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ABSTRACT

The molecular biology of the interferon response: the
1-8/9-27 gene family.

The treatment of mammalian cells with Type I interferons 

leads to a number of changes in the pattern of gene 

expression in the cells. At least ten or more genes have 

been identified whose level of expression is increased by 3 

to more than 50 times by interferon.

One gene activated produces a small RNA of about 8 00 

nucleotides in length. Southern blot analysis of human DNA 

suggests there are about 20 or more copies of this gene, 

known as 1-8, present in the genome. Cosmids containing 1-8 

sequences were analyzed by transfection into mouse cells 

and examination of the transfectants for the expression of 

human 1-8 against a background of cross hybridizing mouse 

1-8 sequences. No evidence of expression of human 1-8 was 

found. A n  oligonucleotide probe which spans two exons of 

the related 9-27 gene was used to examine these cosmids and 

it w a s  c o n c l u d e d  that they contained processed 1-8 

p s e u d o g e n e s .

A  genomic copy of the related 9-27 gene which is present 

in a single copy in the human genome, and a full length 

cDNA, were examined and the complete sequence of the gene 

and its 5' flanking region determined.
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A n a l y s i s  o f  t h e  5 '  f l a n k i n g  r e g i o n  i n d i c a t e d  t h e  

p r e s e n c e  o f  a  c o n s e n s u s  s e q u e n c e  f o u n d  i n  t h e  5 '  r e g i o n s  o f  

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

O l i g o n u c l e o t i d e  p r o b e s  c o r r e s p o n d i n g  t o  t h i s  c o n s e n s u s  

s e q u e n c e  w e r e  u s e d  t o  s e e k  t o  i d e n t i f y  a n y  u n i d e n t i f i e d  

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

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

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

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

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

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

t h e  d e f e n c e  o f  t h e  b o d y .  T h e s e  i n c l u d e  n o t  o n l y  t h e  

im m u n o g l o b u l i n  g e n e s  p r o d u c e d  b y  B - c e l l s ,  t h e  T - c e l l  

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

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

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

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

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

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

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

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

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

B a l k w i l l  ( 1 9 8 8 )  a n d  R u d d o n  ( 1 9 8 7 ) .

i i ) . I n t e r f e r o n s .

T h e  i n t e r f e r o n s  w e r e  t h e  f i r s t  m e m b e r s  o f  t h e  c y t o k i n e  

f a m i l y  t o  b e  o b s e r v e d  w h e n  I s a a c s  a n d  L in d e n m a n n  ( 1 9 5 7 )  

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

c a p a b l e  o f  t r a n s f e r r i n g  r e s i s t a n c e  t o  v i r a l  i n f e c t i o n  t o  

o t h e r  c e l l s .  S u b s e q u e n t  r e s e a r c h  h a s  i d e n t i f i e d  t h r e e
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s u b t y p e s  o f  i n t e r f e r o n s ,  o f  d i f f e r e n t  c e l l u l a r  o r i g i n s .  

T h e r e  a r e  a t  l e a s t  1 5  a l p h a - i n t e r f e r o n  g e n e s ,  w h i c h  a r e  

e x p r e s s e d  b y  l e u k o c y t e s .  I n  a d d i t i o n ,  t h e r e  a r e  a l s o  6 

r e l a t e d  p s e u d o g e n e s  ( r e v i e w e d  b y  B u r k e  a n d  S h u t t l e w o r t h ,

1 9 8 4 ) .  T h e  a - i n t e r f e r o n s  b i n d  t o  t h e  sa m e  r e c e p t o r  a s  t h e  

s i n g l e  / 3 - i n t e r f e r o n  ( f i b r o b l a s t  i n t e r f e r o n )  m o l e c u l e ,  a n d  

t h e  t w o  t y p e s  a r e  r e f e r r e d  t o  a s  T y p e  I  i n t e r f e r o n s .  T h e r e  

a r e  r e p o r t s  o f  a n  i m m u n o l o g i c a l l y  r e l a t e d  " / 3 - 2 "  i n t e r f e r o n  

( F r i e d m a n - E i n a t  e t  a l ,  1 9 8 2 )  w h i c h  h a s  g r o w t h  i n h i b i t o r y  

p r o p e r t i e s  ( R e s n i t z k y  e t  a l ,  1 9 8 6 ) .  T h e r e  i s  a  s i n g l e  

g a m m a - i n t e r f e r o n  g e n e  ( G r a y  e t  a l ,  1 9 8 2 ) ,  w h i c h  b i n d s  t o  a  

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

a - i n t e r f e r o n s  t h a n  / 3 - i n t e r f e r o n  d o e s .

T h e  r e a s o n  f o r  t h e  e x i s t e n c e  o f  s e v e r a l  d i f f e r e n t  

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

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

h a v e  d i f f e r e n t  b i n d i n g  a f f i n i t i e s  f o r  t h e i r  com m on  r e c e p t o r  

( A g u e t  e t  a l ,  1 9 8 4 ) ,  a n d  t h a t  t h e  b i n d i n g  a f f i n i t i e s  

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

A l t h o u g h  t h e  s p e c i f i c  a c t i v i t y  o f  i n t e r f e r o n  a - 1  i s  m u c h  

l o w e r  t h a n  t h a t  o f  a - 2 , m i x t u r e s  o f  t h e  t w o  t y p e s  h a v e  b e e n  

f o u n d  t o  b e h a v e  s y n e r g i s t i c a l l y  ( O r c h a n s k y  e t  a l ,  1 9 8 3 ) .  

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

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

o c c u r r i n g  a f t e r  b i n d i n g  t o  t h e  r e c e p t o r .

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

i s  a l s o  k n o w  t h a t  a -  a n d  /3- i n t e r f e r o n s  a r e  i n d u c e d  w h e n
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c e l l s  a r e  t r e a t e d  w i t h  v i r a l  o r  s y n t h e t i c  d o u b l e  s t r a n d e d  

R N A  ( d s R N A ) . I n t e r f e r o n  gam m a i s  i n d u c e d  b y  m i t o g e n i c  o r  

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

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

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

r e g u l a t i o n  a n d  d i f f e r e n t i a t i o n  ( C r e a s y  e t  a l ,  1 9 8 3 ;  Y a r d e n  

e t  a l ,  1 9 8 4 ) .

T h e  i n t e r f e r o n s  h a v e  b e e n  e x t e n s i v e l y  r e v i e w e d  b y  

s e v e r a l  a u t h o r s  i n c l u d i n g  L e n g y e l  ( 1 9 8 2 ) ,  B u r k e  ( 1 9 8 5 ) ,  

C le m e n s  a n d  M c N u r l a n  ( 1 9 8 5 )  a n d  M c M a h o n  ( 1 9 8 5 ) .

i i i l . C l i n i c a l  u s e  o f  i n t e r f e r o n .

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

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

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

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

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

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

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

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

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

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

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

t r i a l s ,  u s i n g  a  l a r g e r  r a n g e  o f  d o s a g e s ,  t o  b e  u n d e r t a k e n .  

T h e  r e s u l t s  o f  t h e  m o re  e x t e n s i v e  t r i a l s  g e n e r a l l y  

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

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

o f  c l i n i c a l  t r i a l s  u s i n g  i n t e r f e r o n s ,  G o l d s t e i n  a n d  L a s z l o  

( 1 9 8 6 )  d i v i d e d  v a r i o u s  t y p e s  o f  m a l i g n a n c i e s  i n t o  t h r e e  

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

r a r e l y  o r  n o n - r e s p o n s i v e .

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

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

c o m p l e t e  o r  p a r t i a l  r e m i s s i o n  ( C R + P R )  i n  o v e r  7 0 %  o f  

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

o r  r e c o m b i n a n t  i n t e r f e r o n s  ( Q u e s a d a  e t  a l ,  1 9 8 4 ;  G a s t l  e t  

a l . 1 9 8 5 ) .  L y m p h o m a s  s h o w  a  m e d ia n  r e s p o n s e  r a t e  ( C R + P R )  

o f  a b o u t  2 5 % ,  a l t h o u g h  t h i s  f i g u r e  i s  h i g h e r  w h e n  p a t i e n t s  

w i t h  f a v o r a b l e  h i s t o l o g y  o n l y  a r e  c o n s i d e r e d  ( F o o n  e t  a l ,  

1 9 8 4 )  .

T h e  " s o m e w h a t  r e s p o n s i v e "  m a l i g n a n c i e s  i n c l u d e  m e la n o m a s  

a n d  r e n a l  c e l l  c a r c i n o m a s ,  w h i c h  h a v e  b o t h  s h o w n  a  C R + P R  o f  

b e t w e e n  0 a n d  3 0 %  i n  a  n u m b e r  o f  d i f f e r e n t  c l i n i c a l  t r i a l s .  

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

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

l y m p h o b l a s t o i d  i n t e r f e r o n  s h o w e d  a  C R + P R  o f  1 7 . 7 %  (U m e d a  

a n d  N i j i m a ,  1 9 8 6 ) ,  w h i c h  i s  c o m p a r a b l e  t o  t h e  m e d ia n  C R + P R  

o f  t h e  t r i a l s  r e v i e w e d  b y  G o l d s t e i n  a n d  L a s z l o  ( 1 9 8 6 ) .  T h e  

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

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

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

r a t e  ( C R + P R )  o f  1 0 % .  T h i s  i s  a n  a n a l o g o u s  s i t u a t i o n  t o  t h e  

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

t r e a t m e n t  w i t h  t h e  sa m e  a g e n t  t h a n  t h e  o r i g i n a l  g r o w t h .

C a n c e r s  w h i c h  d o  n o t  r e s p o n d  w e l l  ( i f  a t  a l l )  t o  

i n t e r f e r o n  i n c l u d e  so m e  o f  t h e  m o s t  c o m m o n ly  o c c u r r i n g  

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

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

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

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

a l ,  1 9 8 7 ) .  H o w e v e r ,  i t  i s  p o s s i b l e  t h a t  i n t e r f e r o n  m ay  

s t i l l  p r o v e  o f  s o m e  b e n e f i t  i n  t h e s e  com m on  c a n c e r s  w h e n  

u s e d  i n  c o n j u n c t i o n  w i t h  o t h e r  a g e n t s ,  f o r  e x a m p le  

c i s - p l a t i n u m  ( F e r g u s s o n  e t  a l ,  1 9 8 7 ) .

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

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

a g e n t s  ( s e e  S t r a n d e r ,  1 9 8 6 )  . A s  w i t h  t h e  t r e a t m e n t  o f  

c a n c e r s ,  t h e  e f f e c t i v e n e s s  o f  t r e a t m e n t  v a r i e s .  F o r  

e x a m p le ,  i n t e r f e r o n  h a s  p r o v e d  e f f e c t i v e  i n  t r e a t i n g  so m e  

p a t i e n t s  w i t h  c h r o n i c  H e p a t i t i s  B  i n f e c t i o n  (T h o m a s  a n d  

S c u l l y ,  1 9 8 5 ) .

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

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

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

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

F o r  t h e s e  r e a s o n s ,  i t  s e e m s  u n l i k e l y  t h a t  i n t e r f e r o n  w i l l  

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

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

I n  o r d e r  t o  im p r o v e  t h e  c l i n i c a l  e f f e c t i v e n e s s  o f  

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

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

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

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

T h e  b i n d i n g  o f  i n t e r f e r o n  t o  a  s p e c i f i c  r e c e p t o r  o n  t h e  

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

a c t i v a t i o n  o r  r e l e a s e  o f  o n e  o r  m o re  " s e c o n d  m e s s e n g e r s "  

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

g e n e s  r e q u i r e d  t o  b r i n g  a b o u t  t h e  o b s e r v e d  a n t i - g r o w t h ,  

a n t i - v i r a l  a n d  im m u n o m o d u la t o r y  e f f e c t s  o f  i n t e r f e r o n .  

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

r e c e p t o r  m e d i a t e d  e n d o c y t o s i s  ( Z o o n  e t  a l ,  1 9 8 3 ;  B r a n c a  e t  

a l ,  1 9 8 2 )  . I t  i s  p o s s i b l e  t h a t  so m e  o f  t h e  b i o l o g i c a l  

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

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

t h e  i n t e r f e r o n / i n t e r f e r o n - r e c e p t o r  c o m p l e x ,  o r  

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

w i t h  t h e  d o w n - r e g u l a t i o n  o f  t h e  i n t e r f e r o n  r e c e p t o r  ( B r a n c a  

a n d  B a g l i o n i ,  1 9 8 2 ) .

T h e r e  a r e  e s t i m a t e d  t o  b e  f i f t e e n  t o  t w e n t y  d i f f e r e n t  

g e n e s  k n o w n  t o  b e  i n d u c i b l e  b y  i n t e r f e r o n  ( R e v e l  a n d  

C h e b a t h ,  1 9 8 6 )  , a t  l e a s t  1 2  o f  w h i c h  a r e  i n d u c e d  b y  a - ,  (3- 

a n d  j$- i n t e r f e r o n ,  w h i l e  t h e  o t h e r s  a r e  o n l y  o r  p r i m a r i l y  

i n d u c e d  b y  e i t h e r  t h e  C l a s s  I  i n t e r f e r o n s  o r  ^ - i n t e r f e r o n .  

G e n e s  k n o w n  t o  b e  i n d u c e d  b y  i n t e r f e r o n  i n c l u d e  2 - 5  A
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s y n t h e t a s e  a n d  t h e  d s R N A  p r o t e i n  k i n a s e ,  ( r e v i e w e d  b y

L e n g y e l ,  1 9 8 2 ) ,  t h e  m a j o r  h i s t o c o m p a t i b i l i t y  a n t i g e n s

( C o l l i n s  e t  a l ,  1 9 8 4 ;  R o s a  a n d  F e l l o u s ,  1 9 8 4 ) ,  g u a n i n e  
n u c l e o t i d e

^ b i n d i n g  p r o t e i n s  ( C h e n g  e t  a l ,  1 9 8 3 ) ,  a n d  t h e  m o u s e  M x  g e n e  

( S t a e h e l i  e t  a l ,  1 9 8 6 a )  A  n u m b e r  o f  c D N A s  o f  i n t e r f e r o n  

i n d u c i b l e  g e n e s  h a v e  a l s o  b e e n  c l o n e d  ( F r i e d m a n  e t  a l . 

1 9 8 4 ;  L a r n e r  e t  a l ,  1 9 8 4 ;  L u s t e r  e t  a l ,  1 9 8 5 )  a n d  s o m e  o f  

t h e s e  c D N A s  i d e n t i f i e d  a s  k n o w n  g e n e s  i n c l u d i n g  

m e t a l l o t h i o n e i n  I l a ,  t h y m o s i n  (3 4 a n d  a  g e n e  r e l a t e d  t o  

p l a t e l e t  f a c t o r - 4 .

O f  t h e  g e n e s  m e n t i o n e d  a b o v e ,  t h e  r o l e  o f  t h e  m o u s e  M x  

g e n e  i s  t h e  m o s t  c l e a r l y  d e f i n e d .  T h e  M x  l o c u s  w a s

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

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

H a l l e r ,  1 9 8 1 ) .  T h e  M x +  a l l e l e  i s  r e s p o n s i b l e  f o r  t h e  

p r o d u c t i o n  o f  a  7 5  k d  p r o t e i n  i n  r e s p o n s e  t o  t y p e  I  b u t  n o t  

g a m m a - i n t e r f e r o n  ( S t a e h e l i  e t  a l ,  1 9 8 4 ) .  T h e  r e s p o n s e  t o  

i n t e r f e r o n  i s  b o t h  r a p i d  a n d  l a r g e ,  w i t h  M x  R N A  r i s i n g  f r o m  

u n d e t e c t a b l e  l e v e l s  t o  0 . 1 %  o f  p o l y a d e n y l a t e d  R N A  w i t h i n  5 

h o u r s  o f  i n t e r f e r o n  t r e a t m e n t  ( S t a e h e l i  e t  a l ,  1 9 8 6 b ) . 

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

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

i n f l u e n z a  v i r u s  i n f e c t i o n ,  M x*" c e l l s  ( w h i c h  d o  n o t  p r o d u c e  

t h e  7 5  k d  p r o t e i n )  , w h e n  t r a n s f o r m e d  w i t h  a  v e c t o r  

e x p r e s s i n g  M x  b e c o m e  r e s i s t a n t  t o  v i r a l  i n f e c t i o n ,  e v e n  i n  

t h e  a b s e n c e  o f  i n t e r f e r o n  t r e a t m e n t  ( S t a e h e l i  e t  a l ,  

1 9 8 6 a )  . T h e r e f o r e ,  e v e n  t h o u g h  t h e  w a y  i n  w h i c h  t h e  M x
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p r o t e i n  i n t e r a c t s  w i t h  t h e  i n f l u e n z a  v i r u s  r e m a i n s  t o  b e  

d e t e r m i n e d ,  t h e  M x  g e n e  i s  a  g o o d  e x a m p le  o f  a  s i n g l e  

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

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

s p e c i f i c  f u n c t i o n s  i n  t h e  w a y  t h a t  t h e  M x  g e n e  h a s ,  b u t  

p r o b a b l y  p l a y  a  m o re  g e n e r a l  r o l e  i n  t h e  i n t e r f e r o n  

r e s p o n s e .  C y t o t o x i c  T  c e l l s  a n d  h e l p e r  T  c e l l s  o n l y  

r e c o g n i z e  a n t i g e n s  i n  c o n j u n c t i o n  w i t h  M HC a n t i g e n  

e x p r e s s i o n  (H o o d  e t  a l ,  1 9 8 5 )  a n d  t h e r e f o r e  t h e  e n h a n c e d  

e x p r e s s i o n  o f  M HC  m o l e c u l e s  o n  a  c e l l  s u r f a c e  i n  r e s p o n s e  

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

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

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

m o re  t h a n  o n e  s i n g l e  r e a s o n .

T h y m o s i n  /34 ( r e v i e w e d  b y  H o r e c k e r  a n d  M o r g a n ,  1 9 8 5 )  i s  

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

T h e  e n h a n c e m e n t  o f  t h y m o s i n  /34 a c t i v i t y  w o u l d  t h e r e f o r e  

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

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

r e q u i r e d .

A  c D N A  c l o n e  o f  a  t f - i n t e r f e r o n  i n d u c i b l e  g e n e ,  p I F N g - 3 1  

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

f a c t o r  4 a n d  / 3 - t h r o m b o g l o b u l i n ,  w h i c h  a r e  b o t h  i m p o r t a n t  

m e d i a t o r s  o f  i n f l a m m a t i o n  a n d  w o u n d  h e a l i n g  ( L u s t e r  e t  a l ,  

1 9 8 4 ) .  T h e  i n d u c t i o n  o f  a  g e n e  w i t h  s i m i l a r  p r o p e r t i e s  a t  

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

im m u n e  r e s p o n s e  a l s o  a p p e a r s  d e s i r a b l e .
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T h e  r e a s o n s  f o r  t h e  i n d u c t i o n  o f  t h e  m e t a l l o t h i o n e i n  I l a  

( M T - I I a )  g e n e  i n  r e s p o n s e  t o  i n t e r f e r o n  i s  l e s s  c l e a r .  

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

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

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

a l s o  o t h e r  m e t a l s  i n c l u d i n g  c a d m iu m  a n d  m e r c u r y  ( V a s a k  a n d  

K a j i ,  1 9 8 3 ) .  B e s i d e s  i n t e r f e r o n ,  m e t a l s  a n d  g l u c o c o r t i c o i d  

h o r m o n e s  a r e  a l s o  i n d u c e r s  o f  m e t a l l o t h i o n e i n  ( K a r i n  e t  a l ,  

1 9 8 0 ,  1 9 8 1 ) .  T h e  m e t a l l o t h i o n e i n  g e n e s  h a v e  s e p a r a t e  5 '  

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

r e s p o n s e s  ( K a r i n  e t  a l ,  1 9 8 4 a ;  S t u a r t  e t  a l ,  1 9 8 4 ) ,  a n d  t h e  

M T - I I a  a l s o  h a s  a  m o re  d i s t a l  5 '  s e q u e n c e  w h i c h  s h a r e s  

h o m o l o g y  t o  a  s e q u e n c e  f o u n d  5 '  t o  t h r e e  H L A  g e n e s  a n d  i s  

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

r e s p o n s e  ( F r i e d m a n  a n d  S t a r k ,  1 9 8 5 ,  a l s o  s e e  D i s c u s s i o n ) . 

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

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

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

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

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

O n e  c o n j e c t u r e  i s  t h a t  b y  r a i s i n g  t h e  l e v e l s  o f  

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

r e q u i r e d  b y  e n z y m e s  f o r  t h e  s y n t h e s i s  o f  n e w  v i r u s  

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

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

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

L e o n e  e t  a l  ( 1 9 8 5 )  c o n s i d e r  t h a t  a  s i m i l a r  e x p l a n a t i o n  m a y
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c o n t r i b u t e  t o  t h e  d e f i c i e n c i e s  i n  c o p p e r - d e p e n d e n t  e n z y m e s  

s e e n  i n  t h e  c e l l s  o f  p a t i e n t s  w i t h  M e n k e 's  d i s e a s e .  T h i s  

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

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

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

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

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

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

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

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

e n z y m e s )  w h i c h  l e a d s  t o  t h e  c l i n i c a l  c o n d i t i o n s  o b s e r v e d .  

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

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

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

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

i n t e r f e r o n  ( 3 - 5  f o l d ,  ( F r i e d m a n  e t  aJL, 1 9 8 4 ) )  m a k e s  t h e  

s e q u e s t e r i n g  o f  m e t a l  i o n s  u n l i k e l y  t o  a c c o u n t  f o r  m o re  

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

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

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

a s  a n  i n c r e a s e  i n  m e t a l l o t h i o n e i n  l e v e l s ,  r a t h e r  t h a n  t h e  

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

r e s p o n s e .

T h e  2 ' , 5 ' - A  s y n t h e t a s e  a n d  d s R N A  d e p e n d e n t  p r o t e i n  

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

t h e  i n h i b i t i o n  o f  p r o t e i n  s y n t h e s i s  c h a r a c t e r i s e d  ( r e v i e w e d  

b y  C le m e n s  a n d  M c N u r l a n ,  1 9 8 5 ) .  I n t e r f e r o n  i n d u c e s  t h e
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p r o d u c t i o n  o f  t h e  s y n t h e t a s e  a n d  k i n a s e ,  w h i c h  r e q u i r e  t h e  

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

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

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

s y n t h e t a s e  r e s u l t s  i n  t h e  p r o d u c t i o n  o f  o l i g o m e r s  o f  2 '  t o  

5 '  l i n k e d  a d e n y l a t e s ,  o f  t h e  g e n e r a l  f o r m u l a  

p p p A 2 ' p 5 ' ( A 2 ' p 5 ' ) n A  (p  =  p h o s p h a t e  m o i e t y ,  n  i s  t y p i c a l l y  2

4 ) ,  g e n e r a l l y  a b b r e v i a t e d  t o  2 ' , 5 ' - A .  T h e  2 ' , 5 ' - A  

m o l e c u l e s  a c t i v a t e  a  l a t e n t  r i b o n u c l e a s e ,  R N a s e  L ,  w h i c h  

d e g r a d e s  m RNA a n d  r R N A .  T h e  p r o t e i n  k i n a s e  m o l e c u l e  i s  

a l s o  a c t i v a t e d  b y  d s R N A ,  a n d  i n  i t s  a c t i v e  f o r m  

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

e I F - 2 ,  w h i c h  r e s u l t s  i n  t h e  i n h i b i t i o n  o f  t h e  f a c t o r  i n  

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

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

g e n e s ,  p r e s e n t l y  c h a r a c t e r i z e d  a s  e i t h e r  c D N A s  o r  p r o t e i n s ,  

r e m a i n s  t o  b e  d e t e r m i n e d .  T h e s e  i n c l u d e  a  1 5  k d  p r o t e i n  

(h u m a n  a n d  b o v i n e )  i n d u c e d  b y  b o t h  y - i n t e r f e r o n  a n d  m o re  

s t r o n g l y  b y  T y p e  I  i n t e r f e r o n s  ( K o r a n t  e t  a l ,  1 9 8 4 ;  

B l o m s t r o m  e t  a l ,  1 9 8 6 ) ,  t w o  ^ - i n t e r f e r o n  i n d u c e d  H e L a  m R N A s  

o f  a b o u t  1 6 0 0  a n d  2 9 0 0  n u c l e o t i d e s  ( L a r n e r  e t  a l ,  1 9 8 4 )  , 

t h e  m u r i n e  L y - 6  a n t i g e n  e x p r e s s e d  b y  T - c e l l s  ( D u m o n t  e t  a l .

1 9 8 6 )  a n d  t h e  h u m a n  1 - 8 ,  9 - 2 7  a n d  6 - 1 6  g e n e s  ( F r i e d m a n  e t  

a l ,  1 9 8 4 ) .

T h e  6 - 1 6  g e n e  e n c o d e s  a  m RNA o f  a b o u t  1 0 0 0  n u c l e o t i d e s ,  

w h i c h  i s  s t r o n g l y  i n d u c e d  b y  T y p e  I ,  b u t  n o t  # “ i n t e r f e r o n s  

i n  a  v a r i e t y  o f  c e l l  l i n e s  ( K e l l y  e t  a l ,  1 9 8 5 )  . A  c o s m id
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c o n t a i n i n g  h u m a n  g e n o m ic  6 - 1 6  w a s  t r a n s f e c t e d  i n t o  m o u s e  

L t k “  c e l l s  a n d  t h e  r e s u l t i n g  t r a n s f e c t a n t s  s h o w e d  

m o u s e - i n t e r f e r o n - i n d u c i b l e  h u m a n  6 - 1 6  e x p r e s s i o n .  T h i s  

i n d i c a t e d  t h a t  n o t  o n l y  d i d  t h e  c o s m id  c o n t a i n  a l l  ( o r  

m o s t )  o f  t h e  6 - 1 6  g e n e ,  i n c l u d i n g  i t s  r e g u l a t o r y  e l e m e n t s ,  

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

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

b e t w e e n  m an  a n d  m o u s e  ( P o r t e r  e t  a l ,  1 9 8 8 )  . T h e  6 - 1 6  g e n e  

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

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

K e l l y  e t  a l ,  1 9 8 6 )  w h i c h  w a s  f i r s t  i d e n t i f i e d  b y  B u r r o n e  

a n d  M i l s t e i n  ( 1 9 8 2 )  .

H y b r i d i z a t i o n  o f  t h e  1 - 8  c D N A  t o  S o u t h e r n  b l o t s  o f  h u m a n  

g e n o m ic  D N A  r e v e a l e d  b e t w e e n  1 0  a n d  3 0  b a n d s  w h i c h  

h y b r i d i z e d  t o  t h e  p r o b e  ( F r i e d m a n  e t  a l ,  1 9 8 4 ) ,  i n d i c a t i n g  

t h a t  1 - 8  i s  a  m e m b e r  o f  a  m u l t i g e n e  f a m i l y .  T h e r e  i s  o n l y  

a  s i n g l e  9 - 2 7  g e n e ,  t h o u g h  t w o  o v e r l a p p i n g  c D N A  c l o n e s  

s u g g e s t e d  t h a t  s e q u e n c e s  5 '  t o  t h e  2 2 0  b p  o f  t h e  o r i g i n a l  

9 - 2 7  c D N A  i n d i c a t e d  t h a t  a  r e g i o n  o f  9 - 2 7  s h a r e s  s t r o n g  

h o m o l o g y  t o  1 - 8  (M c M a h o n ,  1 9 8 5 )  . T h e  1 - 8  a n d  9 - 2 7  g e n e s  

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

i n t e r f e r o n ,  a n d  p r o d u c e  s m a l l  m R N A s  o f  a b o u t  8 0 0 - 9 0 0  

n u c l e o t i d e s  i n  l e n g t h .  T h e  u n i n d u c e d  l e v e l s  o f  t h e s e  g e n e s  

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

l e v e l s  o f  1 - 8  o f t e n  a p p e a r  t o  r i s e  s i g n i f i c a n t l y  a s  c e l l s  

b e c o m e  m o re  c o n f l u e n t  (M . M c M a h o n ,  p e r s .  c o m m .,  a n d  ow n  

o b s e r v a t i o n s ) . A f t e r  i n d u c t i o n  b y  i n t e r f e r o n ,  t h e  l e v e l s
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o f  1 - 8  m RNA i n  c e l l s  r e m a i n s  h i g h  e v e n  a f t e r  t h e  r a t e  o f  

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

p o s t - t r a n s c r i p t i o n a l  s t a b i l i z a t i o n  ( F r i e d m a n  e t  a l ,  1 9 8 4 ) .

. S u m m a ry .

T h e  w id e  n u m b e r  o f  d i f f e r e n t  g e n e s  k n o w n  t o  b e  i n d u c e d  

b y  i n t e r f e r o n  a r e  a  r e f l e c t i o n  o f  t h e  w id e  r a n g e  o f  

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

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

r e c e p t o r  a c t i v a t e s  m o re  t h a n  o n e  r e s p o n s i v e  p a t h w a y .  F o r t i  

e t  a l  ( 1 9 8 4 )  s h o w e d  t h a t  a l t h o u g h  o x y p h e b u t a z o n e  ( a  

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

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

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

d r u g .  M c M a h o n  ( 1 9 8 5 )  s t u d i e d  t h e  e x p r e s s i o n  o f  a  r a n g e  

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

w h i c h  a r e  r e s i s t a n t  t o  t h e  a n t i - g r o w t h  ( b u t  n o t  a n t i - v i r a l )  

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

H L A ,  t h y m o s i n  £ 4 ,  p - 2  m i c r o g l o b u l i n  a n d  2 ' , 5 ’ - A  s y n t h e t a s e  

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

t h e  1 - 8 ,  9 - 2 7  a n d  6 - 1 6  g e n e s  w e r e  n o t .  M o r e o v e r ,  t h e  

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

r e s p o n s e  t o  a -  a n d  (3-  i n t e r f e r o n s  ( J o n a k  a n d  K n i g h t ,  1 9 8 4 ;  

K e l l y  e t  a l ,  1 9 8 5 ) ,  w a s  a l s o  u n a f f e c t e d .

T hese  r e s u l t s  s t r o n g l y  s u g g e s t  t h a t  i n t e r f e r o n  m e d ia te s

i t s  e f f e c t s  th ro u g h  a t  l e a s t  two d i s t i n c t  p a th w ay s  a f t e r

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

i n h i b i t i n g  o r  o v e r - e x p r e s s i n g  s u b s e t s  o f  o r  i n d i v i d u a l  

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

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

B .  G E N E S  A N D  G E N O M E S .

i ) . C o m p l e x i t y  o f  t h e  g e n o m e .

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

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

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

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

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

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

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

s p e c i e s .

