a n d  i n s e r t e d  in an i n v e r t e d  o r i e n t a t i o n  

to r e p l a c e  t h e  d e l e t i o n .  C o n s e q u e n t l y  1706 c o n t a i n s  t w o  c o p i e s  o f  

UL1,  U L 2 ,  U L 3  a n d  U L 4  a n d  a s e c o n d  p a r t i a l  c o p y  o f  U L 5  (np 

13969- np  12487) .



F i g u r e  3 . 16

A u t o r a d i o g r a p h  o f  a S o u t h e r n  b l o t  in w h i c h  r a n d o m l y  p r i m e d  

32P l a b e l l e d  in v i t r o  B a m H l  b (1) a n d  c (2)  w e r e  h y b r i d i s e d  to  the  

B a m H l  b * / c *  f r a g m e n t  o f  1706 D N A  w h i c h  w a s  d i g e s t e d  wi th  

B a m H l / H p a l / S m a l .
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F i g u r e  3 , 17

A p o r t i o n  o f  an a u t o r a d i o g r a p h  o f  a s e q u e n c i n g  ge l  s h o w i n g  

d e l e t i o n  a n d  i n s e r t i o n  at  t h e  r i g h t  e n d  o f  in  t h e  v a r i a n t  1706 . 

T h e  d e l e t i o n  s t a r t s  at  np  115350 a n d  e n d s  at  np  117157.  T h e  i n s e r t i o n  

is b e t w e e n  np  13969 a n d  np  92 1 5 .  P l e a s e  n o t e  t h e  i n v e r s i o n  o f  the  

s e q u e n c e  r e p r e s e n t e d  by  A G C T  at  t h e  t op  a n d  T C G A  a t  t h e  b o t t o m  

of  t h e  gel .



A G C T

T ► 11535013969

T C G A



F i g u r e  3 . 18

S t r u c t u r e  o f  t h e  H S V - 1 g e n o m e  ( top  l i ne )  s h o w i n g  U L a n d  Us

f l a n k e d  by  T R l/ I R l a n d  I R s/ T R s r e s p e c t i v e l y .  T h e  s e c o n d  l i ne  s hows

e x p a n s i o n  b e t w e e n  m a p  p o s i t i o n  l l O k b  a n d  I R l/ I R s j u n c t i o n .  T h i n

a n d  t h i c k  l i ne s  i n d i c a t e  u n i q u e  a n d  r e p e a t  p o r t i o n s  o f  t h e  l o n g  r eg i o n

o f  t h e  g e n o m e .  A b o v e  t h e  l i ne ,  t h e  p o s i t i o n  o f  3 ’ e n d  o f  IE1,  3 ’ end

o f  I E 2 ,  t h e  U / I R  j u n c t i o n  a n d  t h e  e x t e n t  o f  t h e  d e l e t i o n  in the  
l  l  J

v a r i a n t  1706 a r e  i n d i c a t e d  by  t h e  a r r o w s .  T h e  e x t e n t  o f  t h e  i n s e r t i o n  

in t h e  v a r i a n t  1706 is m a r k e d  b e l o w  t h e  l i ne  s h o w i n g  i n v e r s i o n  of 

t h e  g e n e s  U L 1 , U L 2 ,  UL3 ,  U L 4  a n d  a p a r t i a l  c o p y  o f  t h e  g e n e  UL5.  

C o o r d i n a t e s  a r e  g i v e n  as  n u c l e o t i d e  p o s i t i o n s  ( M c G e o c h  e t  a l ., 1988).
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3 . 2 .  V I R U L E N C E  A N A L Y S I S  O F  T H E  D E L E T I O N  V A R I A N T S  

O F  H S V - I  S T R A I N  17 S Y N + .

3 . 2 . 1 .  I n t r o d u c t i o n .

H S V  is a n e u r o t r o p i c  v i r u s .  I n  h u m a n s ,  i n v a s i o n  o f  t h e  

n e r v o u s  s y s t e m  f r e q u e n t l y  l e a d s  t o  a l a t e n t  i n f e c t i o n  in s e n s o r y  

g a n g l i a  a n d  in r a r e  c i r c u m s t a n c e s  f a t a l  e n c e p h a l i t i s  ( F e n n e r  e t  al.,  

1974;  J o h n s o n ,  1982) .  T h e  v i r u s  h o s t  r e l a t i o n s h i p  is  h i g h l y  c o m p l e x  

and  i n f l u e n c e d  b y  t h e  g e n o t y p e  o f  b o t h  v i r u s  a n d  h o s t .  M a n y  hos t  

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

i n o c u l a t i o n  ( C a s p a r y  e t  aL ,  1980) ,  age  ( K o h l  a n d  L o o ,  1980)  a n d  

s t r a i n  o f  e x p e r i m e n t a l  a n i m a l  ( L o p e z ,  1975) .  V i r u s  s t r a i n  ( D i x  e t  aL,  

1983) a n d  s e r i a l  p a s s a g e  o f  v i r u s  in v i v o  ( K a e r n e r  e t  al . ,  1983)  a n d  in 

v i t r o  ( G o o d m a n  a n d  S t e v e n s ,  1986)  m a y  a l so e f f e c t  t h e  v i r u l e n c e .  

I n d i v i d u a l  s t r a i n s  o f  H S V  d i f f e r  in t h e i r  l e v e l  o f  n e u r o v i r u l e n c e  (Dix 

et  al. ,  1983;  R i c h a r d s  e t  al . ,  1981).  S p e c i f i c  v i r a l  f a c t o r s  r e q u i r e d  for  

t he  r e p l i c a t i o n  o f  v i r u s  at  t h e  p e r i p h e r y  a n d  f o r  s p r e a d  to  t h e  

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

of  i n d i v i d u a l  v i r u s  s t r a i n s .  V i r a l  f a c t o r s  p l a y i n g  a p a r t  in 

n e u r o i n v a s i v e n e s s  h a v e  b e e n  r e p o r t e d  ( J a v i e r  e t  al . ,  1986;  K a e r n e r  et  

a l ,  1983).  .

H e t e r o g e n e i t y  in t h e  n e u r o v i r u l e n c e  o f  p l a q u e  p u r i f i e d  

s tocks  o f  t h e  H S V - 2  s t r a i n  H G 5 2  h a s  b e e n  r e p o r t e d  ( T a h a  e t  aL,  

1988).  A l t h o u g h  d e t e c t a b l e  d e l e t i o n s  in t h e  g e n o m e  o f  t h e  e l i t e  s tock  

of H S V - 2  s t r a i n  H G 5 2  w e r e  f o u n d  at  a f r e q u e n c y  o f  2 4 %  ( H a r l a n d  

and B r o w n ,  1985) ,  D N A  p r o f i l e s  o f  t h e  i n d i v i d u a l  s t o c k s  i n o c u l a t e d  

i n t r a c r a n i a l l y  h a d  no  o b v i o u s  d i f f e r e n c e s  c o m p a r e d  to  w i l d  t y p e  

stock ( T a h a  e t  al . ,  1988) .  T h e  v a r i a t i o n  a f f e c t i n g  t h e  p h e n o t y p e  of  

the v i r u s  is  p e r h a p s  d u e  t o  m i n o r  s e q u e n c e  a l t e r a t i o n s  u n d e c t a b l e  by  

c o n v e n t i o n a l  r e s t r i c t i o n  e n z y m e  m e t h o d s .
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3 . 2 . 2  N e u r o v i r u l e n c e  o f  i n d i v i d u a l  s t o c k s  o f  t h e  e l i t e  s t o c k  o f  

H S V - 1  s t r a i n  17 s y n  + .

3 . 2 . 1 . b  I s o l a t i o n  o f  s i n g l e  p l a q u e  s t o c k s .

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

i n t r a c r a n i a l  i n o c u l a t i o n  o f  s i ng l e  p l a q u e  s t o ck s  p i c k e d  f r o m  t h e  

H S V - I  17 s y n + e l i t e  s t o c k  w e r e  p e r f o r m e d .

T h i s  s t o c k  w a s  p l a t e d  on  B H K - 2 1  C13 cel l s  a n d  o v e r l a i d  w i t h  m e t h y l  

c e l l u l o s e .  N i n e  we l l  s e p a r a t e d  p l a q u e s  w e r e  p i c k e d  a f t e r  w a s h i n g  

t h o r o u g h l y  w i t h  P B S .  H i g h  t i t r e  v i r u s  w a s  p r o p a g a t e d  w i t h  one  

f u r t h e r  p a s s a g e  in B H K - 2 1  C13 cel l .  A l l  t h e  p l a q u e  D N A s  w e r e  in
32v i v o  r a d i o l a b e l l e d  w i t h  P a n d  s u b j e c t e d  to r e s t r i c t i o n  e n d o n u c l e a s e  

d i g e s t i o n  w i t h  X b a l  ( F i g u r e  3.19)  a n d  H p a l  ( F i g u r e  3 . 2 0 )  (see 

m e t h o d  s e c t i on  2 . 14) .  A s  a r e p r e s e n t a t i v e  s a m p l e ,  t h e  p r o f i l e s  of  

six o f  t h e m  a r e  s h o w n  in F i g u r e s  3.19 a n d  3 . 20 .  T h e  r e s u l t s  s h o w  no 

a p p a r e n t  d i f f e r e n c e  in t h e  s i z e  o f  t h e  f r a g m e n t s  a n d  d i s t r i b u t i o n  of  

s i t es  in t h e  D N A  of  i n d i v i d u a l  p l a q u e  s t ocks .

3 . 2 . 2 . b  N e u r o v i r u l e n c e  o f  s i n g l e  p l a q u e  s t o c k s  o f  H S V - I  s t r a i n  

17 s y n + .

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

i n t o  t h r e e  w e e k  old B A L B / c  m i c e  w i t h  d o s e s  r a n g i n g  f r o m  1-10 

p f u / m o u s e .  D u r i n g  t h i s  s e r i e s  o f  e x p e r i m e n t s  no  m i c e  d i e d  b e f o r e  

day t h r e e  p o s t  i n o c u l a t i o n .  T h e  L D 5q v a l u e s  w e r e  c a l c u l a t e d  by  t h e  

m e t h o d  o f  R e e d  a n d  M u e n c h  (1938) .  T a b l e  3.5 s h o w s  L D 5o v a l u e s  of  

t he  n i n e  p l a q u e s  s t o ck s  . T h e  r e s u l s  s h o w  t h a t  e a c h  p l a q u e  s t o c k  has  

an L D 5q s i m i l a r  to  t h e  e l i t e  p a r e n t a l  17 s y n + s t o c k .  T h e r e  is 

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



F i g u r e  3 . 19

A u t o r a d i o g r a p h  o f  X b a l  d i g e s t  o f  v i r a l  D N A  32P l a b e l l e d  in v i v o  

o f  i n d i v i d u a l  p l a q u e  s t o ck s  o f  17 s y n + ( f r o m  l e f t  t o  r i g h t  17 syn + , 

P l a q u e  Nos .  1, 3, 4,  5 a n d  6).  L e t t e r s  r e f e r  to  s p e c i f i c  f r a g m e n t s .  

T h e  D N A  p r o d u c t s  w e r e  s e p a r a t e d  on a 0 . 5 %  a g a r o s e  gel .



S I S



F i g u r e  3 . 2 0

A u t o r a d i o g r a p h  o f  H p a l  d i g e s t  o f  v i r a l  D N A  32P l a b e l l e d  in v i v o  

of  i n d i v i d u a l  p l a q u e  s to c k s  o f  17 s y n + ( f r o m  l e f t  t o  r i g h t ,  17 syn + , 

p l a q u e  Nos .  1, 3, 4 ,  5,  a n d  6).  L e t t e r s  r e f e r  to  s p e c i f i c  f r a g m e n t s .  

T h e  D N A  p r o d u c t s  w e r e  s e p a r a t e d  on  a 0 . 8 %  a g a r o s e  gel .
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Table:3.5 LD^q values after intracranial inoculation of 
individual plaque stocks of 17 syn+ .

plaque No. 1pfu 1x101 1x102 LD50
pfu/mouse

1.
★ ★

0/5 1/5 4/5 30.2
2. 0/5 5/5 5/5 3.2
3. 1/5 2/5 5/5 15
4. 0/5 2/5 5/5 14
5. 5/5 5/5 5/5 <1
6. 5/5 5/5 5/5 <1
7. 0/5 2/5 3/5 30.2
8. 1/5 4/5 5/5 3.2
9. 3/5 4/5 5/5 <1

* Dose pfu/animal
“ Number of deaths/number of animals inoculated 
3 week old BALB/c mice were used 
0.025ml of virus inoculated
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s tock  o f  H S V - I  s t r a i n  17 syn + .

3 . 2 . 3  V i r u l e n c e  o f  t h e  v a r i a n t s  1 7 0 4 ,  1 7 0 5  a n d  1 7 0 6 .

T o  d e t e r m i n e  t h e  p a t h o g e n i c  p o t e n t i a l  o f  t h e  d e l e t i o n  

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

c a r r i e d  o u t  in t h r e e  w e e k  o ld  B A L B / c  m i c e .

3 . 2 . 3 . a I n t r a c r a n i a l  i n o c u l a t i o n .

