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1 . 0  ABSTRACT

ANALYSIS OF VARIATION IN 

INFLUENZA A VIRUS GENES

BY

MELVYN BAEZ

A d v i s o r :  Pe t e r  Pa l ese ,  Ph.D.

The genes o f  severa l  i n f l u e n z a  A v i r u s e s  were examined 

by us i ng  v a r i o us  b i ochemi ca l  t echn i ques  and mo l e c u l a r  

c l o n i  ng.

The g e n e t i c  compos i t i ons  o f  e l even high y i e l d i n g

r ecombi nant s  o f  i n f l u e n z a  v i r u s  were determi ned by
32p o l y a c r y 1 amide gel  e l e c t r o p h o r e s i s  o f  t he P - l a b e l e d  RNAs 

o b t a i n e d  f rom t he  recombi nants  and t h e i r  p a r en t s .  The 

enhanced growth c a p a c i t y  o f  t he r ecomb i nan t s ,  c o n s t r u c t e d  

f o r  use i n vacc i ne  p r o d u c t i o n ,  was a s s o c i a t e d  w i t h  t he 

presence of  genes d e r i v e d  f rom t he  high y i e l d i n g  l a b o r a t o r y  

s t r a i n  A/ PR/ 8 / 34 .  In p a r t i c u l a r ,  a l l  o f  t he  examined high 

y i e l d i n g  recombi nant s  d e r i v e d  t he  M gene f rom t he  A/PR/8/34 

s t r a i  n.

Two d imens i onal  e l e c t  rophores i s o f  r i  bonuc lease T1



V

r e s i s t a n t  o l i g o n u c l e o t i d e s  was used t o  e s t i ma t e  t he e x t e n t  

o f  g e n e t i c  v a r i a t i o n  among f i v e  d i f f e r e n t  i n f l u e n z a  v i r u s e s  

i s o l a t e d  du r i ng  t he b e g i n n i n g ,  mi dd l e  and end o f  t he H2N2 

subtype p e r i o d  ( 1957- 1968) .  I t  was demonst rated t h a t  

g e n e t i c  v a r i a t i o n  occur r ed  among a l l  t he  co r r espond i ng  RNAs 

o f  t hese i n f l u e n z a  v i r u s e s  and t h a t  t he e x t e n t  o f  v a r i a t i o n  

was s i m i l a r  f o r  a l l  genes.  I t  i s  suggested t h a t  t he maximum 

mu t a t i o n a l  changes o f  3 or  4%, t h a t  were es t i ma t ed  f o r  a l l  

t he genes o f  t he  H2N2 v i r u s e s ,  may r ep r esen t  t he ex t e n t  o f  

g e n e t i c  v a r i a t i o n  t h a t  occu r r ed  du r i ng  t he e l even yea r  

i n t e r v a l  which separ a t es  t he  i s o l a t i o n  o f  t he e a r l i e s t  and 

l a t e s t  H2N2 s t r a i n  examined i n t h i s  s t udy .

The NS genes o f  t he  human i n f l u e n z a  v i r u s ,  A/ PR/ 8 / 34 ,  

and t he  av i an  i n f l u e n z a  v i r u s ,  A / d u c k / A l b e r t a / 6 0 / 7 6 , were 

c l oned i n t o  pBR322. The compl ete  n u c l e o t i d e  sequences of  

t hese two NS genes were de t ermi ned and a compar i son o f  t hese 

sequences showed a 27.3% d i f f e r e n c e .  In c o n t r a s t ,  t he 

d i f f e r e n c e s  among the NS gene o f  t he A/PR/8/34 v i r u s  and the 

p r e v i o u s l y  sequenced NS genes o f  t he av i an  v i r u s  

A/FPV/Rostock / 34 and t he  human v i r u s  A/Udorn/72 were f ewer  in 

number and ranged f rom 8-11%. The ex t e n s i v e  sequence s i m i l a r i t y  

among t hese l a t t e r  t h r e e  s t r a i n s  does not  suppor t  t he 

sugges t i on  o f  spec i es  s p e c i f i c  homology groups among the NS 

genes of  av i an and human i n f l u e n z a  v i r u s e s .  The NS genes of  

t he  A/ PR/ 8 / 34 ,  A/Udorn / 72 and A/FPV/Rostock /34 s t r a i n s  were 

shown t o  c o n t a i n  open r ead i ng  f rames i n t h e i r  v i r i o n  ( - )