O n e  t h e m e  t h a t  h a s  e m e r g e d  f r o m  t h e  r e s e a r c h  w h i c h  h a s  

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

p r o c e s s e s .  D u r i n g  t h e  1 9 5 0 s  a n d  1 9 6 0 s ,  s t u d i e s  o f  c e l l  

b i o l o g y  b y  t w o  t y p e s  o f  t e c h n i q u e s ,  p r o t e i n  e l e c t r o p h o r e s i s  

a n d  D N A  r e a n n e a l i n g  r e v e a l e d  a  v a s t  c o m p l e x i t y  i n  t h e  

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

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

s i n g l e  a n d  l o w  c o p y  n u m b e r  D N A  b y  t h e  s i z e  o f  a n  " a v e r a g e  

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

o r  o t h e r  m a m m a l ia n  c e l l  i s  i n  t h e  o r d e r  o f  1 0 , 0 0 0  t o

1 0 0 , 0 0 0 .  F r o m  t h i s  j i g s a w  o f  m a n y  i n d i v i d u a l  p i e c e s ,
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c l u s t e r s  o f  g e n e s  w h i c h  s h o w  com m on  f e a t u r e s  h a v e  b e e n  

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

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

o f  s i z e  a n d  f u n c t i o n  o f  p o l y p e p t i d e s  a n d  s u b s e q u e n t l y  a t  a  

m o l e c u l a r  l e v e l  i n  t h e  h o m o l o g i e s  b e t w e e n  t h e  D N A  s e q u e n c e s  

o f  d i f f e r e n t  g e n e s .  O n e  e x a m p le  o f  o r g a n i z a t i o n  b e t w e e n  a  

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

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

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

i i ^ . G l o b i n  g e n e s  a s  a  m o d e l  f o r  g e n e  f a m i l i e s .

N o r m a l  h u m a n  a d u l t  h a e m o g l o b i n  (H b A )  c o n s i s t s  o f  t w o  

a l p h a  a n d  t w o  b e t a  c h a i n  s u b u n i t s .  T h e r e  i s  a l m o s t  5 0 %  

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

t h a t  t h e y  s h a r e  a  com m on  e v o l u t i o n a r y  o r i g i n .  H o w e v e r ,  a s  

t h e  a -  a n d  /?- g e n e s  a r e  o n  s e p a r a t e  c h r o m o s o m e s ,  i t  i s  

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

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

o b s e r v a t i o n  t h a t  t h e  d e g r e e  o f  h o m o lo g y  o f  t h e  / ? - c h a i n  

b e t w e e n  s p e c i e s  i s  g r e a t e r  t h a n  t h a t  b e t w e e n  t h e  a -  a n d  /?- 

c h a i n s  w i t h i n  a  s i n g l e  s p e c i e s .  T h e r e  a r e  o t h e r  a -  a n d  (3- 

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

c h r o m o s o m a l  l o c a t i o n  o f  t h e  a -  a n d  /?- g e n e s .  S o m e  o f  t h e s e  

g e n e s  a r e  e x p r e s s e d  i n s t e a d  o f  t h e  a -  a n d  /?- g e n e s  d u r i n g  

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

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

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



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

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

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

g e n e  e x p r e s s i o n  w h i c h  m ay  b e  i n f e r r e d .  T h e  f a c t  t h a t  

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

c e l l s  d e m o n s t r a t e s  a  f o r m  o f  c o n t r o l  m e c h a n is m  t h a t  m u s t  

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

o t h e r  c e l l  t y p e s  a n d / o r  a c t i v a t e  t h e i r  e x p r e s s i o n  i n  b l o o d  

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

s h a r e  so m e  com m on  f e a t u r e  t o  a l l o w  t h i s  c e l l - s p e c i f i c  

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

e x p r e s s i o n  t o  a l l o w  t h e  a p p r o p r i a t e  f o r m  o f  h a e m o g l o b i n  t o  

b e  e x p r e s s e d .  F i n a l l y ,  t h e r e  i s  a l s o  c o o r d i n a t e d

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

t h a t  t h e y  a r e  e x p r e s s e d  i n  s t o i c h i o m e t r i c  p r o p o r t i o n s .

T h e  g l o b i n  g e n e s  h a v e  b e e n  e x t e n s i v e l y  c h a r a c t e r i z e d ,  

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

a r c h e t y p a l  g e n e ,  w i t h  " T A T A "  a n d  " C A A T "  b o x e s  u p s t r e a m  t o  

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

s p e c i f i c  D N A  s e q u e n c e s  w h i c h  c o n t r o l  t h e  e x p r e s s i o n  o f  

i n d i v i d u a l  g l o b i n  g e n e s .  F o r  e x a m p le ,  t h e  A y  g e n e  o n  t h e  

) 3 - g e n e  c l u s t e r ,  w h i c h  i s  e x p r e s s e d  d u r i n g  f e t a l  

d e v e l o p m e n t ,  h a s  t h e  s e q u e n c e  Y Y T T G A  ( Y = p y r i m i d i n e )  

i m m e d i a t e l y  u p s t r e a m  o f  i t s  " C A A T "  b o x  i n  m a n , g o a t ,  r a b b i t  

a n d  m o u s e .  T h i s  s e q u e n c e  i s  n o t  f o u n d  i n  t h e  a d u l t  / ? - g e n e s  

a n d  a  m u t a t i o n  w i t h i n  t h i s  m o t i f  h a s  b e e n  f o u n d  i n  

i n d i v i d u a l s  w i t h  h e r e d i t a r y  p e r s i s t e n c e  o f  f e t a l
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h a e m o g l o b i n  ( H P F H ) , w h e n  t h e  A #  g e n e  i s  e x p r e s s e d  d u r i n g  

a d u l t  l i f e  ( K a r l s s o n  a n d  N i e n h u i s ,  1 9 8 5 ,  a n d  r e f e r e n c e s  

t h e r e i n ) . A n o t h e r  m o re  d i s t a l  p o i n t  m u t a t i o n  i n  t h e  A#  

g e n e  a l s o  r e s u l t s  i n  H P F H  ( G i g l i o n i  e t  a l ,  1 9 8 4 )  , 

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

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

p r o b a b l y  v a r i e d  a n d  c o m p le x .  I n  a d d i t i o n  t h e r e  a r e  f u r t h e r  

l i n e s  o f  e v i d e n c e  ( r e v i e w e d  b y  K a r l s s o n  a n d  N i e n h u i s )  w h i c h  

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

t r a n s c r i p t i o n  m a y  a l s o  p l a y  a  r o l e  i n  c o n t r o l l i n g  

h a e m o g l o b i n  g e n e  e x p r e s s i o n .

i i i ) . O t h e r  g e n e  f a m i l i e s .

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

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

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

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

t o  t h o s e  f o u n d  i n  t h e  h a e m o g l o b i n  g e n e  f a m i l y .  T h e  s i z e s  

o f  t h e  f a m i l i e s  r a n g e  f r o m  t h o s e  w i t h  a  f e w  m e m b e r s ,  f o r  

e x a m p le  a - t u b u l i n  (4  s e p a r a t e  g e n e s  i n  c h i c k e n s  ( L o p a t a  e t  

a l ,  1 9 8 3 ) )  a n d  / 3 - c r y s t a l l i n s  (3  g e n e s  i n  r a t ,  4 i n  h u m a n s  

( A a r t s  e t  aJL, 1 9 8 7 ) )  t h r o u g h  t o  t h e  i m m u n o g l o b u l i n  

" s u p e r g e n e  f a m i l y "  (H o o d  e t  a l ,  1 9 8 5 ) .  B e y o n d  t h i s  i s  t h e  

h y p e r v a r i a b l e  " m i n i s a t e l l i t e "  r e g i o n s  o f  D N A  ( J e f f r e y s  e t  

a l ,  1 9 8 5 )  p r e s e n t  i n  n u m e r o u s  c o p i e s  p e r  c e l l .



C. OLIGONUCLEOTIDES.

i ) . P r o b e s .

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

s p e c i f i c  s e q u e n c e s  o f  D N A  f o r  u s e  a s  h i g h  s p e c i f i c  a c t i v i t y  

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

s t u d y  o f  m o l e c u l a r  b i o l o g y  ( s e e  f o r  e x a m p le  G a i t  e t  a l .

1 9 8 2 )  . O n e  m a in  a r e a  o f  u s e  h a s  b e e n  i n  i s o l a t i n g  c D N A  o r  

g e n o m ic  c l o n e s  o f  g e n e s  w h o s e  p r o t e i n  s e q u e n c e  ( o r  p a r t i a l  

s e q u e n c e )  h a s  b e e n  d e t e r m i n e d  (W o o d  e t  a l ,  1 9 8 4 ;  U l l r i c h  e t  

a l ,  1 9 8 4 a ;  J a y e  e t  a l ,  1 9 8 3 ;  a n d  A n d e r s o n  a n d  K i n g s t o n ,

1 9 8 3 )  . T h e r e  a r e  a  n u m b e r  o f  t h e o r e t i c a l  a n d  p r a c t i c a l  

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

( r e v i e w e d  b y  L a t h e ,  1 9 8 5 ) .  I n  d e s i g n i n g  a  p r o b e  f o r  a  g e n e  

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

t o  u s e  e i t h e r  a  s h o r t  ( 1 5  t o  2 0  n u c l e o t i d e s )  m i x e d  p r o b e ,  

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

l o n g  p r o b e  ( 3 0  t o  7 0  n u c l e o t i d e s )  b a s e d  u p o n  p r e f e r r e d  

c o d o n  u s a g e ,  w h i c h  m a y  p r o v e  t o  b e  8 0 - 9 0 %  h o m o l o g o u s  t o  t h e  

a c t u a l  t a r g e t  s e q u e n c e .  T h e  a d v a n t a g e s  a n d  d i s a d v a n t a g e s  

o f  e a c h  a p p r o a c h  a r e  c o n s i d e r e d  b y  L a t h e  ( 1 9 8 5 ) .  S h o r t  

o l i g o n u c l e o t i d e  p r o b e s  o n l y  r e q u i r e  a  s i n g l e  b a s e - p a i r  

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

t h a n  a  p e r f e c t l y  m a t c h e d  e q u i v a l e n t  ( W a l l a c e  e t  a l ,  1 9 7 9 ) ,  

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

e n d  o f  t h e  p r o b e .  T h e r e f o r e ,  i f  a  s h o r t  m i x e d  p r o b e  i s  

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

t h e  t a r g e t  s e q u e n c e  m a y  n o t  b e  d e t e c t e d  a t  a l l ,  d u e  t o  j u s t
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a  s i n g l e  b a s e  m i s m a t c h .  O n  t h e  o t h e r  h a n d ,  s i n c e  g e n e  

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

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

a p p a r e n t l y  u n r e l a t e d  c o d i n g  r e g i o n s  ( L a t h e ,  1 9 8 5 ) ,  a n d  

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

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

g e n e s ,  d e p e n d i n g  u p o n  t h e  e x a c t  h y b r i d i z a t i o n  c o n d i t i o n s  

e m p lo y e d .

I t  i s  a l s o  i m p o r t a n t  t o  c o n s i d e r  t h e  s i z e  o f  t h e  

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

o l i g o n u c l e o t i d e  p r o b e s .  O b v i o u s l y ,  a  h u m a n  c D N A  l i b r a r y ,  

r e p r e s e n t i n g  a p p r o x i m a t e l y  1 0 7 b a s e  p a i r s  o f  s e q u e n c e  i s  

f a r  l e s s  c o m p le x  t h a n  a  h u m a n  g e n o m ic  D N A  l i b r a r y  o f  o v e r  

1 0 ^  b p ,  a n d  t h e r e f o r e ,  s h o r t e r  p r o b e s  m a y  b e  u s e d  w i t h  a  

h i g h e r  e x p e c t a t i o n  o f  s u c c e s s  o n  t h e  f o r m e r .  H y b r i d i z a t i o n  

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

M e i n k o t h  a n d  W a h l  ( 1 9 8 4 ) ?  a l s o  s e e  M a t e r i a l s  a n d  M e t h o d s  

a n d  D i s c u s s i o n .

i i ) . P r i m e r s .

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

s e q u e n c i n g  a n d  p r i m e r  e x t e n s i o n  e x p e r i m e n t s .  

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

s p e c i f i c  M 1 3  p r i m e r s .  T h i s  o f t e n  r e q u i r e d  t i m e - c o n s u m i n g  

m a n i p u l a t i o n  o f  s m a l l  r e g i o n s  o f  c l o n e d  D N A  f r a g m e n t s ,  

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

t h e  D N A  m a d e  s e q u e n c i n g  t h r o u g h  t h e  r e g i o n  d i f f i c u l t  u n l e s s
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i t  w a s ,  f o r  e x a m p le ,  i m m e d i a t e l y  a d j a c e n t  t o  t h e  p r i m e r ,  o r  

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

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

r e g i o n s  o f  D N A  i m p r a c t i c a l .  T h e  i n c r e a s i n g  a v a i l a b i l i t y  o f  

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

p r i m e r s ,  d e s i g n e d  t o  c o r r e s p o n d  t o  a  k n o w n  s e q u e n c e  o f  D N A  

a d j a c e n t  t o  a n  u n k n o w n  r e g i o n  h a s  f a c i l i t a t e d  t h e  a c c u r a t e  

d e t e r m i n a t i o n  o f  D N A  s e q u e n c e s .  T h e  u s e  o f  s p e c i f i c  

p r i m e r s  a v o i d s  t h e  n e e d  t o  d i v i d e  t h e  D N A  b e i n g  s e q u e n c e d  

i n t o  s h o r t  (2  0 0 - 4 0 0  b p )  l e n g t h s  w h i c h  h a v e  t h e m  t o  b e  

s u b - c l o n e d  i n t o  a n  M 1 3  v e c t o r .  I n s t e a d ,  l o n g e r  l e n g t h s  o f  

D N A  m a y  b e  s u b c l o n e d  a n d  t h e  f i r s t  2 0 0  o r  3 0 0  n u c l e o t i d e s  

s e q u e n c e d  i n  t h e  n o r m a l  w a y ,  f o l l o w e d  b y  t h e  n e x t  2 0 0  - 3 0 0  

n u c l e o t i d e s  f r o m  a  p r i m e r  d e t e r m i n e d  b y  t h e  3 • e n d  o f  t h e  

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

D . IN T R O D U C T IO N  O F  C L O N E D  S E Q U E N C E S  IN T O  C E L L S .

i ) . T r a n s f e c t i o n  t e c h n i q u e s .

T h e  i n t r o d u c t i o n  o f  c l o n e d  D N A  s e q u e n c e s  i n t o  m a m m a l ia n  

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

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

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

(G r a h a m  a n d  V a n  D e r  E b ,  1 9 7 3 ;  W i g l e r  e t  a l ,  1 9 7 9 ) ,  a l t h o u g h  

o t h e r  t e c h n i q u e s  i n c l u d i n g  t r a n s f e c t i o n  w i t h  p o l y b r e n e - D M S O  

( K a w a i  a n d  N i s h i z a w a ,  1 9 8 4 ) ,  m i c r o i n j e c t i o n ,  

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

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

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

D N A  i n t o  CHO  a n d  L - c e l l s  ( H i d a k a  e t  a l ,  1 9 8 5 )  . H o w e v e r ,  

s i n c e  t h e  e f f i c i e n c y  o f  e a c h  t e c h n i q u e  a p p e a r s  t o  v a r y  n o t  

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

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

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

t r a n s f e r  o f  D N A  i n t o  m a m m a l ia n  c e l l s  h a s  b e e n  r e v i e w e d  b y  

G o rm a n  ( 1 9 8 5 ) .

i i )  . S t u d y  o f  g e n e  e x p r e s s i o n  u s i n g  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  u s e  o f  a  v a r i e t y  o f  d i f f e r e n t  v e c t o r s  f o r  t h e  

m a n i p u l a t i o n  o f  c l o n e d  D N A  s e q u e n c e s  a l l o w s  a  r a n g e  o f  

q u e s t i o n s  t o  b e  a d d r e s s e d .  B y  u s i n g  h e t e r o l o g o u s  

p r o m o t e r s ,  g e n e s  m a y  b e  u n d e r  o r  o v e r - e x p r e s s e d  i n  a  c e l l  

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

l e v e l s  ( e . g .  o n c o g e n e s )  o r  e x p r e s s e d  i n  c e l l  l i n e s  f r o m  

w h i c h  t h e y  a r e  n o r m a l l y  a b s e n t  ( e . g .  t h e  M x  g e n e  i n  M x "

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

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

i n d u c i b l e  b y i n t e r f e r o n . C o n v e r s e l y , b y  l i n k i n g t h e

p r o m o t e r  o f a  g e n e  t o  a h e t e r o l o g o u s m a r k e r g e n e , t h e

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

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

e n h a n c e r  e l e m e n t s ,  a s  w e l l  a s  t h e  c e l l u l a r  e l e m e n t s  w h i c h  

b i n d  t o  t h e s e  r e g i o n s  o f  D N A  ( r e v i e w e d  b y  D y n a n  a n d  T j i a n ,

1 9 8 5 ) .  A  v a r i e t y  o f  m a r k e r  g e n e s  a r e  a v a i l a b l e ,  i n c l u d i n g  

t h e  h e r p e s  s i m p l e x  v i r u s  t h y m i d i n e  k i n a s e  ( t k )  g e n e  

( M c K n i g h t ,  1 9 8 0 )  a n d  t h e  b a c t e r i a l  c h l o r a m p h e n i c o l  a c e t y l  

t r a n s f e r a s e  (C A T )  g e n e  (G o rm a n  e t  a l ,  1 9 8 2 a ) .

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

b o t h  t h e  m e t a l l o t h i o n e i n  I  ( S t u a r t  e t  a l ,  1 9 8 4 )  a n d  t h e  

m e t a l l o t h i o n e i n  I l - a  g e n e s  ( K a r i n  e t  a l ,  1 9 8 4 a , b )  i n  o r d e r  

t o  c h a r a c t e r i z e  s e q u e n c e s  w i t h i n  t h e  p r o m o t e r s  w h i c h  a r e  

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

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

a l  ( 1 9 8 4 a , b )  m a d e  a  s e r i e s  o f  d e l e t i o n s  f r o m  t h e  5 '  r e g i o n  

o f  t h e  M T - I I a  p r o m o t e r  w h i c h  w e r e  s t a b l y  t r a n s f e c t e d  i n t o  

R a t  2 c e l l s  a n d  a s s a y e d  b y  n o r t h e r n  b l o t  a n a l y s i s .  T h e y  

i d e n t i f i e d  a  r e g i o n  o f  t h e  p r o m o t e r  i m m e d i a t e l y  3 '  t o  

n u c l e o t i d e  - 5 0  ( + 1  =  s t a r t  o f  t r a n s c r i p t i o n )  t h a t  c o n f e r r e d  

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

h o m o l o g o u s  s e q u e n c e  i n  t h e  M T - I  g e n e  d i d  n o t  b y  i t s e l f  

r e n d e r  t h e  M T - I / T K  f u s i o n  i n d u c i b l e  b y  m e t a l s  ( S t u a r t  e t  

a l ,  1 9 8 4 ) .  H o w e v e r ,  t h e  a s s a y  u s e d  f o r  t h e  M T - I / T K  f u s i o n  

w a s  a  t r a n s i e n t  e x p r e s s i o n  a s s a y  f o l l o w i n g  t h e  

m i c r o i n j e c t i o n  o f  t h e  D N A  c o n s t r u c t s  i n t o  m o u s e  o o c y t e s .  

S u b s e q u e n t  w o r k  b y  K a r i n  a n d  H o l t g r e v e  ( 1 9 8 4 c )  r e v e a l e d  

t h a t  t h e i r  " - 5 0 "  c o n s t r u c t  w a s  n o t  i n d u c i b l e  i n  a  t r a n s i e n t  

a s s a y ,  a n d  t h a t  a  s e q u e n c e  e le m e n t  l o c a t e d  f u r t h e r  u p s t r e a m
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w a s  a l s o  r e q u i r e d  u n d e r  t h e s e  c o n d i t i o n s .

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

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

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

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

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

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

t r a n s i e n t  a s s a y s  ( K a r i n  a n d  H o l t g r e v e ,  1 9 8 4 c ) , a l t h o u g h  

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

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

g e n e  e x p r e s s i o n .  T h i s  i s  a n  i m p o r t a n t  c o n s i d e r a t i o n  w h e n  

t h e  e f f i c i e n c y  o f  t r a n s f e c t i o n  i s  l o w ,  s o  t h a t  t h e  

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

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

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

B o t h  t h e  h e r p e s  v i r u s  t k  g e n e  a n d  t h e  C A T  g e n e  a r e  

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

m a m m a l ia n  c e l l s  a n d  t h e r e f o r e  t h e  a s s a y s  f o r  t h e  m a r k e r s  

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

e x p r e s s i o n .  T h e  l e v e l s  o f  t k  e x p r e s s i o n  a r e  c o m m o n ly  

m e a s u r e d  b y  e i t h e r  n o r t h e r n  b l o t  a n a l y s i s  o r  S I  a n a l y s i s ,  

p r o v i d i n g  a  d i r e c t  m e a s u r e m e n t  o f  m RNA l e v e l s .  C A T  

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

a s s a y  ( s e e  M a t e r i a l s  a n d  M e t h o d s )  a n d  t h i s  i s  g e n e r a l l y  

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

u s e  w h e n  h a n d l i n g  m u l t i p l e  s a m p l e s .  A l t h o u g h  m e a s u r i n g  C A T  

a c t i v i t y  i s  a  l e s s  d i r e c t  m e t h o d  o f  m e a s u r i n g  l e v e l s  o f
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e x p r e s s io n  t h a n  a n  a s s a y  f o r  mRNA, i t  h a s  b e e n  s h o w n  t h a t  
i n  g e n e r a l ,  CAT a c t i v i t y  d o e s  c o r r e l a t e  w i t h  s t e a d y  s t a t e  
l e v e l s  o f  CAT mRNA l e v e l s  (G o rm a n  e t  a l ,  1 9 8 2 b ) .

E . O B JE C T IV E S .
T h e  a im  o f  my r e s e a r c h  w a s  t o  e x a m in e  o n e  o r  

m o r e  o f  t h e  i n t e r f e r o n - i n d u c i b l e  g e n e s  p r e v i o u s l y  
i d e n t i f i e d  b y  F r ie d m a n  e t  a l  ( 1 9 8 4 ) .  A l t h o u g h  t h e  cDNA  
c lo n e s  o b t a i n e d  b y  F r ie d m a n  e t  a l  h a d  b e e n  s e q u e n c e d ,  t h e s e  
c lo n e s  w e re  i n  g e n e r a l  m uch  s m a l l e r  t h a n  t h e  s i z e  o f  t h e i r  
c o r r e s p o n d in g  mRNAs a s  d e t e c t e d  o n  n o r t h e r n s .  O b t a i n i n g  
a n d  s e q u e n c in g  l o n g e r  cDNAs o f  t h e s e  g e n e s  w o u ld  p r o v i d e  
i n f o r m a t i o n  a b o u t  p o t e n t i a l l y  t r a n s l a t e d  r e a d i n g  f r a m e s  o f  
t h e s e  g e n e s .  I d e n t i f i c a t i o n  o f  t h e  5 '  e n d  o f  a cDNA w o u ld  
l e a d  t o  t h e  i d e n t i f i c a t i o n  o f  t h e  5 '  r e g u l a t o r y  s e q u e n c e s  
o f  t h e  c o r r e s p o n d in g  g e n e .  T h i s  i n f o r m a t i o n  c o u l d  b e  
c o r r e l a t e d  t o  t h e  o b s e r v a t i o n  o f  p u t a t i v e  i n t e r f e r o n  
c o n s e n s u s  s e q u e n c e s  ( F r ie d m a n  a n d  S t a r k ,  1 9 8 5 ) .

O f  p a r t i c u l a r  i n t e r e s t  w a s  t h e  1 - 8  g e n e  f a m i l y .  O ne a im  
o f  my w o r k  w a s  t o  s e e k  t o  e x a m in e  h ow  i n d i v i d u a l  m e m b e rs  o f  
t h e  f a m i l y  w e r e  r e l a t e d ,  a n d  w h e t h e r  o r  n o t  a l l  o r  j u s t  
som e o f  t h e  f a m i l y  m e m b e rs  w e re  e x p r e s s e d  a n d  w h e t h e r  t h i s  
e x p r e s s io n  w a s ,  f o r  e x a m p le ,  d e p e n d e n t  o n  i n t e r f e r o n  t o  t h e  
sam e d e g r e e  f o r  d i f f e r e n t  f a m i l y  m e m b e rs .

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

I n  t h e  l o n g  t e r m ,  i d e n t i f i c a t i o n  a n d  c h a r a c t e r i z a t i o n  
o f  a  s e t  o f  r e l a t e d  g e n e s  w o u ld  p e r m i t  a  f u l l e r  
u n d e r s t a n d i n g  o f  t h e  m e c h a n is m s  b y  w h ic h  t h e s e  g e n e s  w o r k .  
Common f e a t u r e s  i n  t h e  DNA o r  a m in o  a c i d  s e q u e n c e s  o f  
r e l a t e d  g e n e s  im p ly  t h a t  t h e s e  com mon f e a t u r e s  m ay s e r v e  a  
f u n c t i o n  i n  t h e  r e g u l a t i o n  a n d  e x p r e s s io n  o f  t h e s e  g e n e s .  
T h i s  o f f e r s  a  r o u t e  t o  t h e  i d e n t i f i c a t i o n  o f  f a c t o r s  w h ic h  

r e g u l a t e  t h e  e x p r e s s io n  o f  t h e s e  g e n e s  a n d  o f  f a c t o r s  
( w h ic h  m ay b e  t h e  sam e o r  d i f f e r e n t )  w h ic h  m e d ia t e  t h i s  
r e g u l a t i o n  i n  r e s p o n s e  t o  i n t e r f e r o n .
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S u p p le m e n t  t o  t h e  I n t r o d u c t i o n

T h e  w o r k  p r e s e n t e d  i n  t h i s  t h e s i s  w a s  c o m p le te d  i n  
N o v e m b e r 1 9 8 7  a n d  t h e  a b o v e  i n t r o d u c t i o n  w a s  w r i t t e n  
s h o r t l y  a f t e r w a r d s  i n  e a r l y  1 9 8 8 .  A t  t h a t  t im e ,  r e s e a r c h  
o n  i n t e r f e r o n  i n d u c i b l e  g e n e s  w a s  l a r g e l y  c o n f i n e d  t o  
s t u d i e s  o f  t h e  k i n e t i c s  o f  t h e i r  i n d u c t i o n ,  t h e  f u n c t i o n  o f  
t h e  g e n e  p r o d u c t s  a n d  t h e i r  p r im a r y  g e n o m ic  s t r u c t u r e .  
L i t t l e  w as  k n o w n  a b o u t  t h e  m e c h a n is m s  b y  w h ic h  e x p r e s s io n  
o f  t h e s e  g e n e s  w a s  b r o u g h t  a b o u t  a f t e r  t h e  b i n d i n g  o f  
i n t e r f e r o n s  t o  t h e i r  r e c e p t o r s  o n  t h e  c e l l  s u r f a c e .

T h e  w o r k  p r e s e n t e d  i n  C h a p t e r  6 .  D b e lo w  a n d  o t h e r  
c o n t e m p o r a r y  r e s e a r c h  l e d  t o  t h e  i d e n t i f i c a t i o n  o f  a DNA 
s e q u e n c e  e le m e n t  w h ic h  i s  te rm e d  t h e  I n t e r f e r o n  S t im u la t e d  
R e s p o n s e  E le m e n t  ( I S R E ) . O v e r  t h e  l a s t  tw o  t o  t h r e e  y e a r s ,  
a n u m b e r  o f  p r o t e i n  f a c t o r s  w h ic h  b i n d  t o  t h e  IS R E  h a v e  
b e e n  i d e n t i f i e d  ( r e v ie w e d  b y  B . R . G . W i l l i a m s , E u r . J . B io c h e m

(1 9 9 1 )  , i n  p r e s s )  . A n u m b e r  o f  t e c h n iq u e s  h a v e  b e e n  u s e d  

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

m o b i l i t y  s h i f t  a s s a y s  u s i n g  DNA f r a g m e n t s  c o r r e s p o n d in g  t o  
n a t i v e  a n d  m u t a n t  IS R E  s e q u e n c e s  (e g  A . M . A l i  Im am  e t  a l , 
N u c l . A c id s  R e s . ,  1 8 ,  6 5 7 3 -6 5 8 0  ( 1 9 9 0 ) ) .

T h e  b e s t  c h a r a c t e r i z e d  o f  t h e s e  p r o t e i n  f a c t o r s  i s  

f a c t o r  E (Im am  e t  a l ,  i b i d ) ,  o r  IS G F 3 , f o r  I n t e r f e r o n -  
S t im u l a t e d  G ene  F a c t o r  3 ( D .L e v y  a n d  J . E . D a r n e l l ,  T h e  New  
B i o l o g i s t  2, 9 2 3 - 9 2 8  ( 1 9 9 0 ) ) .  T h i s  f a c t o r  r e q u i r e s  t h e  5 '  
m a r g in  a n d  t h e  c e n t r a l  c o r e  o f  t h e  IS R E  f o r  b i n d i n g .  T h e  
f a c t o r  i s  a c t i v a t e d  r a p i d l y  a f t e r  b i n d i n g  o f  i n t e r f e r o n
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a lp h a  o r  gamma t o  t h e i r  r e c e p t o r s ,  a n d  r e q u i r e s  n o  new  
p r o t e i n  s y n t h e s i s .  IS G F 3  h a s  b e e n  c h a r a c t e r i z e d  a s  a  
m u l t im e r i c  p r o t e i n  c o m p le x  c o m p r is in g  a 4 8 - k D  c o m p o n e n t  
t e rm e d  IS G F3#  , t h e  l e v e l  o f  w h ic h  c a n  b e  i n c r e a s e d  i n  t h e  
c y t o p la s m  o f  c e l l s  b y  t r e a t m e n t  w i t h  IFNft , a n d  a s e c o n d  
c o m p o n e n t ,  IS F G 3 a . T h i s  l a t t e r  c o m p o n e n t  i s  m ade u p  o f  a t  
l e a s t  t h r e e  s u b  u n i t s .  T r e a tm e n t  o f  c e l l s  w i t h  IF N a  
r e s u l t s  i n  t h e  a c t i v a t i o n  o f  IS G F 3 a , w h ic h  c o m b in e s  w i t h  
ISG F3 '^  t o  f o rm  a n  a c t i v e  c o m p le x  i n  t h e  c y t o p la s m .  T h e  
c o m p le x  e n t e r s  t h e  n u c le u s ,  i n i t i a t i n g  t r a n s c r i p t i o n  o f  a  
f a m i l y  o f  i n t e r f e r o n - i n d u c i b l e  g e n e s .

Two o t h e r  f a c t o r s ,  IS G F 1  ( o r  C 1 -C 2 ) a n d  IS G F2  ( o r  M) 
h a v e  a l s o  b e e n  i d e n t i f i e d  a l t h o u g h  l e s s  w e l l  c h a r a c t e r i z e d .  
I t  a p p e a r s  t h a t  IS G F2  i s  a p o s i t i v e  a c t i n g  f a c t o r  w h ic h  
p l a y s  a  r o l e  i n  t h e  m a in te n a n c e  o f  t r a n s c r i p t i o n  a f t e r  
t r e a t m e n t  o f  c e l l s  b y  i n t e r f e r o n .  B o th  IS G F 1  a n d  2 a p p e a r  
t o  b i n d  t o  t h e  c o r e  r e g i o n  o f  t h e  IS R E .