G r o u p s  o f  5 to 10, t h r e e  w e e k  o ld  B A L B / c  m i c e  w e r e  

i n o c u l a t e d  w i t h  1, 10, 102, 103, 104 a n d  105 p f u /  m o u s e  o f  e a c h  

v a r i a n t .  0 . 0 2 5 m l  o f  e a c h  d i l u t i o n  w a s  i n o c u l a t e d  i n t r a c r a n i a l l y  i n t o  

t h e  l e f t  c e r e b r a l  h e m i s p h e r e  a f t e r  a n a e s t h e s i a  ( see  m e t h o d  s ec t i on  

2.11).  D e a t h  d u e  to  v i r u s  r e p l i c a t i o n  d o e s  n o t  n o r m a l l y  o c c u r  b e f o r e  

day 3 p o s t  i n o c u l a t i o n .  A n y  d e a t h  o c c u r r i n g  b e f o r e  d a y  t h r e e  is 

a s s u m e d  to  be  d u e  to  m e c h a n i c a l  i n j u r y  to  t h e  v a s c u l a r  or  t h e  

n e u r o n a l  s y s t e m  o f  t h e  a n i m a l .  T h e  5 0 %  l e t h a l  d os e  ( L D 5q) is 

c a l c u l a t e d  by  t h e  f o r m u l a  o f  R e e d  a n d  M u e n c h  (1938)  on  t h e  b a s i s  of  

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

i n o c u l a t i o n  a n d  is t h e  d os e  c a l c u l a t e d  to  k i l l  5 0 %  o f  t h e  i n f e c t e d

a n i ma l s .  C l i n i c a l  s i gns  p r o d u c e d  in m i c e  f o l l o w i n g  i n t r a c r a n i a l

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

r u f f l e d  f u r  a n d  c e a s e  to b e  a c t i v e  w i t h  d e a t h  f o l l o w i n g  r a p i d l y .  T h e  

mi ce  a l so s h o w  a w i d e  r a n g e  o f  n e u r o l o g i c a l  s i g n s  e . g  f i t s  a n d  l i m b  

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

s igns  a r e  k i l l e d  i m m e d i a t e l y .  T h e  L D 5q v a l u e s  o f  t h e  v a r i a n t s  

c o m p a r e d  to  t h e  w i l d  t y p e  v i r u s  a r e  s h o w n  in T a b l e  3.6.  I t  c an  be  

seen t h a t  17 s y n + h a d  an L D  o f  10 p f u / m o u s e .  1704 anLD o f  2 x l 0 2
• ' 5 0  ->0

p f u / m o u s e ,  1705 a*LD o f  11 p f u / m o u s e  a n d  1706 a h LD of  4 . 6 x l 0 3
50  ̂^

p f u / m o u s e .  T h e  v a r i a n t  1705 w a s  t h e r e f o r e  n o t  d i f f e r e n t  f r o m  17 

syn+ b u t  1704 a n d  1706 w e r e  20  fo l d  a n d  4 6 0  f o l d  less  n e u r o v i r u l e n t
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r e s p e c t i v e l y .

T o  d e t e r m i n e  w h e t h e r  t h e  d i f f e r e n c e s  in t h e  L D  v a l u e s  o f
50

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

t h e  s t o c k s ,  p a r t i c l e  c o u n t s  w e r e  p e r f o r m e d  (see  m e t h o d  s e c t i on  2 . 7 )  

a n d  t h e  p a r t i c l e i p f u  r a t i o s  a r e  s h o w n  in T a b l e  3.7.  A l l  t h e  v i r u s  

s t ocks  h a d  p a r t i c l e i p f u  r a t i o s  w i t h i n  t h e  a c c e p t a b l e  r a n g e  f o r  H S V - I .

3 . 2 . 3 . b  F o o t  p a d  i n o c u l a t i o n .

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

p e r i p h e r a l  i n o c u l a t i o n  v i a  t h e  f oo t  p a d s  o f  B A L B / c  m i c e  w a s  c a r r i e d
3 7out .  I n  t h i s  s y s t e m  0 . 0 2 5  m l  o f  s e r i a l l y  d i l u t e d  v i r u s  f r o m  10 to  10 

p f u / m o u s e  w a s  i n o c u l a t e d  in t h e  le f t  r e a r  f o o t  p a d  o f  t h r e e  w e e k  old 

B A L B / c  m i c e .  F o l l o w i n g  i n o c u l a t i o n  a t  t h e  p e r i p h e r a l  s i t e  , t h e  

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

g a n g l i a  ( D R G )  to t h e  s p i n a l  c o r d .  I t  can  b e c o m e  l a t e n t  in t h e  D R G  or  

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

d e a t h .  C l i n i a l  s i g n s  a r e  s i m i l a r  to  t h o s e  seen  f o l l o w i n g  i n t r a c r a n i a l  

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

dose i n o c u l a t i o n  in t h e  f o o t  p a d .  T a b l e  3.8 s h o w s  t h a t  17 s y n + a n d  

1705 a r e  c o m p a r a b l e  w i t h  L D sq v a l u e s  o f  a p p r o x i m a t e l y  105 

p f u / m o u s e .  D o s e s  o f  107 p f u / m o u s e  o f  1704 a n d  1706 w e r e  no t  ab l e  

to ki l l  a n y  o f  t h e  m i c e .  I t  w a s  no t  p o s s i b l e  t o  i n f e c t  w i t h  a dose  

h i g h e r  t h a n  107 p f u / m o u s e .

3.2.3.C  I n t r a p e r i t o n e a l  i n o c u l a t i o n .

T h e  H S V - I  s t r a i n  H F E M  h a s  a 4.1 k b  d e l e t i o n  in t h e  

B a m H l  b ( B e n - H u r  et  a l ., 1989) .  T h i s  v i r u s  h as  b e e n  s h o w n  to  be  

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

(Rosen a n d  D a r a i . ,  1985,  B e c k e r  e t  a l ., 1986)  a n d  i t s  a v i r u l e n c e  w a s  

a t t r i b u t e d  t o  t h e  d e l e t i o n .  T h e  s t r a i n  17 syn v a r i a n t  1705 h a s  a 4.7



Table: 3.7 Particlepfu ratio of 17 syn+, 1704,1705 and 

1706.

Virus Particle: ofu

17+ 72:1

1704 64:1

1705 46:1

1706 125:1
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kb d e l e t i o n  in a s i m i l a r  r e g i o n  a n d  h e n c e  i t s  i n t r a p e r i t o n e a l

v i r u l e n c e  h a s  b e e n  t e s t e d .

T h r e e  w e e k  o ld  B A L B / c  m i c e  w e r e  i n o c u l a t e d  I P  w i t h  

doses  b e t w e e n  102- 105 p f u / m o u s e .  T h e  r e s u l t s  s h o w  ( T a b l e  3 .9)  t h a t  

t h e  LE>50 f o r  1705 is  2 . 4 x l 0 3 p f u / m o u s e  a n d  f o r  17 s y n + 1 . 4 x l 0 3 

p f u / m o u s e ,  d e m o n s t r a t i n g  t h a t  in H S V - I  s t r a i n  17 syn +

i n t r a p e r i t o n e a l  v i r u l e n c e  in m i c e  is no t  a s s o c i a t e d  w i t h  t h e  d e l e t i o n  

in t h e  B a m  HI  b f r a g m e n t .

3 . 2 . 4  R e p l i c a t i o n  e f f i c i e n c e s  o f  1 7 0 4  a n d  1 7 0 6  i n v i v o .

T h e  p o s s i b i l i t y  t h a t  t h e  o b s e r v e d  d i f f e r e n c e s  in t h e  L D 50

v a l u e s  o f  17 syn + ’ 1704 a n d  1706 f o l l o w i n g  f o o t - p a d  i n o c u l a t i o n  w e r e  

due  to  d i f f e r e n t i a l  a b i l i t i e s  to  r e p l i c a t e  in t h e  m o u s e  p e r i p h e r a l  

n e r v o u s  s y s t e m  w a s  t e s t e d .  T h r e e  w e e k  o ld  B A L B /  c m i c e  w e r e

i n o c u l a t e d  s e p a r a t e l y  in t h e  l e f t  r e a r  f o o t  p a d  w i t h  17 s y n + a n d  1706

at an i n p u t  dos e  o f  105 p f u / m o u s e  a n d  1704 at  an  i n p u t  d o s e s  o f  105 

and 10 p f u / m o u s e .  A t  d a i l y  i n t e r v a l s  a n i m a l s  w e r e  s a c r i f i c e d  a n d  

n ine  D R G  ( o n e  t h o r a c i c ,  s ix l u m b a r  a n d  t w o  s a c r a l )  f r o m  t h e  l e f t  s ide 

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

by t i t r a t i o n  on B H K - 2 1  C13 cel l s  at  3 7 ° C .  T h e  r e s u l t s  in F i g u r e  3.21 

show t h a t  t h e  r e p l i c a t i o n  e f f i c i e n c y  o f  1704 a n d  1706 is p o o r  

c o m p a r e d  to  w i l d  t y p e .  A t  an  i n p u t  dos e  o f  105 p f u / m o u s e  1704 a n d  

1706 t i t r e s  r e a c h e d  t h e i r  p e a k  on day  t h r e e  a n d  on t h e  d ay  f i v e  no

v i r u s  w a s  d e t e c t a b l e .  A t  an i n p u t  dose  o f  10 p f u / m o u s e  t h e  v a r i a n t

1704 w a s  d e t e c t e d  b y  d a y  o n e  p os t  i n o c u l a t i o n  a n d  c o n t i n u e d  to 

i nc r e a s e  in t i t r e  to  t h e  t h i r d  d a y ,  b u t  no  v i r u s  w a s  d e t e c t a b l e  by  day  

f ive.  In  c o n t r a s t  w i l d  t y p e  g r o w t h  r e a c h e d  i t s  p e a k  on  t h e  t h i r d  day  

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

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

1704 a n d  1706 is c o n s i d e r a b l y  i m p a i r e d  in t h e  p e r i p h e r a l  n e r v o u s



Table: 3.9 LD^g values after intraperitoneal inoculation 
of 17+ and 1705.

Virus 1x102* 1x103 1x104 1x105 LD50
pfu/mouse

17+
★ ★

0/5 2/5 5/5 5/5 1.4x103

1705 0/5 1/5 5/5 5/5 2.4x103

*Dose pfu/animal
**Number of deaths/number of animals inoculated 
3 week old BALB/c mice were used.
0.025ml of virus inoculated.



F i g u r e  3 . 2 1

I n  v i v o  g r o w t h  k i n e t i c s  o f  H S V - 1 s t r a i n  17 syn  + , 1704  a n d  1706.

T h r e e  w e e k  old B A L B / c  m i c e  w e r e  i n o c u l a t e d  in t h e  l e f t  r e a r  

f o o t p a d  w i t h  2 5 u l  o f  e a c h  v i r u s  w i t h  17 + ( • ) ,  1704 (V)  a n d  1706 ( v )  

at  t h e  dose  105 p f u / m o u s e  a n d  1704 (o)  a t  t h e  d o s e  107 p f u / m o u s e .  

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

w e r e  k i l l ed .  T h e  D R G s  f r o m  t h e  l e f t  s ide  o f  t h e  s p i n a l  c o r d  w e r e  

r e m o v e d  a n d  h o m o g e n i s e d ;  t h e  r e s u l t i n g  ce l l  s u s p e n s i o n  was  

s o n i c a t e d  a n d  r e l e a s e d  i n f e c t i o u s  v i r u s  t i t r a t e d  on  B H K - 2 1  C13 cel ls 

at  3 7 ° C .
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s y s t e m  o f  t h e  m o u s e ,  w h i c h  c o u l d  e x p l a i n  t h e  a v i r u l e n c e  o f  1704 a n d  

1706 f o l l o w i n g  f oo t  p a d  i n o c u l a t i o n .

3 . 3 .  L A T E N C Y  A N A L Y S I S  O F  D E L E T I O N  V A R I A N T S  O F  

H S V - 1  S T R A I N  17 S Y N + .

3 . 3 . 1 .  I n t r o d u c t i o n .

L i k e  o t h e r  m e m b e r s  of  t h e  h e r p e s v i r i d a e  f a m i l y

HSV-  1 f r e q u e n t l y  e s t a b l i s h e s  l a t e n t  i n f e c t i o n s  in  s e n s o r y  n e u r o n s  

f r o m  w h i c h  i t  r e a c t i v a t e s  p e r i o d i c a l l y  ( C o o k  e t  a l ., 1974,  M a c L e n n a n  

a n d  D a r b y . ,  1980) .  I n  h u m a n s ,  i n v a s i o n  o f  t h e  n e r v o u s  s y s t e m  l e ads  

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

f a t a l  e n c e p h a l i t i s  ( F e n n e r  e t  al . ,  1974;  J a v i e r  e t  al . ,  1986) .  S e v e r a l  

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

g e n es  in l a t e n c y .  S p e c i f i c  t r a n s c r i p t s  ( L A T s )  a r e  a b u n d a n t l y  

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

of  t h i s  p h e n o m e n o n  h a s  b e e n  s t u d i e d  in s e v e r a l  a n i m a l  m o d e l s  and  

s e r o - p o s i t i v e  h u m a n  c a d a v e r s  ( C r o e n  et  al . ,  1987,  S t e v e n s  et  al. ,  

1987; S t e i n e r  e t  al . ,  1988) .  A t  l eas t  t h r e e  t r a n s c r i p t s ,  2 . 0 ,  1.5 and  

1.45kb h a v e  b e e n  d e t e c t e d  b y  N o r t h e r n  b l o t  h y b r i d i s a t i o n  a n d  h a v e  

b een  f i n e l y  m a p p e d .  T h e s e  t r a n s c r i p t s  a r e  d i p l o i d  a n d  t r a n s c r i b e d  

c o m p l e m e n t a r y  to  t h e  I E1  g e n e  t r a n s c r i p t s  ( S p i v a k  a n d  F r a s e r ,  1987,  

W a g n e r  e t  al . ,  1988; W e c h s l e r  et  al . ,  1988).  T h e  p r o p o s e d  p r o m o t e r  

r e g i o n  w h i c h  u n u s u a l l y  is  6 8 6 b p  u p s t r e a m  f r o m  t h e  5 ’ e n d  o f  t h e  

L A T s  h a s  p r o v e d  to be  a s t r o n g  p r o m o t e r  b o t h  in v i v o  a n d  in v i t r o  

and is n e u r o s p e c i f i c  ( D o b s o n  e t  al . ,  1989;  Z w a a g s t r a  e t  al, .  1989,  

1990).  T h e  p r e s e n c e  o f  i m m e d i a t e  e a r l y  o r  e a r l y  m R N A  is no t  a 

p r e r e q u i s i t e  o f  L A T  p r o m o t e r  e x p r e s s i o n  in v i t r o  ( Z w a a g s t r a  e t  al. ,  

1989).  T h e  r o l e  o f  L A T s  in t h e  e s t a b l i s h m e n t  a n d  m a i n t e n a n c e  of  

l a t ency  is  o b s c u r e ,  b u t  t h e r e  is  e v i d e n c e  t h a t  i t  m a y  a f f e c t  v i r a l
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r e a c t i v a t i o n  ( D o b s o n  e t  al . ,  1989;  L e i b  e t  al . ,  1989;  S t e i n e r  e t  al. ,  

1989) .

T h e  b e h a v i o u r  o f  H S V - 1  s t r a i n  17 s y n + a n d  t h e  v a r i a n t

1704 h a s  b e e n  s t u d i e d  b y  S t e i n e r  e t  al  ( 1989)  in t r i g e m i n a l  g a n g l i a  o f  

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

f o l l o w i n g  p r i m a r y  i n f e c t i o n  o f  t h e  e ye .  T h e  v a r i a n t  1704 r e p l i c a t e d  

in t h e  t r i g e m i n a l  g a n g l i a  o f  i n f e c t e d  m i c e  t o  t h e  s a m e  e x t e n t  as 17 

s y n + a n d  e s t a b l i s h e d  l a t e n c y  in a l m o s t  al l  o f  t h e  i n f e c t e d  a n i m a l s .  