RNAs which p o t e n t i a l l y  encode p o l y p e p t i d e s  o f  167 and 216



amino a c i d s .  Al t hough t he  NS segment o f  t he 

A / d u c k / A 1 b e r t a / 6 0 / 7 6  v i r u s  l acks  an agnogene sequence 

i n  i t s  n e g a t i v e  s t r a nd  sequence,  i t  conserves  t he 

o v e r l a p p i n g  NS1 and NS2 gene ar rangement  i d e n t i f i e d  i n  the 

o t h e r  NS RNA segments.  A compar i son o f  t he deduced amino 

ac i d  sequences o f  t he  A / d u c k / A 1 b e r t a / 6 0 / 7  6 and A/PR/8/34 

v i r u s  NS genes showed t h a t  t he  NS2 p o l y p e p t i d e s  are more 

h i g h l y  conserved (18.2%) than t he NS1 p o l y p e p t i d e s  (33.0% 

d i f f e r e n c e ) .  S u r p r i s i n g l y ,  t he NS1 p o l y p e p t i d e s  o f  t he two 

s t r a i n s  showed t h i s  h i gh  degree of  v a r i a t i o n  over  t h e i r  

e n t i r e  l e n g t h s ,  i n c l u d i n g  t he amino ac i ds  encoded by t he 

conserved RNA domain o f  t he NS1 and NS2 gene o v e r l a p .



V 1 1

2 . 0  ACKNOWLEDGEMENTS

I am g r a t e f u l  t o  t he  members o f  t he  Depar tment  of  

M i c r o b i o l o g y  a t  Mount S i na i  School  o f  Medi c i ne  f o r  always 

being a v a i l a b l e  f o r  d i s c u s s i o n s  and f o r  g i v i n g  use f u l  

adv i ce  d u r i n g  t he course o f  my t r a i n i n g .  I am f u r t h e r  

i ndeb t ed  t o  the depar tment  and Dr.  Pe t e r  Palese f o r  

p r o v i d i n g  t he f i n a n c i a l  suppor t  t h a t  made my s t u d i e s  

p o s s i b l e .  Of p a r t i c u l a r  va l ue  t o  me was t he aca d e mi ca l l y  

f r u i t f u l  a s s o c i a t i o n  I had w i t h  Dr.  Pe t e r  Pa l ese,  my 

a d v i s o r ,  who t a u g h t  me t o  have my exper i ment s  done by 

y e s t e r d a y .  His i deas and sugges t i ons  as we l l  as t hose of  

Drs.  Jerome L. Schulman,  David H. Calhoun and Edwin D. 

K i l b o u r n e ,  have helped me focus my s t u d i e s  and have 

i n f l u e n c e d  t he  ma j o r  d e c i s i o n s  I ' v e  made as a graduat e  s t u ­

dent .

I ex tend a s p e c i a l  t hanks t o  Dr.  Rober t  P. Aaronson who 

spent  a g r ea t  deal  o f  t i me  deve l op i ng  t he  computer  program 

t h a t  was used t o  f o r ma t  t h i s  t h e s i s .



v i i i

3 . 0  TABLE OF CONTENTS

1.0.....................ABSTRACT....................................................................................... i v

2 . 0  ACKNOWLEDGEMENTS .....................................................................  v i i

3 .0 TABLE OF CONTENTS...................................................................... v i i i

4 . 0  LIST OF TABLES............................................................................. x i i

5 .0 LIST OF F I G U R E S ........................................................................... x i v

6 .0  INTRODUCTION ............................................................................... 1

6.1 D e s c r i p t i o n  and c l a s s i f i c a t i o n  o f  i n f l u e n z a

v i r u s e s  ..............................................................................................  1

6.2  I n f l u e n z a ................................................................................................2

6 .3  The i n f l u e n z a  v i r u s ........................................................................ 5

6 . 3 . 1  Morphology and compo s i t i o n  ........................................... 5