T h e r e  a r e  i n t e r e s t i n g  p a r a l l e l s  b e tw e e n  t h e  IS G F 1 -3  
f a c t o r s  a n d  t h e  t r a n s c r i p t i o n  f a c t o r  N F - / c B ,  w h ic h  i s  

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

a g e n t s  b y  r e l e a s e  f r o m  a c o m p le x  w i t h  a n  i n h i b i t o r y  
s u b u n i t ,  I  B . T h e r e  i s  h o w e v e r  n o  e v id e n c e  t o  d a t e  o f  a n  
i n h i b i t o r y  f a c t o r  i n v o l v e d  i n  ISG F3  a c t i v a t i o n .

T h e  c h a r a c t e r i z a t i o n  o f  t h e  s p e c i f i c  f a c t o r s  
d is c u s s e d  a b o v e  h a s  f u e l e d  a  w i d e r  d e b a t e  a b o u t  t h e  
m e c h a n is m s  o f  s i g n a l  t r a n s d u c t i o n  i n  t r a n s c r i p t i o n a l  
a c t i v a t i o n  o f  g e n e s  ( L e v y  a n d  D a r n e l l ,  i b i d ;  I . K e r r  a n d

G . S t a r k ,  ( 1 9 9 1 ) ,  i n  p r e s s ) . T h e r e  a r e  a  n u m b e r  o f  s e c o n d  
m e s s e n g e r  p a th w a y s  w h ic h  h a v e  b e e n  i n v e s t i g a t e d  i n  t h e
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a c t i v a t i o n  o f  t r a n s c r i p t i o n  o f  g e n e s .  T h e  b i n d i n g  o f  a 
p o l y p e p t i d e  l i g a n d  t o  i t s  r e c e p t o r  o n  a c e l l  s u r f a c e  w i l l  
o f t e n  r e s u l t  i n  a n u m b e r o f  g l o b a l  c h a n g e s  t o  t h e  l e v e l s  o f  
i n t r a c e l l u l a r  m e s s e n g e r s  s u c h  a s  cAM P, d i a c y l g l y c e r o l  a n d  

c a lc iu m  i o n s .  T h e s e  g l o b a l  c h a n g e s  i n  t u r n  r e s u l t  i n  a  
c a s c a d e  o f  p h o s p h o r y l a t i o n s  ( o r  d e p h o s p h o r y l a t i o n s )  o f  
c y t o p la s m ic  p r o t e i n s ,  a n d  i t  h a s  b e e n  w i d e l y  c o n j e c t u r e d  
t h a t  t h e s e  c h a n g e s  a r e  r e s p o n s i b l e  f o r  v a r i a t i o n s  i n  t h e  
r a t e  o f  t r a n s c r i p t i o n  o f  s p e c i f i c  s e t s  o f  g e n e s .

F o r  e x a m p le ,  L .M .  P f e f f e r  e t  a l  ( P r o c .  N a t l .  A c a d .  
S c i . ,  87., 6 5 3 7 -6 5 4 1  ( 1 9 9 0 ) )  h a v e  r e p o r t e d  t h a t  a c t i v a t i o n

o f  p r o t e i n  k in a s e  C , a n d  i n  p a r t i c u l a r ,  i t s  f3 i s o f o r m ,  b y  
a - i n t e r f e r o n  a p p e a r s  t o  b e  a n e c e s s a r y  e le m e n t  i n  t h e  
a n t i p r o l i f e r a t i v e  a n d  a n t i v i r a l  a c t i o n s  o f  a - i n t e r f e r o n ,  
w h i l e  G .E . H a n n ig a n  a n d  B .R .G .  W i l l i a m s  ( S c ie n c e ,  2 5 1 . 2 0 4 -  
207  ( 1 9 9 1 ) )  r e p o r t  t h a t  a r a c h i d o n i c  a c i d  m e t a b o l i t e s  a l s o

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

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

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

m ay b e  o t h e r  " d i r e c t "  s i g n a l l i n g  p a th w a y s  w h ic h  p r o v i d e  f o r  
t r a n s c r i p t i o n  o f  o n e  o r  m o re  t a r g e t  g e n e s  w i t h o u t  a 
r e q u i r e m e n t  f o r  c l a s s i c a l  s e c o n d  m e s s e n g e r s .  I t  m ay b e  
t h a t  t h e  r e l a t i v e l y  fe w  n u m b e r  o f  s e c o n d  m e s s e n g e r  
p a t h w a y s ,  w h ic h  a r e  g r e a t l y  o u tn u m b e re d  b y  s p e c i f i c  
r e c e p t o r - l i g a n d  p a i r s ,  c o u ld  b e  i n v o l v e d  i n  t h e  m a in te n a n c e  
o f  o n e  o r  m o re  c o m p o n e n ts  o f  d i r e c t  p a th w a y s .  T h e  l i k e l y  
f u t u r e  r e c o g n i t i o n  o f  f u r t h e r  s p e c i f i c  t r a n s c r i p t i o n  
f a c t o r s  s h o u ld  a l l o w  t h e  m e c h a n is m s  o f  c e l l  s i g n a l l i n g  a n d  
g e n e  a c t i v a t i o n  t o  b e  u n d e r s t o o d  m o re  f u l l y .



CHAPTER 2 M ATER IALS  AND METHODS.
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A .C E L L  CULTURE.

. C e l l  C u l t u r e .

Hum an H eLa  a n d  m ou se  L t k ”  c e l l s  w e re  g ro w n  o n  s t e r i l e  
p l a s t i c  t i s s u e  c u l t u r e  p l a t e s  (N u n c )  a t  3 7 °C i n  a  
h u m i d i f i e d  a tm o s p h e r e  o f  90% a i r ,  10% c a r b o n  d i o x i d e .  T h e  
c e l l s  w e r e  g ro w n  a s  m o n o la y e r  c u l t u r e s  i n  D u lb e c c o 's  
m o d i f i e d  E a g le * s  m e d iu m  (E 4 ) s u p p le m e n te d  w i t h  10% f o e t a l  
c a l f  s e r u m .  W hen t h e  c e l l s  r e a c h e d  c o n f l u e n c y  t h e y  w e re  
p a s s a g e d  b y  t r y p s i n i z a t i o n .  T h e  m o n o la y e r s  w e re  r i n s e d  
o n c e  w i t h  PBS a n d  d e ta c h e d  w i t h  a s m a l l  v o lu m e  o f  t r y p s i n -  
v e r s e n e  (0 .0 5 %  w / v  t r y p s i n ,  0 .0 2 %  w / v  EDTA) i n  t r i s -  
s a l i n e .  T h e  t r y p s i n  w a s  i n a c t i v a t e d  b y  t h e  a d d i t i o n  o f  
c o m p le t e  m e d iu m  a n d  t h e  c e l l s  s e e d e d  a t  a p p r o p r i a t e  
d i l u t i o n s .

i i ) . I n t e r f e r o n  p r e p a r a t i o n s .

H u m an  c e l l s  w e re  t r e a t e d  w i t h  W e l l f e r o n ,  a  h um an  

l y m p h o b la s t o i d  i n t e r f e r o n  p r e p a r a t i o n  w h ic h  i s  a  m i x t u r e  o f  
a lp h a  i n t e r f e r o n s  o f  s p e c i f i c  a c t i v i t y  i f  g r e a t e r  t h a n  1 0 8 
u n i t s  p e r  mg o f  p r o t e i n ,  s u p p l i e d  b y  W e l lc o m e  ( A l l e n  e t  a l ,

1 9 8 2 ) .  M ou se  c e l l s  w e re  t r e a t e d  w i t h  r e c o m b in a n t  A /D  
h y b r i d  i n t e r f e r o n  o f  s p e c i f i c  a c t i v i t y  o f  g r e a t e r  t h a n  
8 x l 0 7 u n i t s  p e r  mg o f  p r o t e i n  (R e h b e rg  e t  a l ,  1 9 8 2 )  o r  
r e c o m b in a n t  E . c o l i  d e r i v e d  gamma i n t e r f e r o n  a t  1 - 2 X 1 0 7 
u n i t s  p e r  mg o f  p r o t e i n ,  s u p p l i e d  b y  G e n e n te c h  I n c .  
I n t e r f e r o n  p r e p a r a t i o n s  w e re  d i l u t e d  i n  E4 m e d iu m  p r i o r  t o
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u s e  t o  a c h ie v 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 s .

B . TRANSFECTION  OF C E LLS .

i ) . T r a n s f e c t i o n  p r o c e d u r e .

T h e  p r o t o c o l  u s e d  w a s  a  m o d i f i c a t i o n  o f  t h e  t e c h n i q u e  o f  
G ra h am  a n d  v a n  d e r  Eb ( 1 9 7 3 ) .  E x p o n e n t i a l l y  g r o w in g  c e l l s  
w e re  p l a t e d  a t  1 0 6 c e l l s  p e r  90  mm t i s s u e  c u l t u r e  p l a t e  a n d  
g ro w n  o v e r n i g h t .

P la s m id  DNA w a s  p r e p a r e d  f o r  t r a n s f e c t i o n  i n t o  c e l l s  b y  
c e n t r i f u g a t i o n  t h r o u g h  a  c a e s iu m  c h l o r i d e  g r a d i e n t  ( s e e  
s e c t i o n  E ( i v )  b e lo w )  f o l l o w e d  b y  d i a l y s i s  a g a i n s t  TE b u f f e r  
a n d  f i n a l l y  e t h a n o l  p r e c i p i t a t i o n  i n  c le a n  s t e r i l e  
m ic r o f u g e  t u b e s  o f  t h e  r e q u i r e d  a m o u n t o f  DNA. C a r r i e r  
s a lm o n  s p e rm  DNA a n d / o r  p la s m id  DNA c a r r y i n g  a  s e l e c t a b l e  
m a r k e r  g e n e  w a s  a l s o  a d d e d  a t  t h i s  p o i n t  i f  r e q u i r e d .  T h e  
DNA w a s  r e s u s p e n d e d  i n  4 0 /x l o f  TE p H 7 .4  a n d  m ix e d  w i t h  
4 4 0 /x l h e p e s  b u f f e r e d  s a l i n e  (HBS) . 400 /L tl o f  260mM c a l c i u m  
c h l o r i d e  s o l u t i o n  w a s  a d d e d  d r o p  b y  d r o p  w h i l s t  a i r  w a s  
b u b b le d  t h r o u g h  t h e  s o l u t i o n .  T h e  m i x t u r e  w a s  l e f t  f o r  30  

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

a d d e d  t o  7 m l o f  f r e s h l y  c h a n g e d  E 4 /1 0 %  FCS o v e r  t h e  c e l l  
m o n o la y e r .  A f t e r  8 - 1 0  h o u r s  o f  i n c u b a t i o n  t h e  c e l l s  w e re  
t r e a t e d  w i t h  m e d iu m  c o n t a i n i n g  25% v / v  g l y c e r o l  f o r  1 
m in u t e  ( P a r k e r  a n d  S t a r k ,  1 9 7 9 ) ,  r i n s e d  t w i c e  i n  E4 a n d  
l e f t  i n  n o rm a l  g r o w t h  m e d iu m . F o r  t r a n s i e n t  a s s a y s ,  
i n t e r f e r o n  w a s  a d d e d  a t  t h i s  t im e  i f  r e q u i r e d  a n d  t h e  c e l l s
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g ro w n  f o r  a f u r t h e r  24 h o u r s  b e f o r e  b e in g  h a r v e s t e d .  I f  t h e  
c e l l s  w e re  b e in g  s e l e c t e d  f o r  t h e  s t a b l e  i n t e g r a t i o n  o f  
p la s m id  DNA, t h e y  w e re  a l l o w e d  t o  g ro w  f o r  2 4 - 4 8  h o u r s  i n  
n o n - s e l e c t i v e  m e d iu m  b e f o r e  b e in g  t r y p s i n i z e d  a n d  r e p l a t e d  
i n  s e l e c t i v e  m e d iu m . A f t e r  2 - 3  w e e k s  c o l o n i e s  w e r e  v i s i b l e  
a n d  t h e y  w e r e  e i t h e r  p o o le d  a n d  c u l t u r e d  a s  m ix e d  
p o p u l a t i o n s  o r  i n d i v i d u a l  c o l o n i e s  w e r e  p i c k e d  u s i n g  
c l o n i n g  r i n g s .  T r a n s f e c t e d  c e l l s  w e r e  m a in t a in e d  i n  
s e l e c t i v e  m e d iu m .

T r a n s f e c t i o n s  f o r  t r a n s i e n t  e x p r e s s io n  a s s a y s  w e re  
p e r f o r m e d  u s i n g  s m a l l e r  30mm d ia m e t e r  d i s h e s ,  w i t h  t h e  
v o lu m e s  o f  r e a g e n t s  s c a le d  d ow n  a c c o r d i n g l y .

i i ) . H a r v e s t  o f  c e l l s  f o r  a n a l y s i s .

C e l l s  w e re  h a r v e s t e d  24 h o u r s  a f t e r  t h e  a d d i t i o n  o f  
i n t e r f e r o n  i n  t r a n s i e n t  e x p r e s s i o n  t r a n s f e c t i o n  
e x p e r im e n t s .  T h e  c u l t u r e  m e d iu m  w a s  r e m o v e d ,  t h e  c e l l s  
r i n s e d  w i t h  c o l d  PBS f o l l o w e d  b y  t h e  a d d i t i o n  o f  1 0 0 /z l  

l y s i s  b u f f e r  ( s e e  a p p e n d ix )  t o  e a c h  30mm p l a t e .  A f t e r  t h e  
c e l l s  h a d  l y s e d ,  t h e  p l a t e s  w e re  t i l t e d  t o  a l l o w  r e m o v a l  o f  
t h e  s u p e r n a t a n t  w h ic h  w a s  e i t h e r  a n a ly z e d  im m e d ia t e l y  o r  

s t o r e d  a t  - 2 0 °C .

C . CAT ASSAYS .

C h lo r a m p h e n ic o l  a c e t y l  t r a n s f e r a s e  (C AT ) w a s  a s s a y e d  n o n -  
c h r o m a t o g r a p h i c a l l y  b y  t h e  m e th o d  o f  S l e i g h  ( 1 9 8 6 )  .

[ 1 4 C ] - a c e t y l  c o e n z y m e  A (A m e rs h a m  I n t e r n a t i o n a l ,  5 0 - 6 0
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m C i/m o l )  w a s  m ix e d  1 i n  10  w i t h  0 . 5  M n o n  r a d i o a c t i v e  
a c e t y l  c o e n z y m e  A .  3 0 /x l o f  t h e  d i l u t e d  c o e n z y m e  w a s  a d d e d  
t o  3 0 / i l  o f  t h e  s u p e r n a t a n t  b e in g  a s s a y e d  a n d  m ade  u p  t o  
1 0 0 / i l  t o  p r o v i d e  a f i n a l  c o n c e n t r a t i o n  o f  1 . 6mM 
c h lo r a m p h e n i c o l  a n d  50mM t r i s  p H 7 . 6 .  A f t e r  i n c u b a t i o n  f o r  
1 h o u r  a t  3 7 °C , t h e  r e a c t i o n  m i x t u r e  w a s  e x t r a c t e d  t w i c e  
a g a i n s t  a n  e q u a l  v o lu m e  o f  e t h y l  a c e t a t e .  U n r e a c t e d  a c e t y l  
c o e n z y m e  A  r e m a in s  i n  t h e  a q u e o u s  p h a s e ,  l e a v i n g  t h e  
o r g a n i c  p h a s e  t o  b e  a s s a y e d  b y  l i q u i d  s c i n t i l l a t i o n  
c o u n t i n g  t o  m e a s u r e  t h e  i n c o r p o r a t i o n  o f  1 4 C i n t o  
c h l o r a m p h e n i c o l .  T h i s  p r o v i d e s  a m e a s u re  o f  CAT a c t i v i t y  
o f  t h e  s u p e r n a t a n t .

D . B A C TE R IA L  C E LL  CULTURE AND PREPARATION .

i ) . C e l l s .

T h e  g e n o t y p e s  o f  E . c o l i  s t r a i n s  H B 1 0 1 , C 6 0 0 , E D 8767  u s e d  
f o r  g r o w t h  o f  p l a s m id  DNA a r e  p r o v i d e d  i n  M a n i a t i s  e t  a l . 
D e t a i l s  o f  E . c o l i  J M 1 0 1 , u s e d  f o r  c o l o u r  s e l e c t i o n  o f  
r e c o m b in a n t  b a c t e r i o p h a g e  M13 o r  pUC p la s m id s ,  a r e  p r o v i d e d  
i n  t h e  h a n d b o o k  s u p p l i e d  b y  A m e rs h a m  I n t e r n a t i o n a l  p i c

( 1 9 8 4 )  .

A l l  E . c o l i  s t r a i n s  w e re  g ro w n  i n  L - b r o t h  e x c e p t  f o r  JM 101

w h ic h  w a s  g ro w n  i n  2 x  TY m e d iu m  ( s e e  a p p e n d i x ) .
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i i ) . P r e p a r a t i o n  o f  b a c t e r i a  c o m p e te n t  f o r  t r a n s f o r m a t i o n .

A  c u l t u r e  o f  b a c t e r i a l  c e l l s  w e re  g ro w n  o v e r n i g h t  f r o m  a  
s i n g l e  c o lo n y  i n  5 m l o f  L - b r o t h  a t  37  °C . 1 m l o f  t h e

c u l t u r e  w a s  a d d e d  t o  1 0 0 m l o f  f r e s h  L - b r o t h  a n d  g r o w n  a t  
3 7 °C t o  a n d  O .D . a t  500nm  o f  0 . 3 ,  w h e re u p o n  i t  w a s  c h i l l e d  
i n  a n  i c e  w a t e r  b a t h  f o r  5 m in u t e s .  T h e  c u l t u r e  w a s  
c e n t r i f u g e d  i n  2 5 m l a l i q u o t s  i n  p r e - c o o l e d  3 0 m l C o r e x  t u b e s  
a t  7 0 0 0  rp m  f o r  5 m in u t e s  a t  0 °C .  T h e  p e l l e t  o f  c e l l s  
o b t a i n e d  w e re  r e s u s p e n d e d  i n  1 2 .5 m l 50mM c a l c i u m  c h l o r i d e  
a n d  l e f t  o n  i c e  f o r  a f u r t h e r  2 0 m in u t e s .  T h e  s u s p e n s io n  
w a s  c e n t r i f u g e d  a n d . t h e  c e l l s  r e s u s p e n d e d  i n  0 . 5 m l  o f  50mM  

C a C l2 c o n t a i n i n g  15% v / v  g l y c e r o l ,  a n d  e i t h e r  u s e d  
im m e d ia t e l y  o r  s t o r e d  a t  -70° C i n  2 0 0 / i l  a l i q u o t s .  W hen

E . c o l i  JM 101  w e r e  p r e p a r e d  f o r  t r a n s f o r m a t i o n ,  a  s o l u t i o n  
o f  50mM C a C l2 /5 0m M  M g C l2 w a s  u s e d  i n  p l a c e  o f  t h e  c a l c i u m  
c h l o r i d e  a l o n e ,  a n d  t h i s  i n c r e a s e d  t h e  e f f i c i e n c y  o f  

t r a n s f o r m a t i o n  o f  t h i s  s t r a i n .

E . MOLECULAR CLON ING  AND A N A LY S IS  OF DNA.

i ) . G e n e r a l  c o n s i d e r a t i o n s .

M a n i a t i s  e t  a l  ( 1 9 8 2 )  d e s c r i b e  a  w id e  r a n g e  o f  p r o t o c o l s  
f o r  t h e  m a n i p u l a t i o n  a n d  a n a l y s i s  o f  DNA a n d  RNA. T h e  
p r o t o c o l s  u s e d  f r o m  t h i s  s o u r c e  w h ic h  w e re  m o d i f i e d  i n  a n y  
w a y  a r e  d e s c r ib e d  b e lo w .

P r o t o c o l s  f o r  t h e  s e q u e n c in g  o f  DNA b y  t h e  S a n g e r  c h a in  
t e r m i n a t i o n  m e th o d  ( S a n g e r ,  1 9 7 7 )  a r e  t h o r o u g h l y  d e s c r ib e d
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i n  t h e  h a n d b o o k  p u b l i s h e d  b y  A m e rsh am  I n t e r n a t i o n a l  p i c  
( 1 9 8 4 )  a n d  w e re  u s e d  w i t h  o n l y  m in o r  m o d i f i c a t i o n s ,  a l s o  
d e s c r ib e d  b e lo w .

T h e  c a t a l o g u e  p u b l i s h e d  b y  New E n g la n d  B i o l a b s  ( 1 9 8 7 )  i s  
o n e  o f  m an y  c o m m e r c ia l l y  a v a i l a b l e  s o u r c e s  w h ic h  p r o v i d e  
d e t a i l s  o f  t h e  a c t i v i t i e s  a n d  s p e c i f i c i t i e s  o f  DNA 
m o d i f y i n g  e n z y m e s , e s p e c i a l l y  r e s t r i c t i o n  e n d o n u c le a s e s ,  
u s e d  i n  t h e  w o r k  d e s c r ib e d  h e r e .  T h e s e  c a t a l o g u e s  a l s o  
p r o v i d e  d e t a i l e d  r e s t r i c t i o n  m aps  o f  c o m m o n ly  u s e d  c l o n i n g  
v e c t o r s  s u c h  a s  pB R 322  a n d  p U C 1 8 /1 9 .

T h e  c o m p o s i t i o n  o f  t h e  b u f f e r s  a n d  s o l u t i o n s  u s e d  a r e  
d e s c r ib e d  i n  t h e  a p p e n d ix  t o  t h i s  c h a p t e r .

i i ) . T r a n s f o r m a t i o n  o f  c o m p e te n t  b a c t e r i a  b v  p la s m id  DNA.

A l i q u o t s  o f  c o m p e te n t  c e l l s  w e re  t r a n s f o r m e d  b y  p la s m id  
DNA u s i n g  s t a n d a r d  p r o t o c o l s .  H e a t  s h o c k  w a s  a t  4 2 °C f o r  2 
m in u t e s ,  a n d  c e l l s  w e re  t h e n  i n c u b a t e d  a t  37 °C f o r  3 0 
m in u t e s  b e f o r e  b e in g  p l a t e d  o n t o  9cm  a g a r  p l a t e s  c o n t a i n i n g  
a p p r o p r i a t e  a n t i b i o t i c s  f o r  s e l e c t i o n .

W hen  p l a s m i d s  a l l o w i n g  t h e  c o l o u r  s e l e c t i o n  o f  
r e c o m b in a n t s  b y  t h e  e x p r e s s io n  o f  / 3 - g a la c t o s id a s e  w e re  
u s e d ,  t h e  p l a t e s  w e re  f i r s t  o v e r l a i d  w i t h  a  P a l l  B io d y n e  
n y l o n  m e m b ra n e  w h ic h  w a s  c o a t e d  w i t h  lm g  o f  b o t h  IP T G  a n d  
X - g a l  ( i s o p r o p y l  / 3 - D - t h i o g a l a c t o s i d e  a n d  5 - b r o m o - 4 - c h l o r o -

3 - i n d o l y l  / S - D - g a la c t o s id e )  .

T h e  p l a t e s  w e re  i n c u b a t e d  a t  37  °C o v e r n i g h t  f o r  t h e  
g r o w t h  o f  c o l o n i e s .



A  s i n g l e  c o lo n y  o f  b a c t e r i a  c o n t a i n i n g  p l a s m id  DNA w a s  
u s e d  t o  i n o c u l a t e  2 m l o f  L - b r o t h  c o n t a i n i n g  a  s e l e c t i v e  
a n t i b i o t i c  t o  m a i n t a i n  p la s m id  g r o w t h .  T h e  m e d iu m  w a s  
g ro w n  a t  3 7 °C f o r  7 - 1 4  h o u r s  w i t h  c o n s t a n t  s h a k in g .

1 . 5 m l  o f  t h e  c u l t u r e  w a s  u s e d  t o  p r e p a r e  p l a s m id  DNA 
u s i n g  t h e  p r o c e d u r e  o f  B i r n b o im  a n d  D o ly  ( 1 9 7 9 ) ,  u s i n g  2 -  
5 m g /m l ly s o z y m e  ( B o e h r in g e r )  i n  t h e  f i r s t  s t e p  o f  t h e  
p r o c e d u r e .

T h e  DNA p r e p a r e d  w a s  e x t r a c t e d  w i t h  p h e n o l ,  p h e n o l -  
c h l o r o f o r m  ( 1 : 1  v / v )  a n d  c h l o r o f o r m ,  a n d  e t h a n o l  
p r e c i p i t a t e d .  T h e  p r e c i p i t a t e  w a s  c e n t r i f u g e d  a n d  t h e  
p e l l e t  o f  DNA p r e p a r e d  r e s u s p e n d e d  i n  5 0 /li1 TE b u f f e r  
c o n t a i n i n g  2 0 - 5 0 / x g /m l R N ase  A  (S ig m a )  . 5 / i l  o f  t h e  
p r e p a r a t i o n  w a s  u s u a l l y  s u f f i c i e n t  f o r  a n a l y s i s  o f  t h e  DNA 
b y  r e s t r i c t i o n  e n z y m e  d i g e s t  a n d  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 .

T h e  p r o c e d u r e  w a s  s c a le d  u p  t o  p r o d u c e  l a r g e r  q u a n t i t i e s  
o f  DNA, f o r  e x a m p le  5 0 - 5 0 0 / ig .  T h i s  c a n  b e  d o n e  b y  s e e d in g  

u p  t o  4 0 0 m l o f  L - b r o t h  w i t h  l - 5 m l  o f  a  s t a r t e r  c u l t u r e  o f  
b a c t e r i a  a n d  g r o w in g  t h e  m e d iu m  o v e r n i g h t .  T h e  DNA 
p r e p a r e d  i s  p u r e  e n o u g h  f o r  d i g e s t i o n  b y  m o s t  o f  t h e  com mon  
c o m m e r c ia l l y  a v a i l a b l e  r e s t r i c t i o n  e n z y m e s  a n d  h e n c e  u s e f u l  
f o r  p r e l i m i n a r y  r e s t r i c t i o n  a n a l y s i s  a n d  t h e  p r e p a r a t i o n  o f  
l i n e a r  f r a g m e n t s  f o r  s u b c lo n i n g  o r  l a b e l l i n g  b y  ra n d o m  
p r im in g  ( s e c t i o n  i x ) .

i i i ^ . S m all and  medium s c a l e  p r e p a r a t i o n  o f  p la s m id  DNA.
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i v )  . L a r g e  s c a le  p r e p a r a t i o n  o f  p la s m id  DNA.

T o  p r e p a r e  l in g  o r  m o re  o f  p la s m id  DNA, o v e r n i g h t  
c u l t u r e s  o f  1 - 2  l i t r e s  o f  b a c t e r i a  w e re  u s e d  t o  p r e p a r e  a  
c r u d e  p e l l e t  o f  p la s m id  DNA u s i n g  a  s c a le d  u p  v e r s i o n  o f  
t h e  B i r n b o im  a n d  D o ly  p r o t o c o l  d e s c r ib e d  a b o v e .

T h e  p e l l e t  o f  DNA o b t a i n e d  w a s  r e s u s p e n d e d  i n  a b o u t  6 m l 
TE a n d  1 . 0 5  g  o f  c a e s iu m  c h l o r i d e  p e r  m l TE w a s  a d d e d ,  a n d  
t h e  s o l u t i o n  t r a n s f e r r e d  i n t o  a  16x76m m  p o ly a l io m e r  
c e n t r i f u g e  t u b e  (B e c km a n ) . 2 0 0 /z l e t h i d i u m  b r o m id e

( lO m g /m l)  w a s  a d d e d  a n d  t h e  t u b e s  f i l l e d  w i t h  C s C l i n  TE a t  
t h e  sam e ( 1 . 0 5 : 1  w / v )  c o n c e n t r a t i o n .  T h e  t u b e s  w e r e  s e a le d  
a n d  c e n t r i f u g e d  a t  5 5 ,0 0 0  rp m  f o r  18 h o u r s  i n  a  B e c km an  
T y 6 5  u l t r a c e n t r i f u g e  r o t o r .  T h e  r e d  b a n d  o f  s u p e r c o i l e d  
p la s m id  DNA i n  t h e  m id d le  o f  t h e  t u b e  w a s  re m o v e d  u s i n g  a  
21  g a u g e  n e e d le  a n d  t h e  DNA p r e p a r e d  b y  d i a l y s i s  a g a i n s t  TE  

a f t e r  b u t a n - l - o l  e x t r a c t i o n  o f  t h e  e t h i d i u m  b r o m id e .

T h e  DNA c o u l d  b e  f u r t h e r  c o n c e n t r a t e d  b y  e t h a n o l  
p r e c i p i t a t i o n ,  a l t h o u g h  w i t h  m o s t  s m a l l  p l a s m id s  ( e g  l e s s  
t h a n  5 - 6  k b )  w h ic h  g ro w  a t  h i g h  c o p y  n u m b e rs  t h i s  w a s  n o t  
u s u a l l y  n e c e s s a r y .

v )  . P r e p a r a t i o n  o f  b a c t e r i o p h a g e  la m b d a  DNA.

A n  o v e r n i g h t  c u l t u r e  o f  t h e  a p p r o p r i a t e  b a c t e r i a l  s t r a i n  
w a s  c e n t r i f u g e d  i n t o  a  p e l l e t  a n d  r e s u s p e n d e d  i n  h a l f  i t s  
o r i g i n a l  v o lu m e  i n  lOmM m a g n e s iu m  s u l p h a t e .  5 0 ,0 0 0  p la q u e  
f o r m in g  u n i t s  ( p f u )  o f  t h e  p h a g e  w e re  a d d e d  t o  lO O jt i l
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a l i q u o t s  o f  t h e  b a c t e r i a ,  i n c u b a t e d  f o r  15  m in u t e s  a n d  

p l a t e d  i n  a n  a g a r o s e  o v e r l a y  o n  t o  p r e -w a rm e d  90mm a g a r  
p l a t e s .  T h e  p l a t e s  w e re  i n c u b a t e d  o v e r n i g h t  t o  a l l o w  t h e  
g r o w t h  o f  a  c o n f l u e n t  la w n  o f  p la q u e s ,  w h ic h  w a s  o v e r l a i d  
w i t h  3 m l o f  la m b d a  d i l u t i o n  ( l a m b d a - d i l )  b u f f e r .  T h e  
p l a t e s  w e re  l e f t  a t  4 °C  f o r  a  fe w  h o u r s ,  t h e  b u f f e r  d r a w n  
o f f  i n t o  1 5 m l C o r e x  t u b e s  a n d  t h e  p l a t e s  r i n s e d  i n  a  
f u r t h e r  3 m l o f  b u f f e r  w h ic h  w a s  a l s o  c o l l e c t e d .  T h e  
b a c t e r i a l  d e b r i s  a n d  l o o s e  p ie c e s  o f  a g a r o s e  w e r e  p e l l e t e d  
b y  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  t r a n s f e r r e d  t o  
c le a n  t u b e s  a n d  t r e a t e d  f o r  3 0 m in u t e s  a t  37 °C  w i t h  1 0 jL tg /m l 
R N ase  A a n d  l / n g /m l  D N ase  I .  P h a g e  p a r t i c l e s  w e re  
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  a n  e q u a l  v o lu m e  o f  c o l d  20% 
p o l y e t h y l e n e  g l y c o l  (PEG) 6 0 0 0  i n  2M s o d iu m  c h l o r i d e .  A  

p e l l e t  o f  p a r t i c l e s  o b t a i n e d  b y  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  i n  0 . 5 m l T E , a n d  SDS a n d  EDTA a d d e d  t o  f i n a l  
c o n c e n t r a t i o n s  o f  0 .1%  w / v  a n d  50mM r e s p e c t i v e l y .  A f t e r  a  
15  m in u t e  i n c u b a t i o n  a t  65  °C t o  l y s e  t h e  p h a g e  p a r t i c l e s  
DNA w a s  r e c o v e r e d  b y  p h e n o l  e x t r a c t i o n  a n d  e t h a n o l  
p r e c i p i t a t i o n .