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

k i n e t i c s  w e r e  s i g n i f i c a n t l l y  d e l a y e d  f o r  1704 r e l a t i v e  t o  17 syn + . 

H S V - 1  L A T s  c o u l d  n o t  b e  d e t e c t e d  w i t h  1704 e i t h e r  b y  N o t h e r n  b l o t  

or  b y  in s i t u  h y b r i d i s a t i o n ,  s u g g e s t i n g  a r o l e  f o r  L A T s  in 

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

F r o m  t h e  s e q u e n c i n g  a n a l y s i s  d e s c r i b e d  in s e c t i o n  3.1,  it  

can  b e  s e e n  t h a t  in t h e  v a r i a n t  1704,  b o t h  c o p i e s  o f  t h e  L A T s  

p r o m o t e r  r e g i o n  a n d  o n e  c o p y  o f  t h e  L A T  c o d i n g  r e g i o n  in I R l is 

d e l e t e d .  I n  1705 on l y  t h e  IR_l c o p y  o f  t h e  L A T s  p r o m o t e r  r e g i o n  a n d  

t h e  L A T  c o d i n g  r e g i o n  is  d e l e t e d .  1706 h a s  no  d e l e t i o n  in t h e  L A T  

gene .  A s  a c o m p a r a t i v e  a n a l y s i s  o f  l a t e n c y  o f  t h e  v a r i a n t s  1704,

1705 a n d  1706 w e  h a v e  u s e d  t h e  we l l  e s t a b l i s h e d  m o u s e  f oo t  p a d  

m o d e l  s y s t e m ,  to  i n v e s t i g a t e  l a t e n c y  in t h e  D R G  o f  t h e  s p i n a l  c o r d  in 

3 w e e k  o l d  B A L B / c  m i c e .

3 . 3 . . 2 .  L a t e n c y  a n a l y s i s  o f  t h e  d e l e t i o n  v a r i a n t s ,  1 7 0 4 ,  1 7 0 5  

and  1 7 0 6 .

T h r e e  w e e k  o ld  B A L B / c  m i c e  w e r e  i n o c u l a t e d  s e p a r a t e l y  in 

the  l e f t  r e a r  f o o t  p a d  w i t h  17 syn  + , 1704,  1705 a n d  1706.  S i x  w e e k s  

pos t  i n o c u l a t i o n  n i n e  D R G  ( o n e  t h o r a c i c ,  six l u m b a r  a n d  t w o  s ac r a l  ) 

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

to i n d i v i d u a l  m i c r o t i t r e  p l a t e s  c o n t a i n i n g  E C S 5 0 .  S c r e e n i n g  fo r
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r e l e a s e  o f  r e a c t i v a t e d  v i r u s  w a s  c a r r i e d  o u t  by  t r a n s f e r r i n g  t h e  

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

m i c r o t i t r e  p l a t e  w e l l s  c o n t a i n i n g  s e m i c o n f l u e n t  B H K - 2 1  C13 ce l l s  a n d  

i n c u b a t e d  at  3 7 ° C .  R e l e a s e d  v i r u s  w a s  d e t e c t e d  by  t h e  a p p e a r e n c e  o f  

c pe  in t h e  i n d i c a t o r  B H K - 2 1  C13 cel ls .

T h e  r e s u l t s  f o r  17 syn + , 1705 a n d  1706 in F i g u r e  3 . 22  s h o w  

t h a t  a t  i n p u t  d o s e s  o f  105 p f u / m o u s e ,  17 s y n + a n d  1705 i n f e c t e d  

g a n g l i a  s t a r t e d  r e a c t i v a t i n g  at  5 a n d  6 d a y s  p o s t - e x p l a n t a t i o n  a n d  by  

day  10, 5 0 %  o f  t h e  g a n g l i a  f r o m  e a c h  g r o u p  o f  a n i m a l s  h a d  

r e a c t i v a t e d  i . e  2 8 / 5 4  g a n g l i a  f o r  17 s y n + a n d  2 7 / 5 4  f o r  1705.  T h e

g a n g l i a  f r o m  1706 i n f e c t e d  a n i m a l s  a l so s t a r t e d  to  r e a c t i v a t e  at  a b o u t  

t h e  s a m e  t i m e  b u t  b y  t h e  10th d ay  p o s t  i n o c u l a t i o n  o n l y  16% i .e  6 / 3 6  

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

W i t h  1704 i n f e c t e d  a n i m a l s  a t  an i n p u t  dose  o f  105 

p f u / m o u s e  t h e r e  w a s  no  r e a c t i v a t i o n  u n t i l  d a y  12 a n d  e v e n  t h e n  o n l y  

1/36 g a n g l i a  (3%)  r e a c t i v a t e d  w i t h  no  i n c r e a s e  in n u m b e r  up  t o  22  

days  p o s t  e x p l a n t a t i o n  ( F i g u r e  3 . 23) .  T h e  c o n t r o l  g r o u p  o f  g a n g l i a  

f r o m  17 s y n + i n f e c t e d  a n i m a l s  s t a r t e d  r e a c t i v a t i n g  on  d a y  5 a n d

b eg a n  to  p l a t e a u  at  33% on d a y  7.

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

f r e q u e n c y  w i t h  1704 w a s  d o s e  d e p e n d e n t ,  a g r o u p  o f  a n i m a l s  w e r e  

i n f e c t e d  w i t h  an  i n p u t  dos e  o f  10 p f u / m o u s e .  T h e  i n p u t  dos e  o f  17 

s y n + c o u l d  n o t  b e  i n c r e a s e d  as  al l  o f  t h e  a n i m a l s  w o u l d  h a v e  d i e d .  I t  

can be  s ee n  in F i g u r e  3 . 24  t h a t  a t  a 107 p f u  i n p u t  d o s e  1704 s t a r t e d  

r e a c t i v a t i n g  on  d a y  7 ( 4 / 3 6  g a n g l i a ) ,  p l a t e a u e d  b y  d a y  12 a n d  

r e a c h e d  a f i n a l  v a l u e  o f  30% ( 11 / 36  g a n g l i a )  by  d a y  18. T h e  17 syn + 

i n f e c t e d  g a n g l i a  s t a r t e d  r e a c t i v a t i n g  on d a y  5 i . e  5 / 1 8  p o s i t i v e  a n d  

r e a c h e d  a f i n a l  v a l u e  o f  7 2 %  o f  g a n g l i a  r e l e a s i n g  v i r u s  (13 /18)  by  

day 18.
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E x p l a n t  r e a c t i v a t i o n  t i m e  c o u r s e  o f  H S V - 1  s t r a i n  17 s y n + ( □ ) ,  

1705 ( ^  ) a n d  1706 ( ■  ). T h r e e  w e e k  o ld  B A L B / c  m i c e  w e r e  

i n o c u l a t e d  i n t o  t h e  l e f t  r e a r  f o o t p a d  w i t h  2 5 u l  o f  e a c h  v i r u s  at  a 

dos e  o f  105 p f u / m o u s e .  S i x  w e e k s  l a t e r ,  m i c e  w e r e  k i l l e d  a n d  the  

D R G s  f r o m  t h e  l e f t  s ide  o f  t h e  s p i n a l  c o r d  w e r e  r e m o v e d  and 

c u l t u r e d  in E C S 5 0 .  T h e  s u p e r n a t a n t  w a s  o v e r l a i d  on  i n d i c a t o r  

B H K - 2 1  C13 cel ls .  A g a n g l i o n  w a s  s c o r e d  p o s i t i v e  f o r  r e a c t i v a t i o n  

w h e n  c y t o p a t h i c  e f f e c t  w a s  d e t e c t e d  on t h e  B H K 2 1 - C 1 3  cell 

m o n o l a y e r s .  D a t a  g i v e n  as  p e r c e n t a g e  o f  r e a c t i v a t i o n  at  e a c h  t i me  

p o i n t .



R
ea

ct
iv

at
io

n 
(% 

ga
ng

li
a)

60

50

40

30

20

1 0 200

Days post-explantation



F i g u r e  3 . 2 3

E x p l a n t  r e a c t i v a t i o n  t i m e  c o u r s e  o f  H S V - 1  s t r a i n  17 s y n + ( □ )  

a n d  t h e  v a r i a n t  1704 ( ■  ). T h r e e  w e e k  o ld  B A L B / c  m i c e  w e r e  

i n o c u l a t e d  i n t o  t h e  l e f t  r e a r  f o o t p a d  w i t h  2 5 u l  o f  e a c h  v i r u s  at  a 

dose  o f  105 p f u / m o u s e .  S i x  w e e k s  l a t e r  m i c e  w e r e  k i l l e d  a n d  t he  

D R G s  f r o m  t h e  l e f t  s ide  o f  t h e  s p i n a l  c o r d  w e r e  r e m o v e d  and 

c u l t u r e d  in E C S 5 0 .  T h e  s u p e r n a t a n t  w a s  o v e r l a i d  on  i n d i c a t o r  

B H K - 2 1  C13 cel l s .  A g a n g l i o n  w a s  s c o r e d  p o s i t i v e  f o r  r e a c t i v a t i o n  

w h e n  c y t o p a t h i c  e f f e c t  w a s  d e t e c t e d  on t h e  B H K 2 1 - C 1 3  cel l  

m o n o l a y e r s .  D a t a  g i v e n  as  p e r c e n t a g e  o f  r e a c t i v a t i o n  at  e a c h  t i me  

p o i n t .
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E x p l a n t  r e a c t i v a t i o n  t i m e  c o u r s e  o f  H S V - 1  s t r a i n  17 s y n + ( | )  

a n d  t h e  v a r i a n t  1704 ( □  ). T h r e e  w e e k  o ld  B A L B / c  m i c e  w e r e  

i n o c u l a t e d  i n t o  t h e  l e f t  r e a r  f o o t p a d  w i t h  2 5 u l  o f  v i r u s  at  a dose  of  

105 p f u / m o u s e  o f  17+ a n d  107 p f u / m o u s e  o f  1704.  S ix  w e e k s  l a t e r  

m i c e  w e r e  s a c r i f i c e d  a n d  t h e  D R G s  f r o m  t h e  l e f t  s i de  o f  t h e  s p i na l  

c o r d  w e r e  r e m o v e d  a n d  c u l t u r e d  in E C S 5 0 .  T h e  s u p e r n a t a n t  was  

o v e r l a i d  on i n d i c a t o r  B H K - 2 1  C13 cel l s .  A g a n g l i o n  w a s  sco red  

p o s i t i v e  fo r  r e a c t i v a t i o n  w h e n  c y t o p a t h i c  e f f e c t  w a s  d e t e c t e d  on  the  

B H K 2 1 - C 1 3  cel l  m o n o l a y e r s .  D a t a  g i v e n  as  p e r c e n t a g e  of  

r e a c t i v a t i o n  at  e a c h  t i m e  p o i n t .
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3 . 3 . 3 .  G e n o m e  a n a l y s i s  o f  r e a c t i v a t e d  1 7 0 4 , 1 7 0 5  a n d  1 7 0 6 .

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

s t r u c t u r e s  o f  t h e  v a r i a n t  1704,  1705 a n d  1705 f o l l o w i n g  i n o c u l a t i o n  

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

w a s  g r o w n  f r o m  a r e p r e s e n t a t i v e  p l a q u e  o f  e a c h  v a r i a n t ,  i t s  D N A
32e x t r a c t e d ,  r a d i o l a b e l l e d  w i t h  P a n d  s u b j e c t e d  t o  r e s t r i c t i o n  

e n d o n u c l e a s e  d i g e s t i o n  w i t h  H p a l  a n d  B a m  HI .  T h e  r e s u l t s  a r e  s h o w n  

in F i g u r e  3 . 25 .  T h e  D N A  p r o f i l e s  o f  t h e  r e a c t i v a t e d  v a r i a n t s  

c o m p a r e d  w i t h  t h e  i n p u t  v i r u s e s  s h o w  no  a p p a r e n t  d i f f e r e n c e s .

3 . 4 .  C O R R E C T I O N  O F  T H E  D E L E T I O N  I N  T H E  V A R I A N T  

1 7 0 4 .

T o  d e t e r m i n e  w h e t h e r  t h e  p h e n o t y p e  o f  1704 w a s  e n t i r e l y  

due  to  t h e  d e l e t e d  s e q u e n c e s  i t  w a s  n e c e s s a r y  to  c o r r e c t  t h e  d e l e t i o n  

in T R l  a n d  IR_l  a n d  d e t e r m i n e  w h e t h e r  t h e  p h e n o t y p e  o f  t h e  

r e s u l t a n t  r e c o m b i n a n t  w a s  t h a t  o f  t h e  p a r e n t a l  v i r u s .  T o  do  t h i s ,  

u n i t  l e n g t h  1704 g e n o m e s  a n d  t h e  B a m  HI  b r e s t r i c t i o n  e n d o n u c l e a s e  

f r a g m e n t  s p a n n i n g  t h e  d e l e t i o n  f r o m  t h e  17 s y n + g e n o m e  w e r e  

c o t r a n s f e c t e d  o n t o  B H K - 2 1  C13 cel l s .  T h e  p r o g e n y  v i r u s  w a s  t i t r a t e d  

and i n d i v i d u a l  p l a q u e s  w e r e  p i c k e d .  T h e i r  D N A s  w e r e  a n a l y s e d  by  

r e s t r i c t i o n  e n d o n u c l e a s e s  u s i n g  t h e  m e t h o d  o f  L o n s d a l e  ( 1979) .  T h e  

s t r a t e g y  is  o u t l i n e d  in F i g u r e  3 . 26 .  R e c o m b i n a n t  v i r u s e s  w e r e  

i d e n t i f i e d ,  p l a q u e  p u r i f i e d  a n d  t h e i r  D N A  p r o f i l e s ,  p a t h o g e n i c i t y  a n d  

l a t e n c y  p o t e n t i a l  d e t e r m i n e d .