6 . 3 . 1 . 1  Car bohydr a t e  ..................................................................  6

6 . 3 . 1 . 2  L i p i d ......................................................................................8

6. 3 . 1 . 3  P r o t e i n .................................................................................................9

6 . 3 . 1 . 4  R N A .........................................................................................18

6 . 3 . 2  V i r i o n  s t r u c t u r e  ..................................................................  22

6 . 3 . 3  I n f  1 uenza, v i  rus g e n e t i c s ...................................................26

6 . 3 . 4  I n f l u e n z a  v i r u s  r e p l i c a t i o n  ...................  . . . .  30

6.4  V a r i a t i o n  i n  i n f l u e n z a  v i r u s e s  ........................................... 36



1 X

6 . 4 . 1  A n t i g e n i c  s h i f t ...................................................................... 36

6 . 4 . 2  A n t i g e n i c  d r i f t ...................................................................... 40

6 . 4 . 3  Genet i c  v a r i a t i o n  i n genes cod i ng f o r  nonsur ­

f ace  p r o t e i n s  42

6.5  O b j e c t i v e s  o f  t h i s  s t u d y ......................................................... . 4 4

7.0 MATERIALS AND METHODS......................................................................45

7.1 V i r us  and v i r u s  p u r i f i c a t i o n  ...............................................  45

7.2 Plasmid and p l asmi d  p r o pa g a t i on  .......................................  48

7.3 Ce l l  c u l t u r e  ® « ® . . « * ® » ® ® * ® ® • ® • • ® 49

7.4 Bi ochemi ca l  t ec hn i ques  ............................................................... 50

7 . 4 . 1  E x t r a c t i o n  o f  v i r a l  R N A ..................................................50

7 . 4 . 2  E x t r a c t i o n  o f  p l asmid D N A .............................................51

7 . 4 . 3  C o n s t r u c t i o n  o f  c l o n e s .........................................................53

7 . 4 . 3 . 1  pMEL801 p l asmid c o n s t r u c t i o n  .............................. 53

7 . 4 . 3 . 2  pJZl Ol  p l asmid c o n s t r u c t i o n  ...........................  60

7 . 4 . 3 . 3  pAR109 p l asmi d  c o n s t r u c t i o n  ...........................  66

7 . 4 . 4  P r e p a r a t i o n  o f  l a b e l e d  DNA f ragment s  f o r

sequence a n a l y s i s ..................................................................68

7 . 4 . 4 . 1  5'  end l a b e l i n g  o f  DNA f r a g m e n t s ........................68

7 . 4 . 4 . 2  E l e c t r o p h o r e t i c  s e p a r a t i o n  o f  DNA on aga­

rose g e l s  69

7 . 4 . 4 . 3  E l e c t r o p h o r e t i c  s e p a r a t i o n  on p o l y a c r y l a -

mi d e g e l s ....................................................................................70

7 . 4 . 5  DNA s e q u e n c i n g ............................................................................72

7 . 4 . 5 . 1  Chemical  sequenc ing ................................................. 73

7 . 4 . 5 . 2  The Forward-Backward t e c h n i q u e  .........................  77



X

7 . 4 . 5 . 3  Sequencing RNA by r ever se  t r a n s c r i p t i o n

and cha i n  t e r m i n a t i o n  ....................................................  79

7 . 4 . 6  Genot yp i ng i n f l u e n z a  v i r u s  recombi nant s  . . .  81

7 . 4 . 6 . 1  I s o l a t i o n  o f  r ecombinant  v i r u s e s  ..................... 81

7 . 4 . 6 . 2  L a b e l i n g  RNA _i_n v i v o .................................................... 82

7 . 4 . 6 . 3  E l e c t r o p h o r e s i s  ..........................................................  83

7 . 4 . 7  Comparat i ve T1 mapping a n a l y s i s  o f  i n f l u e n z a  

v i r u s  R N A s ................................................................................... 84

7 . 4 . 7 . 1  I s o l a t i o n  o f  RNA segments ................................... 85

7 . 4 . 7 . 2  P r e p a r a t i o n  o f  RNAase T1 .......................................  85