T h e  u s e  o f  a g a r o s e  r a t h e r  t h a n  a g a r  f o r  g r o w in g  t h e  la w n  

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



v i ) . S e q u e n c in g  DNA.

A l l  s e q u e n c in g  w a s  p e r f o r m e d  u s i n g  v a r i a t i o n s  o f  t h e  
S a n g e r  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  m e th o d .  
M 1 3 m p l8  a n d  m p l9  w e re  u s e d  a s  c l o n i n g  v e h i c l e s .

S e q u e n c in g  r e a c t i o n s  w e re  p e r f o r m e d  e i t h e r  u s i n g  a  
s t a n d a r d  1 7 m e r p r im e r  o r  s p e c i f i c  o l i g o n u c l e o t i d e s  f r o m  18  
t o  24 n u c l e o t i d e s  i n  l e n g t h  w h ic h  w e r e  k n o w n  t o  b e  
c o m p le m e n ta r y  t o  a k n o w n  r e g i o n  o f  t h e  c lo n e d  DNA.

T h e  a n n e a l i n g  o f  o l i g o n u c l e o t i d e s  t o  M13 DNA w a s  
e f f e c t e d  b y  h e a t i n g  t h e  DNAs t o g e t h e r  a t  9 0 °C f o r  2 m in u t e s  
a n d  a l l o w i n g  th e m  t o  c o o l  t o  ro o m  t e m p e r a t u r e  b e f o r e  
i n i t i a t i n g  t h e  r e a c t i o n .

T h e  c h a in  t e r m i n a t i o n  r e a c t i o n  w a s  p e r f o r m e d  a t  2 0 - 4 2 °C  
u s i n g  a -3 5 S  dAPT  as a t  > 6 0 0  C i /m m o l (A m e rs h a m ) a s  t h e  
r a d i o a c t i v e  n u c l e o t i d e ,  a n d  t h e  r e a c t i o n  a n a ly z e d  o n  6 ,  8 
o r  10% w / v  p o l y a c r y l a m id e  g e l s ,  d e p e n d in g  u p o n  t h e  r a n g e  o f  
s e q u e n c e  i n f o r m a t i o n  r e q u i r e d .

S e q u e n c in g  w a s  a l s o  p e r f o r m e d  o n  d e n a t u r e d  d o u b le  
s t r a n d e d  DNA p la s m id s  u s i n g  t h e  m e th o d  o f  H a t t o r i  a n d  

S a k a k i  ( 1 9 8 6 ) .  I n  g e n e r a l ,  t h i s  p r o d u c e d  l e s s  c l e a r  
r e s u l t s  t h a n  s e q u e n c in g  s i n g l e  s t r a n d e d  DNA, b u t  w a s  u s e f u l  
f o r  r a p i d  p r e l i m i n a r y  a n a l y s i s  o f  DNA.

A f u r t h e r  v a r i a t i o n  o f  s t a n d a r d  p r o t o c o l s  u s e d  w a s  t h e  
u s e  o f  t h e  b a c t e r i o p h a g e  T7 DNA p o ly m e r a s e  ( " S e q u e n a z e " -  
USB C o r p . )  i n  p l a c e  o f  t h e  E . c o l i  l a r g e  f r a g m e n t  p o ly m e r a s e  
( " K le n o w ” ) .  T h i s  p r o d u c e d  s i g n i f i c a n t l y  s u p e r i o r  r e s u l t s ,  

e s p e c i a l l y  w h e n  t h e  s e q u e n c in g  r e a c t i o n s  w e re  p e r f o r m e d  i n
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tw o  s t a g e s ,  i n i t i a l l y  u s i n g  a -3 5 S  dAPT a S a s  t h e  s o l e  
s o u r c e  o f  d A T P , a n d  t h e n  u s i n g  e x c e s s  c o n c e n t r a t i o n s  o f  
u n l a b e l l e d  n u c l e o t i d e / d d - n u c l e o t i d e  m i x t u r e s .  T h i s  
p r o d u c e s  m o re  u n i f o r m  l a b e l l i n g  o f  b a n d s  t h r o u g h o u t  t h e  
r e s u l t i n g  s e q u e n c in g  g e l ,  s i n c e  e a c h  b a n d  i s  l a b e l l e d  t o  
e s s e n t i a l l y  t h e  sam e e x t e n t .

v i i ) . I s o l a t i o n  o f  DNA 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 e  b a n d  o f  DNA r e q u i r e d  w a s  e x c is e d  f r o m  a n  a g a r o s e  g e l  
u s i n g  a c le a n  s t e r i l e  s c a l p e l ,  w h i l s t  b e i n g  v i s u a l i s e d  
u n d e r  a l o n g  w a v e  u l t r a v i o l e t  l i g h t .  T h e  f r a g m e n t  o f  
a g a r o s e  w a s  t r a n s f e r r e d  i n t o  a l e n g t h  o f  S p e c t r o p o r  
d i a l y s i s  t u b i n g  w h ic h  h a d  b e e n  s o a k e d  i n  t h e  g e l  r u n n i n g  
b u f f e r .  T h e  t u b i n g  w a s  c lo s e d  o f f  a t  b o t h  e n d s  u s i n g  c l i p s  
a n d  p la c e d  i n  t h e  g e l  t a n k  b u f f e r .  1 0 0  v o l t s  w a s  p a s s e d  
a c r o s s  t h e  t a n k  f o r  1 h o u r ,  t h e  c u r r e n t  r e v e r s e d  f o r  a  fe w  
s e c o n d s  a n d  t h e  b u f f e r  i n s i d e  t h e  t u b i n g  d ra w n  o f f  i n t o  a 
m ic r o f u g e  t u b e .  T h e  b u f f e r  w a s  e x t r a c t e d  o n c e  a g a i n s t  

b u t a n - l - o l  t o  re m o v e  e t h i d i u m  b r o m id e ,  e t h a n o l  p r e c i p i t a t e d  
a n d  r e s u s p e n d e d  i n  a  s m a l l  v o lu m e  o f  T E . A  f r a c t i o n  o f  t h e  
r e c o v e r e d  DNA w a s  r u n  o n  a n  a g a r o s e  " m i n i  g e l "  t o  e s t im a t e  
t h e  a m o u n t r e c o v e r e d  a n d  c h e c k  i t s  p u r i t y .

v i i ) . N e u t r a l  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 .

G e ls  w e re  p r e p a r e d  w i t h  a n  a g a r o s e  c o n c e n t r a t i o n  o f  f r o m  
0 . 6  t o  1 .8%  i n  e i t h e r  t r i s - a c e t a t e  (TA E ) o r  t r i s - b o r a t e  
(T B E ) b u f f e r s  i n  t h e  p r e s e n c e  o f  5 0 jz g /m l e t h i d i u m  b r o m id e .
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S a m p le s  o f  DNA t o  b e  e l e c t r o p h o r e s e d  w e r e  m ix e d  w i t h  0 . 2  
v o lu m e s  o f  l o a d i n g  b u f f e r  a n d  lo a d e d  i n t o  w e l l s  o f  t h e  
g e l s .  E l e c t r o p h o r e s i s  w a s  p e r f o r m e d  f o r  1 - 1 2  h o u r s  a t  2 0 -  
1 0 0  v o l t s .  T h e  g e l s  w e re  e x a m in e d  u n d e r  u l t r a v i o l e t  l i g h t  
( 2 8 0 n m ) , a n d  p h o to g r a p h e d  a t  t h i s  w a v e le n g t h  u s i n g  a n  
o r a n g e  f i l t e r  a n d  P o l a r o i d  667  P r o f e s s i o n a l  f i l m .

DNA m a r k e r s  o f  k n o w n  s i z e s  w e re  u s e d  t o  d e t e r m in e  t h e  
s i z e s  o f  s a m p le s  b e in g  a n a ly z e d .  F o r  t h e  s i z e  r a n g e  2 0 0 b p  
t o  1 2 k b  t h e  l k b  l a d d e r  f r o m  BRL w a s  f o u n d  t o  b e  e s p e c i a l l y  
u s e f u l ,  s i n c e  t h i s  c o n t a i n s  m u l t im e r s  o f  a  1 0 1 8 b p  b a n d  
p r e s e n t  i n  a p p r o x im a t e l y  e q u a l  a m o u n ts  b y  w e ig h t ,  p l u s  
pB R 3  2 2 d i g e s t e d  w i t h  H i n f  I I .  F o r  l a r g e r  m a r k e r s  
r e s t r i c t i o n  d i g e s t s  o f  la m b d a  DNA w e re  u s e d ,  m o s t  u s u a l l y  
H in d  I I I  ( t o  p r o v i d e  a 2 3 k b  b a n d )  o r  K pn  I  (1 7  a n d  3 0 k b ) .

i x ) . L a b e l l i n g  o f  DNA b y  ra n d o m  p r im i n g ,

DNA w a s  l a b e l l e d  u s i n g  my ow n a d a p t a t i o n  o f  t h e  p r o t o c o l  
d e s c r ib e d  b y  F e in b e r g  a n d  V o g e l s t e i n  ( 1 9 8 3 ,  1 9 8 4 ) .  5 0 -  
2 0 0 n g  o f  l i n e a r  DNA ( e i t h e r  a  c u t  p la s m id  o r  a n  i s o l a t e d  
f r a g m e n t )  i n  a  v o lu m e  o f  2 / i l  w a s  a d d e d  t o  1 0 /x l o f  a  h e p e s ,  

t r i s  a n d  m a g n e s iu m  c h l o r i d e  (HTM) b u f f e r  a n d  2 /x l o f  r a n d o m  
h e x a n u c l e o t i d e  p r im e r s  ( P h a rm a c ia )  a t  a  s t o c k  c o n c e n t r a t i o n  
o f  9 0  O .D . u n i t s  p e r  m l .  T h i s  m i x t u r e  w a s  b o i l e d  f o r  2 
m in u t e s  i n  a m ic r o f u g e  t u b e  w h ic h  w a s  t h e n  c e n t r i f u g e d  t o  
b r i n g  d ow n  a n y  c o n d e n s a t i o n  f r o m  t h e  w a l l s  o f  t h e  t u b e  a n d  
e f f e c t  c o o l i n g .  3 , i l  o f  t h e  d e o x y n u c le o t i d e  d A T P , dGTP a n d  
dT T P  w e r e  a d d e d  t o  a  f i n a l  c o n c e n t r a t i o n  o f  2 0/zM a lo n g  w i t h
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7/lx1 (70 /L iC i o f  a - 3 2 P dCTP (3 0 0 0  C i /m m o l ,  A m e rs h a m ) . T h e  
r e a c t i o n  w a s  i n i t i a t e d  b y  t h e  a d d i t i o n  o f  l j u l  (5  u n i t s )  o f  
K le n o w  f r a g m e n t  E . c o l i  DN A  p o l y m e r a s e  ( A n g l i a n  
B io t e c h n o lo g y )  a n d  t h e  r e a c t i o n  m i x t u r e  i n c u b a t e d  f o r  3 - 1 6  
h o u r s  a t  ro o m  t e m p e r a t u r e .  DNA w a s  s e p a r a t e d  f r o m  
u n in c o r p o r a t e d  n u c l e o t i d e s  b y  p a s s in g  t h e  m i x t u r e  t h r o u g h  a  
S e p h a d e x  G -5 0  s p u n  c o lu m n .  T h e  s p e c i f i c  a c t i v i t y  o f  t h e  
l a b e l l e d  DNA o b t a i n e d  w a s  u s u a l l y  i n  t h e  r a n g e  o f  5 x l 0 8 t o  
l x l O 9 c p m / / ig .

x) . K in a s e  l a b e l l i n g  o l i g o n u c l e o t i d e s .

O l i g o n u c l e o t i d e s  w e re  l a b e l l e d  b y  t h e  a d d i t i o n  o f  a  3 2 P 
p h o s p h a t e  g r o u p  t o  t h e i r  5 '  e n d .  5 0 - 1 0 0 n g  o f

o l i g o n u c l e o t i d e  i n  a  v o lu m e  o f  1 /x l w a s  a d d e d  t o  1 /x l o f  lO x  
k in a s e  b u f f e r ,  7 /x l ( 7 0 /x C i,  5 0 0 0 C i/m m o l , A m e rs h a m ) [ t 3 2 P ] -  
A T P  a n d  1 /z l  ( 1 - 1 0  u n i t s )  T 4  DNA k i n a s e  ( A n g l i a n  
B i o t e c h n o l o g y ) .  T h e  r e a c t i o n  m i x t u r e  w a s  in c u b a t e d  a t  3 7 °C  
f o r  1 h o u r  a n d  t h e  i n c o r p o r a t i o n  o f  t h e  l a b e l  i n t o  DNA 
m e a s u re d  b y  t h e  p e r c e n t a g e  o f  a n  a l i q u o t  o f  t h e  r e a c t i o n  
m i x t u r e  p r e c i p i t a b l e  i n  10% w / v  t r i c h l o r o a c e t i c  a c i d .  

M e a s u re d  i n c o r p o r a t i o n  v a r i e d  f r o m  5 t o  50% a n d  t o  som e  
e x t e n t  a p p e a r e d  t o  d e p e n d  u p o n  t h e  p a r t i c u l a r  

o l i g o n u c l e o t i d e  u s e d .  S e p a r a t i o n  o f  t h e  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 a s  d i f f i c u l t  a n d  n o t  u s u a l l y  n e c e s s a r y ,  
a l t h o u g h  som e e n r i c h m e n t  o f  t h e  r a t i o n  o f  i n c o r p o r a t e d  t o  
u n i n c o r p o r a t e d  l a b e l  c o u l d  b e  o b t a i n e d  b y  e t h a n o l  
p r e c i p i t a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  u s i n g  0 . 1  v o lu m e s  4M
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am m on ium  a c e t a t e  a n d  3 v o lu m e s  o f  e t h a n o l .

x i ) . I m m o b i l i z a t i o n  o f  DNA t o  m e m b ra n e s .

DNA f r o m  a g a r o s e  g e l s  w a s  t r a n s f e r r e d  t o  e i t h e r  
n i t r o c e l l u l o s e  ( M i l l i p o r e )  o r  B io d y n e  n y lo n  ( P a l l  U l t r a f i n e  
F i l t r a t i o n  C o r p o r a t i o n )  u s i n g  t h e  s t a n d a r d  m e th o d  o f  
S o u t h e r n  ( 1 9 7 5 ) .  T r a n s f e r  o f  DNA w a s  u s u a l l y  a l l o w e d  t o  
p r o c e e d  f o r  1 2 - 1 8  h o u r s ,  u n le s s  tw o  b l o t s  o f  o n e  g e l  w e re  
r e q u i r e d ,  i n  w h ic h  c a s e  t h e  f i r s t  f i l t e r  w a s  o n l y  l e f t  o n  
t h e  g e l  f o r  a b o u t  1 - 2  h o u r s .

F i l t e r s  w e re  d r i e d  a t  ro o m  t e m p e r a t u r e  a n d  b a k e d  a t  8 0 °C  
u n d e r  v a c u u m  f o r  a n  h o u r .

P la q u e  l i f t s  f r o m  a g a r  o r  a g a r o s e  p l a t e s  w e r e  m ade  o n t o  

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

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

f i l t e r s i n  a  m i x t u r e o f 1 .5 M N a C l a n d 0 .5 M NaOH f o r  2

m in u t e s . T h e  f i l t e r s w e re  n e u t r a l i z e d f o r a  f u r t h e r  2

m in u t e s  i n  a m i x t u r e  o f  1 .5 M  N a C l a n d  0 .5 M  t r i s - H C l  p H 7 .5 ,  
a n d  f i n a l l y  r i n s e d  i n  2 xS S C , a i r  d r i e d  a n d  b a k e d  a t  8 0 °C  
u n d e r  v a c u u m  f o r  1 h o u r .

x i i ^ . H y b r i d i z a t i o n  o f  l a b e l l e d  DNA p r o b e s  t o  f i l t e r s .

B a k e d  f i l t e r s  w i t h  im m o b i l i z e d  DNA w e re  f i r s t  w e t t e d  i n  
e i t h e r  w a t e r  o r  0 . 2 X  S S C . P r e h y b r i d i z a t i o n  a n d  
h y b r i d i z a t i o n  w e re  p r e f o r m e d  i n  d i s p o s a b le  h e a t  s e a le d  b a g s  
p l a c e d  o n  a  r o c k i n g  p l a t f o r m  i n s i d e  a n  i n c u b a t o r .  
H y b r i d i z a t i o n  w a s  p e r f o r m e d  a t  42 °C e x c e p t  i n  t h e  c a s e  o f
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s h o r t  o l i g o n u c l e o t i d e s ,  w h ic h  w e re  h y b r i d i z e d  a t  t h e i r  Tm 
( c a l c u l a t e d  a c c o r d i n g  t o  M e in k o t h  a n d  W a h l,  1 9 8 4 )  m in u s  
1 5 °C . T h e  p r e h y b r i d i z a t i o n  b u f f e r  u s e d  c o m p r is e d  50% v / v  
f o rm a m id e ,  5X  D e n h a r d t s  s o l u t i o n  ( D e n h a r d t ,  1 9 6 6 ) ,  5X  SSC , 
50mM s o d iu m  p h o s p h a t e ,  0 .2%  SDS a n d  1 0 0 /x g /m l s h e a r e d  
h e r r i n g  s p e rm  DNA. F i l t e r s  w e re  p r e h y b r i d i z e d  f o r  0 . 5 - 1 6  
h o u r s .  T h e  h y b r i d i z a t i o n  b u f f e r  w a s  t h e  sam e a s  t h e  
p r e h y b r i d i z a t i o n  b u f f e r ,  w i t h  t h e  a d d i t i o n  o f  d e n a t u r e d  
l a b e l l e d  p r o b e ,  a n d  t h e  h y b r i d i z a t i o n  r e a c t i o n  w a s  
p e r f o r m e d  f o r  f r o m  0 . 5  t o  16 h o u r s .

A f t e r  h y b r i d i z a t i o n  t h e  f i l t e r s  w e re  r i n s e d  a n d  w a s h e d  
i n  a  m i x t u r e  o f  SSC a n d  0 .1%  SDS. T h e  c o n c e n t r a t i o n  o f  t h e  
SSC v a r i e d  a c c o r d i n g  t o  t h e  n a t u r e  o f  t h e  p r o b e ;  
o l i g o n u c l e o t i d e  p r o b e s  w e re  g e n e r a l l y  w a s h e d  i n  6X SSC a t  
u p  t o  t h e i r  m in u s  5 °C , w h i l e  ra n d o m  p r im e d  DNA w as  
w a s h e d  i n i t i a l l y  a t  2X SSC a t  ro o m  t e m p e r a t u r e  f o l l o w e d  b y  
f u r t h e r  w a s h e s  a t  6 0 °C i n  0 .2 X  SSC .

T h e  f i l t e r s  w e re  b l o t t e d  d r y  o n  W ha tm a n n  3 MM p a p e r ,  
w ra p p e d  i n  c l i n g  f i l m  a n d  e x p o s e d  a g a i n s t  K o d a k  XAR5 o r  
F u j i  X -O m a t X - r a y  f i l m  u s in g  i n t e n s i f y i n g  s c r e e n s .

F . IS O L A T IO N  AND A N A LY S IS  OF RNA.

i ) . I s o l a t i o n  o f  t o t a l  c e l l u l a r  RNA.

C e l l u l a r  RNA f r o m  m a m m a lia n  c e l l s  w a s  i s o l a t e d  a n d  

p r e p a r e d  a c c o r d i n g  t o  t h e  m e th o d  o f  C h i r g w in  e t  a l  ( 1 9 7 9 ) .  
C e l l s  g r o w n  i n  90mm d ia m e t e r  d i s h e s  i n  a  m o n o la y e r  c u l t u r e
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w e re  d r a i n e d  o f  m e d iu m , w a s h e d  o n c e  w i t h  c o l d  PBS a n d  l y s e d  
w i t h  1 . 5 m l  o f  a  b u f f e r  c o m p r i s i n g  4M g u a n i d i n i u m  
t h i o c y a n a t e ,  25mM t r i s o d i u m  c i t r a t e  p H 7 .0 ,  0 .5 %  v / v  N -

l a u r y l  s a r c o s i n e  a n d  1 00  mM 2 - m e r c a p t o e t h a n o l . T h e  l y s e d  
c e l l s  w e re  s c r a p e d  o f f  t h e  d i s h ,  a  f u r t h e r  0 . 5  m l o f  b u f f e r  
a d d e d ,  t h e  p l a t e s  r e s c r a p e d  a n d  t h e  t o t a l  l y s a t e  p a s s e d  1 0 -  
12 t im e s  t h r o u g h  a  21  g a u g e  n e e d le  t o  s h e a r  h i g h  m o le c u l a r  
w e ig h t  DNA.

T h e  e x t r a c t  w a s  l a y e r e d  o n t o  a  c u s h io n  o f  2 m l 5 .7 M  C s C l  
( K o c h - L ig h t )  i n  0 .1 M  EDTA p H 7 .0  i n  a p o ly a t lo m e r  t u b e  a n d  
c e n t r i f u g e d  a t  3 5 ,0 0 0  rp m  a t  2 0 °C i n  a  B e c km a n  SW55 s w in g -  
o u t  r o t o r  f o r  1 7 - 2 0  h o u r s .  A f t e r  c e n t r i f u g a t i o n ,  t h e  RNA 
i s  p e l l e t e d  a t  t h e  b o t t o m  o f  t h e  t u b e s ,  a n d  t h e  s u p e r n a t a n t  
c o n t a i n i n g  DNA a n d  c e l l u l a r  d e b r i s  i s  c a r e f u l l y  d i s c a r d e d .  
T h e  p e l l e t  o f  RNA w a s  d i s s o l v e d  i n  0 .3 M  am m on ium  a c e t a t e  
p l u s  lOmM EDTA a n d  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 . 5  
v o lu m e s  o f  e t h a n o l .  T h e  RNA w a s  r e p e l l e t e d  b y  
c e n t r i f u g a t i o n  i n  m ic r o f u g e  t u b e s  a n d  r e s u s p e n d e d  i n  TE a n d  
s t o r e d  a t  - 8 0 °C .

R e c o v e r e d  RNA w a s  q u a n t i f i e d  b y  m e a s u r in g  t h e  a b s o r b a n c e  

a t  260nm  w i t h  1 A 2 go  u n i t  e q u i v a l e n t  t o  4 0 /z g /m l o f  RNA .

i i ) . G lv o x a l  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 .

RNA s a m p le s  w e r e  p r e p a r e d  f o r  e l e c t r o p h o r e s i s  b y  
d e n a t u r a t i o n  u s i n g  t h e  m e th o d  o f  T hom as  ( 1 9 8 0 )  . 5-20fig o f

t o t a l  c e l l u l a r  RNA was p r e c i p i t a t e d  i n  e th a n o l  and

re s u s p e n d e d  in  a b u f f e r  c o m p r is in g  lOmM sodium  p h o s p h a te
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p H 7 .0 ,  50% v / v  DMSO a n d  1M d e i o n i s e d  g l y o x a l .  T h e  RNA w a s  
d e n a t u r e d  b y  i n c u b a t i o n  a t  5 0 °C f o r  1 h o u r .  0 . 2  v o lu m e s  o f  
l o a d i n g  b u f f e r  (lOOmM s o d iu m  p h o s p h a te  p H 7 . 0 ,  0 .3%  w / v  
b r o m o p h e n o l b l u e ,  50% g l y c e r o l )  w a s  a d d e d  a n d  t h e  RNA 
e l e c t r o p h o r e s e d  a t  70  v o l t s  f o r  3 - 6  h o u r s  t h r o u g h  a  1 .4 %  
a g a r o s e ,  lOmM s o d iu m  p h o s p h a te  g e l  u s i n g  a  lOmM s o d iu m  
p h o s p h a t e  b u f f e r  w h ic h  w a s  r e c i r c u l a t e d .  RNA w a s  
t r a n s f e r r e d  im m e d ia t e l y  a f t e r  e l e c t r o p h o r e s i s  t o  n y l o n  
m e m b ra n e s  u s i n g  a  20X  SSC b u f f e r .  P a r a l l e l  t r a c k s  o f  RNA  
r u n  o f  t h e  sam e g e l  f o r  u s e  a s  m a r k e r s  w e r e  c u t  f r o m  t h e  
g e l  b e f o r e  t r a n s f e r  a n d  s t a i n e d  u s in g  e t h i d i u m  b r o m id e  i n  
o r d e r  t o  o b s e r v e  t h e  p o s i t i o n  o f  t h e  18 a n d  28S  r i b o s o m a l  
b a n d s .



56

A D D e n d ix : F o r m u la t i o n  o f  c o m m o n lv  u s e d  s o l u t i o n s .

TAE 40mM t r i s - a c e t a t e  p H 7 .5  
2mM EDTA

TBE 0 .0 8 9 M  t r i s - b o r a t e  p H 8 .3  
2mM EDTA

TE lOmM t r i s - b a s e  
lm M  EDTA
a d j u s t  t o  d e s i r e d  pH  w i t h  HC1

DNA l o a d i n g  lO x  TAE
b u f f e r  0 .2 5 %  w / v  b r o m o p h e n o l b l u e

SSC

50% v / v  g l y c e r o l

0 .1 5 M  s o d iu m  c h l o r i d e  
0 .1 5 M  s o d iu m  c i t r a t e  
pH  a d j u s t e d  t o  7 . 5  w i t h  NaOH

SSPE 0 .1 5 M  s o d iu m  c h l o r i d e
lOmM s o d iu m  d ih y d r o g e n  p h o s p h a te
lm M  EDTA
pH a d j u s t e d  t o  7 . 5  w i t h  s o d iu m  h y d r o x i d e

HTM 0 .3 M  H e p e s  
0 .1 2 5 M  t r i s - b a s e  
12 .5m M  m a g n e s iu m  c h l o r i d e  
20mM 2 - m e r c a p t o e t h a n o l
-  m a ke  f r o m  s t o c k  s o l u t i o n s  o f  h e p e s  p H 6 .6  a n d  
t r i s  p H 8 . 0 .



PBS

L - B r o t h

2 x  TY

L y s i s
b u f f e r

lO x  K in a s e  
b u f f e r

0 .8%  w / v  s o d iu m  c h l o r i d e
0 .0 2 %  w / v  p o t a s s iu m  c h l o r i d e
0 .1 1 %  w / v  d is o d iu m  h y d r o g e n  p h o s p h a te
0 .0 2 %  w / v  p o t a s s iu m  d ih y d r o g e n  p h o s p h a te
0 .0 1 3 %  w / v  c a l c i u m  c h l o r i d e  (C a C l2 .2 H 2 0 )
0 .0 1 %  w / v  m a g n e s iu m  c h l o r i d e  (M g C l2 .6 H 2 0 )

1% w / v  B a c t o - t r y p t o n e  
1% w / v  s o d iu m  c h l o r i d e  
0 .5 5 %  w / v  B a c t o - y e a s t  e x t r a c t

1 . 6  w / v  B a c t o - t r y p t o n e  
0 .5%  w / v  s o d iu m  c h l o r i d e  
1% w / v  B a c t o - y e a s t  e x t r a c t

0 .1 5 M  s o d iu m  c h l o r i d e  
lOmM t r i s - C l ,  pH  7 . 8  
1 .5m M  m a g n e s iu m  c h l o r i d e  
0 .6 5 %  v / v  NP40

0 .5 M  t r i s - C L ,  pH  7 . 6  
0 .1 M  m a g n e s iu m  c h l o r i d e  
50mM d i t h i o t h r e i t o l  
ImM s p e r m id in e  
ImM EDTA



CHAPTER 3 CONSENSUS SEQUENCE EXPER IM EN TS .
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A . INTRODUCTION

F o l l o w i n g  t h e  i d e n t i f i c a t i o n  o f  m e t a l l o t h i o n e i n - I I a  
( M T - I I a )  a s  a n  i n t e r f e r o n  i n d u c i b l e  g e n e ,  a  h o m o lo g y  
b e tw e e n  a  s e q u e n c e  i n  i t s  5 '  f l a n k i n g  r e g i o n  a n d  t h e  
f l a n k i n g  r e g i o n s  o f  t h r e e  HLA g e n e s  w a s  n o t e d  b y  F r ie d m a n  
a n d  S t a r k  ( 1 9 8 5 )  . I t  w a s  p r o p o s e d  t h a t  t h i s  s e q u e n c e  
p la y e d  a  r o l e  i n  t h e  i n t e r f e r o n  r e s p o n s e  o f  t h e s e  a n d  
p o s s i b l y  o t h e r  g e n e s .  E x p e r im e n t s  p r e s e n t e d  i n  t h i s  
c h a p t e r  d e s c r i b e  a p p r o a c h e s  u s e d  t o  t e s t  t h i s  h y p o t h e s i s .  
W o rk  i n  o t h e r  l a b o r a t o r i e s  d e m o n s t r a t e d  t h a t  t h i s  s e q u e n c e  
i s  a l s o  f o u n d  u p s t r e a m  o f  m ou se  H -2  g e n e s  ( F i g .  3 . 1 )  a n d  
d o e s  p l a y  a  r o l e  i n  t h e  i n d u c t i o n  o f  g e n e s  b y  i n t e r f e r o n  
( I s r a e l  e t  a l ,  1 9 8 6 ;  K o r b e r  e t  al, 1 9 8 7 ) .

B . M T - I I a / T K  FU S IO N S .

i ) . I n t r o d u c t i o n .