T h e  d e l e t i o n  in 1704 w a s  s h o w n  to b e  w i t h i n  H p a l  o in 

TR^ a n d  w i t h i n  H p a l  v a n d  r in U l / I R l  ( F i g u r e s  3.1 a n d  3.2) .  T h e  

B a m H l  b f r a g m e n t  c o v e r s  t h e  H p a l  s, v,  r a n d  m  f r a g m e n t s  ( F i g u r e  

3.2).  T h e  s e l e c t i o n  o f  t h i s  p a r t i c u l a r  f r a g m e n t  f o r  m a r k e r  r e s c u e  

e x p e r i m e n t s  w a s  b a s e d  on  t h e  a s s u m p t i o n  t h a t  i f  recombinq4.*on o c c u r s  

in I R  t h e  d e l e t i o n  wi l l  a l so  b e  c o r r e c t e d  in T R  . A l s o  t h e  l a r g e r
L U
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32A u t o r a d i o g r a p h  o f  r e s t r i c t i o n  e n z y m e  d i g e s t s  o f  v i r a l  D N A  P 

l a b e l l e d  in v i v o  o f  r e a c t i v a t e d  v i r u s  r e c o v e r e d  f r o m  D R G  o f  B A L B / c  

mi c e .  H p a l  ( l a n e s  1 to  5) a n d  B a m  HI  ( l a n e s  6 t o  10) o f  17 syn + 

( l anes  1 a n d  6) r e a c t i v a t e d  17 s y n + ( l ane s  2 a n d  7) ,  r e a c t i v a t e d  1704 

( l anes  3 a n d  8),  r e a c t i v a t e d  1705 ( l a n e s  4 a n d  9)  a n d  r e a c t i v a t e d  1706 

( l anes  5 a n d  10). L e t t e r s  r e f e r  t o  s p e c i f i c  f r a g m e n t s ,  a r r o w h e a d s  

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

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

v a r i a n t  1704.
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B a m  H I  b f r a g m e n t  w a s  u s e d  t o  f a c i l i t a t e  r e c o m b i n a t i o n  b e t w e e n  t h e  

f r a g m e n t  a n d  t h e  i n t a c t  g e n o m e  ( t h e  l a r g e r  t h e  f r a g m e n t  t h e  g r e a t e r  

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

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

5,  10 a n d  20  f o l d  m o l a r  e x c e s s  to  t h e  i n t a c t  1704 D N A .  A f t e r  t h r e e  

d ay s  i n c u b a t i o n  o n l y  t h e  2 0  f o l d  m o l a r  e x c e s s  p l a t e s  h a d  p l a q u e s .  

S e v e n t y  p l a q u e s  w e r e  p i c k e d  a n d  t h e  D N A s  o f  66 o f  t h e m  w e r e  

a n a l y s e d  w i t h  B g l I I .  R e c o m b i n a t i o n  b e t w e e n  B a m H l  b a n d  t h e  

i n t a c t  1704  g e n o m e  wi l l  b e  d e m o n s t r a t e d  on B g l l l  d i g e s t i o n  by  t h e  

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

j  b a n d  to  i t s  n o r m a l  p o s i t i o n  a n d  al so t h e  r e a p p e a r a n c e  o f  t h e  j o i n t  

f r a g m e n t  a (f + j ) ( F i g u r e  3 .2) .

F o u r  i s o l a t e s  s h o w e d  B g l l l  p r o f i l e s  i d e n t i c a l  t o  t h a t  o f  w i l d  

t y p e  17 s y n + h e n c e  i n d i c a t i n g  t h a t  r e c o m b i n a t i o n  c o r r e c t i n g  t h e  

d e l e t i o n  in 1704 h a d  t a k e n  p l a c e .  T h e  r e c o m b i n a n t  w a s  d e s i g n a t e d  as 

1704R.  F i g u r e s  3 . 27  a n d  3.2 s h o w  t h e  B g l l l  p r o f i l e  o f  a r e c o m b i n a n t  

c o m p a r e d  to  w i l d  t y p e  a n d  1704.  T h e  D N A  o f  t h e  p l a q u e s  d i g e s t e d  

w i t h  B a m H l  a n d  H p a l  c o n f i r m  t h e i r  s t r u c t u r e .  D i g e s t i o n  o f  1704 

D NA  w i t h  B a m  HI  ( F i g u r e s  3 . 28  a n d  3 . 2 )  s h o w s  t h a t  t h e  b f r a g m e n t  

is r e d u c e d  by  2 . 5 x l 0 6 M r  a n d  t h e  e f r a g m e n t  b y  0 . 7 x l 0 6 M r .  In 

1704R t h e  b f r a g m e n t  w a s  r u n n i n g  at  t h e  w i l d  t y p e  p o s i t i o n  as w a s  

t he  e f r a g m e n t .

O n  H p a l  d i g e s t i o n  1 7 0 4 R H p a l  v ,  r  a n d  o w e r e  al l  r u n n i n g  

in t h e  w i l d  t y p e  p o s i t i o n  i n d i c a t i n g  t h a t  t h e  d e l e t i o n  b o t h  in U l / I R l  

and  T R l  h a s  b e e n  c o r r e c t e d  ( F i g u r e  3 . 29  a n d  3 .2) .

3 . 5 .  I S O L A T I O N  O F  T H E  V A R I A N T  1 7 0 4  L P ‘

O f  t h e  66  p l a q u e s  a n a l y s e d  f r o m  t h e  t r a n s f e c t i o n  o f  1704 

D N A + 5 f l m H I  b o f  17 syn  + , o n e  s h o w e d  a D N A  p r o f i l e  w h i c h  

i n d i c a t e d  t h a t  t h e r e  w a s  p a r t i a l  c o r r e c t i o n  o f  t h e  d e l e t i o n  in U l / I R l
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32A u t o r a d i o g r a p h  o f  B g l l l  d i g e s t  o f  v i r a l  D N A  P l a b e l l e d  in v i v o  

o f  17 syn + ( l ane  1), 1704 ( l a ne  2)  a n d  1704R ( l a n e  3). L e t t e r s  r e f e r  

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

f r a g m e n t s  a r e  m i s s i n g  a n d  s t a r s  i n d i c a t e  n o v e l  f r a g m e n t s .  T h e  DNA 

p r o d u c t s  w e r e  s e p a r a t e d  on  a 0 . 6 %  a g a r o s e  gel .



1 2 3

15 g  s
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A u t o r a d i o g r a p h  o f  B a m Y l l  d i g e s t  o f  v i r a l  D N A  32P l a b e l l e d  in 

v i v o  o f  17 syn + ( l ane  1), 1704 ( l ane  2 ) , 1 7 0 4 R  ( l a n e  3) and 

1 7 0 4 L P " ( l a n e  4) .  L e t t e r s  r e f e r  t o  s p e c i f i c  f r a g m e n t s ,  a r r o w h e a d s  

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

n o v e l  f r a g m e n t s .  T h e  D N A  p r o d u c t s  w e r e  s e p a r a t e d  on a 0 .8% 

a g a r o s e  gel .
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A u t o r a d i o g r a p h  o f  H p a l  d i g e s t  o f  v i r a l  D N A  32P l a b e l l e d  in v i v o  of  

17 s y n +  ( l ane  1), 1704 ( l ane  2 ) , 1 7 0 4 R  ( l ane  3) a n d  1 7 0 4 L P  ( l ane  4).  

L e t t e r s  r e f e r  to s p e c i f i c  f r a g m e n t s ,  a r r o w h e a d s  i n d i c a t e  t h e  p os i t i on  

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

D N A  p r o d u c t s  w e r e  s e p a r a t e d  on a 0 . 8 %  a g a r o s e  gel .
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a n d  in T R ^  it  h a d  n o t  b e e n  c o r r e c t e d  at  al l .  T h i s  w a s  s h o w n  b y  t h e  

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

t h a n  t h e  e q u i v a l e n t  w i l d  t y p e  b a n d s  ( F i g u r e  3 . 30) .  T h e  B g l U  j  

f r a g m e n t  w h i c h  h a d  b e e n  r e d u c e d  b y  0 . 7 x l 0 6 M r  in 1704 w a s  

r u n n i n g  a t  t h e  s a m e  p o s i t i o n  as in 1704 D N A  s h o w i n g  t h a t  t h e  

d e l e t i o n  h a s  no t  b e e n  c o r r e c t e d  in T R l . O v e r a l l  t h e  r e s t r i c t i o n  

p r o f i l e  i n d i c a t e d  an a p p r o x i m a t e l y  0 . 7 x l 0 6 M r  d e l e t i o n  b o t h  in T R l  

a n d  I R  A f t e r  t h r e e  r o u n d s  o f  p l a q u e  p u r i f i c a t i o n  t h i s  w a s  f u r t h e r  

c o n f i r m e d  b y  H p a l  a n d  B a m  HI  d i g e s t i o n .

H p a l  d i g e s t i o n  ( F i g u r e s  3 . 29  a n d  3 .2)  s h o w e d  t h a t  t h e  H p a l  

o f r a g m e n t  w a s  d e l e t e d  by  0 . 7 x l 0 6 M r  a n d  w a s  r u n n i n g  b e l o w  s. T h e  

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

i n v o l v i n g  t h e  U L p a r t  o f  1704 h a d  b e e n  c o r r e c t e d ,  m  w a s  u n a l t e r e d  

a n d  r w a s  a l so  r e d u c e d  by  0 . 7 x l 0 6 M r  a n d  w a s  r u n n i n g  b e l o w  o.  T h e  

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

d e l e t i o n  i s  c o n f i n e d  to  r on l y .

A B a m  HI  d i g e s t  s h o w e d  t h a t  t h e  e b a n d  w a s  r e d u c e d  by  

0 . 7 x l 0 6 M r  a n d  w a s  c o m i g r a t i n g  w i t h  / ,  w h i l e  t h e  b b a n d  w a s  

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

t h a t  t h e  d e l e t i o n  in I R l  a n d  T R ^  is p r o b a b l y  i d e n t i c a l  ( F i g u r e s  3 . 28  

a n d  3 .2) .

3 . 5 . 1 .  F i n e  m a p p i n g  o f  t h e  d e l e t i o n  in  t h e  v a r i a n t  1 7 0 4  L P

F i n e  m a p p i n g  o f  t h e  d e l e t i o n  in  T R l a n d  I R l h a s  b e e n

c a r r i e d  o u t  by  S o u t h e r n  b l o t t i n g  u s i n g  an  1 8 - m e r  s y n t h e t i c  

o l i g o n u c l e o t i d e  as  t h e  p r o b e .  A s  t h e  1704 H p a l  o*  f r a g m e n t  h a s

b e e n  s e q u e n c e d  a c r o s s  t h e  d e l e t i o n  ( see  s e c t i o n  3 . 1 . 2 . d ) ,  t h e

o l i g o n u c l e o t i d e  w a s  s e l e c t e d  f r o m  t h e  H p a l  o* f r a g m e n t  o f  1704 f r o m  

np 7 1 9 4 - 7 2 0 2  t o g e t h e r  w i t h  np  8 1 4 5 - 8 1 5 4  i . e  n i n e  b a s e  p a i r s  f r o m  

each  e n d  p o i n t  o f  t h e  d e l e t i o n .  T h e  s e q u e n c e  o f  t h i s  o l i g o n u c l e o t i d e
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32A u t o r a d i o g r a p h  o f  B g l l l  d i g e s t  o f  v i r a l  D N A  P l a b e l l e d  in v i v o  

o f  17 s y n + ( l ane  1), 1 7 0 4 L P ’ ( l a ne  2)  a n d  1704 ( l a n e  3).  L e t t e r s  r e f e r  

to  s pe c i f i c  f r a g m e n t s ,  a r r o w h e a d s  i n d i c a t e  t h e  p o s i t i o n  w h e r e  

f r a g m e n t s  a r e  m i s s i n g  a n d  s t a r s  i n d i c a t e  n o v e l  f r a g m e n t s .  T h e  DNA 

p r o d u c t s  w e r e  s e p a r a t e d  on a 0 . 6 %  a g a r o s e  gel .
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is s h o w n  in  F i g u r e  3.31.  T h e  o l i g o n u c l e o t i d e  w a s  d e s i g n a t e d  as  ' E \  

T h e  l og i c  b e h i n d  c h o o s i n g  t h e  s e q u e n c e  f r o m  1704 H p a l  o* is t h a t  i f  

1 7 0 4 L P  s h a r e s  i d e n t i c a l  d e l e t e d  s e q u e n c e s  as t h o s e  w i t h i n  t h e  1704 

T R ^  d e l e t i o n ,  t h e  n o v e l  H p a l  o* a n d  r* f r a g m e n t s  s h o u l d  s h ow  

p o s i t i v e  h y b r i d i s a t i o n  w i t h  o l i g o n u c l e o t i d e  *E\  T h e  o l i g o n u c l e o t i d e  

' E ’ p r o b e  w a s  a l l o w e d  to  h y b r i d i s e  to H p a l  d i g e s t e d  S o u t h e r n  b l o t s  

o f  1 7 0 4 ,  1 7 0 4 L P  a n d  17 syn  + . O l i g o n u c l e o t i d e  ' E ’ s h o w e d  p o s i t i v e  

h y b r i d i s a t i o n  w i t h  t h e  H p a l  o* a n d  r* b a n d s  o f  1 7 0 4 L P "  a n d  H p a l  o* 

o f  1704 ( F i g u r e  3 . 32) .  S i n c e  t h e s e  s e q u e n c e s  w e r e  n o t  p r e s e n t  in 17 

s y n + t h e  o l i g o n u c l e o t i d e  ' E ’ f a i l e d  to h y b r i d i s e  t o  t h e  w i l d  t y p e  H p a l  

o b a n d .

I n  o r d e r  t o  c o n f i r m  t h a t  t h e  d e l e t i o n  in  t h e  v a r i a n t  

1 7 0 4 LP "  i s  e x a c t l y  as in 1704 T R l , a n o t h e r  1 8 - m e r  o l i g o n u c l e o t i d e  

w a s  s e l e c t e d  f r o m  t h e  w i l d  t y p e  s e q u e n c e s  w h i c h  a r e  d e l e t e d  in 1704 

TR^.  T h i s  w a s  d e s i g n a t e d  as o l i g o n u c l e o t i d e  *F\  T h e  o l i g o n u c l e o t i d e  

s h o w e d  p o s i t i v e  h y b r i d i s a t i o n  to  t h e  w i l d  t y p e  H p a l  o a n d  r b a n d s  

b u t  f a i l e d  to  h y b r i d i s e  t o  1704 a n d  1 7 0 4 L P  D N A  ( F i g u r e  3 . 32) .

T h e s e  r e s u l t s  s u g g e s t s  t h a t  1 7 0 4 L P  h a s  a d e l e t i o n  i d e n t i c a l  

to t h a t  in 1704 T R  f r o m  np 7 2 0 2  to  8144  in  T R  a n d  np  118228 to
L L

np 119168 in I R l i . e .  9 4 2  bp  in l e n g t h  ( F i g u r e  3.33) .  T h i s  d e l e t i o n  

i n v o l v e s  b o t h  c o p i e s  o f  t h e  L A T  p r o m o t e r  r e g i o n  i . e  T A T A A  & 

C A A T  b o x e s  a n d  S p l  b i n d i n g  s i t es .