7 . 4 . 7 . 3  RNAase T1 d i g e s t i o n  and 5'  end l a b e l i n g  of

R N A ..................................................................................................86

7 . 4 . 7 . 4  Two d i mens i ona l  e l e c t r o p h o r e s i s  ....................  88

7 . 4 . 7 . 5  O l i g o n u c l e o t i d e  s i z e  d e t e r m i n a t i o n  . . . .  90

7 . 4 . 7 . 6  P a r t i a l  a l k a l i  d i g e s t i o n  o f  o l i g o n u c l e o ­

t i d e s  .............................................................................................91

8.0  R E S U L T S ...................................................................................................... 93

8.1 Genotype d e t e r m i n a t i o n  o f  i n f l u e n z a  v i r u s  r ecomb i ­

nants c o n s t r u c t e d  f o r  use i n  vacc i ne  p r o d u c t i o n  . 95

8 .2  Genet i c  v a r i a t i o n  among H2N2 i n f l u e n z a  A v i r u s

g e n e s .................................................................................................... 101

8 . 2 . 1  O l i g o n u c l e o t i d e  map a n a l y s i s  o f  i n f l u e n z a

v i r u s  g e n o m e s .............................................................................102

8 . 2 . 2  O l i g o n u c l e o t i d e  map a n a l y s i s  o f  i s o l a t e d  RNA 

s e g m e n t s ...................................................................................... 107



8 . 2 . 3  Ex t en t  o f  v a r i a t i o n  among genes or  gene mi x ­

t u r e s  ............................................................................................... 130

8.3 C l on i ng  and sequence a n a l y s i s  o f  two d i f f e r e n t

i n f l u e n z a  v i r u s  NS g e n e s ..............................................   140

8 . 3 . 1  C l on i ng   ................................................................................. 141

8 . 3 . 2  DNA s e q u e n c i n g ........................................................................149

0 DISCUSSION............................................................................ 173

9.1 Genotype d e t e r m i n a t i o n  o f  i n f l u e n z a  v i r u s  r ecomb i ­

nants c o n s t r u c t e d  f o r  use i n vacc i ne  p r o d u c t i o n  173

9.2 Genet i c  v a r i a t i o n  among H2N2 i n f l u e n z a  A v i r u s

g e n e s ....................................................................................................176

9.3 C l on i ng  and sequenc ing o f  two d i f f e r e n t  i n f l u e n z a

v i r u s  NS g e n e s ............................................................................ 185

9 . 3 . 1  S t r u c t u r e  and v a r i a t i o n  o f  NS genes . . . .  185

9.4 S i g n i f i c a n c e  o f  t h i s  wo r k ..........................................................194

.0 REFERENCES...........................................................................................198



4 . 0  L I S T  OF TABLES

xi i

NO.