Hum an m e t a l l o t h i o n e i n  g e n e s  a r e  a l s o  i n d u c i b l e  b y  h e a v y  
m e t a l s  a n d  g l u c o c o r t i c o i d  h o rm o n e s  ( K a r i n  e t  a l ,  1 9 8 0 ) .  
T h i s  r e g u l a t i o n  h a s  b e e n  s t u d i e d  b y  f u s i n g  s e l e c t e d  r e g i o n s  
o f  t h e  5 '  e n d s  o f  t h e s e  g e n e s  o n t o  h e t e r o l o g o u s  m a r k e r  
g e n e s  w h ic h  c a n  b e  a s s a y e d  b y  n o r t h e r n  o r  p r o t e i n  a n a l y s i s  
( S t u a r t  e t  a l ,  1 9 8 4 ;  K a r i n  e t  a l ,  1 9 8 4 b ) .  O ne s u c h  s e r i e s  
o f  d e l e t i o n s  o f  t h e  M T - I I a  p r o m o t e r  r e g i o n  w a s  f u s e d  t o  t h e  
h e r p e s  s im p le x  v i r u s  t h y m id i n e  k in a s e  ( t k )  g e n e  b y  M . K a r i n  
a n d  t h e s e  d e l e t i o n s  w e re  u s e d  t o  d e f i n e  r e g i o n s  o f  t h e
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F i g u r e  3 . 1 .

H o m o lo g ie s  b e tw e e n  t h e  u p s t r e a m  r e g i o n s  o f  a  
HLA g e n e ,  tw o  c l a s s  I  g e n e s  ( * o n e  u n i d e n t i f i e d )  
H2 g e n e  a n d  t h e  h um an  m e t a l l o t h i o n e i n  I l - a  g e n e

c l a s s  I I  
, a  m o u se



HLADR

HLA A3 

HLA* 

H2 Kb 

MT-lla

A C C TC -A G A G TTTC TC C TC T-C A  

AAC TCCG CAG TTTCTTTTCT-CT  

ACCTCCGCAGTTTCTCTTCTTCT  

ATCTCCACAGTTTCACTTCTGCA  

ACCT— G CAG TTTCTCCTCT-CT

Consensus ACCTCCGCAGTTTCTYYTCTNCT
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p r o m o t e r  i n v o l v e d  i n  t h e  t r a n s c r i p t i o n a l  r e s p o n s e  t o  
d e x a m e th a s o n e  a n d  c a d m iu m  ( K a r i n  e t  a l ,  1 9 8 4 a ) . F o u r  s u c h  
c o n s t r u c t s  w e r e  g e n e r o u s l y  s u p p l i e d  t o  me b y  M . K a r i n .  
T h e s e  i n c l u d e d  p la s m id  1 * 4 ,  c o n t a i n i n g  5 '  s e q u e n c e  t o  - 6 5 2  
b p  u p s t r e a m  o f  t h e  c a p  s i t e  a n d  c o n t a i n i n g  t h e  c o n s e n s u s  
s e q u e n c e ,  a n d  p la s m id  1 * 3 ,  t o  - 5 8 2  a n d  l a c k i n g  t h e  
c o n s e n s u s  ( F i g .  3 . 2 ) .

i i ) . T r a n s f e c t i o n  o f  t h e  c o n s t r u c t s  i n t o  m a m m a lia n  c e l l s .

I n i t i a l  a t t e m p t s  t o  t r a n s f e c t  t h e s e  c o n s t r u c t s  i n t o  a  
h u m a n  c e l l  l i n e ,  H e L a  H e b 7 A ,  w e r e  o n l y  p a r t i a l l y  
s u c c e s s f u l .  H e b7A  i s  a t k "  c e l l  l i n e  ( T u n a c l i f f e  1 9 8 3 )  
w h ic h  a l l o w e d  s e l e c t i o n  o f  t r a n s f e c t e d  c e l l s  i n  HAT m e d ia .  
T h e  c e l l s  w e r e  f i r s t  a s s a y e d  f o r  s e n s i t i v i t y  t o  
a l p h a - i n t e r f e r o n  a n d  f o u n d  t o  b e  g r o w t h  i n h i b i t e d  a n d  
r e s i s t a n t  t o  EMC v i r u s  w h en  t r e a t e d .  A l t h o u g h  2 0 /xg o f  
e a c h  p la s m id  w a s  t r a n s f e c t e d  i n t o  2 x  1 0 7 c e l l s ,  o n l y  3 
c o l o n i e s  w e re  o b t a i n e d  i n  t o t a l ,  a l l  f o r  t h e  1 * 3  c o n s t r u c t .  
A s e c o n d  s i m i l a r  a t t e m p t  w a s  a l s o  u n s u c c e s s f u l .  T u n a c l i f f e  
( 1 9 8 3 )  a l s o  r e p o r t s  a lo w  t r a n s f e c t i o n  f r e q u e n c y  o f  t h i s  
c e l l  l i n e .

T h e  p la s m id s  1 * 3  a n d  1 * 4  w e re  s u c c e s s f u l l y  t r a n s f e c t e d  
i n t o  m ou se  L t k ” c e l l s .  T h e s e  c e l l s  h a d  b e e n  u s e d  t o  e x p r e s s  
a n d  i n d u c e  a  g e n o m ic  c lo n e  o f  h um an  6 - 1 6 ,  a n o t h e r  
i n t e r f e r o n  i n d u c i b l e  g e n e  ( P o r t e r  e t  a l ,  1 9 8 8 ) ,  i n d i c a t i n g  
c o n s e r v a t i o n  o f  t h e  i n t e r f e r o n  s i g n a l l i n g  p a th w a y  b e tw e e n  
s p e c ie s .  F o r  t h e s e  t r a n s f e c t i o n s  p S V 2 n e o  w a s  u s e d  a s  a
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F i g u r e  3 . 2 .

F u s io n s  o f  t h e  M e t a l l o t h i o n e i n - I I a  g e n e  t o  t h e  5 '  e n d  o f  
t h e  HSV t h y m id i n e  k in a s e  g e n e .  T h e s e  f u s i o n s  a r e  c lo n e d  
i n t o  t h e  H in d  I I I  s i t e  o f  p B R 3 2 2 .



I Consensus sequence 
y  Bam Bgl

1 ’ 4
- 6 5 2

1 ' 3

M T -lla ] T K
A

+75 +53

Bam Bgl

M T - lla J L ____ T K

- 5 8 2 +75 +53
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selectable marker instead of selecting the cells in HAT to 

try and avoid any potential bias for transfectants with 

high levels of tk expression, as this was the gene being 

assayed. The Ltk" cells used were tested for an interferon 

response by their resistance to EMC virus upon treatment 

with mouse interferon (Fig. 3.3) and were found to be 

positive. (This also demonstrated the activity of the 

batch of interferon used.) 60 /ig of each plasmid was 

transfected into 3 x 106 cells with 10 fig of pSV2neo and 

after two weeks in selection over 1000 colonies on each 90 

mm dish were visible. The colonies were pooled and 

expanded for experimentation. For each construct, a plate 

of cells was either treated with 1000 units per ml of mouse 

interferon or left untreated for 8 hours. Total RNA was 

prepared using GTC and aliquots glyoxalated and run out on 

a 10 mM sodium phosphate agarose gel. The gel was blotted 

and probed with nick translated plasmid 4*7 which contains 

the tk gene fused to the smallest amount of flanking MT-IIa 

sequence. The result (not shown) showed a message of the 

expected size in all four tracks containing RNA from the 

transfected lines (and no signal in the untransfected 

c o n t rols). There was little apparent difference in the 

intensity of the four signals, though when measured on a 

Joyce-Lobel Chromoscan 3 a small (1.5 fold) increase 

between the intensity of the signal from 1'4-transfected 

cells treated with interferon over the 1 *4-transfectants 

minus interferon bands was observed, with the other two
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Figure 3.3.

Assay of mouse Ltk- cells for their interferon response. 
5x10^ cells were plated out in the wells of a 96 well 
microtitre dish, left to settle for 8 hours and treated 
with interferon for 24 hours. EMC virus was added 
overnight, the cells were then stained with crystal 
violet/20% ethanol for 30 minutes and rinsed in water. 
The results show that even very low levels of interferon 
provide a degree of protection from EMC infection.



EMC, pfu /ce l l



having similar levels to the 1*4-. However, on a single 

experiment this can not be considered a significant 

finding.

i i i ) . Conclusions.

T h e  r e s u l t s  d e s c r i b e d  in this s ection, t h o u g h  

inconclusive, illustrate some of the difficulties involved 

with transfection experiments. MT-IIa is only induced 3 to 

5 fold by interferon (Friedman et al, 1984) and there are a 

number of major differences between the native gene and the 

system used to test the promoter which could have reduced 

the maximum possible induction observable. These include 

the use of mouse instead of human cells in which to test 

the constructs, although it appears that for other human 

interferon induced genes tested such as 6-16 (Porter et al,

1988) and 9-27 (see Ch. 6.D.vi) a response is obtained. 

Israel et al (1986) also reports the expression and 

induction of mouse H-2 genes in human cells which provides 

further evidence that the response mechanism is conserved. 

The induction observed by Israel of fusions of the H-2Kb 

gene to the chloramphenicol acetyl transferase gene is 

reported to be between 1.9 and 2.8 fold, which is less than 

the induction observed for native H-2 genes and may be 

partly due to the absence of post-transcriptional events 

thought to contribute towards their stabilization in 

interferon treated cells. Similar considerations may apply

68
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to MT-IIa. The consensus sequence in MT-IIa is also much 

further away from the start of transcription than the 

equivalent sequences in other genes. Between it and the 

cap site lie sequences responsible for the induction of the 

gene by heavy metals and glucocorticoid hormones, which may 

have contributed to the relatively high basal levels of 

transcription seen in the experiment described above. In 

conclusion, it would probably be difficult to demonstrate 

the role of the consensus sequence found in MT-IIa without 

further modifications of the approach described in this 

chapter, such as removing other response elements from the 

gene and possibly using more than one consensus sequence 

element in any construct under test.

C. OLIGONUCLEOTIDE PROBES TO THE CONSENSUS SEQUENCE, 

i ) . Introduction.

Experiments devised to examine the possible presence of 

the consensus sequence in the flanking regions of other 

interferon inducible genes are presented in this section. 

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

representing the consensus sequence and annealing them to 

potential target sequences at low stringency. This was 

followed by increasingly more stringent washes in order to 

observe any regions of DNA that bind the probe with any 

degree of specificity. By using controls of either totally
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homologous or partially matched sequences, a qualitative 

impression of the degree of hybridization to other regions 

of DNA could be obtained.

C o n d i t i o n s  for th e  h y b r i d i z a t i o n  an d  w a s h i n g  of 

oligonucleotide probes were derived from Wallace et al 

(1979) and Meinkoth and Wahl (1984) and are discussed in 

Ch. 2 . E . ( x i i ) .  S i n g l e  b a s e  mismatches between an 

oligonucleotide probe and a target sequence reduces the 

melting temperature (Tm) of the hybrid formed, though the 

extent of this reduction will vary according to the 

location of the mismatch.

i i ^ . Probing 6-16 and 1-8 cosmids.

Oligonucleotide probes of the consensus sequence and two 

variants (Fig. 3.4a) were synthesised and supplied by 

Celltech and UMIST. The first two, OCT 351 and 352 are 

overlapping 23mers that encompass the consensus and a few 

downstream nucleotides found in MT-IIa. These were 

annealed together in Klenow buffer at 55 °C for 1 hour and 

extended to produce a double stranded fragment of DNA by 

the addition of nucleotides and Klenow enzyme. After 

kinasing the 5 * ends the fragments were cloned into the 

Smal site of M13mp8 and recombinants sequenced to confirm 

the presence of the cloned sequence. An initial control 

experiment to use one of the constructs as a probe on the 

MT-IIa flanking region was not successful and all future
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Figure 3.4.

a) . The four oligonucleotides used in experiments 
described in this chapter. OCT 351 and 352 were 
supplied by Celltech Ltd whilst Oligos 303 and 304 were 
synthesised at UMIST and supplied through Genetic 
Research Instrumentation. OCT 351 contains the two 
highly conserved regions (underlined) of the consensus 
sequence and overlaps OCT 352 by 9 base pairs at it's 3' 
end. An Eco R1 recognition sequence (underlined) was 
included in OCT 352 for cloning purposes.

b )  . Alignment of OCT 351 to the consensus sequence found 
in human metallothionein-IIa. There is a central 
contiguous match of 10 nucleotides flanked by gaps and 
two further short matches.

c) . Alignment of the consensus sequence with sequence 
found flanking the 6-16 gene. There is a perfect match 
with the conserved 'ACCT' motif and a 7/9 match with the 
centrally conserved (GCAGTTTCT) region.



OCT 351 5* c A C ^ c c r ^ c i r n z c c T T C T C T  3 '

OCT 352  

OLIGO 303 

OLIGO 304 

3.4a

OCT 351 

MT-lla 

3.4b .

Consensus

6-16

1 GAGAAGAGATGTTACTdlMSC 5 1

' A ( A / C ) C T ( G / C ) G ( A / G ) A G ( C / A ) T T C T ( C / T ) T  3'

* A (A/C) CTC (G/C) G (A/G) AG (C/A) TTCT (C/T) T 3 f

’ CACCTCCGCAGTTTCTCTTCTCT 3 1 
I NI  Mi l l  Mi l l  Ml  

' GACCT— GCAGTTTCTCCTCTAC 3 ?

’ ACCTCCGCAGTTTCTYY 3 T
I N I  I I I  l l l l l l

' ACCT-GGAAGCTTCTCT 3 1

3.4c
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e x p e r i m e n t s  w e r e  performed using #-[32P]ATP labelled 

oligonucleotides as the probes, with the cloned sequences 

acting as controls.

An initial experiment using the 23mer OCT 351 is shown in 

Fig. 3.5. The labelled oligonucleotide was used to probe a 

positive control, a cosmid containing the 6-16 gene and an 

MT-IIa/tk fusion constructs (sec. B a b o v e ) , containing its 

version of the consensus sequence (not an exact match to 

the probe, Fig. 3.4b). When washed at a low temperature, 

some, but not all, bands of DNA are detected by OCT 351, 

i n c l u d i n g  four of the cosmid bands and the twelve 

multimeric units of the 1 kb ladder marker, believed to 

contain yeast 2 micron plasmid DNA (B.R.L.-Gibco, pers. 

comm.). The band containing the consensus sequence in 

MT-IIa is also detected, as is the positive control, which 

produces the strongest signal. Neither of the other bands 

in these tracks or either band of the negative control is 

seen. After a series of washes at higher temperatures only 

two bands of hybridization in addition to the positive 

control were seen. The first one was the MT-IIa flanking 

region which contains the consensus sequence and the second 

was the 1.8 kb Eco R1 fragment of 6-16, which at the time 

was believed to contain the 5' region of the gene. A 

similar experiment with a 1-8 cosmid, 1-8.8, revealed a 

sequence with specificity for the probe in a region of DNA 

within 4 kb upstream of the 1-8 gene (Fig. 3.6).

Sequence obtained by J. Kelly from the 1.8 kb Eco R1
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F ig u r e  3 . 5 .

Experiment using oligonucleotide probe OCT 351 on a 
cosmid containing a 6-16 gene. Washed at 24 and 38 °C 
in 6XSSC. 'MT' = track containing plasmid 1'4 supplied 
by M. Karin, cut with EcoRl; '6-16' = cosmid containg 
the human 6-16 gene supplied by J.Kelly (pers comm) cut 
with EcoRl; = M13mpl3 containing OCT 351 cloned 
into the Smal site, cut with Clal; '+• = plasmid l'3(see 
Fig. 3.2), supplied by M.Karin, cut with Clal and 
Hindlll. See text for further discussion.

At 3 8 °C, the probe only hybridizes to 3 bands - a 3.1 kb 
f r a g m e n t  c o n t a i n i n g  the m e t a l l o t h i o n e i n  consensus 
sequence, a 1.8 kb fragment from the 6-16 cosmid and the 
positive control.
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F ig u r e  3 . 6 .

(a) Experiment using oligonucleotide probe OCT 351 on 
different digests of cosmid 1-8.8. M  = marker, 1 - 5 = 
cosmid digested with: 1) Apal + Sail, 2) Apal, 3) Apal + 
Kpnl, 4) EcoRI + Kpnl, 5) KpnI. The blot was probed 
with kinase labelled OCT 351, washed at 31 °C in 6XSSC 
and exposed overnight. The probe hybridized relatively 
strongly to a 2.1 kb Kpnl fragment.

(b) P r e v i o u s  experiments with the same blot had 
indicated a 1-8 cross-hybridizing region between an Apal 
and Kpnl site could be cut at a second Apal site into 5' 
and 3' cross-hybridizing regions, as indicated. (A=ApaI, 
K = K p n I , E = E c o R I ) .



M 1 2 3 M 4 5

A K

1 -8

5' PROBE

3' PR O BE

E K K

351 PR O B E

2kb
b
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fragment of the 6-16 cosmid revealed a homology to the 

c o n s e n s u s  s e q u e n c e  ( F i g  3 . 4 c ) .  T w o  f u r t h e r  

oligonucleotides of mixed composition were obtained (Fig. 

3.4a) and used to probe a panel of 1-8 cosmids (Fig. 3.7). 

Both these mixed probes contained sequences with Tms that 

varied over an 8°C range under standard (6xSSC) conditions, 

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

tetramethylammonium chloride (TMA) which eliminates the 

difference in stability between A:T and G:C base pairs, the 

degree of hybridization was entirely dependent on the 

length of matched sequences alone (Wood et al 1985). 

Equimolar amounts of each DNA were loaded onto slot blots, 

hybridized overnight and initially washed in 6xSSC at room 

temperature. Following this, a series of washes in TMA 

were performed at 35, 45 and 4 9 °C. Except for the 

perfectly matched controls, only the 23mer and mixed 16mer 

on the 6-16 cosmid produced a detectable signal at 4 5 °C or 

above. The range of hybridization to the 1-8 cosmids 

varied, though none showed any degree of specificity above 

that of a control (non 1-8) cosmid. There is only a faint 

signal from the 2 3mer on the MT-IIa plasmid, which is 

probably below the level of the other slots due to the 

smaller total amount of DNA loaded, reducing the degree of 

non specific cross hybridization at the lower temperatures.
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Figure 3.7.

Oligonucleotide probes used on a panel of plasmids and 
cosmids. 16mer probe = oligo 303, 17 mer = oligo 304, 
23mer = OCT 351. Wash conditions: A = room temperature, 
6X SSC; B = 3 5 °C, C= 45°C, D = 49°C, all in TMA buffer 
(3.0 M  M e 4NCl/50 mM Tris.HCl pH8.0/2 mM EDTA in 0.1% 
SDS)

DNA samples: 1 = M13mpl3 containing OCT 351 (40ng); 2 =
plasmid 1'4 containing the metallothionein consensus 
sequence (30 ng) ; 3-7 = 1-8 cosmids nos. 2,3,4,8 & 10
respectively (230 n g ) ; 8 = control cosmid (230 n g ) ; 9 = 
cosmid containing 6-16 gene (230 n g ) .

See text for a discussion of the results.
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i i i l . Conclusions.

Experiments described in chapter 5 indicate that the 1-8 

cosmids used for the experiment in section (ii) above are 

probably unexpressed pseudogenes and hence unlikely to have 

any 5' flanking control sequences. The 6-16 "consensus 

s e q u e n c e "  to which the mixed probes were made was 

subsequently found not to be in the 5' flanking region of

this gene and hence unlikely to play a part in any

interferon response. H o w e v e r , further work based upon

these initial experiments and taking into account the

information from the mouse H-2 genes was carried out by K. 

Smith, resulting in the isolation of six genomic lambda 

phage clones which are positive for other variants of the 

consensus sequence. However, preliminary analysis of these 

clones failed to suggest that any of them contained 

sequences related to interferon-inducible genes. The 

prospects for the wider application of this technique are 

considered further in Chap. 7.
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CHAPTER 4. ISOLATION AND ANALYSIS OF A  9-27 cDNA.
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A. INTRODUCTION.

The original 9-27 cDNA clone was a short sequence of 240 

nucleotides, isolated from the T98G cell line. A  longer 

cDNA, 2-1, isolated by M. McMahon from a Daudi cell cDNA 

library first revealed the homology of 9-27 to 1-8. A 

further isolate from the same library, 7-8, overlapped with 

the first 110 bases of 2-1 where there is also the close 

homology to the 1-8 cDNA , though because no sequence 3' of 

t h i s  clone was obtained, it was not clear if 7-8 

represented further example of the 9-27 sequence or was 

another member of the 1-8 gene family. In order to resolve 

this and to obtain a potential full open reading frame of 

9-27 the isolation of a longer cDNA of the gene was 

undertaken.

B. SCREENING AND SEQUENCING.

i ) . Screening a lambda gtlO library.

A  cDNA library was constructed by D. Gewert in lambda 

gtlO (lgtlO) using RNA from HeLa cells treated with 

a-interferon for 24 hours. The cDNA synthesis was 

performed using RNaseH and DNA polymerase to construct the 

second strand which produces more complete cDNAs than the 

original self priming method. Eight agar dishes were each 

p l a t e d  w i t h  a p p r o x i m a t e l y  5 0 , 0 0 0  p.f.u. and grown 

overnight. Single lifts onto nitrocellulose filters were 

taken off each plate, probed with 9-27 unique sequences,
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Figure 4.1.

Recombinant lgtlO clones containing 9-27 c D N A s . EcoRI 
digests were run out on an agarose gel where insert 
bands were only just visible (a). Probing a blot of the 
gel with a 9-27 specific cDNA probe confirmed the 
presence of 9-27 cDNA clones (b) . Hybridization under 
s t a n d a r d  c o n d i t i o n s  for 6 ho u r s ;  e x p o s u r e  of 
autoradigraph = 15 minutes.
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washed at high stringency and exposed against Kodak XAR 

film overnight. Between 100 to 200 positives over a low 

background were seen on each filter. Twelve plugs of agar 

were taken from areas of the plates corresponding to 

positive signals and each replated on a 90 m m  plate at a 

concentration of 50 - 500 p.f.u per dish. Duplicate lifts 

onto nylon filters were taken and probed and washed in the 

same manner to the primary screen. Between 1 and 13 

duplicate positive were detected on ten of the plates and 

upon replating the remaining two primary screen positives 

at a higher density, secondary positives from them were 

also obtained. Each positive signal represented an area of 

the plate containing between 1 and 5 plagues, allowing one 

positive from each plate to be picked and replated at a low 

density for a final round of screening. Following this, 

six independent and well isolated positives were picked, 

grown to confluence on 90 mm agarose dishes and the phage 

DNA prepared. The DNA was digested with EcoRl which 

excises the cloned sequences, run on an agarose gel and 

blotted onto a nylon membrane. Bands of between 300 and 

1100 bp were visible on the gel (Fig. 4.1a) and they were 

all positive for 9-27 (Fig. 4.1b). Number 6 is larger than 

the actual 9-27 mRNA and may have resulted from the 

erroneous ligation of 9-27 to another message at some stage 

in the construction of the library. The next two longest 

clones, numbers 2 and 4 were both between 600 - 7 00 bp in 

size and were selected for further examination.
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i i )  . Ratio of 9-27 to 1-8 in the library.

In order to estimate the frequency of 9-27 mRNA in 

interferon treated cells as a percentage of total poly A+ 

RNA, and to compare the ratio of 9-27 to 1-8, the titre of 

the library was redetermined and a further 60,000 p.f.u. 

plated onto three 15 cm plate. Duplicate nylon filters 

from each plate were screened firstly with 9-27 specific 

cDNA and then again (without stripping the filters) with 

the 1-8 cDNA (Fig. 4.2). A total of 196 duplicate

positives for 9-27 were identified and a further 188 l-8s 

seen when the filters were probed for the second time. 

This gives a 9-27:1-8 ratio of almost 1:1 and an estimate 

of 0.3% as the amount of 9-27 mRNA in treated cells, 

assuming that the cDNA library is representative of the 

total polyA+ RNA. These results differ slightly from the 

figures of 2:3 and 0.2% reported previously (Friedman et al

1984) . As it is now known that at least two 1-8 genes are 

expressed, this indicates that 9-27 is either more strongly 

induced or its mRNA is more stable than 1-8 genes. iii)

i i i )  . Sequencing the c D N A s .

Clones 2 and 4 were both subcloned into the EcoRl site 

of pUC13 by mixing 1 - 5 /xg of EcoRl cut phage DNA with 20 

ng of cut and phosphatased vector, ligating overnight at 

1 2 °C with T4 DNA ligase, transforming competent E.coli 

JM101 and selecting colonies on indicator plates.
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Ficrure 4.2.

Ratio of 9-27 to 1-8 DNA in the lgtlO library. (a) = 
Filter containing approximately 10,000 plaques probed 
with 9-27 specific cDNA. (b) = the same filter
re-probed with 1-8. The arrows indicate the same pair 
of 9-27 positive signals, flanked in (b) by two 
additional positives.
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The recombinant plasmids were grown on a large scale and 

DNA was prepared over caesium chloride gradients. The 

EcoRl inserts were isolated and subcloned into the EcoRl 

site of M13 mpl8 for sequencing. Only preliminary sequence 

of the 5' region of clone 4 was obtained; this was found to 

be in agreement with the equivalent part of clone 2, which 

was analyzed in detail. The alignments of the final clone 

2 sequence against the cDNAs 7-8 and 2-1 are presented in 

Fig 4.3. It is apparent that 7-8 is almost certainly a 

partial 9-27 clone rather than a distinct member of the 1-8 

family, even though there are several minor differences 

between the two sequences. Two of these differences, both 

in the potential open reading frame of the gene, were 

probably the result of ambiguous data from the sequencing 

reactions being incorrectly interpreted. The first occurs 

in and downstream of a run of six C residues, which follow 

the sequence 5' GGGGGCA 3' . This run of Gs are the 

p r o b a b l e  c a u s e  (thro u g h  the formation of secondary 

s t r u c t u r e )  of the stacking and compression seen on 

sequencing gels of the Cs which were previously interpreted 

as only being five in number. This compression also causes 

artifacts in the succeeding sequence. The correct and 

unambiguous reading of this sequence was only possible by 

sequencing the opposite strand which was achieved by 

subcloning the 5* EcoRl to Sau3A fragment (residues 0-213 

of the Figure 4.5 sequence) of this clone into the EcoRl 

and BamHl sites of M13 mpl8. It is worth noting that when
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Figure 4.3.

Sequence comparisons between clone 2 from the lgtlO 
library and previous clones (a) 7-8 and (b) 2-1. Clone
7-8 has a 3 1 end which terminates in sequence common to 
both 9-27 and 1-8, though the comparison shows that it 
is very similar to 9-27 at its 5' end. The sequence of 
clone 2-1 agrees well with that of clone 2.



CLONE
7 - 8

110 120 130 140
CTCAAACCTTCACTCAACACTTCCTXTCCCCAAAGCCAGAAGATGCACAAG

CCAGAAGATGCACAAG 
X  10

160 170 130 190
GAGGAACATGAGGTGGCTGT--"3CTGGGGGCACCCCCCAGC— ACCATC-

GAGGAACATGAGGTGGCTCGTCGCTGGGGGCACC-CCCAGaVCACXATCC 
20 30 40 50 60

200 210 220 230 240
-CTTCCAAGGTCCACCGTGATCAACATCCACAGCGAGACCTCCGTGCCCG

CCTTCCA-GGTCCACCGTGATCAACATCCACAGCGAGACCTCCGTGCCCG
70 80 90 lOO u o

250 260 270 280 290
ACCA'K?rCG!TCTGGTCCCTGTrCAACACCCTCTrCTTGAACTGGTGCTGT

ACCATGTCGTCTGGTCCCTGTT rCTTCTTGAAC]
120 130 140 150 160

300 310 320 330 340
C7rcGGCTTCATAGCATTCGCCTACTCCGTGAAGTCTAGGGACAGGAAGAT

CTGGGCTTCATAGCATTCGCCTACTCCGTGAAGTCTAGGGACAGGAAGAT
170 180 190 200 210

350 360 370 380 390
GGTTGGCGACGTGACCGGGGCCCAGGCCTATGCCTCCACCGCCAAGTGCC

GC7ITGGCGACGTGACCGGGGCCGAGG—CTATGC-TCCACCGCCAAGTGCC
220 230 240 250 260

400 410 420 430 440

::::: t ::::::::::::::: : ::::::::::::::
TCAACA3X7IX3GGCCCTGATTCIX:GGCATCCTCATGAC 

270 280 290 X

a

CLONE
2-1

310 320 330 340
TTCATA jGCATTCGCCTACTCCGTGAAGTCTAGGGACAGGAAGATGGTTGG

GTGAAGTCTAGGGACAGGAAGATGGTTGG
X 10 20

360 370 380 390
CGACGTGACCGGGGCCCAGGCCTATGCCTCCACCGCCAAGTGCCTGAACA

CGACGTGACCGGGGCCCAGGC-TATGC-TCCACCGCCAAGTGCCTGAACA 
30 40 50 60 70

410 420 430 440
'TCTGGGCCCrrGATTCTGGGCATCCTCATGACCATTGGA'I’rCATCCTGTCA

TCTGGGCCCTGATTCTGGGCATCCrCATGACCA'I'rGGATTCATC-TGTTA 
SO SO 100 110 120

460 470 480 490
CTGGTATTC GGCTCTGTGACAGTCTAC CAT ATTATGT7TACAGATAATACA

CTGGTATTCGGCTCTGTGACAGTCTACCATATTATGTTACAGATAATACA 
130 140 150 160 170

510 520 530 540
GGAAAAAC GGGGTTACTAGTAGC C GC C CATAGCCTGCAAC CTITGCACTC

GGAAAAACGGGGTTACTAGTAGCCGCCCATAGCCTGCAACCTTTGCACTC 
180 190 200 210 220

560 570 580 590
C31CTGTGCAATGCTGGCCCTGCACG—CTGGGGCTG'TrGCCCCTGCCCCCT

CACTGTGCAATGCTGGCCCTGCACGGCTGGGGCTGTrGCCCCTGCCCCCr 
230 240 250 260 270

600 610 620 630 640
T G G T C C TG CC XX TA GA TA CAG CA Gn TA TA CC CA CA CA CC —GTGCTACAG 
s:::s:::s:s::::::s ::::::::::::::::::::: : :: ::::::
TGGTCCTOCCCCTA GATACAGCAGTrTATACCCACAGACCTGT—CTACAG 

280 290 300 310 320

650 X
TC7ECAITCAATAAA

TGTCATTCAATAAAGTGCACGTGCTTGT 
330 340 350Xb



the same region of the genomic clone of 9-27 (Chap. 6) was 

sequenced using T7 DNA polymerase ("Sequenase") instead of 

Klenow, this difficulty did not occur.

The second discrepancy is a result of a similar G/C 

compression, at bases 379 to 362 of the clone 2 sequence. 

Sequencing the coding strand of the cDNA gives the apparent 

reading 5 ’ GGC 3' , though the opposite strand also gives 

this reading which would mean that the coding sequence is 

5' GCC 3'. The correct interpretation is obviously 5' GGCC 

3'. Two other extra C residues not found in CDNA2-1 occur 

within the next 70 nucleotides, restoring both sequences to 

the same open reading frame. Clone 2 was sequenced on both 

strands through these problematic regions and the final 

sequence derived was later found to be in agreement with 

the genomic sequence described in chapter 6.

iv) . Confirming that the 5* end of clone 2 is from

9-27.