3 . 6  N E U R O V I R U L E N C E  O F  1 7 0 4 R  A N D  1 7 0 4 L P ’ .

G r o u p s  o f  f o u r ,  t h r e e  w e e k  o l d  B A L B / c  m i c e  w e r e  

i n o c u l a t e d  w i t h  1, 10, 102 a n d  103 p f u / m o u s e  o f  1 7 0 4R  a n d  1 7 04 LP  ; 

wi l d  t y p e  a n d  1704 w e r e  u s e d  as c o n t r o l s  in t h i s  e x p e r i m e n t .  T h e  

r e s u l t s  in  t h e  T a b l e  3.10,  s h o w  t h a t  170 4 R a n d  1 7 0 4 L P "  v a r y  in t h e i r  

p a t h o g e n i c  p h e n o t y p e .  T h e  L D 5q o f  1 7 0 4 L P  is t h a t  o f  w i l d  t y p e  b u t
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S e q u e n c e  o f  t h e  o l i g o n u c l e o t i d e s  *E* a n d  *F\  T h e  

o l i g o n u c l e o t i d e  ' E ’ w a s  d e s i g n e d  to  t h e  c o r r e s p o n d i n g  s e q u e n c e s  in 

t h e  H p a l  0 * f r a g m e n t  o f  t h e  v a r i a n t  1704.  T h e  o l i g o n u c l e o t i d e  ' F ’ 

w a s  t a k e n  f r o m  t h e  H p a l  o f r a g m e n t  o f  t h e  17 s y n + s e q u e n c e s ,  w h i c h  

a r e  d e l e t e d  in t h e  v a r i a n t  1704.  C o o r d i n a t e s  a r e  g i v e n  as  n u c l e o t i d e  

p o s i t i o n s  ( M c G e o c h  e t  al. ,  1988).



Sequence of the oligonucleotide E

7202 8145

3-GGCCCCGGGCAGGGGCGG-5’

I  *

7193 8153

Sequence of the oligonucleotide... F

3’-GT AATTTT ATTTT CCT CG-5’

t

7651
t

7668
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32A u t o r a d i o g r a p h  o f  S o u t h e r n  b l o t s  in w h i c h  P l a b e l l e d  in 

v i t r o :  o l i g o n u c l e o t i d e  ' E ’: p a n e l  (a)  17 s y n + ( l a n e  1), 1704  ( l ane  2)

a n d  1704LP "  ( l ane  3) a n d  o l i g o n u c l e o t i d e  *F’: p a n e l  ( b )  1704 ( l ane  1),

1704LP"  ( l ane  2) a n d  17 s y n + ( l a ne  3) w e r e  h y b r i d i s e d  to  H p a l

d i g e s t e d  D N A  o f  17 syn + , 1704 a n d  1 7 0 4 L P  . L e t t e r s  r e f e r  to

s p e c i f i c  f r a g m e n t s .



■ i t '
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S t r u c t u r e  o f  t h e  H S V - 1 g e n o m e  ( top  l i ne )  s h o w i n g  U L a n d  U s 

f l a n k e d  by T R l/ I R l a n d  I R s/ T R s r e s p e c t i v e l y .  T h e  s e c o n d  l i ne  s ho w s  

e x p a n s i o n  o f  t h e  T R l a n d  I R L r e g i o n s  o f  t h e  g e n o m e .  A b o v e  t h e  l ine,  

t h e  p o s i t i o n  o f  t h e  3 ’ e n d  o f  I E1  a n d  t h e  5 ’ e n d  o f  t h e  L A T  are  

i n d i c a t e d  by  a r r o w s .  T h e  L A T  p r o m o t e r  r e g i o n  is i n d i c a t e d  by  a 

h a t c h e d  b a r .  T h e  e x t e n t  o f  t h e  d e l e t i o n  in 1 7 0 4 L P  in R is m a r k e d  

b e l o w  t h e  l ine.  C o o r d i n a t e s  a r e  g i v e n  as  n u c l e o t i d e  p o s i t i o n s  in t he  

TR^  r e g i o n  of  t h e  g e n o m e  ( M c G e o c h  et  al . ,  1988).



m

5489

6910
7202,

CD

7796

8144

H
ZD

ZD

ZD
05

<=
05

H
ZD

05

IV)o

COo

cno

0 5o

-vlo

00o

COo

oo

rv)
o

COo

-Fv
O

Oio
Tver



Table: 3.10. LD50 values after intracranial inoculation of 17 

syn+, 1704,1704R and 1704LP'

Virus
★

1 1x101 1x102 1x103 LD50
pfu/mouse

17+
★ *

0/4 1/4 4/4 ND 22

1704 ND 1/4 2/4 4/4 1x102

1704R ND 0/4 0/4 1/4 >1x103

1704LP' ND 1/4 3/4 3/4 32

* Dose pfu/animal

**Number of deaths/number of animals inoculated. 

N.D: Not done.

3 week old BALB/c mice were used.

0.025ml of virus inoculated.
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1 70 4 R s h o w s  an  L D 5q o f  > 1 0 3 p f u / m o u s e .

3 . 7  L A T E N C Y  A N A L Y S I S  O F  1704R A N D  1 7 0 4 L P '

T h r e e  w e e k  o ld  B A L B / c  m i c e  w e r e  i n o c u l a t e d  s e p a r a t e l y  

v i a  t h e  l e f t  r e a r  f o o t  p a d  w i t h  105 p f u  o f  17 syn  + , 1704,  170 4 R a n d  

1 7 0 4 L P  . S i x  w e e k s  p o s t  i n o c u l a t i o n  m i c e  w e r e  s a c r i f i c e d .  N i n e  

D R G  ( l a s t  t h o r a c i c ,  six l u m b a r  a n d  t w o  s ac r a l )  f r o m  t h e  l e f t  s ide  of  

t h e  s p i n a l  c o r d  w e r e  e x p l a n t e d ,  a n d  t r a n s f e r r e d  to  i n d i v i d u a l  

m i c r o t i t r e  p l a t e s  c o n t a i n i n g  E C S 5 0  a n d  s c r e e n e d  f o r  r e l e a s e  of  

i n f e c t i o u s  v i r u s  ( see  m e t h o d  s e c t i on  2.13) .  T h e  r e s u l t s  a r e  s h o w n  in 

F i g u r e  3 . 34 .  D e t e c t i o n  o f  1 7 04 R on t h e  s i x t h  d a y  p o s t  e x p l a n t a t i o n  

d e m o n s t r a t e s  t h a t  t h e  k i n e t i c s  o f  r e a c t i v a t i o n  o f  1 7 0 4 R h a v e  

r e t u r n e d  t o  t h a t  o f  17 s y n + s u g g e s t i n g  t h a t  t h e  s e q u e n c e s  d e l e t e d  in 

1704 c o n f e r  t h e  s low p h e n o t y p e .  H o w e v e r  t h e  f r e q u e n c y  o f  

r e a c t i v a t i o n  in 1 7 04R r e m a i n e d  p o o r  i n d i c a t i n g  t h a t  t h i s  v i r u s  h a d  

n o t  r e v e r t e d  f u l l y  to  w i l d  t y p e  b e h a v i o u r .  T h e  k i n e t i c s  o f  

r e a c t i v a t i o n  o f  1 7 0 4 L P "  on  t h e  o t h e r  h a n d  m i m i c  t h o s e  o f  1704.  T h e  

v a r i a n t  1 7 0 4 L P  f a i l s  to  m a k e  d e t e c t a b l e  L A T s  b y  N o t h e r n  b l o t t i n g  

(N.W.  F r a s e r ,  p e r s o n a l  c o m m u n i c a t i o n ) .

3 . 8  G R O W T H  P R O P E R T I E S  O F  1 7 0 4 R  A N D  1 7 0 4 L P '  I N  

V I T R O .

O n e  s t ep  g r o w t h  p r o p e r t i e s  o f  1704R,  1 7 0 4 L P  , 1704 a n d  17 

s y n + w e r e  c a r r i e d  o u t  o v e r  a 2 4 h  p e r i o d  in  B H K - 2 1  C13 ce l l  at  3 7 ° C  

a nd  t h e  r e s u l t s  a r e  s h o w n  in F i g u r e  3 .35.  I t  h a s  b e e n  p r e v i o u s l y  

s h o w n  t h a t  1704 g r o w s  at  a s l i g h t l y  s l o w e r  r a t e  t h a n  t h e  w i l d  t y p e  

v i r u s  a n d  p r o d u c e s  a l o w e r  2 4 h  y i e l d  ( M a c L e a n  a n d  B r o w n ,  1987b) .  

A l t h o u g h  1 7 0 4 L P "  g r o w s  s i m i l a r l y  to  t h e  p a r e n t ,  1 7 0 4 R w a s  s l i g h t l y  

i m p a i r e d  in  i t s  r a t e  o f  g r o w t h  a n d  g a v e  a 2 4 h  y i e l d  s i m i l a r  to  1704.  

T h i s  c o u l d  e x p l a i n  t h e  d i f f e r e n c e  in t h e  L D 5q‘s o f  1 70 4 R a n d  1704,



F i g u r e  3 . 3 4

E x p l a n t  r e a c t i v a t i o n  t i m e  c o u r s e  o f  H S V - 1 s t r a i n  17 s y n + ( □ ) ,  

1704 ( |  ), 1704R ( O )  a n d  1 7 0 4 L P  r e e  w e e k  o ld  B A L B / c  m i c e

w e r e  i n o c u l a t e d  i n t o  t h e  l e f t  r e a r  f o o t p a d  w i t h  2 5 u l  o f  e a c h  v i r u s  at 

a dose  o f  105 p f u / m o u s e  . S ix  w e e k s  l a t e r  m i c e  w e r e  k i l l e d  t h e  D RG s  

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

E C S 5 0 .  T h e  s u p e r n a t a n t  w a s  o v e r l a i d  on i n d i c a t o r  B H K - 2 1  C13 cel ls.

A g a n g l i o n  w as  s co re d  p o s i t i v e  fo r  r e a c t i v a t i o n  w h e n  c y t o p a t h i c  

e f f e c t  w a s  d e t e c t e d  on t h e  B H K 2 1 - C 1 3  ce l l  m o n o l a y e r s .  D a t a  g i v e n  

as p e r c e n t a g e  o f  r e a c t i v a t i o n  at  e a c h  t i m e  p o i n t .
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F i g u r e  3 , 3 5

O n e  s tep g r o w t h  c u r v e s  of  H S V - 1  s t r a i n  17 syn + ( § | )  , 1704 ( 0 )  

, 1704R ( □  ) a n d  1 7 0 4 L P '  ( O ) in B H K - 2 1  C13 cel l s .  Ce l l s  w e r e  

i n f e c t e d  at  a m u l t i p l i c i t y  o f  5 p f u / c e l l ,  t h e  m o n o l a y e r s  w a s h e d  t w i c e  

w i t h  P B S / c a l f  s e r u m ,  o v e r l a i d  w i t h  E T C 1 0  a n d  i n c u b a t e d  a t  3 7 ° C .  

P l a t e s  w e r e  h a r v e s t e d  at  0,  2,  6, 8, 12 a n d  24  h p o s t  i n f e c t i o n  a nd  

t i t r a t e d  as n o r m a l .
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w h e r e  1 7 0 4 R h a s  a L D 50 o f  > 1 0 3 p f u / m o u s e  ( see  s e c t i o n  3 . 4 . 4 ) .

3 . 9 .  I N F E C T E D  C E L L  P O L Y  P E P T I D E  S Y  N T H E S I S  B Y  1 7 0 4 R  

A N D  1 7 0 4 L P ' .

I t  h a s  b e e n  s h o w n  p r e v i o u s l y  t h a t  1704 s y n t h e s i s e s  n o r m a l  

a m o u n t s  o f  H S V -  1 i n d u c e d  i m m e d i a t e  e a r l y  p o l y p e p t i d e s  u n d e r  

i m m e d i a t e  e a r l y  c o n d i t i o n s  ( M a c L e a n  a n d  B r o w n ,  1987b) .  T h e  

i n f e c t e d  ce l l  p o l y p e p t i d e s  o f  17 syn + , 1704,  1 7 04 R a n d  1 7 0 4 L P  w e r e
35l a b e l l e d  w i t h  S m e t h i o n i n e  a n d  a n a l y s e d  b y  S D S - P A G E  (see  m e t h o d  

s e c t i o n  2 . 3 9 ) .  T h e  r e s u ^ s  a r e  s h o w n  in F i g u r e  3 .36.  T h e r e  w e r e  no  

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

s y n t h e s i z e d  b y  17 s y n + ( l a n e  2) ,  1704 ( l a ne  3),  1 7 0 4 R ( l a ne  4)  a n d  

1 7 0 4 L P ” ( l a n e  5) ,  c o m p a r e d  w i t h  m o c k  i n f e c t e d  ce l l s  ( l a n e  1), 

i n d i c a t i n g  t h a t  a l t h o u g h ,  a p p a r e n t l y  t h e r e  is no  e f f e c t  on d e t e c t a b l e  

g e n e r a l  p o l y p e p t i d e  s y n t h e s i s  o f  1704R a n d  1 7 0 4 L P  , d e t a i l e d  

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



F i g u r e  3 . 3 6

A u t o r a d i o g r a p h  o f  i n f e c t e d  ce l l  p o l y p e p t i d e s  i n d u c e d  in B H K - 2 1

C13 cel ls ,  l a b e l l e d  w i t h  35S - m e t h i o n i n e  f r o m  4 - 2 4  h p o s t  i n f e c t i o n

a n d  s e p a r a t e d  on S D S - P A G E  u s i n g  a 5 - 1 2 . 5 %  p o l y a c r y l a m i d e
_ 3

g r a d i e n t  gel .  M o l e c u l a r  w e i g h t s  (x 10 ) o f  p r e d o m i n a n t  H S V - 1

p o l y p e p t i d e s  a r e  g i v e n  on t h e  l e f t  h a n d  s ide.  A is a c t i n .  L a n e  1, 

m o c k  i n f e c t e d ;  l a ne  2,  17 syn + ; l a ne  3, 1704;  l a ne  4,  1 7 0 4R  a n d  l ane  

5, 1 7 0 4 L P " .
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T h e  a i m  o f  t h e  w o r k  p r e s e n t e d  in t h i s  t h e s i s  w a s  to  f u r t h e r  

c h a r a c t e r i s e  t h r e e  H S V - 1  s t r a i n  17 s y n + d e l e t i o n  v a r i a n t s  i s o l a t e d  

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

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

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

t h e  v a r i a n t s  w e r e  s t u d i e d  in v i v o  u s i n g  B A L B / c  m i c e .  T h e  v a r i a n t s  

1704,  1705 a n d  1706 w i t h  U l / I R l / T R l  r e a r r a n g e m e n t s  w e r e  i s o l a t e d  

f o l l o w i n g  r e s t r i c t i o n  e n z y m e  a n a l y s i s  o f  80 p r o g e n y  p l a q u e s  f r o m  a 

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

p r o g e n y ,  11 i s o l a t e s  s h o w e d  e x t e n s i v e  v a r i a t i o n  u p  t o  s e v e r a l  

h u n d r e d  b a s e  p a i r s  l ong  w i t h i n  t h e  R r e g i o n  o f  t h e  g e n o m e  e x c l u d i n g  

t h e  ' a ’ s e q u e n c e  ( M a c L e a n  a n d  B r o w n ,  1987b) .