1. C l a s s i f i c a t i o n  o f  i n f l u e n z a  A v i r u s e s  3

2. V i r uses  used i n  t h i s  s t udy  46

3. Gene t i c  c o m p o s i t i o n  o f  h i gh  y i e l d i n g  i n f l u e n z a  

v i r u s  r ecomb i nan t s  d e r i v e d  f rom A/ PR/ 8 / 34

v i r u s  and d i f f e r e n t  f i e l d  s t r a i n s  100

4. Compar ison o f  RNAase T1 r e s i s t a n t  o l i g o n u c l e o ­

t i d e s  d e r i v e d  f rom t h e  RNAs o f  d i f f e r e n t

i n f l u e n z a  A v i r u s e s  129

5. Percent  changes i n  t he  P genes 133

6. Percent  changes i n  t he  HA genes 135

7. Percent  changes i n  t he  NP/NA gene m i x t u r e s  137

8. Percent  changes i n  t he  M genes 138

9. Percent  changes i n  t he  NS genes 139

10. D i f f e r e n c e s  i n  n u c l e o t i d e  sequences among t he

NS genes o f  f o u r  i n f l u e n z a  v i r u s e s  163



x i i i

11. D i f f e r e n c e s  i n  amino ac i d  sequences among t he  

NS genes o f  f o u r  i n f l u e n z a  v i r u s e s 165



x i

24

64

97

104

109

112

116

120

123

L I S T  OF FIGURES

Schemat i c  d i agram o f  an i n f l u e n z a  A v i r u s

T r a n s f e r  o f  RNA t o  a c t i v a t e d  DBM paper

P o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  o f  

i n f l u e n z a  PR8, X-47 and V i c / 7 5  v i r u s  RNAs

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

v i r u s  genomes

P o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  o f  t he  

A / AA/ 6 / 60  v i r u s  RNAs

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  t he  

i s o l a t e d  P gene m i x t u r e s

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  t he  

i s o l a t e d  HA genes

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  t he  

i s o l a t e d  NP/NA gene m i x t u r e s

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  t he 

i s o l a t e d  M genes



X V

10. O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  t he  

i s o l a t e d  NS genes

11.  Colony h y b r i d i z a t i o n

12.  P r e p a r a t i v e  f r a c t i o n a t i o n  o f  PR8 v i r u s  RNA 

by ag a r o se - u r ea  gel  e l e c t r o p h o r e s i s

13. H y b r i d i z a t i o n  o f  r ecombi nant  DNA t o  PR8 

v i r u s  RNAs bound t o  DBM paper

14. Sequenc ing s t r a t e g y  and r e s t r i c t i o n

endonuc l ease  map o f  t he  i n s e r t  o f  t h e  PR8

v i r u s  NS gene i n  pAR109 and pJZl Ol

15. Sequencing s t r a t e g y  and r e s t r i c t i o n

endonuc l ease map o f  t he  i n s e r t  o f  t he  duck

v i r u s  NS gene i n pMEL801

3 216.  N u c l e o t i d e  sequence o f  a 5'  end P- 

l a b e l e d  DNA f ragment

17. Compar i son o f  t he  PR8 and duck v i r u s  NS 

gene sequences and t h e i r  deduced amino 

a c i d  sequences

18. P o s i t i o n s  o f  n u c l e o t i d e  d i f f e r e n c e s  

among t h r e e  NS genes

19. D i v i s i o n  o f  t he  A / d u c k / A l b e r t a / 6 0 / 7 6  and 

A/ PR/ 8 / 34  v i r u s  NS genes i n t o  t h r e e  domains

126

144

146

148

151

153

156

158

168



x v i

o f  d i s t i n c t  homology 171

20.  Per cen t  o f  unchanged o l i g o n u c l e o t i d e s  as a

f u n c t i o n  o f  i n c r e a s i n g  base changes 183

21.  Exami na t i on  o f  open r e ad i ng  f rames i n  t he

v i r i o n  ( - )  RNA o f  f o u r  i n f l u e n z a  v i r u s

NS genes 190



6 . 0  INTRODUCTION

1

6.1 DESCRIPTION AND CLASSIFICATION OF INFLUENZA VIRUSES

I n f l u e n z a  v i r u s e s  are enveloped v i r u s e s  c o n t a i n i n g  seg­

mented RNA genomes. The s i n g l e - s t r a n d e d  RNAs are o f  nega­

t i v e  p o l a r i t y ,  are a s s o c i a t e d  w i t h  an RNA-dependent  RNA 

pol ymerase and are packaged w i t h i n  a h e l i c a l  nuc l eocaps i d  i n 

t he v i r i o n .  The v i r i o n  c o n t a i n s  two v i r a l  coded g l y c o p r o -  

t e i n s ,  h e m a g g l u t i n i n  (HA) and neurami n i dase (NA) ,  which p r o ­

t r u d e  f rom the v i r a l  enve l ope.

I n f l u e n z a  v i r u s e s  e x i s t  as t h r e e  d i s t i n c t  t y p e s ,  A, B, 

and C, which are d i s t i n g u i s h e d  by s e r o l o g i c a l  d i f f e r e n c e s  i n 

two s t r u c t u r a l  p r o t e i n s ,  m a t r i x  p r o t e i n  (M) and nuc l eop r o -  

t e i n  (NP) .  I n f l u e n z a  A v i r u s e s ,  f o r  example,  share a n t i g e n -  

i c a l l y  c r o s s - r e a c t i n g  NP and M p r o t e i n s  whi ch have a n t i g e n i c  

d e t e r m i n a n t s  d i f f e r e n t  f rom t hose on t he  cor respond! '  ng p r o ­

t e i n s  i n  t ype  B o r  C v i r u s e s .  I n f l u e n z a  A v i r u s e s  are f u r ­

t h e r  c l a s s i f i e d  i n t o  subtypes on t he bas i s  o f  a n t i g e n i c  d i f ­
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f e r ences  among t he  HA and NA g l y c o p r o t e i n s .  A l l  i n f l u e n z a  

v i r u s  i s o l a t e s  are des i gna t ed  by a code whi ch i n c l u d e s  t ype 