An oligonucleotide corresponding to the opposite strand 

of clone 2 from nucleotides 50 to 27 was obtained for use 

as a probe for a 9-27 genomic clone. In order to confirm 

that this sequence was authentic and not the result of a 

cloning artefact, cytoplasmic polyA+ RNA from HeLa cells 

treated or untreated with interferon was glyoxalated, run 

on a 10 m M  sodium phosphate gel and blotted onto 

nitrocellulose. The oligonucleotide was end-labelled with 

#-[32P]ATP and hybridized to the filter at 4 2 °C in
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6xSSPE/5xDenhardts overnight. After washing, the filter 

was exposed to Kodak XAR film overnight and a faint 

inducible signal observed (Fig. 4.4) at the expected 

position for 9-27. This was good (though not conclusive) 

evidence for the 5* end of the cDNA being true 9-27 

sequence.

v )  . Translation of the ORF.

There is only one long open reading frame in the DNA 

sequence of 9-27. A translation of this frame into amino 

a c i d  se q u e n c e  is presented in Figure 4.5, and the 

hydrophobicity profile of the translated sequence is shown 

in Figure 4.6. These analyses predict a protein of 15 kd 

in size which is largely hydrophobic, with a possible 

membrane spanning region near the C-terminus. There is a 

large hydrophilic peak. A  peptide which corresponds to 

the sequence spanning this peak, when inoculated into 

rabbits caused the production of an anti-serum which was 

capable of detecting an interferon inducible protein of 

approximately 15 kd in size (L. Reid, pers c o m m ) .

v i )  . Database searches.

Release number 50 of Genbank was searched with the full 

cDNA sequence of clone 2. Besides the 1-8 and previous 

9-27 sequences already in the dataoase, no homologies of 

significance were identified.

The NBRF database was searched with the predicted
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Figure 4.4.

Probing HeLa cytoplasmic polyA+ RNA with a 24mer probe 
to the 5' end (complement of residues 50 to 27 of Fig.
4.5) of 9-27 cDNA clone 2. 0.5mg of RNA from cells
either untreated (-) or treated (+) with interferon was 
run out on an agarose gel and northern blotted onto 
nitrocellulose. The blot was probed at 3 0 °C overnight 
and washed at 5 5 °C in 2 X S S C . An overnight exposure 
indicated a faint induced band of about 800 nucleotides 
in length.
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F i g u r e  4 . 5 .

C o m p l e t e  s e q u e n c e  o f  t h e  l o n g e s t  9 - 2 7  c D N A  ( C l o n e  2 )  
w i t h  t h e  t r a n s l a t i o n  o f  i t s  l o n g e s t  o p e n  r e a d i n g  f r a m e .



1 0  2 0  3 0  40
TCGAGAAACTGAAACGACAGGGGAAAGGAGGTCTCACTGAGCAC

5 0  6 0  7 0  8 0  90
CGTCCCAGCATCCGGACACCACAGCGGCCCTTCGCTCCACGCAGAAAACC

1 0 0  1 1 0  1 2 0  1 3 0  1 4 0
ACACTTCTCAAACCTTCACTCAACACTTCCTTCCCCAAAGCCAGAAGATG

Met

1 5 0  1 6 0  1 7 0  1 8 0  1 9 0
CACAAGGAGGAACATGAGGTGGCTGTGCTGGGGGCACCCCCCAGCACCAT
HisLysGluGluHisGluValAlaValLeuGlyAlaProProSerThrll

2 0 0  2 1 0  2 2 0  2 3 0  2 4 0
CCTTCCAAGGTCCACCGTGATCAACATCCACAGCGAGACCTCCGTGCCCG 
eLeuProArgSerThrVallleAsnlleHisSerGluThrSerValProA

2 5 0  2 6 0  2 7 0  2 8 0  2 9 0
ACCATGTCGTCTGGTCCCTGTTCAACACCCTCTTCTTGAACTGGTGCTGT 
spHisValValTrpSerLeuPheAsnThrLeuPheLeuAsnTrpCysCys

3 0 0  3 1 0  3 2 0  3 3 0  3 4 0
CTGGGCTTCATAGCATTCGCCTACTCCGTGAAGTCTAGGGACAGGAAGAT 
LeuGlyPhelleAlaPheAlaTyrSerValLysSerArgAspArgLysMe

3 5 0  3 6 0  3 7 0  3 8 0  3 9 0
GGTTGGCGACGTGACCGGGGCCCAGGCCTATGCCTCCACCGCCAAGTGCC 
tValGlyAspValThrGlyAlaGlnAlaTyrAlaSerThrAlaLysCysL

4 0 0  4 1 0  4 2 0  4 3 0  4 4 0
TGAACATCTGGGCCCTGATTCTGGGCATCCTCATGACCATTGGATTCATC 
euAsnlleTrpAlaLeuIleLeuGlylleLeuMetThrlleGlyPhelle

4 5 0  4 6 0  4 7 0  4 8 0  4 9 0
CTGTCACTGGTATTCGGCTCTGTGACAGTCTACCATATTATGTTACAGAT 
LeuSerLeuValPheGlySerValThrValTyrHisIleMetLeuGlnll

5 0 0  5 1 0  5 2 0  5 3 0  5 4 0
AATACAGGAAAAACGGGGTTACTAGTAGCCGCCCATAGCCTGCAACCTTT 
eIleGlnGluLysArgGlyTyrENDEND

5 5 0  5 6 0  5 7 0  5 8 0  5 9 0
GCACTCCACTGTGCAATGCTGGCCCTGCACGCTGGGGCTGTTGCCCCTGC

6 0 0  6 1 0  6 2 0  6 3 0  6 4 0
CCCCTTGGTCCTGCCCCTAGATACAGCAGTTTATACCCACACACCGTGCT

6 5 0
ACAGTGTCATTCAATAAA
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F i g u r e  4 . 6 .

H y d r o p h o b i c i t y  p r o f i l e  o f  t h e  p u t a t i v e  9 - 2 7  g e n e  p r o d u c t  
u s i n g  t h e  a l g o r i t h m  o f  K y t e  a n d  D o l i t t l e  ( 1 9 8 2 )  . 
R e s i d u e  n u m b e r  ( x - a x i s )  p l o t t e d  a g a i n s t  h y d r o p h i l i c i t y  
v a l u e ;  p o s i t i v e  n u m b e r s  r e p r e s e n t  h y d r o p h i l i c  r e i s d u e s .
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p r o t e i n  s e q u e n c e  f o r  9 - 2 7 .  N o  s i g n i f i c a n t  h o m o l o g i e s  w e r e  

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

t h e  m o u s e  E G F  p r e c u r s o r  ( F i g .  4 . 7 ) .  A l t h o u g h  t h e  h o m o l o g y  

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

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

9 - 2 7 .  W i t h o u t  a n y  f u r t h e r  i n f o r m a t i o n  a b o u t  t h e  p o s s i b l e  

r o l e  o f  9 - 2 7 ,  i t  w o u l d  b e  w r o n g  h o w e v e r  a t  t h i s  s t a g e  t o  

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

c o i n c i d e n c e .
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F i g u r e  4 . 7 .

H o m o l o g y  b e t w e e n  r e s i d u e s  6 3  t o  7 2  o f  t h e  l o n g e s t  o p e n  
r e a d i n g  f r a m e  o f  9 - 2 7  a n d  m o u s e  e p i d e r m a l  g r o w t h  f a c t o r  
p r e c u r s o r .  T h e  h o m o l o g y  w a s  d e t e c t e d  b y  a  s e a r c h  o f  t h e  
N B R F  d a t a b a s e .



60 70
9-27 SerValLysSerArgAspArgLysMetValGlyAspValThrGlyAla

* * * * *  * *
TyrThrLeuSerArgAspArgLysTyrCysGluAspValAsnGluCys 
351 361

EGF



1 04

CHAPTER 5 . 1 -8  GENOMIC COSMIDS.



A. INTRODUCTION.

A  s e r i e s  o f  c o s m i d s  c o n t a i n i n g  1 - 8  s e q u e n c e s  w e r e  

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

C o l l i n s  ( s e e  C h a p t e r  6 . B ) .  T h e  a i m  o f  t h e  w o r k  d e s c r i b e d  

i n  t h i s  c h a p t e r  w a s  t o  i d e n t i f y  w h i c h ,  i f  a n y ,  o f  t h e  

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

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

m o u s e  L t k “  c e l l s  f o l l o w e d  b y  n o r t h e r n  b l o t  a n a l y s i s .  

M c M a h o n  ( 1 9 8 5 )  h a d  s h o w n  t h a t  t h e  1 - 8  c D N A  p r o b e  w a s  a b l e  

t o  d e t e c t  h o m o l o g o u s  s e q u e n c e s  i n  b o t h  m o u s e  D N A  a n d  R N A .  

B e c a u s e  o f  t h i s ,  i n  a d d i t i o n  t o  t h e  c D N A  p r o b e  u s e d ,  p r o b e s  

w e r e  m a d e  f r o m  t h e  1 - 8  c r o s s - h y b r i d i z i n g  r e g i o n s  o f  e a c h  

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

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

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

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

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

h u m a n  1 - 8  s e q u e n c e .

B .  T R A N S F E C T IO N  E X P E R IM E N T S .

i ) , S u m m a r y  o f  e x p e r i m e n t s .

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

p C o s l - 8 . 2 ,  3 ,  4 ,  5 ,  8 a n d  1 0 .  T h e y  w e r e  i n i t i a l l y  a n a l y z e d  

i n  c o l l a b o r a t i o n  w i t h  M a r t i n  M c M a h o n  w h o  h a s  p r e s e n t e d  s o m e  

o f  t h e  p r e l i m i n a r y  m a p p in g  d a t a  ( M c M a h o n ,  1 9 8 5 ) .  A l l  s i x



106

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

d i g e s t e d  w i t h  a  r a n g e  o f  e n z y m e s ,  i n c l u d i n g  E c o  R 1  ( F i g u r e  

5 . 1 )  .

C o s m id  D N A  w a s  p r e p a r e d  o v e r  c a e s i u m  c h l o r i d e  g r a d i e n t s  

a n d  1 0  /ng o f  e a c h  w a s  t r a n s f e c t e d  i n t o  1 0 6 m o u s e  L t k ~  

c e l l s .  T h e  c o s m i d s  c o n t a i n  t h e  h e r p e s  s i m p l e x  v i r u s  t k  

g e n e ,  e n a b l i n g  t h e  s e l e c t i o n  o f  t r a n s f e c t a n t s  i n  H A T  m e d i a  

( s e e  m e t h o d s ) . A f t e r  2 - 3  w e e k s ,  b e t w e e n  1 0 0  a n d  1 0 0 0  

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

a n d  e x p a n d e d  i n  m i x e d  c u l t u r e s .  3 - 5 x l 0 6 c e l l s  w e r e  p l a t e d  

o u t  i n t o  9 0  mm d i s h e s ,  t r e a t e d  f o r  2 4  h o u r s  w i t h  3 0 0  

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

3 0 0  /Ltg o f  t o t a l  R N A  w a s  r e c o v e r e d .  1 0 - 2  0  f i g  ( a  c o n s t a n t  

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

1 .4 %  a g a r o s e  g e l ,  b l o t t e d  a n d  p r o b e d .  F i g u r e  5 . 2  s h o w s  a  

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

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

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

W h e n  w a s h e d  a t  a  h i g h e r  s t r i n g e n c y ,  n o  m e s s a g e  w a s  d e t e c t e d  

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

w e r e  p e r f o r m e d ,  u s i n g  a  v a r i e t y  o f  p r o b e s  ( g e n o m i c ,  5 'c D N A  

a n d  3 'c D N A )  a n d  w a s h  c o n d i t i o n s ,  t h e  r e s u l t  i n  a l l  c a s e s  

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

t r a n s f e c t e d  o r  u n t r a n s f e c t e d  m o u s e  c e l l s ,  o r  a  1 - 8  s i g n a l  

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

t h e  m o u s e  c o n t r o l .
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F i g u r e  5 . 1 .

E c o R l  d i g e s t s  o f  s i x  1 - 8  c o n t a i n i n g  c o s m i d s ,  n u m b e r e d  2 ,  
3 ,  4 ,  5 ,  1 0 3 , a n d  8 .  C o s m id  1 0 3 i s  r e f e r r e d  t o  a s
c o s m i d  1 0  s i n c e  t h e  c o s m i d  i n  t h e  t r a c k  l a b e l l e d  1 0 1 d i d  
n o t  c o n t a i n  1 - 8  s e q u e n c e s .  S i n c e  i t  w a s  i s o l a t e d  f r o m  
t h e  s a m e  l i b r a r y  a s  t h e  1 - 8  c o s m i d s  i t  w a s  u s e d  a s  a  
c o n t r o l  i n  s o m e  e x p e r i m e n t s .

" M "  =  1  k b  l a d d e r  m a r k e r  ( B R L ) .



M  2  3  4  5  1 0 1 1 0 3 8  M
#

H
I

I
I

 
I
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F i c r u r e  5 . 2 .

T y p i c a l  n o r t h e r n  b l o t  e x p e r i m e n t s  u s i n g  p o l y A +  R N A  
p r e p a r e d  f r o m  L t k "  c e l l s  t r a n s f e c t e d  w i t h  1 - 8  c o s m i d s .

a )  . 1  & 2 =  R N A  f r o m  c e l l s  t r a n s f e c t e d  w i t h  l - 8 c o s l 0 ,
m i n u s  ( 1 )  o r  p l u s  ( 2 )  i n t e r f e r o n .  3 & 4  =  u n t r a n s f e c t e d  
c o n t r o l s  m i n u s  ( 3 )  o r  p l u s  ( 4 )  i n t e r f e r o n .  P r o b e  =  3 '  
f r a g m e n t  ( a p p r o x  2 5 0  b p )  o f  l - 8 c D N A ;  b l o t  w a s h e d  a t  
5 5 ° C ,  0 . 2 x S S C .  M =  m a r k e r  l a n e  ( 1  k b  l a d d e r ) .

b )  . 1  & 2 =  L t k "  c o n t r o l ,  m i n u s  ( 1 )  a n d  p l u s  ( 2 )
i n t e r f e r o n .  3 & 4 =  R N A  f r o m  L t k “  c e l l s  t r a n s f e c t e d
w i t h  l - 8 c o s 8 ,  m i n u s  i n t e r f e r o n ,  5  =  a s  3 / 4  p l u s  
i n t e r f e r o n .  P r o b e  =  P s t I  -  A p a l  f r a g m e n t  o f  l - 8 c o s 8  
( t h i s  i s  a  s u b f r a g m e n t  o f  t h e  5 '  P s t I  -  K p n l  f r a g m e n t  
i l l u s t r a t e d  i n  F i g .  3 . 6 b ) ;  b l o t  w a s h e d  a t  6 0 ° C  i n  
0 . 2 x S S C .





i i ) . C o n c l u s i o n s .

S u b s e q u e n t  e x p e r i m e n t s  s u c h  a s  t h o s e  d i s c u s s e d  b e l o w  i n  

p a r t  C i n d i c a t e  t h a t  t h e  c o s m i d s  e x a m i n e d  i n  t h e s e  

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

H o w e v e r ,  s i n c e  t h e  r e s u l t s  o f  t h e  s u b s e q u e n t  e x p e r i m e n t s  

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

c h a r a c t e r i z e  t h e s e  c o s m i d s ,  i t  i s  b e l i e v e d  t h a t  t h e  

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

t o  p r o c e e d .

T h e  p r o b l e m s  w h i c h  a r o s e  w i t h  t h e s e  e x p e r i m e n t s  a r e  

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

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

e x p e r i m e n t a t i o n .  I n  t h i s  c a s e ,  v e r y  h i g h  s t r i n g e n c y  

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

f r o m  R N A  p r e p a r e d  f r o m  t r a n s f e c t e d  c e l l s .  A l t h o u g h  t h i s  

c o u l d  m e a n  t h a t  n o  e x p r e s s i o n  o f  h u m a n  1 - 8  w a s  o c c u r r i n g ,  

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

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

t h e  p r o b e .  H o w e v e r ,  b y  r e l a x i n g  t h e s e  c o n d i t i o n s ,  m u r i n e  1 -  

8 w a s  d e t e c t e d .  I n  s o m e  c i r c u m s t a n c e s  a  h o s t  b a c k g r o u n d  

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

t r a n s f e c t e d  g e n e  w a s  b e i n g  o v e r - e x p r e s s e d  a t  a  h i g h  l e v e l .

T h e  e x p e r i m e n t s  u n d e r t a k e n  a t t e m p t e d  t o  b a l a n c e  t h e s e  

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

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

f u n c t i o n a l  1 - 8  g e n e s  i n  t h e  c o s m i d s  t e s t e d ,  r a t h e r  t h a n  a  

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



C. THE COSMIDS CONTAIN PROCESSED PSEUDOGENES.

i )  . I n t r o d u c t i o n .

P s e u d o g e n e s  a r e  f o u n d  t h r o u g h o u t  t h e  h u m a n  g e n o m e .  T h e y  

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

a r i s e n  i n  a t  l e a s t  t w o  d i f f e r e n t  w a y s .

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

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

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

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

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

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

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

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

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

A l t e r n a t i v e l y ,  r e t r o v i r a l  i n s e r t i o n  o f  m RNA b a c k  i n t o  t h e  

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

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

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

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

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

o r  p r o c e s s e d  c o u n t e r p a r t  b y  t h e  u s e  o f  a  s p e c i f i c  p r o b e .  ii)

i i )  . A n  e x o n  s p a n n i n g  p r o b e .

T h e  9 - 2 7  g e n e  a n d  a t  l e a s t  o n e  1 - 8  g e n e  h a v e  a  c o m m o n  

s p l i c e  j u n c t i o n  a t  t h e  s t a r t  o f  t h e i r  f i n a l  e x o n  ( C h a p t e r
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6 . C ) . T h i s  o c c u r s  i n  a  r e g i o n  w h e r e  o n  b o t h  s i d e s  o f  t h i s  

j u n c t i o n  w h e r e  t h e r e  i s  1 0 0 %  h o m o l o g y  b e t w e e n  t h e  t w o  

g e n e s .  T h i s  i m p l i e s  t h a t  t h i s  s e q u e n c e  i s  l i k e l y  t o  b e  

c o n s e r v e d  i n  o t h e r  1 - 8  g e n e s .  A  3 4 m e r  o l i g o n u c l e o t i d e  

p r o b e  t h a t  c o r r e s p o n d s  t o  t h e  c D N A  s e q u e n c e s  1 7  n u c l e o t i d e s  

u p s t r e a m  ( 5 ' )  a n d  1 7  n u c l e o t i d e s  d o w n s t r e a m  ( 3 ' )  o f  t h e  

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

h y b r i d i z a t i o n  t h e  1 7  b p  m a t c h  f r o m  e i t h e r  e x o n  w o u l d  a l l o w  

h y b r i d i z a t i o n  o f  t h e  o l i g o n u c l e o t i d e .  A t  a  h i g h e r  

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

c D N A  o f  9 - 2 7  o r  a  p r o c e s s e d  p s e u d o g e n e  w o u l d  s u f f i c e  t o  

p r o d u c e  c o n t i n u e d  h y b r i d i z a t i o n  o f  t h e  p r o b e  ( s e e  F i g .

5 . 3 )  .

W h e n  t h i s  3 4 m e r  w a s  u s e d  t o  p r o b e  t h e  1 - 8  c o s m i d s  a n d  

a p p r o p r i a t e  c o n t r o l s  ( F i g .  5 . 4 ) ,  h y b r i d i z a t i o n  t o  5  o f  t h e  

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

t h e  l o s s  o f  s i g n a l  f r o m  k n o w n  f u n c t i o n a l  g e n e s .  T h e  s i x t h ,  

c o s m i d  5 ,  d i d  n o t  h y b r i d i z e  a t  l o w  s t r i n g e n c y  a s  s t r o n g l y  

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

a d d i t i o n a l  1 - 8  c o s m i d  i s o l a t e d  s u b s e q u e n t l y ,  a r e  a l l  

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

f a i l u r e  t o  d e t e c t  e x p r e s s i o n  o f  h u m a n  1 - 8  f r o m  t h e s e  

c o s m i d s  i n  t r a n s f e c t e d  m o u s e  c e l l  l i n e s .  T h e  1 - 8  s e q u e n c e s  

i n  c o s m i d  5  a r e  o b v i o u s l y  t h e  m o s t  d i v e r g e d  f r o m  t h e  

c o n s e r v e d  1 - 8 / 9 - 2 7  r e g i o n .  S i n c e  1 - 8  a p p e a r s  n o t  t o  b e  

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

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

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



F ig u r e  5 .3 .

E x p e r i m e n t  t o  d e t e r m i n e  t h e  p r o b a b l e  o r i g i n  o f  1 - 8  g e n e s  
f o u n d  i n  c o s m i d s  2 - 1 0 .  A  3 4 m e r  p r o b e  w h i c h  s p a n s  t h e  
e x o n s  o f  t h e  k n o w n  1 - 8  g e n e  w i l l  h y b r i d i z e  a l o n g  a  
c o n t i g u o u s  l e n g t h  o f  t h e  c D N A  ( t o p )  b u t  o n l y  a l o n g  o n e  
o r  o t h e r  o f  i t s  h a l v e s  t o  t h e  g e n o m i c  g e n e  f r o m  w h i c h  
t h e  c D N A  i s  t r a n s c r i b e d  ( c e n t r e ) .

I f  h o w e v e r  t h e  p r o b e  i s  u s e d  o n  a  p r o c e s s e d  p s e u d o g e n e ,  
h y b r i d i z a t i o n  w i l l  o c c u r  o v e r  t h e  e n t i r e  s e q u e n c e  
( i g n o r i n g  p s e u d o g e n e  m u t a t i o n s  w h i c h  p r o d u c e  

m i s m a t c h e s ) , b o t t o m  f i g u r e .



c PN A

Exon 1 Exon 2

l i l l l l l i l l l  A >n

34m er oligo that 
spans the exons. 

(Common to 1-8 & 9-27)

TRANSCRIBED GENE

17/34 b a se s  hybridize

PROCESSED PSEUDOGENE

C om plete hybridization 
of the 34m er oligo.



R e s u l t  o f  e x o n - s p a n n i n g  o l i g o n u c l e o t i d e  e x p e r i m e n t .

L a n e s  1  t o  8  c o n t a i n  E c o R l  d i g e s t s  o f  1 - 8  c o s m i d s  a s  
f o l l o w s :  1  =  c o s 3 ,  2  =  c o s 4 ,  3 =  c o s 4  ( i n d e p e n d e n t
i s o l a t e ) ,  4 =  c o s 2 ,  5  =  c o s l 9  ( a d d i t i o n a l  i s o l a t e  f r o m  
t h e  C o l l i n s  l i b r a r y ) ,  6  =  c o s 5 ,  7  =  c o s 8 ,  8 =  c o s l O .
L a n e  9  =  9 - 2 7 c o s 3 ,  w h i c h  c o n t a i n s  9 - 2 7  a n d  t w o
f u n c t i o n a l  1 - 8  g e n e s  ( H i n d  I I I  d i g e s t )  . L a n e  1 0  =  9 - 2 7  
c D N A  i n  p U C 1 8 , d i g e s t e d  w i t h  P v u I I .

T o p  p h o t o g r a p h  s h o w s  D N A s  a f t e r  d i g e s t i o n  r u n  o u t  o n  a n  
a g a r o s e  g e l .

C e n t r e  i s  a n  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  
d i g e s t s ,  p r o b e d  w i t h  a  3 2 P  l a b e l l e d  e x o n - s p a n n i n g  
o l i g o n u c l e o t i d e  ( a  3 4 m e r  c o r r e s p o n d i n g  t o  ( i e .  s a m e  
s t r a n d )  n u c l e o t i d e s  3 1 1 - 3 4 4  o f  t h e  F i g .  4 . 7  s e q u e n c e )  
w a s h e d  a t  4 7 ° C  i n  4 x S S C .

B o t t o m  p h o t o g r a p h  i s  a n  a u t o r a d i o g r a p h  o f  t h e  s a m e  b l o t  
r e w a s h e d  a t  6 2  °C  i n  4 x S S C .  B o t h  a u t o r a d i o g r a p h s  w e r e  
e x p o s e d  f o r  a p p r o x i m a t e l y  t h e  s a m e  l e n g t h  o f  t i m e ,  5 0 -  
6 0  m i n u t e s .  T h e  s t r o n g  s i g n a l  f r o m  3 b a n d s  i n  l a n e  9 
h a v e  c o m p l e t e l y  d i s a p p e a r e d .

F ig u re  5 .4 .
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C H A P T E R  6 A N A L Y S IS  O F  T H E  G E N O M IC  S T R U C T U R E  O F  9 - 2 7



A. INTRODUCTION

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

e x p r e s s i o n  o f  1 - 8  g e n e s  f r o m  a n y  o f  t h e  c o s m i d s  c l o n e d  a n d  

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

o b t a i n i n g  a  g e n o m i c  c l o n e  o f  9 - 2 7 .  T h i s  w o u l d  b e  

a d v a n t a g e o u s  o v e r  f u r t h e r  w o r k  o n  t h e  l - 8 s  a s  9 - 2 7  i s  b o t h  

a  u n i q u e  a n d  e x p r e s s e d  g e n e  a n d  s o  a n y  g e n o m i c  c l o n e  

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

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

i n d u c i b l e .  F u r t h e r m o r e ,  a n a l y s i s  o f  m o u s e  L  c e l l s  s h o w  n o  

d e t e c t a b l e  c o u n t e r p a r t  o f  9 - 2 7  m R N A , w h i c h  w o u l d  a l l o w  a  

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

s i m i l a r  m a n n e r  t o  t h e  6 - 1 6  g e n e  ( P o r t e r  e t  a l ,  1 9 8 8 )  . A s  

p r e v i o u s l y  d e s c r i b e d ,  a  l o w  b a c k g r o u n d  o f  m u r i n e  1 - 8  w a s  a n  

a d d e d  c o m p l i c a t i o n  i n  t h e  a n a l y s i s  o f  t h e  1 - 8  c o s m i d s .

B .  S C R E E N IN G  F O R  A  G E N O M IC  C L O N E  O F  9 - 2 7 .

i ) . A  c o s m i d  l i b r a r y .

I n  c o l l a b o r a t i o n  w i t h  S . M a n l y  ( P r i m a r y  a n d  s e c o n d a r y  

s c r e e n s  b y  S . M . ,  D N A  p r e p a r a t i o n s  a n d  f i n a l  a n a l y s i s  b y  

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

C o l l i n s  w a s  s c r e e n e d  f o r  9 - 2 7 .  T h i s  l i b r a r y  h a d  a l r e a d y  

b e e n  u s e d  s u c c e s s f u l l y  t o  i s o l a t e  e i g h t  i n d e p e n d e n t  1 - 8  

c l o n e s  a n d  a  f u n c t i o n a l  6 - 1 6  g e n e  ( K e l l y  e t  a l ,  1 9 8 6 )  .
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O v e r  6 0 , 0 0 0  c o l o n i e s  w e r e  g r o w n  o n  t h r e e  2 2  x  2 2  cm  a g a r  

p l a t e s  a n d  d u p l i c a t e  f i l t e r s  s c r e e n e d  f o r  9 - 2 7 .  T h e  p r o b e  

u s e d  w a s  a  f r a g m e n t  o f  9 - 2 7  c D N A  w h i c h  d i d  n o t  c o n t a i n  a n y  

h o m o l o g y  t o  1 - 8 .  A s  t h i s  f r a g m e n t  w a s  i s o l a t e d  f r o m  a  p B R  

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

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

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

t o  h y b r i d i z a t i o n  t o  p B R  d e r i v e d  s e q u e n c e s  i n  t h e  c o s m i d s ,  

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

p o s i t i v e s  b e i n g  p i c k e d .  I n  o r d e r  t o  m i n i m i z e  t h i s  

p o s s i b i l i t y ,  a n  e x c e s s  o f  u n l a b e l l e d  o f  p B R 3 2 2  D N A  w a s  

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

b e f o r e  b e i n g  a d d e d  t o  t h e  h y b r i d i z a t i o n .  T h e  l a b e l l e d  p B R  

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

u n l a b e l l e d  D N A  a n d  t h e r e f o r e  b e  u n a v a i l a b l e  f o r  

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

T w e n t y  t w o  p o t e n t i a l  p o s i t i v e s  f o r  9 - 2 7  w e r e  i d e n t i f i e d .  

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

o r i g i n a l  p l a t e s  a n d  p l u g s  o f  a g a r  c o n t a i n i n g  1 0  -  1 0 0  

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

b a c t e r i a  f r o m  e a c h  p l u g  w e r e  r e p l a t e d  o n t o  1 5  cm  a g a r  

p l a t e s  a t  a b o u t  1 0 0 0  c o l o n i e s  p e r  p l a t e .  D u p l i c a t e  l i f t s  

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

p r o b e d  f o r  9 - 2 7 ,  w a s h e d  a t  h i g h  s t r i n g e n c y  a n d  e x p o s e d  f o r  

2 4  -  4 8  h o u r s .  P o s i t i v e  s i g n a l s  o f  v a r y i n g  s t r e n g t h  w e r e  

s e e n  a n d  3 7  n o n - i n d e p e n d e n t  p o s i t i v e s  w e r e  p i c k e d  f r o m  1 9  

p l a t e s .  A s  m o s t  o f  t h e  p o s i t i v e s  p i c k e d  w e r e  e i t h e r  s i n g l e
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c o l o n i e s  o r  a  m i x t u r e  o f  o n l y  2 o r  3 c o l o n i e s  i t  w a s  

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

p r e p a r a t i o n ,  p e r f o r m  r e s t r i c t i o n  d i g e s t s  o f  t h e  D N A  a n d  r u n  

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

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

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

t e r t i a r y  s c r e e n .