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

c o n t a i n e d  a h i g h e r  t h a n  e x p e c t e d  p r o p o r t i o n  o f  g e n o m e s  w i t h  

a l t e r a t i o n s  a n d  r e a r r a n g e m e n t s  i n v o l v i n g  t h e  l o n g  r e p e a t  r e g i o n  of  

t h e  g e n o m e .  T h i s  w a s  c o n c o r d a n t  w i t h  f i n d i n g s  on H S V - 2  s t r a i n  

H G 5 2  in w h i c h  s e v e r a l  g e n o m e s  w i t h  r e a r r a n g e m e n t s  o f  t h e  s h o r t  

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

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

s e p a r a t e  e x p e r i m e n t  ( H a r l a n d  a n d  B r o w n ,  1985;  B r o w n  a n d  H a r l a n d ,

1987) .  T h i s  " c l u s t e r i n g "  o f  r e a r r a n g e m e n t s  t o  p a r t i c u l a r  r e g i o n s  o f  

t h e  g e n o m e  in a n y  o n e  e x p e r i m e n t  p o i n t e d  to  t h e m  h a v i n g  a r i s e n  

f r o m  a s i ng l e  o r  r e l a t e d  e v e n t s .

T h e  f a v o u r e d  e x p l a n a t i o n  at  t h e  t i m e  o f  i s o l a t i o n  o f  1704,  

1705 a n d  1706 w a s  t h a t  o n e  v a r i a n t  g e n o m e  h a d  a r i s e n  w h i c h  d u e  to 

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

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

p o t e n t i a l l y  l e a d  t o  t h e  i s o l a t i o n  o f  s e v e r a l  v a r i a n t s  in a p o p u l a t i o n .
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I t  w a s  f u r t h e r  p o s t u l a t e d  t h a t  s i n c e  t h e  d e l e t i o n  o c c u r r e d  w i t h i n  or  

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

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

f o u n d  w i t h i n  t h e s e  r e g i o n s  o f  t h e  H S V - 1 g e n o m e  ( M a c L e a n  a n d  

B r o w n ,  1987b) .

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

in 1704,  1705 a n d  1706 w e r e  s u b j e c t e d  to  d i d e o x y s e q u e n c e  a n a l ys i s .  

T h e  v a r i a n t  1704 is  d e l e t e d  b e t w e e n  np  116502 in U L a n d  1 2 0 2 60  in 

IR_l . T h e r e f o r e  6 1 12bp  o f  IR_l h a s  b e e n  r e t a i n e d  b e t w e e n  t h e  ' a ’

s e q u e n c e  a n d  t h e  s t a r t  o f  t h e  d e l e t i o n ,  3 1 0 3 b p  h a s  b e e n  los t  in

a d d i t i o n  to  6 5 5 b p  o f  . I n  T R L , t h e  d e l e t i o n  is  b e t w e e n  np  7 2 0 2  

a n d  np  8144 ,  t h e r e f o r e  7 2 0 2 b p  h a s  b e e n  r e t a i n e d  b e t w e e n  t h e  ' a ’

s e q u e n c e  a n d  t h e  s t a r t  o f  t h e  d e l e t i o n  p l u s  1071bp  b e t w e e n  t h e

d e l e t i o n  a n d  t h e  s t a r t  o f  U .

T h e  4 7 3 5 b p  d e l e t i o n  in 1705 s t a r t e d  at  np  115453 in U L a n d  

t e r m i n a t e d  a t  120188 np  in I R l . T h e r e  w a s  t h e r e f o r e  1 0 4 9 bp  

b e t w e e n  t h e  s t a r t  o f  t h e  U L d e l e t i o n  in 1704 a n d  1705.  W i t h i n  I R^  

t h e r e  w a s  o n l y  172bp  d i f f e r e n c e  b e t w e e n  t h e  e n d  p o i n t s  o f  t h e  1704 

a n d  1705 d e l e t i o n s .  . T h e  v a r i a n t s ,  1704 a n d  1705 m a y  t h e r e f o r e  

h a v e  a r i s e n  f r o m  a c o m m o n  p r o c e s s  i n v o l v i n g  a n i c k e d  D N A  s t r a n d  

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

g e n o m e .  I t  s e e m s  l i ke l y  t h a t  f u r t h e r  e x t e n s i o n  o f  t h e  d e l e t i o n  a t  t h e  

r i g h t  e n d  o f  I R l in  1704 r e s u l t e d  in t h e  v a r i a n t  1705 a n d  t h e  v a r i a n t s  

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

I n  1706 t h e r e  is  n o  R d e l e t i o n  a n d  t h e  d e l e t i o n  in U
L>

e x t e n d s  t o  np  1 1 5 3 5 0  w h i c h  is 103bp to  t h e  l e f t  o f  t h e  1705 d e l e t i o n  

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

e n d  o f  U . A m o d e l  f o r  t h e  o r i g i n  o f  1706  i n v o l v i n g  r e c o m b i n a t i o n  

b e t w e e n  1705 in t h e  p r o t o t y p e  o r i e n t a t i o n  a n d  e i t h e r  17 or  1705 in 

t h e  I o r i e n t a t i o n  w a s  p r o p o s e d  by  M a c L e a n  a n d  B r o w n  (1987b) .



C M A l P T r i B l R  IFdDHJIR 97 D i s c u s s i o n

R e c o m b i n a t i o n  c o u l d  o c c c u r  h o m o l o g o u s l y  in t h e  r e p e a t  r e g i o n s  a n d  

i l l e g i t i m a t e l y  t h r o u g h  s h o r t  h o m o l o g o u s  s e q u e n c e s  p o s s i b  ly h a v i n g  

p a r t i a l  h o m o l o g y .  A s  a r e s u l t  o n e  e n d  o f  U L w o u l d  g i v e  an  e x t e n d e d  

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

t h e  e n d  p o i n t s  o f  t h e  d e l e t i o n s  in 1705 a n d  1706 w e r e  t h e  s a m e ,  t h e  

r e c o m b i n a t i o n  b e t w e e n  I R l o f  1705 a n d  T R l o f  w i l d  t y p e  v i r u s  in t h e  

o p p o s i t e  o r i e n t a t i o n  c o u l d  h a v e  r e s u l t e d  in 1706.  T h i s  d e p e n d s  on 

t h e  U l/ I R l n o v e l  j u c t i o n  b e i n g  u n s t a b l e  a n d  t h e r e f o r e  p r o n e  to 

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

e n d  p o i n t s  in 1705 a n d  1706 w o u l d  no t  t h e r e f o r e  r e f u t e  t h i s  m o d e l .  

S e q u e n c e  c o m p a r i s o n  h a s  d e m o n s t r a t e d  no  g r o s s  h o m o l o g y  b e t w e e n  

t h e  s e q u e n c e s  a r o u n d  np  115350 a n d  t h o s e  a r o u n d  13969 t h e  i n s e r t  

p o i n t  o f  t h e  D N A  f r o m  t h e  l e f t  h a n d  s ide o f  U .

T h e r e  a r e  s ix s e t s  o f  c o n t i g u o u s  t a n d e m  r e i t e r a t i o n s  

b e t w e e n  t h e  ' a ’ s e q u e n c e  a n d  t h e  U l/ R l j u n c t i o n  ( P e r r y  a n d  

M c G e o c h ,  1988) .  T h e  f i r s t  set  o f  11 r e i t e r a t i o n s  e a c h  c o n t a i n i n g  17bp 

o f  T  a n d  C r e s i d u e s  is l o c a t e d  b e t w e e n  n p l l 7 1 5 8  a n d  n p l l 7 3 4 1 .  T h e  

s e c o n d  se t  o f  7 r e i t e r a t i o n s  e a c h  c o n t a i n i n g  3 b p s ,  t w o  G ’s a n d  o n e  T 

r e s i d u e ,  is l o c a t e d  b e t w e e n  n p l l 7 5 4 4  a n d  n p l l 7 5 6 5 .  T h e  t h i r d  o n e  of  

6 r e i t e r a t i o n s ,  o f  t h r e e  C ’s a n d  t w o  G ’s is  l o c a t e d  b e t w e e n  n p l l 7 7 8 5  

a n d  n p l l 7 8 1 5 .  T h e  f o u r t h  set  o'f r e i t e r a t i o n s  is  l o c a t e d  in c lose

p r o x i m i t y  to  t h e  3 ’ e n d  o f  t h e  IE1  g e n e .  T h i s  set  c o n s i s t s  o f  9

r e i t e r a t e d  s e q u e n c e s  o f  16bp e a c h  m a i n l y  c o n s i s t i n g  o f  C ’s l o c a t e d  

b e t w e e n  n p l 2 0 4 9 1  a n d  n p l 2 0 6 3 6 .  T h e  t w o  o t h e r  r e i t e r a t e d  se t s  a r e  

u p s t r e a m  o f  t h e  5 ’ e n d  o f  I E1  a n d  a r e  t h e r e f o r e  n o t  r e l e v a n t  to  t h e  

p o s i t i o n  o f  t h e  1704,  1705 a n d  1706 d e l e t i o n s .  T h e  I R l e n d  p o i n t s  of  

t h e  d e l e t i o n s  in t h e  v a r i a n t s  1704 a n d  1705 a r e  6 5 6 b p  a n d  1 7 05bp  

r e s p e c t i v e l y  a w a y  f r o m  t h e  f i r s t  set  o f  r e i t e r a t i o n s ,  so t h a t  t h e  f i r s t ,

s e c o n d  a n d  t h i r d  se t s  a r e  d e l e t e d  in b o t h  t h e  v a r i a n t s .  T h e  l e f t  e n d s

o f  t h e  d e l e t i o n s  in  1704 a n d  1705 a r e  2 3 2 b p  a n d  3 0 4 b p  r e s p e c t i v e l y
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a w a y  f r o m  t h e  f o u r t h  set  o f  r e i t e r a t i o n s .  T h e  e n d  p o i n t s  o f  t h e  

d e l e t i o n  in  1704 in a r e  661bp  a n d  1 3 2 4 b p  r e s p e c t i v e l y  a w a y

f r o m  t h e  t h i r d  a n d  f o u r t h  se t s  o f  r e i t e r a t i o n s .  T h e  T R  a n d  I R
l  l

d e l e t i o n s  h a d  n o t  a r i s e n  f r o m  t h e  s a m e  p o i n t  a n d  a r e  n o t  w i t h i n  or  

i m m e d i a t e l y  a d j a c e n t  t o  a n y  o f  t h e  4 se t s  o f  t a n d e m  r e i t e r a t i o n s  

l o c a t e d  in t h e  l o n g  r e p e a t  r e g i o n  o f  H S V - 1 ( P e r r y  a n d  M c G e o c h ,

1988) .  I n  t h e  v a r i a n t  1706 in w h i c h  t h e  d e l e t i o n  is  e n t i r e l y  c o n f i n e d  

to  t h e  r i g h t  e n d  o f  U , t h e  r i g h t  e n d  o f  t h e  d e l e t i o n  is  i m m e d i a t e l y  

a d j a c e n t  to  t h e  f i r s t  r e i t e r a t i o n  set .  T h e  s e q u e n c e  a n a l y s i s  t h e r e f o r e  

d e t e r m i n e d  t h a t  t h e  i n i t i a t i o n  o f  d e l e t i o n s  in R l is p r o b a b l y  

i n d e p e n d e n t  o f  t h e  r e i t e r a t e d  sets .

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

r e p e a t s  ( M c G e o c h ,  1984;  W h i t t o n  a n d  C l e m e n t s ,  1984)  d e p e n d s  on t h e  

e s s e n t i a l  n a t u r e  o f  t h e  g e n e s  in U L a d j a c e n t  t o  R l . T h e  g e n e s  U L 5 5  

a n d  56  a r e  n o n - e s s e n t i a l  a n d  U L 5 4  is  e s s e n t i a l  ( S a c k s  e t  al. ,  1985) .  

T h e  t e r m i n a t i o n  o f  t h e  d e l e t i o n s  w i t h i n  U L is  i n t e r e s t i n g .  Al l  t h e  

v a r i a n t s  h a v e  b e e n  d e l e t e d  in U L 5 5  a n d  U L 5 6  b u t  t h e  e x t e n t  o f  t h e  

e n d  p o i n t  o f  t h e  d e l e t i o n s  f r o m  t h e  3 ’ e n d  o f  I E 2  ( U L 5 4 )  g e n e  in 

1704,  1705 a n d  1706 is  1 2 3 2 b p ,  183bp a n d  8 0 b p  r e s p e c t i v e l y .  A 

Y G T G T T Y Y  ( Y =  p y r i m i d i n e  e i t h e r  C or  T)  m o t i f  l o c a t e d  d o w n s t r e a m  

f r o m  t h e  p o l y  A s i g n a l  is  r e q u i r e d  f o r  e f f i c i e n t  f o r m a t i o n  o f  m R N A  

3 ’ e n d  t e r m i n i  ( M c L a u c h l a n  e t  a l ., 1985) .  T h i s  m o t i f  is p r e s e n t  4 0 b p  

d o w n s t r e a m  f r o m  t h e  3 ’ e n d  o f  t h e  I E 2  g e n e  in H S V - 1. A l t h o u g h  

a c c o r d i n g  to  o u r  s e q u e n c e  a n a l y s i s  ( F i g u r e  4.1)  t h e s e  s e q u e n c e s  a r e  

n o t  d e l e t e d  in a n y  o f  t h e  v a r i a n t s ,  s y n t h e s i s  o f  V m w I E 6 3  is r e d u c e d  

to  a p p r o x i m a t e l y  h a l f  t h e  w i l d  t y p e  l e v e l  in  1705 a n d  1706 b u t  

n o r m a l  l e v e l s  in 1704 in  w h i c h  t h e  e n d  p o i n t  o f  t h e  d e l e t i o n  is 

1 2 3 2 bp  d o w n s t r e a m  f r o m  t h e  3 ’ e n d  o f  I E 2  g e n e  ( M a c L e a n ,  1988) .  