(A,B o r  C) ,  geograph i c  s i t e  o f  i s o l a t i o n ,  i s o l a t e  number and 

y ea r  o f  i s o l a t i o n .  Fu r t he r mor e ,  t he code f o r  t ype  A i n f l u ­

enza v i r u s  i s o l a t e s  a l s o  i n c l u d e s  the host  s p e c i e s ,  i f  o t he r  

t han human, and t he HA and NA subtypes e . g .  A / duck / A l  b e r ­

t a / 6 0 / 7 6  (H12N5).

The i n f l u e n z a  B and C v i r u s e s  are not  d i v i d e d  i n t o  sub- 

t ypes  and appear  t o  have man as t h e i r  maj or  host  whereas 

i n f l u e n z a  A v i r u s e s  have been i s o l a t e d  f rom o t h e r  spec i es .  

Re c e n t l y ,  i n f l u e n z a  A v i r u s e s  have been r e c l a s s i f i e d  on the 

bas i s  o f  two par amet e r s ;  1. t he sequence homology among the 

RNAs cod i ng  f o r  t he HA and NA g l y c o p r o t e i n s  and 2. t he s e r ­

o l o g i c  c r o s s - r e a c t i v i t y  among the HA and NA g l y c o p r o t e i n s .  

Table 1 shows t he  new HA and NA subtypes t o g e t h e r  w i t h  t h e i r  

p r ev i ous  d e s i g n a t i o n s .

6.2 INFLUENZA

I n f l u e n z a  i s  an acute  t r a c h e i t i s  and i t s  pa thogenes i s  

p r ob a b l y  i n v o l v e s  p r i ma r y  i m p l a n t a t i o n  o f  t he  v i r u s  i n  an 

a l v e o l u s .  Subs equen t l y ,  r e p l i c a t i o n  r e s u l t i n g  i n c y t o -  

p a t h i c  e f f e c t s  occurs  i n  t he mi dd l e  r e s p i r a t o r y  t r a c t .
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T a b l e  1

C l a s s i f i c a t i o n  o f  i n f l u e n z a  A v i r u s  s u b t y p e s

HA SUBTYPES NA SUBTYPES

NEW OLD new OLD

HI HO, HI, Hswl N1 N1
H2 H2 N2 N2
H3 H3, He q 2 ,  Ha v 7 N3 Na v 2 ,  Na v 3

m Ha v 4 m Na v 4

H5 Ha v 5 N5 Na v 5

H6 Ha v 6 N6 Na v I

H7 He q I ,  Ha v I N7 Ne q I

H8 Ha v 8 N8 Ne q 2

H9 Ha v 9 N9 Na v 6

H10 Ha v 2

Hll Ha v 3

H12 Ha v I O

T h i s  c l a s s i f i c a t i o n  scheme i s  t a k e n  f r o m  C e n t e r s  F o r  D i s e a s e  

C o n t r o l ,  (1980), MMWR 29;514,
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I n f l u e n z a  i s  f r e q u e n t l y  an uncompl i ca t ed  v i r a l  i n f e c t i o n .  

Local  symptoms o f  i n f l u e n z a  i n c l u d e  cough,  su bs t e r n a l  bu r n ­

i ng pai n and sore t h r o a t .  C u r i o u s l y ,  v i r e m i a  has not  been 

demonst rated i n  i n f l u e n z a  v i r u s  i n f e c t i o n s  a l t hough  sys temi c  

m a n i s f e s t a t i o n s  such as p r o s t r a t i o n ,  f e v e r ,  c h i l l s ,  headache 

arid mya l g i a  are u s u a l l y  observed.  Pr imary  v i r a l  pneumonia 

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

f a t a l  when i t  occur s .  I t  i s  u s u a l l y  l i m i t e d  t o  p a t i e n t s  

p red i sposed  by hea r t  o r  l ung d i sease  ( r ev i ewed i n K i l b o u r n e ,  

1978b) .