I n i t i a l  B a m H l d i g e s t s  o f  t h e  p r e p a r a t i o n s  s h o w  t h a t  m a n y  

o f  t h e  c l o n e s  p i c k e d  w e r e  i d e n t i c a l  o r  r e l a t e d .  E i g h t  o f  

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

w i t h  E c o R l .  T w o  o f  t h e m ,  n u m b e r s  2 a n d  1 9  a p p e a r e d  t o  b e  

i d e n t i c a l ,  a n d  t h e i r  1 . 5  a n d  4 . 1  k b  b a n d s  w e r e  a l s o  s e e n  i n  

n u m b e r s  5  a n d  0 . 9 .  I t  w a s  a l s o  n o t e d  t h a t  w h i l s t  a l l  t h e  

c l o n e s  c o n t a i n e d  a  v e c t o r  d e r i v e d  b a n d  o f  2 . 4  k b  f r o m  t h e  

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

o n l y  b a n d  w a s  e i t h e r  6 . 8  o r  8 . 1  k b .  T h i s  a p p e a r s  t o  r e s u l t  

f r o m  t h e  o r i g i n a l  v e c t o r  ( L i n d e n m a i e r  1 9 8 2 )  h a v i n g  t w o  c o s  

s i t e s  1 . 3  k b  a p a r t .  E r r o n e o u s  p a c k a g i n g  o f  b o t h  c o s  s i t e s  

w o u l d  r e s u l t  i n  t h e  r e c o m b i n a n t  c o s m i d  h a v i n g  t h e  8 . 1  k b  

E c o R l  f r a g m e n t  w h i l s t  e i t h e r  c o r r e c t  p a c k a g i n g  o r  d e l e t i o n  

o f  o n e  o f  t h e  r e p e a t e d  1 . 3  k b  u n i t s  w h i c h  c o n t a i n  t h e  c o s  

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

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

4 . 1  a n d  1 . 5  k b  b a n d s  b o t h  c r o s s  h y b r i d i z e  t o  t h e  9 - 2 7  

p r o b e .  H o w e v e r ,  t h e  s i g n a l  w a s  w e a k  w h e n  c o m p a r e d  t o  

a u t h e n t i c  9 - 2 7  ( i . e .  t h e  p r o b e  u p o n  i t s e l f ) . W h e n  t h e  

f i l t e r s  w e r e  s t r i p p e d  a n d  p r o b e d  w i t h  a n  o l i g o n u c l e o t i d e
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s p e c i f i c  f o r  9 - 2 1 ,  n o  s i g n a l  w a s  s e e n  f r o m  a n y  o f  t h e  

c l o n e s .  I t  i s  p o s s i b l e  t h a t  t h e  s e q u e n c e s  w h i c h  d o  c r o s s  

h y b r i d i z e  t o  9 - 2 7  a r e  i n  s o m e  w a y  r e l a t e d  t o  t h e  g e n e ,  

t h o u g h  n o t  a s  a  m e m b e r  o f  t h e  1 - 8  g e n e  f a m i l y ,  a s  t h e s e  

c o s m i d s  a r e  n o t  p o s i t i v e  f o r  1 - 8 .  T h e  s p e c i f i c i t y  o f  t h e  

c r o s s  h y b r i d i z a t i o n  t o  9 - 2 7  w a s  c o n f i r m e d  w h e n  d u r i n g  a  

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

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

a p p a r e n t l y  i d e n t i c a l  4 . 1  a n d  1 . 5  k b  c r o s s  h y b r i d i z i n g  b a n d s  

( L .  R e i d ,  p e r s .  c o m m . ) .

i i ) . A  la m b d a  p h a g e  l i b r a r y .

A  h u m a n  p l a c e n t a l  D N A  l i b r a r y  i n  t h e  v e c t o r  C h a r o n  4 A  

t h a t  o r i g i n a t e d  i n  t h e  l a b o r a t o r y  o f  L .  H o o d  w a s  s u p p l i e d  

b y  C .  D i c k s o n .  E i g h t  1 5  cm  a g a r  p l a t e s  w e r e  e a c h  p l a t e d  

w i t h  5 0 , 0 0 0  p . f . u .  a n d  d u p l i c a t e  l i f t s  p r o b e d  w i t h  b o t h  a n  

o l i g o n u c l e o t i d e  ( 2 2 6 - A B )  w h i c h  c o r r e s p o n d s  t o  r e s i d u e s  5 0 -  

2 7  o f  t h e  o p p o s i t e  s t r a n d  o f  t h e  s e q u e n c e  o f  F i g .  4 . 5 .  I t  

w a s  a l s o  p r o b e d  w i t h  t h e  l o n g e s t  c D N A  o f  9 - 2 7  l a b e l l e d  

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

h e x a m e r s  w i t h  2 2 6 - A B .  2 2 6 - A B  c o r r e s p o n d s  t o  t h e  n o n - c o d i n g  

s t r a n d  o f  9 - 2 7 ,  w i t h  i t s  3 '  e n d  a t  t h e  2 5 t h  n u c l e o t i d e  o f  

t h e  c D N A . B y  u s i n g  i t  a s  a  p r i m e r  o n  a n  i s o l a t e d  f r a g m e n t  

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

o f  t h e  f i r s t  4 8  n u c l e o t i d e s  o f  t h i s  f r a g m e n t ,  e v e n  t h o u g h  

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

e v e n t s  p r o d u c e d  a  p r o b e  c o n t a i n i n g  1 - 8  c r o s s - h y b r i d i z i n g
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s e q u e n c e s .

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

w i t h  t h e  o l i g o n u c l e o t i d e ,  n o n e  w e r e  s u b s t a n t i a t e d  a s  9 - 2 7  

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

s e c o n d a r y  s c r e e n .  T h e  p r i m a r y  s c r e e n i n g  w i t h  t h e  c D N A

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

s t r o n g e s t  o f  w h i c h  w e r e  p i c k e d .  H o w e v e r ,  o f  t h e  e i g h t  

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

p o s i t i v e  f o r  t h e  9 - 2 7  u n i q u e  ( i . e .  3 ' )  p r o b e .  A n  e a r l i e r  

i n d e p e n d e n t  s c r e e n i n g  o f  t h i s  l i b r a r y  b y  M . M c M a h o n  ( p e r s .  

c o m . )  a l s o  f a i l e d  t o  p r o d u c e  a  9 - 2 7  p o s i t i v e .

i i i ) . C o n c l u s i o n s .

I t  i s  a p p a r e n t  t h a t  t h e  9 - 2 7  g e n e  i s  u n d e r - r e p r e s e n t e d  

i n  a t  l e a s t  t w o  d i f f e r e n t  g e n o m i c  D N A  l i b r a r i e s .  B o t h  w e r e  

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

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

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

6 - 1 6  ( K e l l y  e t  a l ,  1 9 8 6 )  a n d  s e v e r a l  l - 8 s  (M c M a h o n  1 9 8 5 )  i n  

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

t h e  m o u s e  i n t - 1  g e n e  ( C .  D i c k s o n ,  p e r s  c o m ) f r o m  t h e  p h a g e .  

R e s u l t s  p r e s e n t e d  i n  s e c t i o n s  C a n d  D d e s c r i b e  f e a t u r e s  o f  

t h e  g e n o m e  i n  t h e  r e g i o n  o f  9 - 2 7  t h a t  a r e  a p p a r e n t l y  

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

f r o m  t h e s e  l i b r a r i e s ; .
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C .  S T U D IE S  ON A  P H A G E  G E N O M IC  C L O N E  O F  9 - 2 7 .

i )  . I n t r o d u c t i o n .

A  s i n g l e  E M B L 3  p h a g e  c l o n e  c o n t a i n i n g  s o m e  9 - 2 7  g e n o m i c  

D N A  s e q u e n c e s  h a d  b e e n  i s o l a t e d  i n  1 9 8 4  b y  R .  F r i e d m a n ,  

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

b y  J .  N a t h a n s  a t  S t a n f o r d  U n i v e r s i t y  ( S .  M a n l y ,  p e r s  c o m m ) .  

T h i s  p h a g e ,  n a m e d  l a m b d a - g 9 - 2 7  ( l g 9 - 2 7 )  c o n t a i n s  a b o u t  1 4  

k b  o f  h u m a n  D N A  c l o n e d  i n t o  t h e  B a m H l s i t e s  o f  t h e  v e c t o r .  

T h e s e  s i t e s  a r e  f l a n k e d  b y  S a i l  s i t e s ,  w h i c h  a r e  r a r e  i n  

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

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

o f  f r a g m e n t s .  T r a n s f e c t i o n  o f  t h e  p h a g e  D N A  i n t o  m o u s e  L  

c e l l s  ( b y  L .  R e i d )  f a i l e d  t o  s h o w  a n y  d e t e c t a b l e  e x p r e s s i o n  

o f  9 - 2 7  m R N A  w h i c h  s t r o n g l y  s u g g e s t e d  t h e  a b s e n c e  o f  a  

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

R e s u l t s  p r e s e n t e d  b e l o w  a n d  i n  s e c t i o n  D s h o w  t h a t  t h i s  w a s  

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

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

i n  F i g .  6 . 1 ,  w a s  s t i l l  o f  s i g n i f i c a n c e  t o  t h e s e  o t h e r  

s t u d i e s . ii)

i i )  .  L a 9 - 2 7  h a s  u n d e r g o n e  r e a r r a n g e m e n t s  d u r i n g

p r o p a g a t i o n .

I n i t i a l  a n a l y s i s  o f  l g 9 - 2 7  w a s  p e r f o r m e d  b y  r e s t r i c t i o n  

d i g e s t i o n  u s i n g  B a m H l a n d  S a i l  s i n g l y  a n d  t o g e t h e r .  T h e  

B a m H l d i g e s t i o n  p r o d u c e s  v a r i o u s  s i z e  f r a g m e n t s  o f  c l o n e d



D N A  p l u s  t h e  t w o  p h a g e  a r m s  o f  9 a n d  3 0  k b  a t t a c h e d  t o  t h e  

c l o n e d  D N A  u p  t o  t h e  f i r s t  i n t e r n a l  B a m H l s i t e s  a t  e a c h  e n d  

o f  t h e  i n s e r t  ( F i g .  6 . 1 ) .  T h e s e  j u n c t i o n  f r a g m e n t s  a r e  

r e l e a s e d  b y  t h e  d o u b l e  d i g e s t i o n  w i t h  S a i l .  l g 9 - 2 7  h a d  3 

B a m H l s i t e s  b e t w e e n  1  a n d  4  k b  i n  s i z e  v i s i b l e  o n  a n  

a g a r o s e  g e l  a n d  t w o  o t h e r  b a n d s  o f  0 . 8  a n d  0 . 5  k b ,  d e t e c t e d  

b y  t h e i r  h y b r i d i z a t i o n  t o  a  1 - 8  c D N A  p r o b e .  T h e  3 . 3  k b  b a n d  

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

1 - 8 .  A  f u r t h e r  b a n d  o f  0 . 2  k b  w a s  f o u n d  u p o n  s u b c l o n i n g  

t h e  B a m H l f r a g m e n t s  o f  t h i s  p h a g e .

C a r e f u l  a n a l y s i s  o f  t h e  p h a g e  D N A  d i g e s t e d  w i t h  S a i l  a n d  

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

i s o l a t e  w a s  a  h e t e r o g e n e o u s  m i x t u r e  o f  f o u r  d i f f e r e n t  s i z e  

i n s e r t  f r a g m e n t s ,  b e t w e e n  a b o u t  1 3  a n d  1 7  k b  i n  s i z e .  A l l  

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

m e n t i o n e d  a b o v e ,  b u t  a  d i f f e r e n t  l e f t - h a n d  j u n c t i o n  ( S a l l -  

B a m H l)  p i e c e .  T h e  m o s t  l i k e l y  e x p l a n a t i o n  i s  t h a t  a l l  

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

r e a r r a n g e m e n t  d u r i n g  p r o p a g a t i o n .

T h e  p h a g e  s t o c k  o f  l g 9 - 2 7  w a s  r e p l a t e d  a t  l o w  d e n s i t y  

a n d  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  a n d  g r o w n  u p  o n  a  l a r g e  

s c a l e  f o r  t h e  p r e p a r a t i o n  o f  D N A . T w o  s e p a r a t e  i s o l a t e s  

e x a m i n e d  s h o w e d  a  l e f t  h a n d  S a i l  t o  B a m H l j u n c t i o n  f r a g m e n t  

o f  e i t h e r  3 . 1  o r  4 . 1  k b .  N o  a p p a r e n t  h e t e r o g e n e i t y  w a s  

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

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

u n s t a b l e  p a r e n t a l  f o r m .
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F i g u r e  6 . 1 .

S u m m a r y  o f  t h e  E M B L  3 p h a g e  c o n t a i n i n g  9 - 2 7  g e n o m i c  
s e q u e n c e s .

T h e  9 - 2 7  p o s i t i v e  r e g i o n  c o n t a i n s  t h e  3 '  e x o n  o f  t h e  
g e n e .  T h e  1 - 8  c r o s s - h y b r i d i z i n g  s e q u e n c e s  e x a m i n e d  b o t h  
c o n t a i n e d  3 '  e n d s  o f  1 - 8  g e n e s  ( s e c t i o n  C . v i ) . T h e  l e f t  
h a n d  j u n c t i o n  f r a g m e n t  w a s  f o u n d  t o  h a v e  u n d e r g o n e  
r e a r r a n g e m e n t s  i n t o  f o u r  a p p a r e n t l y  s t a b l e  f o r m s  
( s e c t i o n  C . i i ) .  T h e  o n l y  P s t  I  s i t e s  s h o w n  a r e  t h o s e  

w i t h i n  t h e  3 . 3  k b  B am  H I  f r a g m e n t .



B

Left arm  
(30 kb)

1 kb

Cloned DNA sequences 

S  =  S a l I B =  B am  H1 P =  Pst I 

9 -2 7  p o s itive  

1 -8  p o s itiv e

B B S
i * I- -------

Right arm  
(9 kb)
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iii) . The 14 kb insert of lg9-27 could not be subcloned

as a single piece.

In order to facilitate further analysis it was attempted 

to subclone the entire Sail insert of lg9-27 into a plasmid 

vector. This would allow larger quantities of DNA to be 

easily obtained and more accurate restriction mapping to be 

performed. Subcloning large pieces of DNA is generally 

more difficult than subcloning small ones, usually because 

the efficiency of transformation is reduced (Hardy, 1981), 

though it is still not uncommon to be able to construct and 

transform cells with plasmids in the 10 to 20 kb size 

range. Repeated attempts at subcloning the Sail insert of 

lg9-27 failed to produce any recombinant clones. The 

methods used were standard DNA preparation and purification 

procedures which are normally successful. pBR322, pBR328 

and pUC18 vectors were cut at the Sail site with or without 

the presence of calf intestinal phosphatase and then gel 

purified. These were mixed with either total Sail cut 

lg9-27 or the purified insert and ligated under standard 

conditions. After transformation of competent bacteria 

fewer colonies were observed than would have been expected 

from the relevant control experiments. None were ever due 

to the presence of the required recombinant construct.

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

t h e  p u r i f i e d  S a i l  c u t  i n s e r t  i n t o  a  C h a r o m id  v e c t o r ,  Ch

9 - 3 4 .  T h i s  v e c t o r  w a s  d e v e lo p e d  b y  I .  S a i t o  a s  a  c o s m id



type vector containing a variable size stuffer fragment 

which could be adapted for cloning target DNA sequences of 

a wide range of sizes (Saito and Stark, 1986) . This was 

also unsuccessful on two occasions.

It was possible to subclone the BamHl fragments of 

lg9-27 into pUC18. This was done by ligating total BamHl 

digested phage with the cut vector and picking colonies at 

random. The same was done for the junction BamHl to Sail 

fragments. This first revealed the existence of the 0.2 kb 

BamHl fragment, which was often found as a multiple insert 

with other size fragments. The main fragments of interest 

were 0.5, 0.8 and 3.3 kb in size as well as the 1.1 kb 

BamHl to Sail junction fragment (see Fig. 6.1). All of 

these were obtained, though the 0.8 kb fragment only after 

a second screen of colonies of these 'shotgun' clones. The

2.3 kb fragment was not seen in any of the colonies 

screened, although no rigorous search was performed for 

it.

iv) . lq9-27 has 1-8 related sequences spread over a 5

kb region.

In order to map the BamHl fragments of lg9-27 a series 

of BamHl partial digests were performed upon the phage 

which had been first digested with an excess of Sail. 

These digests were probed with the 0.2 kb BamHl fragment 

and the 9-27 cDNA probe which is unique to 9-27, and only 

hybridizes to the 0.8 kb BamHl fragment. Information from
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t h e s e  digests produced the map shown in Fig. 6.1, 

indicating a 5.7 kb region at the right hand end of the 

cloned DNA containing 1-8 related sequences. This region 

was separated by nearly 4 kb from the apparently unstable 

end of the cloned sequences and so was considered worthy of 

further examination. The large spread of homology to 1-8 

indicated an unusual structure of this region of DNA. A 

full length 9-27 cDNA (Chap. 4.B) indicated that stringent 

homology to the 1-8 cDNA was limited to a 250 bp region. 

As there are no BamHl sites in the 9-27 cDNA this implies 

that the 250 bp region was spread over possibly four exons 

(i.e. within the 0.8, 3.3, 0.5 kb BamHl fragment and the

1.1 kb BamHl to Sail fragment assuming that lg9-27 only 

contains a single gene. Alternatively, some of the 9-27 

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

rearrangements of the phage, or, a 1-8 gene was also 

present in this region. This latter hypothesis was to 

prove correct.

v) . The 0.8 kb BamHl fragment contains the 9-27 3* end.

Sequencing the 0.8 kb fragment revealed 9-27 3' end 

sequence close to and going away from (i.e. 5' to 3') one 

end of this subclone. The sequence is in good agreement 

with the cDNA within the bounds of sequencing error (Fig.

6.2). There is a consensus splice acceptor site near the 

BamHl site and although the sequence was not accurately 

determined further, the sequencing gel indicated that the
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Figure 6.2.

Alignment of 9-27 cDNA and genomic 9-27 sequence 
from the 0.8 kb Bam HI fragment of lg9-27.

The putative splice acceptor site is indicated, 
other differences between the two sequences are 
with asterisks.

derived

and the 
marked



1 0  2 0  3 0  4 0
9 - 2 7  : TCG AG AAAC TG AAACGACAGGGGAAAGGAGGTCTCACTGAGCAC

5 0  6 0  7 0  8 0  9 0
CGTCCCAGCATCCGGACACCACAGCGGCCCTTCGCTCCACGCAGAAAACC

1 0 0  1 1 0  1 2 0  1 3 0  1 4 0
ACACTTCTCAAACCTTCACTCAACACTTCCTTCCCCAAAGCCAGAAGATG

1 5 0  1 6 0  1 7 0  1 8 0  1 9 0
CACAAGGAGGAACATGAGGTGGCTGTGCTGGGGGCACCCCCCAGCACCAT

2 0 0  2 1 0  2 2 0  2 3 0  2 4 0
CCTTCCAAGGTCCACCGTGATCAACATCCACAGCGAGACCTCCGTGCCCG

2 5 0  2 6 0  2 7 0  2 8 0  2 9 0
ACCATGTCGTCTGGTCCCTGTTCAACACCCTCTTCTTGAACTGGTGCTGT

3 0 0 3 1 0

Genomic sequence:

3 2 0 3 3 0 3 4 0
CTGGGCTTCATAGCATTCGCCTACTCCGTGAAGTCTAGGGACAGGAAGAT

TCCCCCAGTCTAGGGACAGGAAGAT
*SPLICE*

3 5 0  3 6 0  3 7 0  3 8 0  3 9 0
GGTTGGCGACGTGACCGGGGCCCAGGCCTATGCCTCCACCGCCAAGTGCC 
GGTTGGCGACGTGACCGGGGCCCAGGC-TATGCCTCCACCGCCAAGTGCC

*

4 0 0  4 1 0  4 2 0  4 3 0  4 4 0
TGAACATCT-GGGCCCTGATTCTGGGCATCCTCATGACCATTGGATTCAT 
TGAACATCTTGGGCCCTGATTCTGGCCATCCTCATGACCATTGGATTCAT 

* *

4 5 0  4 6 0  4 7 0  4 8 0  4 9 0
CCTGTCACTGGTATTCGGCTCTGTGACAGTCTACCATATTATGTTACAGA 
CCTGTTACTGGTATTCGGCTCTGTGACAGTCTACCATATTATGTTACAGA 

★

5 0 0  5 1 0  5 2 0  5 3 0  5 4 0
TAATACAGGAAAAACGGGGTTACTAGTAGCCGCCCATAGCCTGCAACCTT 
T AAT AC AGG AAAAACGGGGT T ACT AGT AGCCGCC -  AT AGCCTGC A

*

5 5 0  5 6 0  5 7 0  5 8 0  5 9 0
TGCACTCCACTGTGCAATGCTGGCCCTGCACGCTGGGGCTGTTGCCCCTG

6 0 0  6 1 0  6 2 0  6 3 0  6 4 0
CCCCCTTGGTCCTGCCCCTAGATACAGCAGTTTATACCCACACACCGTGC

6 5 0
TACAGTGTCATTCAATAAA
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sequence was consistent with the cDNA at least to the 

AATAAA polyadenylation signal at the 3' end. In order to 

o r i e n t a t e  t h i s  s e q u e n c e  relative to the other 1-8 

sequences, the BstXl sites of the 0.8 and 3.3 kb fragments 

were mapped and compared to a BstXl digest of lg9-27. The 

0.8 kb fragment is cut into two pieces of 220 and 550 bp 

whilst the 3.3 kb fragment has 4 BstXl sites, with end 

fragments of 320 and 800 bp. Probing the BstXl digest of 

the phage with 9-27 produces hybridization to a 870 bp 

fragment, which can only be a combination of the 550 and 

320 bp BstXl to BamHl pieces. This demonstrates that 9-27 

is downstream of the other 1-8 sequences within lg9-27.

v i ) . lcr9-27 contains two 1-8-like 3 1 ends.

Probing BstXl digests of the 3.3 kb BamHl fragment with 

1-8 and the full length 9-27 probes revealed a region of 

this fragment that was specific to 1-8 . This must be due 

to sequence outside the common region of the two cDNAs, 

which is mainly in their 3' ends. After mapping the 3.3 kb 

fragment, sequence was obtained from the right hand Pstl 

site going towards the right arm of the phage. This 

revealed 3' sequence with very high homology to the 1-8 

cDNA (Fig. 6.3)

The 0.5 kb BamHl fragment was also sequenced. This too 

had sequence closely related to 1-8, though unlike the cDNA 

it had no tandem repeat of 68 bases in the 3' region (Fig.

6.4). This sequence also has a consensus splice acceptor
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in exactly the equivalent part of its sequence as the 3 1 

exon of 9 -2 7 , and differs by only one nucleotide to 1-8 

over the first 44 bases of the exon. This illustrates a 

remarkable degree of conservation between three related but 

nonetheless distinct genes. The orientation of this second 

1-8 exon relative to the other two 3' ends was not 

determined.

vii) . No 5 1 region of 9-27 was detected upstream of the

3* exon.

The subcloned 3.3 kb BamHl and 1.1 kb BamHl to Sail 

fragments from lg9-27 were probed with two different 

oligonucleotides. 498-AB is a 21mer of the sequence 5' to 

the start of the 3' exon of 1-8 and 9-27, while 492-AB is a 

18mer of 9-27 sequence further upstream, confirmed in two 

independent cDNA clones but not found in 1-8. Both 

sequences were used to probe the two fragments that are 

presumed to be 5' to the final exon of 9-27. Whilst 498-AB 

was positive for the large BstXl fragment of the 3.3 kb 

BamHl region where homology to both 1-8 and 9-27 had 

previously been detected, both subclones were negative for 

the 9-27 specific oligonucleotide (Fig. 6.5)

v i i i )  . Conclusions.

The results described in sections vi and vii above about 

the relative positions of 9-27 and 1-8 genes are almost 

certainly due to rearrangements within the cloned DNA



F i g u r e  6 . 3 .

The 3' portion of the 1-8 cDNA sequence (upper sequence) 
aligned with genomic sequence obtained from the 3.3 kb 
Bam HI fragment of lg9-27.



3 6 0  3 7 0  3 8 0  3 9 0  4 0 0
AGATCAGGAGGCATCATTGAGGCCTGGAGCTCT-GCCCGTGACCTGTATC

GGAGGCATCATTGAGGCCTGGAGCTCTTGCCCGTGACCTGTATC 
1 0  2 0  3 0  4 0

4 1 0  4 2 0  4 3 0  4 4 0
CCAC—GTACTCTATCTTCCATTCCTCGCCCTGCCCCCAGAGGCCAGGA-

CCACACGTACTCTATCTTCCATTC-TCGCCCTGCCCCCAGAGGCCAGGAA 
5 0  6 0  7 0  8 0  9 0

4 5 0  4 6 0  4 7 0  4 8 0  4 9 0
GCTCTGCCCTTGA-CCTGTATTCCACTTACTCCACCTTCCATTCCTCGCC

GCTCTGCCCTTGAACCTGTATTCCACTTACTCCACCTTCCATTCCTCGCC 
1 0 0  1 1 0  1 2 0  1 3 0  1 4 0

5 0 0  5 1 0  5 2 0  5 3 0  5 4 0
CTGTCCCCACAGCCGAGTCCTGCATCAGCCCTTTATCCTCACACGCTTTT

CTGTCCCCACAGCCGAGTCCTGCATCAGCCCTCTATCCTCACACGCTTTT 
1 5 0  1 6 0  1 7 0  1 8 0  1 9 0

5 5 0  5 6 0
CTACAATGGCATTCAATAAAC

CTACAATGGCATTCAATAAAC
200



F i g u r e  6 . 4 .

Alignment of 1-8 cDNA sequence (upper sequence) with the 
seqence derived from the 0.5 kb Bam HI fragment of lg9-27.

A consensus splice acceptor site is underlined. The 
genomic sequence is missing the 68 base-pair double 
repeat found in the cDNA (compare nucleotides 374-441 
with 442-509).



1 6 0  1 7 0  1 8 0  1 9 0  2 0 0
CTTCATGAACACTGCTGCCTGGGCTTCATAGCATTCGCCTACTCCGTGAA

GGATCCTGGTCCCCTCACCATCTCCTCTCCCCCA
1 0  2 0  3 0

2 1 0  2 2 0  2 3 0  2 4 0  2 5 0
GTCTAGGGACAGGAAG-ATGGTTGGCGACGTGACCGGGGCCCAGGCTATG

GTCTAGGGACAGGACGAATGGTTGGCGACGTGACCGGGGCCCAGGCTATG
4 0  5 0  6 0  7 0  8 0

2 6 0  2 7 0  2 8 0  2 9 0
CTCCACCGCCAAGTGCCTGAACATCTGGGCCCTGATTT-TGGGCATCTTC

CTCCACCGCCAAGTGCCTGAACATCTGGGCCCTGATTCCTGGGCATCCTC
9 0  1 0 0  1 1 0  1 2 0  1 3 0

3 1 0  3 2 0  3 3 0  3 4 0
ATGACCATTCTGCTCATCATCATCCCAGTGTTGGTCGTCCAGGCCCAGCG

ATGACCATTCTGCTCATCGTCATCCCAGTGCTGATCTTCCAGGCCTATGG
1 4 0  1 5 0  1 6 0  1 7 0  1 8 0

3 6 0  3 7 0  3 8 0  3 9 0
ATAGATCAGGAGGCATCATTGAGGCCTGGAGCTCTGCCCGTGACCTGTAT

ATAGATCAGGAGGCATCACTGAGGCCTGGAGCTCTGCCCGTGACCTGTAT
1 9 0  2 0 0  2 1 0  2 2 0  2 3 0

4 1 0  4 2 0  4 3 0  4 4 0
CCCACGTACTCTATCTTCCATTCCTCGCCCTGCCCCCAGAGGCCAGGAGC

CCCACGTACTCCAACTTCCATTCCTCGCCCTGCCCCCGGAG-------------
2 4 0  2 5 0  2 6 0  2 7 0

4 6 0  4 7 0  4 8 0  4 9 0
TCTGCCCTTGACCTGTATTCCACTTACTCCACCTTCCATTCCTCGCCCTG

5 1 0  5 2 0  5 3 0  5 4 0
TCCCCACAGCCGAGTCCTGCATCAGCCCTTTATCCTCACACGCTTTTCTA

CCGAGTCCTGTATCAGCCCTTTATCCTCACACGCTTTTCTA
2 8 0  2 9 0  3 0 0  3 1 0

5 6 0
CAATGGCATTCAATAAAG

CAATGGCATTCAATAAATGCACGTTTCTGGTGCTGCTGCGACTTCACCTG
3 2 0  3 3 0  3 4 0  3 5 0  3 6 0



140

Figure 6.5.

Experiment using oligonucleotide probes to 3' and 5' 
sequence of 9-27.

L e f t  h a n d  p h o t o g r a p h  s h o w s  a g a r o s e  g e l  of 
e l e c t r o p h o r e s i s  of v a r i o u s  d i g e s t s  of f r a g m e n t s  
subcloned from lg9-27.
1 = 3.3 kb Bam HI fragment in pUC18; Bam HI + BstXl 
digest.
2 = 1.1 kb fragment in pUC18 (upstream of the 9-27
3'end); Bam HI + Sail digest.
3 & 4 = two different Bam Hl-PstI subfragments of the
3.3 kb fragments (see Fig 6.1) in pUC18; Bam HI + PstI + 
SspI digest.
5 = 9-27cDNA clone in p U C 1 8 ; Eco R1 digest.

Middle photograph shows an autoradiograph of a blot of 
the gel probed with an oligonucleotide specific for 9-27 
corresponding to sequence upstream of the final exon.

Right hand photograph shows an autoradiograph of the 
same blot reprobed with a 3 1 oligonucleotide.



1 2 3 4 5

4 9 2 - A B 4 9 8 - A B
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during its growth as a recombinant phage. However, valid 

conclusions can be drawn from some of the data shown 

concerning the conserved sequences and exon structures of 

9-27 and 1-8 (at least in their 3' regions) as well as 

establishing that 9-27 is in close proximity to at least 

one 1-8 gene within the human genome. These were both 

relevant pieces of information for subsequent studies.

D, STRUCTURE OF A FUNCTIONAL 9-27 GENOMIC CLONE.

i ) . Introduction.

A  cosmid containing 9-27 genomic sequences within a 40 

kb cloned insert was obtained from a library screened by L. 

Reid. The library was supplied and constructed by P. 

Little using a vector, pLORIST B, which contains a lambda 

origin of replication instead of the more usual plasmid 

ColEl origin. The variability of growth of cosmids 

containing this plasmid origin was noted during the 

preparation of DNA from six cosmids containing 1-8 genes 

when yields varied over a 10 fold range. In some cases 

this could lead to the elimination of some cloned sequences 

during the growth and amplification of the library, while 

the lambda origin produces a cosmid copy number in each 

bacterial cell that is not affected by the cloned sequences 

it carries (Cross and Little 1986, Little and Cross, 1985,

1987). This cosmid, designated 9-27Cos3, was the only 

independent positive for 9-27 found in the library.
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ii) . 9-27Cos3 contains 3* and 5 1 9-27 sequences.

Cos 3 was obtained by screening the library with the 

9-27 specific cDNA probe which identifies the 9-27 3' end. 

To determine whether this cosmid also contained sequences 

from the 5' region of 9-27 a series of restriction digests 

were performed and blotted onto nitrocellulose. They were 

probed with 226-AB, a 24mer of sequence from the 5' end of 

the longest 9-27 cDNA. A  single band in each track was 

positive for the oligonucleotide (Fig. 6.6a), indicating 

the presence of sequence close to the 5' end of the 

transcribed gene. iii)

iii) . Two 1-8 genes are also within Cos3.

Oligo 226-AB also indicated the presence of two regions 

of DNA with closely related sequences, which were detected 

under conditions of relatively high stringency for this 

probe (Fig. 6.6b). There is some homology between the most 

5' sequences of the 1-8 cDNA and 9-27, so it is possible 

that this extends further upstream and results in the bands 

observed being due to the presence of two nearby 1-8 genes. 