S u r p r i s i n g l y  in  a n o t h e r  v a r i a n t  1703 in w h i c h  t h e  d e l e t i o n  

t e r m i n a t e d  a p p r o x i m a t e l y  5 0 0 b p  d o w n s t r e a m  f r o m  t h e  3 e n d  o f  I E 2 ,



F i g u r e  4 . 1

T h e  s e q u e n c e  o f  H S V - 1 17 s y n + b e t w e e n  11510l -116600bp ( P e r r y  

a nd  M c G e o c h ,  1988).  T h e  e n d  p o i n t s  o f  t h e  d e l e t i o n s  in U l / I R l  in 

1704,  1705 a n d  1706,  t h e  3 ’ o f  U L 5 4  ( I E 2 ) ,  U L 5 5  a n d  U L 5 6  a n d  t h e  

5 ’ o f  U L 5 5  a r e  i n d i c a t e d .  T h e  p o l y  A s i t e  d o w n s t r e a m  o f  t h e  3 ’ o f  

U L 5 4  is u n d e r l i n e d  a n d  Y G T G T T Y  e l e m e n t  ( M c L a u c h l a n  e t  a l ., 1985)  

is i n d i c a t e d  in t h e  d o t t e d  b o x .



115101 CGGAGAGAAG ATGCATTTCT ACCTCCCCGG GGCCTGCATG GCGGGCCTGA

115151 TCGAAATCCT AGACACGCAC CGCCAGGAGT GTTCGAGTCG TGTCTGCGAG

115201 TTGACGGCCA GTCACATCGT CGCCCCCCCG TACGTGCACG GCAAATATTT
■+— I 3’ end of IE2 (UL54)

115251 TTATTGCAAC TCCCTGTTTT AGGTACAATA AAAACAAAAC ATTTCAAACA
 ...................................  P o l y  A

115301 AATCGCCCCT; CGTGTTGTCC^TTCTTTGCTC ATGGCCGGCG GGGCGTGGGT
p4-  1706 UpDeletion--------------*-

115351 CACGGCAGAT GGCGGGGGTG GGCCCGGCGT ACGGCCTGGG TGGGCGGAGG

115401 GAACTAACCC AACGTATAAA TCCGTCCCCG TTCCAAGGCC GGTGTCATAG
1705 UL/IR LDeletion------------------------------------------------------------------ \ ~ 5 ' end of UL55

115451 TGCCCTTAGG AGCTTCCCGC CCGGGCGCAT CCCCCCTTTT GCACTATGAC

<15501 AGCGACCCCC CTCACCAACC TGTTCTTACG GGCCCCGGAC ATAACCCACG

115551 TGGCCCCCCC TTACTGCCTC AACGCCACCT GGCAGGCCGA AACGGCCATG

115601  CACACCAGCA AAACGGACTC CGCTTGCGTG GCCGTGCGGA GTTACCTGGT

115651 CCGCGCCTCC TGTGAGACCA GCGGCACAAT CCACTGCTTT TTCTTTGCGG

115701 TATACAAGGA CACCCACCAC ACCCCTCCGC TGATTACCGA GCTCCGCAAC

115751  TTTGCGGACC TGGTTAACCA CCCGCCGGTC CTACGCGAAC TGGAGGATAA

115801 GCGCGGGGTG CGGCTGCGGT GTGCGCGGCC GTTTAGCGTC GGGACGATTA

115851 AGGACGTCTC TGGGTCCGGC GCGTCCTCGG CGGGAGAGTA CACGATAAAC

115901 GGGATCGTGT ACCACTGCCA CTGTCGGTAT CCGTTCTCAA AAACATGCTG

115951  GATGGGGGCC TCCGCGGCCC TACAGCACCT GCGCTCCATC AGCTCCAGCG

116001 GCATGGCCGC CCGCGCGGCA GAGCATCGAC GCGTCAAGAT TAAAATTAAG
+ — 13' end of UL55

116051 GCGTGATCTC CAACCCCCCC ATGAATGTGT GTAACCCCCC CCAAAAAAAT

116101 AAAGAGCCGT AACCCAACCA AACCAGGCGT GGTGTGAGTT TGTGGACCCA

116151 AAGCCCTCAG AGACAACGCG ACAGGCCAGT ATGGACCGTG ATACTTTTAT

116201 TTATTAACTC ACAGGGGCGC TTACCGCCAC AGGAATACCA GAATAATGAC

116251 CACCACAATC GCGACCACCC CAAATACAGC ATGGCGCCAC ACCACGCCAC
I— 3' end of UL56-------►

416301 AACAGCCCTG TCGCCGGTAT GGGGCATGAT CAGACGAGCC GCGCCGCGCG

116351 TTGGGCCCTG TACAGCTCGC GCGAATTGAC CCTAGGAGGC CGCCACGCGC

116401 CCGAGTTTTG CGTTCGTCGC TGGTCGTCGG GCGCCAAAGC CCCGGACGGC

116451  TGTTCGGTCG AACGAACGGC CACGACAGTG GCATAGGTTG GGGGGTGGTC
I— 1704 U[_/IR(_Deletion-------------- ►

116501  CGACATAGCC TCGGCGTACG TCGGGAGGCC CGACAAGAGG TCCCTTGTGA

116551 TGTCGGGTGG GGCCACAAGC CTGGTTTCCG GAAGAAACAG GGGGGTTGCC
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V m w I E 6 3  c o u l d  n o t  b e  d e t e c t e d  at  e i t h e r  t h e  p o l y p e p t i d e  or  R N A  

l e v e l s  u n d e r  i m m e d i a t e  e a r l y  c o n d i t i o n s  ( M a c L e a n  a n d  B r o w n ,  

1987a) .  I t  s e e m s  l i ke l y  t h a t  e i t h e r  u n k n o w n  s e q u e n c e s  d o w n s t r e a m  

f r o m  t h e  m o t i f  Y G T G T T Y Y  c o u l d  be  p l a y i n g  a c o m b i n e d  r o l e  in t h e

e f f i c i e n t  e x p r e s s i o n  o f  I E 2  m R N A  or  t h e  p o s s i b i l i t y  o f  a p o i n t

m u t a t i o n  w i t h i n  t h e  I E 2  g e n e  c a n n o t  b e  r u l e d  o u t .

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

t h e  d e l e t i o n s  (i)  c o u l d  be  e n t i r e l y  a r b i t r a r y  w i t h i n  t h e  s e q u e n c e

b e t w e e n  t h e  3 ’e n d  o f  U L 5 4  a n d  t h e  U l/ I R l j u n c t i o n  o r  ( i i )  m a y  

d e p e n e d  on  t h e  s t r u c t u r e  a n d  c o n f o r m a t i o n  o f  t h e  D N A  w i t h  

p a r t i c u l a r  r e g i o n s  b e i n g  m o r e  ’’a c c e s s i b l e " .  T h e  d e l e t i o n s  in H S V - 1 

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

a l so  i n v o l v e  u n i q u e  s e q u e n c e s .  T h i s  i n d i c a t e s  t h a t  t h e  r e p e a t s  m a y  

ac t  as h o t s p o t s  f o r  i l l e g i t i m a t e  r e c o m b i n a t i o n  ( M a c L e a n  a n d  B r o w n ,  

1987b) .

F r o m  t h e  s e q u e n c e  a n a l y s i s  it  is e v i d e n t  t h a t  1704,  1705 

a n d  1706 (1) h a v e  no t  d e l e t e d  at  p r e c i s e l y  t h e  s a m e  e n d  p o i n t s ,  (2) 

t h e  I R l d e l e t i o n s  o f  1704 a n d  1705 c o u l d  b e  r e l a t e d ,  (3) R l d e l e t i o n s  

a r e  n o t  d e p e n d e n t  on t a n d e m  r e i t e r a t i o n s ,  (4)  1706 c o u l d  h a v e  a r i s e n  

by  i l l e g i t i m a t e  r e c o m b i n a t i o n  as  p r o p o s e d ,  (5)  U L d e l e t i o n s  ( r e p e a t  

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

( g e n o m e s  w i t h  UL1  d e l e t i o n s  n e v e r  b e i n g  i s o l a t e d )  a n d  (6)  t h e  

d e l e t i o n  s t a r t / s t o p  p o i n t  w i t h i n  n o n - e s s e n t i a l  D N A  is  p r o b a b l y  

a r b i t r a r y .

W h e n  S t e i n e r  e t  al  ( 1989)  d e m o n s t r a t e d  t h a t  1704 f a i l e d  to 

m a k e  L A T s  as d e t e c t e d  by  N o t h e r n  b l o t t i n g  a n d  in s i t u  h y b r i d i s a t i o n  

in a d d i t i o n  to  r e a c t i v a t i n g  s l owl y  f r o m  l a t e n c y ,  t h e  p r e c i s e  e x t e n t  of  

t h e  d e l e t i o n  w i t h  r e s p e c t  to  t h e  L A T s  a n d  t h e i r  p r o m o t e r  r e g i o n  h a d  

no t  b e e n  d e t e r m i n e d ;  t h e  a s s u m p t i o n  b e i n g  m a d e  t h a t  t h e  a b s e n c e  o f  

d e t e c t a b l e  L A T s  c o u l d  o n l y  be  d u e  to  t h e  d e l e t i o n s  a f f e c t i n g  t h e
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t r a n s c r i p t s  a n d /  or  p r o m o t e r  r e g i o n .  S e q u e n c e  a n a l y s i s  o f  1704 h a s  

s h o w n  t h a t  in U l / I R l , 1 7 0 bp  o f  U L 5 6  h a s  b e e n  r e t a i n e d  a n d  t h e  

d e l e t i o n  d oe s  no t  a f f e c t  I E1  w h o s e  3 ’ e n d  is a t  np  120 8 8 2 .  T h e  5 ’ e n d  

o f  t h e  L A T s  is a t  np  119461 w h i c h  m e a n s  t h a t  7 9 9 b p  o f  t h e  

t r a n s c r i p t s  h a s  b e e n  d e l e t e d .  W e c h s l e r  e t  al  (1988)  s h o w e d  t h a t  t h e  

L A T  p r o m o t e r  r e g i o n  w a s  l o c a t e d  b e t w e e n  6 6 2 - 9 4 0 b p  u p s t r e a m  of  

i t s  5 ’ e n d  (np  118575-  118775)  a n d  is t h e r e f o r e  t o t a l l y  a b s e n t  in t h e  

IRj^ r e g i o n  o f  1704.  I n  T R l  t h e  L A T  t r a n s c r i p t  w h o s e  S ’ e n d  is at  np 

6910  is n o t  r e m o v e d  b u t  t h e  d e l e t i o n  b e t w e e n  7 2 0 2 - 8 1 4 4  np 

c o m p l e t e l y  r e m o v e s  t h e  p r o m o t e r  r e g i o n  i . e  7 5 9 6 - 7 7 9 6  n p .  1704 ha s  

t h e r e f o r e  no  L A T  p r o m o t e r s  b u t  r e t a i n s  o n e  c o m p l e t e  c o p y  o f  t h e  

L A T s  a n d  2 / 3  o f  t h e  o t h e r  c o p y .

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

c o n f i r m  t h e  r e s u l t s  u s i n g  t h e  m o u s e  e y e  m o d e l  in t h a t  a t  e q u i v a l e n t  

i n p u t  d o s e s  to  17 + , t h e  a b s e n c e  o f  L A T s  in 1704 c a u s e s  a d e l a y  in 

r e a c t i v a t i o n  in v i t r o  a n d  in t h e  f o o t p a d  m o d e l  t h e  f r e q u e n c y  of  

r e a c t i v a t i o n  w a s  al so s i g n i f i c a n t l y  r e d u c e d .  H o w e v e r  t h i s  a p p e a r s  to
5 7be  dos e  d e p e n d e n t .  On  i n c r e a s i n g  t h e  i n p u t  d o s e s  f r o m  10 to 10 

p f u / m o u s e ,  t h e  k i n e t i c s  o f  r e a c t i v a t i o n  a r e  m o r e  a k i n  t o  t h o s e  of  

w i l d  t y p e .  T h e  p e r c e n t a g e  o f  g a n g l i a  r e a c t i v a t i n g  ( 3 0 % )  is m u c h  

h i g h e r  t h a n  at  an i n p u t  d o s e  o f  105 p f u / m o u s e  (3%)  b u t  o n l y  a b o u t  

h a l f  t h e  v a l u e  o f  17+ i n f e c t e d  g a n g l i a  r e a c t i v a t i n g .  A t  an  i n p u t  dose  

o f  107 p f u  c o m p a r e d  to 105 p f u  i t  is a s s u m e d  t h a t  e i t h e r  (1) l a t e n c y  is 

e s t a b l i s h e d  in m o r e  n e u r o n s / g a n g l i a  o r  (2)  m o r e  v i r u s  

m o l e c u l e s / n e u r o n  e s t a b l i s h  l a t e n c y  or  t h a t  (1) p l u s  (2)  p e r t a i n .  T h i s  

w o u l d  l e a d  to t h e  f r e q u e n c y  o f  r e a c t i v a t i o n  b e i n g  h i g h e r  a n d  to  t h e  

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

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

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

L A T s  p e r  se  b u t  c o u l d  be  c o d e p e n d e n t  on  t h e  g e n e  d o s a g e  o f  o n e  or
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m o r e  o t h e r  H S V  g en e s .  On  t h e  o t h e r  h a n d  i f  r e a c t i v a t i o n  is 

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

p r o c e s s  is  f a c i l i t a t e d  by  t h e  L A T s  a l t h o u g h  t h e y  a r e  n o t  an a b s o l u t e  

r e q u i r e m e n t  t h e n  t h e  h i g h e r  n u m b e r  o f  g e n o m e s  p r e s e n t ,  t h e  g r e a t e r  

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

T h e  i s o l a t i o n  o f  1704R,  t h e  r e s c u a n t  w i t h  a r a t e  of  

r e a c t i v a t i o n  a n d  f r e q u e n c y  o f  r e a c t i v a t i o n  i n t e r m e d i a t e  b e t w e e n  t h a t  

o f  17+ a n d  1704 w o u l d  s u g g e s t  t h a t  1 7 0 4R  h a s  a s e c o n d a r y  

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

b e h a v i o u r .  S i m i l a r  r e s u l t s  h a v e  a l so  b e e n  f o u n d  w i t h  1 7 0 4R  in t h e  

m o u s e  e y e  m o d e l  o f  e x p l a n t  r e a c t i v a t i o n  ( N . W . F r a s e r ,  p e r s o n a l  

c o m m u n i c a t i o n  ). H o w e v e r ,  w h e n  1 7 0 4R  w a s  c o m p a r e d  to  1704  a nd  

17+ in  in v i v o  r e a c t i v a t i o n  u s i n g  t h e  r a b b i t  e y e  m o d e l  i t  w a s  f o u n d  

t h a t  17+ a n d  1 7 04R b e h a v e d  s i m i l a r l y ,  w h e r e a s  t h e  f r e q u e n c y  a n d  

k i n e t i c s  o f  r e a c t i v a t i o n  o f  1704 w a s  s i g n i f i c a n t l y  i m p a i r e d  (Trousdale  

et  a l ., in  p r e s s ) .  T h e s e  a p p a r e n t l y  c o n t r a d i c t o r y  r e s u l t s  a r e  not  

i m m e d i a t e l y  e x p l i c a b l e .  I t  w i l l  be  n e c e s s a r y  to  i s o l a t e  a n o t h e r  1704 

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

c a n  b e  d r a w n .