I n f e c t i o n  w i t h  i n f l u e n z a  B v i r u s  has been asso c i a t ed  

w i t h  Reye' s syndrome i n  c h i l d r e n  and ado l escen t s  (Corey et  

al  . , 1976) .  Th i s  syndrome i s  c h a r a c t e r i z e d  by c e r eb r a l  

edema and f a t t y  d e ge n e r a t i o n  o f  t he  v i s c e r a l  o r gans ,  espe­

c i a l l y  t he l i v e r .  Other  symptoms i n c l u d e  high f e v e r ,  coma 

and s e i z u r e s .  Reye' s syndrome can be f a t a l  and death i s  

u s u a l l y  due t o  r e s p i r a t o r y  f a i l u r e .  The case f a t a l i t y  r a t e  

i n  Reye' s syndrome can be as h i gh as 38% ( Center  f o r  Disease 

C o n t r o l ,  1978) .  R e c e n t l y ,  e p i d e m i o l o g i c a l  s t u d i e s  have a l so  

a s s o c i a t e d  ou t b reaks  o f  Reye' s syndrome w i t h  i n f l u e n z a  A 

v i r u s  i n f e c t i o n s  ( Hal sey  et  a l . ,  1980;  Wi l son et  a l . ,  1980) .  

However ,  i t  should be noted t h a t  o t h e r  agents have a l so  been 

i m p l i c a t e d  i n t he e t i o l o g y  o f  Reye' s syndrome (Corey et  a l . ,  

1976 ) .
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6.3 THE INFLUENZA VIRUS

6 . 3 . 1  MORPHOLOGY AND COMPOSITION

I n f l u e n z a  v i r u s  p a r t i c l e s  are u s u a l l y  s p h e r i c a l  w i t h  an 

average d i amet e r  o f  100-120 nm ( Wr i g l e y  e t  a l . ,  1979) .  How­

e v e r ,  f i l a m e n t o u s  forms o f  i n f l u e n z a  v i r i o n s  have a l so  been 

d e s c r i b e d .  Spi kes p r o t r u d e  t h rough  t he  v i r i o n ' s  su r f a c e  and 

a nuc l eo ca p s i d  o f  h e l i c a l  symmetry i s  enc l osed w i t h i n  t he 

v i r a l  enve l ope .  The v i r i o n  envelope i s  composed o f  a l i p i d  

b i l a y e r  ( Landsber ger  e t  a l • ,  1971) .  I n f l u e n z a  A and B 

v i r u s e s  have a s i m i l a r  morphology (Waterson et  a l . ,  1963;  

A r c h e t t i  e t  a l . , 1967 ; Apos t o l ov  e t  a l . ,  1970) which c l o s e l y  

resembles t h a t  o f  t he i n f l u e n z a  C v i r u s e s .  However ,  t he  

i n f l u e n z a  C v i r u s e s  are s l i g h t l y  l a r g e r  and appear  t o  have a 

hexagonal  l a t t i c e  beneath t h e i r  envelopes (Waterson e t  a l . ,  

1963;  F l e w e t t  and A p o s t o l o v ,  1967;  A r c h e t t i  et  a l . ,  1967;  

Ap os t o l ov  and F l e w e t t ,  1969;  Apos t o l ov  e t  a l . ,  1970;  Compans 

e t  a l . ,  1977;  Me i e r - Ewer t  e t  a l . ,  1978) .

Severa l  e s t i ma t e s  o f  t he  i n f l u e n z a  v i r u s  compos i t i on  

have been made and p o p u l a t i o n s  o f  i n f l u e n z a  v i r i o n s  have 

been shown t o  c o n s i s t  o f  20-40% l i p i d ,  70-75% p r o t e i n
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0 . 8 -1 . 1% RNA and 5-8% c a r bohyd r a t e  (Ada and P e r r y ,  1954;  

Frommhagen et  a l . ,  1959;  Blough and M e r l i e ,  1970) .