Probing Pstl and Hind III digests of Cos3 with a series of 

oligonucleotide probes established the presence of two 1-8 

genes with both 5 1, middle (i.e. common to 9-27) and 3'

sequences.
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Figure 6.6.

E x p e r i m e n t  showing presence of two 1-8 genes in 
9-27Cos3.

L e f t  h a n d  p h o t o g r a p h  s h o w s  an a g a r o s e  gel of 
electrophoresis of 9-27Cos3 DNA digests.

1 = Bam HI? 2 = Hindlll + Bam HI; 3 = Hindlll; 4 = Pstl.

a) . Autoradiograph of blot of the gel probed with 22 6-
AB, a 9-27 5'-end probe, high stringency wash (65°C,
2 x S S C ) .

b )  . Low stringency was of the blot (50°C, 2xSSC) 
revealing cross-hybridization of the probe to two other 
regions of Cos3.
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iv) . The 9-27 gene is located between the two 1-8

g e n e s .

An initial map of the cosmid was obtained by digests

with enzymes that cut infrequently in human DNA. Notl and
e i t e s

Nrul^'contain CpG dinucleotides, which are under-represented 

in human DNA (Bird 1985) , while Sfil, like Notl has an 8 

base recognition sequence and so also cuts rarely. A 

single Nrul site (plus one in the vector) , two Notl and 

three Sfil sites were found in the cloned sequences. 

Cutting, blotting and probing with 9-27 unique sequences 

digests of Cos3 with these enzymes and Hind III produced an 

initial map shown in Fig. 6.7. The 9-27 gene is situated 

between a Hind III and Nrul site within an 8.9 kb Hind III 

fragment. This is flanked by the other two large Hind III 

fragments of 7.7 and ll.l kb which each contain a 1-8 gene, 

designated 1-8.left and 1-8.right respectively.

The observation of two Notl sites spaced only 8 kb apart 

is worth noting. The frequency of Notl sites in the human 

genome is of the order of one every one hundred kb, though 

they are not randomly distributed, with the majority of 

sites occurring in htf islands (A. Bird, pers. comm.). 

These are CpG rich regions of DNA found near many actively 

transcribed genes, and the presence of the Notl sites maybe 

indicative of two htf islands within C o s 3 .

v )  . The 8 kb Notl fragment could not be subcloned.

Two attempts were made to subclone the 8 kb Notl
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Figure 6.7.

Map (only partial for Hindlll) of 9-27Cos3. The 9-27 
region indicated contains sequences corresponding to 
both 5' and 3' regions of 9-27 cDNA.
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fragment containing 9-27. The first experiment was a 

blunt-end cloning reaction into the Smal site of pUC13 with 

the Notl ends of the 8 kb fragment being filled in with 

reverse transcriptase. No positive results were obtained 

by this method, and a second attempt using the vector

p K S N 1 3 +  (Stratagene) which has a Notl site in its 

polylinker (enabling a 'sticky end' ligation reaction) was 

also unsuccessful.

These results were reminiscent of the lack of success in 

the attempts to subclone the 14 kb Sail fragment of lg9-27, 

and strongly suggests the existence of an 'unclonable' or 

poison sequence near the 9-27 gene. This sequence is

obviously viable in C o s 3 , which may be due to the phage 

origin of replication or to a more subtle positional 

effect, either relative to the origin (at least 12 kb away) 

or to other sequences within the clone.

vi) . A 2 kb Pstl fragment contains a functional 9-27

gene.

A  2 kb Pstl band that contains both 9-27 5' and 3'

s e q u e n c e s  ( i d e n t i f i e d  u s i n g  techniques described in 

sections ii and iii) was cut out of a gel, electroeluted 

and subcloned into the Pstl site of pUC19. Surprisingly, 

when the resulting plasmid was prepared and transfected 

into mouse L-cells (in collaboration with L. Reid) it was 

found to produce an alpha interferon inducible 9-27 mRNA of 

the correct size.
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v i i )  . Cos3 contains the same 9-27 3 1 end as lq9-27.

A single BamHl site was found near the centre of the 2kb 

Pstl 9-27 fragment of Cos3. The 3' BamHl to Pstl fragment 

of this subclone was subcloned between the BamHl and Pstl 

sites of M13mpl8 and mpl9 and sequenced using both M13 and 

internal p r i m e r s . The sequence obtained agrees with the 

9-27 cDNA sequence and contains the same splice acceptor 

that was found in lg9-27. This confirms the structure of 

the final exon of this gene.

v i i i )  . All other 9-27 mRNA sequences are contiguous.

The 5' BamHl to Pstl region of the 2 kb Pstl fragment

was also subcloned into M13mpl8 and m p l 9 . This was 

sequenced using a range of internal primers and revealed a 

stretch of sequence contiguous from the most 5 1 nucleotide 

of t h e  longest cDNA of 9-27 down to the sequence 

immediately adjacent to the 5' end of the final (3') exon. 

This sequence was in exact agreement to the cDNA. The 

genomic sequence to the start of an intron is presented in 

Figure 6.8. There is no consensus splice acceptor site in 

the sequence to the upstream Pstl site and it is unlikely 

that there is a further exon in the 9-27 gene.

i x )  . 9 - 2 7  h a s  s e q u e n c e  h o m o l o g i e s  t o  o t h e r

aloha-interferon induced genes.

A  13 bp sequence is found in the 5' flanking regions of
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Figure 6.8.

Sequence of the 9-27 gene from its 5' flanking region 
through to the end of the first exon.

The first of several transcription start sites (*) is 
designated as +1. Two upstream restriction enzyme sites 
are indicated, as are two putative "Cat" boxes and a 
consensus interferon response element (IRE). A second 
IRE-1ike element is also present near the start of 
transcription of the gene.

The sequence immediately following the end of the exon, 
GTGCG, is a classic consensus splice donor sequence.



- 4 0 0  - 3 9 0  - 3 8 0  - 3 7 0  - 3 6 0
CCCGCTCTGAGCAGGACTGCAGCCTGAGGAAAGAGCAAGGATTTCAGGAG 

PstI
- 3 5 0  - 3 4 0  - 3 3 0  - 3 2 0  - 3 1 0

AGAGGCCTGCGACAAGTGAGGTGAGGGCTTTTGGGGGATTGTCCTGGCGC

- 3 0 0  - 2 9 0  - 2 8 0  - 2 7 0  - 2 6 0
CTGGAGTGTGGGGGCCTGGCAGGGGCCCTGAACCGGGACAGTGAGGTCCT

- 2 5 0  - 2 4 0  - 2 3 0  - 2 2 0  - 2 1 0
GTACTTGCTGGCCTGGGGTGGACAGAACCCAAGCCTGGGTAAAATCCCCA

- 2 0 0  - 1 9 0  - 1 8 0  - 1 7 0  - 1 6 0

GGGCCCCCTAAACCCAACACTTAGGAAGTCAdAGXCCTGACTTCACTTC
Spel

- 1 5 0  - 1 4 0  - 1 3 0  - 1 2 0  - 1 1 0

TGATGAGGAAGCCTCTCTCCTTAGCCTTCAGCCTTTCCTCCCACCCTGCC

- 1 0 0  - 9 0  - 8 0  - 7 0  - 6 0
ATAAAGTAATTTGATCCTCAAGAAGTTAAACCAGAGGTGATTGGTCCCTG

Cat box
- 5 0  - 4 0  - 3 0  - 2 0  - 1 0

CTAATTCACCAATTTACAAACAGCAGGAAATAGAAACTTAAGAGAAATAC 
Cat box IRE

*  10 20 30 40
ACACTTCTGAGAAACTGAAACGACAGGGGAAAGGAGGTCTCACTGAGCAC 

IRE-like
50 60 70 80 90

CGTCCCAGCATCCGGACACCACAGCGGCCCTTCGCTCCACGCAGAAAACC

10 0  110 120  1 30  140
ACACTTCTCAAACCTTCACTCAACACTTCCTTCCCCAAAGCCAGAAGATG

Met
150  160 170  180 190

CACAAGGAGGAACATGAGGTGGCTGTGCTGGGGGCACCCCCCAGCACCAT

2 0 0  210  2 2 0  2 3 0  2 40

CCTTCCAAGGTCCACCGTGATCAACATCCACAGCGAGACCTCCGTGCCCG

2 5 0  260  2 7 0  2 8 0  2 9 0
ACCATGTCGTCTGGTCCCTGTTCAACACCCTCTTCTTGAACTGGTGCTGT

30 0  310  320

CTGGGCTTCATAGCATTCGCCTACTCCGTGAAG
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several alpha-interferon induced genes and is the major 

sequence element controlling the elevated transcriptional 

response of these genes (Reich et 31,1987; Porter et 

al,1988). This consensus is also present in 9-27, between 

30 and 18 bp upstream of the start of the longest cDNA, and 

32 and 12 bp downstream of the two consensus (C C A A T ) 'cat' 

boxes. There is also an eleven bp sequence at residues 6 

to 16 of the cDNA that is a match to the central eleven 

nucleotides of this consensus. These comparisons are 

presented in figure 6.9.

x). CAT assays with the 5 1 region.

The 230 bp region downstream from the Spel site of the 

9-27 5' flanking region (see Fig. 6.8) was cloned into the 

Hind III site of pSVOCAT (Gorman, 1 982a), upstream of the 

chloramphenicol acetyl transferase (CAT) gene. This region 

contains 100 bp of sequence upstream of the most 5' of the 

t w o  c o n s e n s u s  CCAAT boxes, the consensus interferon 

response element (IRE) and 60 bp of sequence downstream of 

the start of the cDNA. Constructs containing a single copy 

of this element in either the sense (i.e. 5' to 3' upstream 

of CAT) and the antisense orientation were transiently 

transfected into HeLa cells, which were analyzed for CAT 

activity by the method of Sleigh (1986) 24 hours after the 

addition of interferon. The results obtained indicated 

that this 2 30 bp of DNA (only in the correct orientation) 

confers both an alpha and a gamma interferon response to



F i g u r e  6 . 9 .

Homologies between sequences flanking human interferon 
inducible genes.



P o s i t i o nGene I . R . E .  Sequence

9 - 2 7 A G G A A A T A G A A A C T - 3 1 t o - 1 9

6 - 1 6 G * * * * * A T * * * * * * - 1 1 2 t o - 9 9

ISG 54 G * * * * * G T * * * * * * - 8 7 t o - 1 0 0

ISG 15 G * * * * * C C * * ★ * * * - 1 0 8 t o - 9 5

IP 10 T * * * * * G T * * * * * C - 2 2 2 t o - 2 0 9

F a c t o r  B * * * * * ★ C * * * * * * * - 1 2 7 t o - 1 4 0

S y n t h e t a s e * * * * * * A - * * * * * A - 1 0 0 t o - 8 7



the CAT gene. However, the level of induction is low 

compared to that seen for the native gene and there is a 

basal level of transcription that increases with the 

quantity of DNA transfected (see Fig 6.10). It is possible 

that there are elements upstream of the Spel site that 

would reduce this through some form of transcriptional 

repression. These types of considerations are difficult to 

rule out, though the results obtained indicate the presence 

of significant IREs for both alpha and gamma interferon 

between the Spel and BspM II sites. It is difficult to 

imagine that the consensus IRE described in section ix 

above does not play a major role in the response to 

a-inter f e r o n .

xi) . 9-27 has multiple start sites.

Primer extension analyses (results not shown) indicate 

the presence of multiple start sites of transcription for 

9-27. The primer extension was performed on total HeLa RNA 

from cells treated with alpha-interferon for 24 hours and 

an u n t r e a t e d  control, u s i n g  o l i g o n u c l e o t i d e  492-AB 

(corresponding to residues 154 to 137 of the opposite 

strand of the Fig 4.5 sequence) as a primer. A plasmid 

sequencing reaction using the same oligonucleotide on the 2 

kb Pstl subclone was run in parallel and used as a marker. 

Two potential major interferon induced bands were seen on 

the extension analysis which corresponded to start sites 10 

and 29 nucleotides downstream of the longest cDNA. This



F i g u r e  6 . 1 0 .

CAT gene expression under the control of a 230 bp region 
of the 9-27 promoter.

Lanes 1-2 = control (no D N A ) .
Lanes 3-6 = 0.5/xg pSVOCAT/9-27 promoter plasmid DNA

transiently transfected into 2xl05 HeLa 
cells and either untreated (3,4) or treated 
(5,6) with 300U/ml a-interferon.

Lanes 7-10 = as 3-6, but using 2.5/xg of plasmid DNA.

The CAT activity was measured using the method of Sleigh
(1987) and provides a relative measure of 14C counts.
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was confirmed by an SI analysis which indicated two major 

(and several minor) start sites in the vicinity (+/- 5 nt) 

of these residues (L. Reid, pers. c o m m . ) .

x i i ) . Sequence homologies to other genes.

Two homologies of possible importance were noted between 

9-27 and two other interferon induced genes (Fig. 6.11). 

Both the homologies described are interesting not only for 

the direct sequence comparison but also because of they 

occur in equivalent regions of the genes.

2 ' - 5 ' A  s y n t h e t a s e  has m u l t i p l e  s t a r t  s i t e s  of 

transcription (Revel, pers. comm.) and no definable 'TATA' 

box. An 18 bp sequence upstream of the majority of these 

start sites (though containing at least one) bears a 

striking similarity to the sequence in an equivalent 

position in 9-27 (One gap in each sequence is required for 

perfect a l i g nment).

A 14 bp stretch of homology between the two 'CAT' boxes 

shows a 12 bp identity with sequence immediately downstream 

of the 'CAT' box of IP 10, a gamma interferon induced gene 

(Luster and Ravetch 1987) . The sequence in IP 10 is 

orientated in the opposite direction with respect to the 

start of transcription of the gene, though many defined DNA 

response elements (such as the alpha-IRE) are effective 

irrespective of their orientation. The homology is in a 

form of a block of five, a gap of two (in both cases Gs 

for Cs) and a block of seven bases, reminiscent of the



No significant homologies were found between 9-27 and 

the HLA class II sequences published by Miwa et al(1987) or 

Dorn et a l (1987).

x i i i ) . Searching the Genbank Database.

The Genbank DNA sequence database, release number 50, 

was searched with the 5' genomic sequence of 9-27 from the 

Pst 1 to the BspMII sites. No significant homologies to 

either strand were found.

s t r u c t u r e  o f  t h e  a l p h a - I R E .  T h e  s i g n i f i c a n c e  o f  t h i s

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



161

Figure 6.11.
Homologies between the 9-27 gene and two 
interferon inducible genes, 2'-5'A synthetase and 
The homology found to IP10 is in the region of the 
boxes of each gene, although, as indicated, these 
are in opposite orientations.

other
IP10.
"Cat"
boxes



Synthetase

9-27

9-27

CCCTTCTGAGGAAAC-GAAACCAACAG

CACTTCTGA-GAAACTGAAACG-ACAG

-106 to -83 

-5 to +20

TCCCTGGCTAATTCA-CCAAT 
: : : : : ::::::: X
TCCCTCCCTAATTCTGATTGG

-63 to -44 
-45 to -65IP 10



CHAPTER 7 DISCUSSION



A. OVERVIEW.

The interferons were initially characterized as proteins 
with the ability to confer an antiviral state upon treated 
cells. Subsequently, they were also found to act as 
antiproliferative and immunomodulatory agents. It is clear 
that such a diverse range of actions is mediated by the 
induction of a number of mRNAs (reviewed by Revel and 
Chebath, 1986) whose translation products are responsible 
for these effects. Analysis of the function of these 
proteins, and the analysis of their mechanisms of induction 
are therefore essential to the understanding of the 
mechanisms of interferon action, and the cloning of both 
cDNAs of the induced mRNAs, as well as genomic copies of 
these genes are important steps to achieving this 
information. A complete and accurate sequence 
of these genes, enabling the prediction of the primary 
protein sequence could be used to over- or under-express 
normal and mutated forms of proteins to asses the 
importance of individual proteins (or subregions of them) 
in the antiviral, antigrowth and immunomodulatory effects 
of interferon. Antibodies made against peptides of the 
predicted protein sequences could be used to address 
similar questions, and reveal the cellular localization and 
interactions between the gene product under study and other 
proteins in the cell.
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In addition to cDNA copies of these genes, the isolation 
of genomic clones allows the study of the mechanism of 
induction of genes. Linking regions of normal and mutated 
promoter of interferon-inducible genes to a heterologous 
marker gene enables the regions of the promoter responsible 
for the induction (or repression) of these genes to be 
characterized. This in turn should allow the study of 
factors within cells which bind to or activate these 
regions. This would be of considerable value in 
understanding the events which occur within a cell between 
the moment interferons bind to their receptors on the cell 
surface and the resulting enhanced transcription of the 
inducible genes.

The primary aim of the work presented in this thesis was 
to obtain a complete and accurate sequence of an 
interferon-inducible gene, namely 9-27. The isolation and 
initial characterization of a cDNA and a genomic DNA clone 
was successful and allowed some preliminary work on 
defining a limited region of the 5' flanking sequence 
responsible (at least in part) for the inducibility of 9- 
27. Other work described, involving the use of 
oligonucleotide probes of potential "consensus sequences", 
though unsuccessful, provided informative results relating 
to the feasibility of such schemes in general and provided 
useful technical experience of the handling and use of such 
probes for other
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purposes. Experiments on a panel of cosmids containing 1-8 
related sequences and the discovery of two functional 1-8 
genes in close proximity to 9-27 was surprising and serves 
to demonstrate many salient features of the structure and 
complexity of the human genome.

B.THE 9-27/1-8 GENE FAMILY.

i). 1-8 Genes and Pseudooenes,
It is apparent that many genes are not distributed at 

random throughout the eukaryotic genome but occur in 
clusters which contain several related genes. For example, 
one of the best characterized clusters is the human /3- 
globin gene family where five functional genes and one 
pseudogene are found over a 50 kb region of chromosome 16. 
All six genes are related and almost certainly are the 
descendants of a single primordial parent, and the study of 
this system has provided many insights on the mechanisms of 
evolution, development and gene regulation. There are mow 
many e x a m p l e s  of such clusters including the 
immunoglobulin, HLA, complement, collagen, actin, tubulin, 
crystallin and a-interferon gene families. The 9-27/1-8 
gene family described in the results here show similarities 
to all these gene families.

B e s i d e s  Cos3, t h e  o t h e r  1-8  cosm ids  s t u d i e d  a l l  c o n t a i n e d

a s i n g l e  1 - 8 - r e l a t e d  s e q u e n c e .  T h e re  a r e  two



lines of evidence to suggest that these are non-functional 
pseudogenes; firstly the absence of any detectable 
expression of 1-8 from these cosmids in both mouse (Chapter
5. B) and hamster cells, and secondly, the hybridization of 
the "exon-spanning" oligonucleotide to six of these 
cosmids. This latter experiment indicates that the cosmids 
are likely to contain processed pseudogenes, which are be 
found throughout the genome at random, in contrast to the 
non-functional intron-containing pseudogenes associated 
with the globin and histocompatibility gene systems.

The results from Cos3 using the 1-8 3 * probe and a range 
of oligonucleotide probes suggest that the two 1-8 genes 
found in this cosmid are very similar to each other. The 
two 1-8 genes flank the 9-27 gene and are transcribed in 
the same direction, which is the opposite direction from 9- 
27. This is in contrast to the human globin gene clusters 
where the expressed genes are all transcribed in the same 
direction. One possible sequence of events which could 
have produced such a cluster would be an initial 
duplication of an ancestral gene to produce two "back-to- 
back" genes which evolved into the present 9-27 gene and a 
first 1-8 gene. After the two genes had diverged, a second 
event gave rise to the second 1-8 gene. It is possible 
that exchange of information between the two 1-8 genes has 
occurred by gene conversion in order that their similarity 
has been maintained.
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It is interesting to note that there are apparently no 9- 
27 pseudogenes. It seems not unreasonable to suggest that 
the 1-8 pseudogenes arose through the integration of mRNA 
copies of 1-8 into the genome. This is more likely to have 
occurred in a cell in which 1-8 was being expressed at high 
levels, e.g. in response to interferon. Since 9-27 is 
expressed in a similar manner to 1-8 and with similar 
kinetics, the absence of 9-27 pseudogenes might be 
explained by the hypothesis that 1-8 pseudogenes arose 
before the duplication event that led to the formation of 
9-27.

It is also worth noting that there are no good hypotheses 
to suggest why there is a need for two functional 1-8 
genes. There may of course be subtle differences in their 
mode of induction or action which are not yet discovered. 
Alternatively, the two genes may be functionally 
equivalent. If this were true, the 1-8 gene cluster may 
represent a gene cluster in an early evolutionary stage 
where, although there is no requirement for two 1-8 genes, 
there have been no mutational events which have resulted in 
one or other of these genes becoming a non-functional 
pseudogene.

ii^. Total number of 1-8 genes.
Digests of total human DNA which are blotted onto a 

filter and probed with the original 1-8 cDNA indicate that 
there may be 10 to 20 different copies of 1-8 sequences in
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the genome. It is difficult to be more precise, given that 
the range of intensity of the signal from each band on the 
filter may either represent more than one copy of the gene 
or merely reflect the degree of hybridization between the 
probe and the 1-8 homologue detected.

The two 1-8 and single 9-27 genes found in a 14 kb region 
of the genome may represent the entire expressed family, 
with all the other members represented by pseudogenes. 
There are no further 1-8 genes within Cos3, which contains 
about 10 kb of DNA either side of the gene cluster, though 
it is possible that there may be other linked family 
members that are spatially more distant. However, one 
argument against there being many (or any) more active 1-8 
genes comes from the ratio of 9-27 to 1-8 mRNA in 
interferon-induced cells, as estimated by the number of 
cDNA copies of these messages in a cDNA library. Friedman 
et al (1984) present numbers from which the 9-27:1-8 ratio 
can be calculated as 40:60, while in Chapter 4.B it is 
calculated as 50:50. With two 1-8 genes, each is only 
required to produce 50 - 75% of the stable mRNA produced by 
the 9-27 gene. If there were three functional 1-8 genes, 
the requirement would be only 30 - 50%. Since it appears 
that 1-8 and 9-27 are induced in a similar manner to each 
other, the total number of active 1-8 genes is probably 
quite small, and may indeed be just two.



C. The 9-27 Genomic C lone .

Obtaining a genomic clone of 9-27 proved to be a more 
difficult task than might have been expected for a 
relatively small gene, as the result of Chapter 6 reflect. 
The results from the Collins library (Chap. 6.B) and the 
single EMBL3 phage clone (Chap. 6.C), taken together with 
the difficulties involved in manipulating regions of Cos3 
(Chap. 6.D) point towards the presence of an unstable or 
'unclonable1 (sic) region of DNA near the 9-27 gene. The 
Collins library contained a complete and functional 6-16 
gene (Porter et al, 1988) and an earlier screening of the 
library indicated the presence of a 9-27 gene (McMahon,
1985). It therefore appears that this library was a 
statistically complete representation of the human genome 
and that the 9-27 gene was lost during its subsequent 
propagation.

There are anecdotal reports of unstable and unclonable 
sequences (Little and Cross, 1985) , including a region of 
DNA near the CAD gene locus. Genomic CAD DNA was first 
cloned in a phage, lambda-100 (Padgett et al, 1982a). 
However, many of the phage clones of this region were found 
to have a 1.75 kb deletion in a region containing the 
largest intron of the gene. It has also been calculated 
that the number of clones positive for CAD obtained from 
this library was only 20% of the expected number (I. Saito, 
pers. comm.). A BamHl subregion of lambda-100, termed 103, 
spanning the 1.75 kb region could not be subcloned, despite
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numerous attempts, including one using the recA” strain
E.coli HB101 (Padgett et al, 1982b). An intact 103 
fragment was observed in the cosmid clone cCAD6, which was 
grown in HB101 (deSaint Vincent et al, 1981), though again, 
the number of positive clones was about ten-fold lower than 
expected. However, growth and yield of cCAD6 was 
apparently normal. A more recent attempt at cloning this 
region using a cosmid vector and E.coli ED8767 cells was 
only partially successful, resulting in 20% of the number 
of expected positives, all of which have only a small 
region of 103 at either their 3' or 5' end. These results 
indicate that there is probably a region of DNA near the 
CAD gene locus that is unstable when cloned. It is 
possible that there is a region near the 9-27 locus which 
has similar properties to the 103 region.

There are a variety of reasons proposed to explain the 
poor growth or loss of some sequences carried by cloning 
vectors. Direct or inverted repeats of DNA can cause 
instabilities in the cloned sequences, while the efficiency 
of the ColEl origin of replication, used in a majority of 
non-phage cloning vehicles, is susceptible to the influence 
of the content and size of the cloned sequences it is 
replicating. If repeated DNA structures were responsible 
for the deletion and under-representation of the 9-27 and 
CAD gene sequences, then the use of a recBC E.coli strain 
which is reported to maintain palindromic DNA (Boissy and 
Astell, 1985) may have resulted in the more successful
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isolation of these sequences. However, other factors, such 
as some form of interaction between the plasmid origin of 
replication and the 'unclonable' sequences may mean that in 
some cases, the strain of E.coli used would have little 
effect on the overall result. It is true that the DNA 
content of vectors has an effect of the growth of that 
vector; this was observed in the growth of the 1-8 cosmids, 
where yields of DNA varied over a ten-fold range, and this 
phenomenon was also reported by Cross and Little (1985) on 
randomly selected cosmids from another library.

It is also believed, though as yet unproven, that the 
relative position of the 1unclonable1 sequence to the 
origin of replication may influence the viability and 
growth of a cosmid (I.Saito, pers. comm.). Whatever, the 
explanation for the difficulties encountered with the 
cloning of the 9-27 gene, it may be that the use of the
Lorist B vector, which contains a lambda origin of
replication (Cross and Little, 1986), may have been the
critical factor in the success of their library in
maintaining a functional 9-27 clone.

D. Use of Consensus Sequence Probes, 

i). Introduction.
The use of oligonucleotide probes of consensus sequences 

found 5' to a common set of genes in order to seek to 
identify related family members is a novel method which may
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be applicable to other studies of the kind described in 
Chapter 3. However, it seems unlikely that the technique 
will find more than a limited number of other applications.

There are two basic scenarios in which this technique 
could be applied. It could be used for screening whole 
genomic libraries or alternatively, the technique may find 
application in a method for secondary screening, to 
determine whether or not genomic DNA clones containing 
coding sequences of genes related to the gene family member 
under study also contained 5' ends which included a known 
consensus sequence. This latter method was attempted 
without success in two experiments described in Chapter 3, 
and possible reasons for this are also discussed below.

Wood et al (1975) derive a formula to calculate the 
approximate number of sequence matches between an 
oligonucleotide and a target genome as N (number of 
matches) = 2C(n-h+l) (pJ/4*1, where C is the complexity of 
the genome in bp, n the probe length, h the length of 
contiguous match of the probe to the target sequence and p 
the pool size, i.e. the number of any individual species of 
oligonucleotides in the probe if the probe has been 
synthesized with redundancy at one or more of the bases 
along its length. This formula is only a first 
approximation as it does not take into account factors such 
as the specific base composition of the sequence. For 
example, CpG dinucleotides are relatively uncommon in 
mammalian DNA, and therefore any short sequence containing
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this motif is likely to be under-represented in the genome.

ii). Screening scenarios.
In two cases presented in Chapter 3, specific cosmid 

clones were probed with the 23mer oligonucleotide OCT 351 
and regions of homology were detected near the 6-16 gene 
and a 1-8 gene, though later work indicated that neither 
region is likely to be involved in the interferon response. 
One reason that these two false positive were detected may 
be that the probe was actually too long when compared with 
the subsequently identified consensus sequence, so leading 
to the identification of sequences that may have contained 
more homology to regions of the probe either side of the 
core of the consensus sequence than to the consensus 
itself. Conversely, when considering other applications of 
these types of experiments, it would also be possible to 
miss true positives by making the probe too short and thus 
missing homologous sequences with only a single base-pair 
mismatch.

The consensus sequence found in front of several 
interferon-inducible genes, GGAAANNGAAACT, is thirteen 
nucleotides long and contains two nucleotides which appear 
to vary. An oligonucleotide probe of this sequence with 
all four possible bases at each N would be a mixture of 16 
molecules. Using the above formula with the value of C set 
for a human genome as C= 3xl09 , the number of times such a 
thirteen base sequence would occur in the genome is about



175

1,600. This is almost certainly well in excess of the 
number of interferon-inducible genes in humans. Although 
it is therefore impractical to use such a probe as a means 
for directly identifying further interferon-inducible genes 
in a genomic library, the expected frequency of the 
sequence is still rare enough (once every 2000 kb) to make 
using an oligonucleotide probe of this type potentially 
useful as a secondary screening method once potential 
positives have been suitably identified. Such a probe 
would also have use as a tool for mapping specific clones 
to try and identify promoter regions of genes.

If a probe of the sequence described above was used in 
this manner (as a secondary screen) under stringent wash 
conditions, a positive result would provide strong evidence 
for the presence of the 5' end of an interferon-inducible 
gene. However, since a single base-pair mismatch is very 

destabalizing to short probes, a negative match would not 
rule out the presence of such a gene.

It seems less likely that an oligonucleotide probe to a 
5' consensus sequences could be used as a tool for primary 
screening, since the consensus sequence under investigation 
would need to be long (more than 14-16 nucleotides) and 
contain no more than one or two variable residues. Since 
the interferon consensus sequence, at 13 nucleotides, is 
one of the longer conserved controlling sequences 
identified to date, it is doubtful that many, if any, 
suitable candidate sequences will be discovered.
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E. CONCLUSIONS.
The various difficulties encountered with the isolation 

and characterization of a complete and functional 9-27 gene 
resulted in only a very limited time being available for 
investigation of its interferon responsive element (IRE). 
It was perhaps fortunate that because the sequence of the 
IRE had been identified in other genes, it was possible to 
perform an initial expression assay using a relatively 
limited region of the 9-27 promoter in order to confirm a 
region of significance in the interferon response of this 
gene. Nonetheless, the identification of an additional IRE 
provides valuable confirmation that this sequence is an 
important key to the interferon response, although of 
course there may well be other factors involved. In 
addition, the isolation of the 5' end of a gene known to be 
induced by both type I and II interferons will allow the 
role of the IRE and other regions of the promoter to be 
examined in order to characterize the mechanisms 
responsible for the action of gamma-interferon.

The characterization of members of the 1-8 multigene 
family through the use of the exon-spanning probe indicates 
once again the complexity of the human genome, and provides 
further food for thought to those interested in the origin 
and evolution of the genome. The apparently functionless 
1-8 pseudogenes add several more kilobases to the total 
amount of DNA known to be carried by man for no apparent
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reason. The study of pseudogenes, which are believed to 
diverge from their parental sequence at an effectively 
constant - neutral - rate is one possible way in which the 
evolution of the genome may be examined.

There are thus a number of worthwhile lines of research 
in molecular, cellular and evolutionary biology which could 
be based upon the results obtained above.
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