T h e  l a t e n c y  r e s u l t s  w i t h  1705 m i m i c  t h o s e  o f  17 + . 

A l t h o u g h  1706 i n f e c t e d  g a n g l i a  h a d  s i m i l a r  r e a c t i v a t i o n  k i n e t i c s  to 

17+ a n d  1705,  t h e  p e r c e n t a g e  o f  g a n g l i a  r e a c t i v a t i n g  was  

c o n s i d e r a b l y  r e d u c e d  (16% c o m p a r e d  to  5 0 % ) .  A s  t h e  

d e l e t i o n / i n s e r t i o n  in 1706 d o e s  n o t  a f f e c t  t h e  L A T s  o r  L A T  

p r o m o t e r ,  i t  is a s s u m e d  t h a t  1706 is less  e f f i c i e n t  p o s s i b l y  d u e  to  i t s  

g r o w t h  i m p a i r m e n t .  I n  v i t r o  a t  low m o i  ( 1 : 1 00 0 ) ,  1706 is 1 2 - 2 4  h 

d e l a y e d  in g r o w t h  c o m p a r e d  t o  17+ a n d  1705 o v e r  a 72  h p e r i o d  

( M a c L e a n  a n d  B r o w n ,  1987b) .  T h i s  i m p a i r m e n t  is a l so  m a r k e d  in 

v i v o  a n d  h e n c e  m a y  h a v e  an  e f f e c t  on l a t e n c y  r e a c t i v a t i o n .

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

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

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

s t o c k  o f  17 s y n + to  d e t e r m i n e  t h e  b a s e  l i ne  f o r  e v a l u a t i n g  d e l e t i o n  

v a r i a n t s  1704,  1705 a n d  1706 a n d  to  f u r t h e r  i n v e s t i g a t e  a n y  v a r i a t i o n  

in p a t h o g e n i c i t y  a m o n g  i n d i v i d u a l  p l a q u e s  in  t h e  e l i t e  s tock  of  

H S V - 1 s t r a i n  17 syn  + . A l t h o u g h  a p r o p o r t i o n  ( up  to  2 4 % )  o f  v i a b l e  

v i r u s  w i t h  d i v e r g e n t  g e n o m i c  s t r u c t u r e s  in t h e  p o p u l a t i o n  o f  H S V - 2  

s t r a i n  H G 5 2  s h o w e d  d e l e t i o n s  in R l  ( H a r l a n d  a n d  B r o w n ,  1985;  1988; 

B r o w n  a n d  H a r l a n d ,  1987) ,  t h e  h e t e r o g e n e i t y  in t h e  n e u r o v i r u l e n c e  

o f  i n d i v i d u a l  p l a q u e  s t o c k s  o f  t h e  H S V - 2  s t r a i n  H G 5 2  e l i t e  s tock  h a s  

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

p l a q u e s  i n o c u l a t e d  i n t r a c r a n i a l l y  in B A L B / c  m i c e .  ( T a h a  e t  a L , 1988) .

T h e  n i n e  i n d i v i d u a l  s t o c k s  i s o l a t e d  f r o m  t h e  e l i t e  s tock  o f  

17+ s h o w e d  no  d i f f e r e n c e s  in t h e i r  L D  v a l u e s  f o l l o w i n g  i n t r a c r a n i a l
50 °

i n o c u l a t i o n  o f  3 w e e k  o ld  B A L B / c  m i c e .  Al l  t h e  p l a q u e s  h a v e  L D ^ ’s 

s i m i l a r  to  t h e  p a r e n t a l  17 syn  + . R e s t r i c t i o n  e n d o n u c l e a s e  a n a l y s i s  of  

D N A s  o f  t h e  i s o l a t e d  p l a q u e s  w a s  c a r r i e d  o u t  s h o w i n g  n o  d i f f e r e n c e s  

in t h e  s i z e  a n d  d i s t r i b u t i o n  o f  t h e  f r a g m e n t s .  T h e  r e s t r i c t i o n  

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

s ma l l  d e l e t i o n s  a n d / o r  i n s e r t i o n s  less  t h a n  15 0 b p  in l e n g t h  in t h e  

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

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

I n t r a c r a n i a l  i n o c u l a t i o n  o f  3 w e e k  o ld  B A L B / c  m i c e  

s h o w e d  t h a t  t h e  L D  f o r  1705 w a s  s i m i l a r  to  t h e  w i l d  t y p e  v i r u s  b u t
50

t h e  d i f f e r e n c e  w i t h  1704 a n d  1706 c o m p a r e d  to w i l d  t y p e  w a s  

a p p r o x i m a t e l y  o n e  log a n d  t w o  l ogs  r e s p e c t i v e l y .  F o l l o w i n g  f o o t p a d  

i n o c u l a t i o n  1705 b e h a v e d  as w i l d  t y p e  b u t  1704 a n d  1706 w e r e  

u n a b l e  t o  k i l l  a n y  o f  t h e  a n i m a l s  e v e n  at  t h e  h i g h e s t  p o s s i b l e  

i n f e c t i v e  d o s e  o f  107 p f u / m o u s e .  1704 a n d  1706 f a i l e d  t o  g r o w  w i t h
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w i l d  t y p e  v i r u s  k i n e t i c s  a n d  w e r e  u n d e t e c t a b l e  b y  d a y  f o u r  in t h e  

p e r i p h e r a l  n e r v o u s  s y s t e m  ( D R G )  w h i c h  c o u l d  e x p l a i n  t h e  i n a b i l i t y  

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

T h e  i m p a i r m e n t  o f  t h e  g r o w t h  in v i t r o  o f  1706 h a s  a l r e a d y  b e e n  

o b s e r v e d  ( M a c L e a n  a n d  B r o w n ,  1987b) .  P o s s i b l e  e x p l a n a t i o n s  fo r  

t h i s  d e f e c t  in 1706 a r e :

(i) D e l e t i o n  o f  g e n e s  U L 5 5  a n d  U L 5 6 .  R e c e n t l y  i t  h a s  b e e n  o b s e r v e d  

in  t r a n s i e n t  g e n e  e x p r e s s i o n  a s s a y s  t h a t  U L 5 5  a n d  U L 5 6  p l a y  a r o l e  

in t r a n s a c t i v a t i o n  a n d  i n h i b i t i o n  o f  i m m e d i a t e  e a r l y  g e n e  e x p r e s s i o n  

( B l o c k  e t  al . ,  1991).  T h i s  p o s s i b i l i t y  c a n  b e  r u l e d  o u t  b e c a u s e  t h e  

U L 5 5  g e n e  is d e l e t e d  in b o t h  t h e  v a r i a n t s  1704 a n d  1705.  ( i i)  

D e l e t i o n  o f  t h e  s e q u e n c e s  d o w n s t r e a m  f r o m  t h e  3 ’ e n d  o f  I E 2 .  

A l t h o u g h  n e i t h e r  t h e  3 ’ e n d  n o r  t h e  p o l y  A s i t e  o f  I E 2  is d e l e t e d ,  

t h e  d e l e t i o n  in 1706 s t o p s  8 0 b p  d o w n s t r e a m  o f  t h e  3 ’ e n d .  T h e  

v a r i a n t  1706 e x p r e s s e s  h a l f  o f  t h e  w i l d  t y p e  l e v e l  o f  V m w I E 6 3  

p o l y p e p t i d e  ( M a c L e a n ,  1988) .  A s  d i s c u s s e d  e a r l i e r  i t  is p o s s i b l e  t h a t  a 

c o n s e n s u s  s e q u e n c e  o t h e r  t h a n  Y G T G T T Y Y  ( M c L a u c h l a n  e t  a l ., 1985) 

c o u l d  b e  i m p o r t a n t  in p r o c e s s i n g  m R N A  f r o m  t h e  I E 2  g e n e .  T h e  

v a r i a n t  1705 h a s  a d e l e t i o n  s t a r t i n g  183bp d o w n s t r e a m  f r o m  t h e  3 ’ 

e n d  o f  t h e  I E 2  g e n e ,  h o w e v e r  i t  e x p r e s s e s  a s i m i l a r  a m o u n t  of  

V m w I E 6 3  as  1706,  t h e r e f o r e  t h e  a m o u n t  o f  V m w I E 6 3  m a d e  b y  t h e s e  

t w o  v a r i a n t s  can  n o t  e x p l a i n  t h e  d i f f e r e n c e s  in t h e  L D 50 v a l u e s .

( i i i )  D o u b l e  d o s e  o f  al l  o r  o n e  o f  t h e  g e n e s  UL1,  2,  3 a n d  4^  T h e s e  

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

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

a n d  ( iv )  S m a l l  d e l e t i o n s ,  i n s e r t i o n s  a n d / o r  p o i n t  m u t a t i o n s  e l s e w h e r e  

in t h e  g e n o m e  c a n  no t  b e  r u l e d  o u t .

T h e  v a r i a n t  1705 c o n s i s t e n t l y  b e h a v e d  as  t h e  w i l d  t y p e  

f o l l o w i n g  i n t r a c r a n i a l  a n d  f o o t p a d  i n o c u l a t i o n s  d e s p i t e  a 4 7 3 5 b p  

d e l e t i o n  in U l/ I R l - I t  h a s  b e e n  s h o w n  t h a t  i n t r a p e r i t o n e a l  v i r u l e n c e
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of  H S V - 1 is associated wi th  the  B a mWl  b f r a g me n t  ( B en - H u r  et  al., 1989). 
T h e  H S V - 1 st rain H FE M is deleted wi th i n  the  B a m W l  b f r a g me n t  f rom 
0 . 76 2 - 0 . 78 9  ma p  uni t s ,  a p p ro x i m a t e l y  4.1kb.  T h e  s t rain H FE M is 
a v i ru l en t  fol lowing i n t r ape r i t onea l  inoculat ion of  t ree sh r ews  (Rosen and 
Darai . ,  1985) and in mice  (Rosen et  al., 1986). Ma r k e r  r escue  of  the  BamWl  
b f r a g m e n t  f r o m the  v i r u l en t  H S V - 1 st rain F into H FE M resul t ed  in the 
r e t u r n  of  IP  v i r u l ence  in t ree sh r ews  b u t  not  in mice.  T h e  end po in t s  of 
the  delet ion in t he  st rain H FE M cor r esponds  to t he  r es idues  117107 and 
120640 of  s t rain 17 syn+ . T h e  only func t i ona l  e l emen t s  wh i ch  the  delet ion 
is r e m o v i n g  are  the  p r e s u m e d  cont ro l  sequences  for  the  gene  UL56 (Per ry  
and McGeoch ,  1988). T h e  v a r i a n t  1705 has  a 600 b p  la rger  delet ion t han  
H FE M invo l v i ng  the  UL56 gene,  wi t h i n  t he  B a m W l  b f r agme n t .  
I n t r ap e r i t o n ea l  inocula t ion of  3 week  old B A L B / c  mice  wi th  1705 showed 
cons i s tent  p a r en t a l  wi ld t ype  b e h av i o u r .  Th i s  suggests  (i) i n t r ape r i t onea l  
v i ru l ence  is not  associated wi th  t he  B a m H l  b f r a g me n t  in H S V - 1 s t rain 17 + 
and (ii) IP  v i r u l ence  is host  dep e n d e n t  because  t he  r e s cuan t  of  H F E M 
r e m a i n s  a v i ru l en t  for  mice  and  (iii) IP pa t hoge n i c i t y  in the  v a r i a n t  1705 is 
mul t i foca l  wi th  o t he r  amp l i f y i ng  loci r e n d e r i n g  it v i r u l en t  despi t e  the 
delet ion.

Var i ous  factors  af fect  t he  o u t c o me  of  in v i v o  e x p e r i m e n t s  
inc luding seasonal  va r i a t i on  in an i ma l  house  t e m p e r a t u r e  and  the  resu l t an t  
stress t h i s  p r o d u c e s  in the  animals .  It  has  been  shown tha t  r eac t iva t ion  
f rom la tency and p e r i p h e r a l  r epl i ca t ion of  v i r us  is mo r e  ef f ic ient  w h e n  the  
t e mp e r a t u r e  of  an i ma l  house  does not  go below 70°F ( L. Rober t son ,  
per sonal  c o mmuni ca t i on ) .  O t h e r  factors  l ike age and  r ou t e  of  inocula t ion 
h ave  a l ready been  di scussed (Caspary  et  al., 1980; Kohl  and Loo,  1980).

F U T U R E  P R O S P E C T S
I n f o r ma t i on  p r o v i d ed  in th i s  thesi s  p ro v i d e s  a sound basis  for  

f u tu r e  w o r k  on the  va r i a n t s  1704, 1704LP , 1705 and 1706. Since the 
genes UL55 and UL56 are  deleted in 1705 and 1706, these  v i r u s es  ma y  be 
useful  in el ici t ing t he  f unc t i ons  encoded by  these  t wo  genes.  T h e  p roduc t s  
of UL55 and UL56 are  non-es sen t i a l  in BH K- 21  C13 cells t h e re f o r e  f u t u r e  
inves t iga t ion mu s t  i nvo l ve  d i f f e r en t  cell types.  T h e  ef fect s  of  gene 
dupl icat ion (UL1, 2,  3 and  4) and  r e a r r a n g e m e n t  in 1706 ma y  possibly be 
responsible  for  its a l t e red biological  b e h a v i o u r  bu t  thi s  needs  f u r t h e r  
invest igat ion.  I t  is possible  t ha t  diploid genes  in 1706 r esul t  in the i r  
protein p r od u c t s  be i ng  o v e r - e x p r e s s e d  which  ma y  be  de t r i me n t a l  to o the r  

protein p ro d u c t s  essent ial  for  v i r u s  g r owt h .
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