6 . 3 . 1 . 1  Car bohydra t e

The c a r bo h y d r a t e  o f  i n f l u e n z a  v i r u s e s  i s  found on t he 

g l y c o p r o t e i n s  HA and NA and i s  d e r i v ed  f rom t he  host  c e l l .

Two maj or  t ypes  o f  c o v a l e n t l y  l i n k e d  o l i g o s a c c h a r i d e  moie­

t i e s  have been i d e n t i f i e d  on t he  i n f l u e n z a  v i r u s  g l y c o p r o ­

t e i n s  (Schwar t z  et  a l . ,  1977;  C o l l i n s  and K n i g h t ,  1978;

Nakamura and Compans, 1978) .  Type I c o n s i s t s  o f  mannose,

N - a c e t y l g l u c o s a m i n e , ga l a c t o s e  and f ucose whereas t ype  I I  

c o n s i s t s  mo s t l y  o f  mannose and smal l  amounts o f  g l ucosamine.  

Re c e n t l y ,  h e t e r o g e n e i t y  i n  t he  ca r bo hy d r a t e  s i de  cha ins  o f  

t he  HA g l y c o p r o t e i n  f rom i n f l u e n z a  A/USSR/90/77 v i r u s  has 

been demonst ra t ed (Basak et  a l . ,  1981) .  I n p a r t i c u l a r ,  some 

o l i g o s a c c h a r i d e  m o i e t i e s  were shown t o  have ca r bo hy d r a t e  

co mpo s i t i o n s  t h a t  were i n t e r m e d i a t e  between t hose o f  t ypes  I 

and I I  sugar  s i de  ch a i ns .

S t ud i es  on t he  b i o s y n t h e s i s  o f  o l i g o s a c c h a r i d e s  o f  

i n f l u e n z a  v i r u s  g l y c o p r o t e i n s  suggested t h a t  t he  f i r s t  g l y c o s y l a -  

t i o n  event  i s  t he "en b l o c "  t r a n s f e r  o f  a mannose r i c h  o l i ­

gosaccha r i de  core t o  t he  v i r a l  g l y c o p r o t e i n s  (Nakamura and
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Compans, 1979a) .  The f o r m a t i o n  o f  t he  t ype  I o l i g o s a c c h a r ­

i de s i de  cha i ns  appears t o  occur  i n severa l  s teps i n v o l v i n g  

t he  t r i mmi ng  o f  t he o l i g o s a c c h a r i d e  core and subsequent  mod­

i f i c a t i o n s  by host  g l y c o s y l  t r a n s f e r a s e s  which add N- ace t y l  - 

g l ucosami ne ,  ga l ac t o s e  and f ucose .  The t ype I I  o l i g o s a c ­

c h a r i d e  s i de  cha i ns  appear  t o  c o n s i s t  o f  unmod i f i ed  mannose 

r i c h  co r es .

I t  i s  b e l i e v e d  t h a t  t he g l y c o s y ; :: t i  on o f  i n f l u e n z a  

v i r u s  g l y c o p r o t e i n s  s t a r t s  at  t he rough endoplasmic  r e t i c u ­

lum,  where ca r b o h y d r a t e  cores are added t o  p o l y p e p t i d e s .  At 

t h i s  t i m e ,  t r i mmi ng  o f  t he  cores f o l l o w e d  by a d d i t i o n  o f  

o t h e r  sugars i s  i n i t i a t e d  and con t i nues  du r i ng  t r a n s f e r  o f  

t he g l y c o p r o t e i n s  t o  t he  smooth endoplasmic  r e t i c u l u m .  

F i n a l l y ,  t he  f u l l y  processed g l y c o p r o t e i n s  are i n s e r t e d  i n t o  

t he plasma membrane o f  t he  host  c e l l .  (Compans,  1973;  St an­

l e y  et  a l . ,  1973;  Nakamura and Compans, 1979a) .  The a t t a c h ­

ment o f  t he  ca r boh y d r a t es  t o  t he g l y c o p r o t e i n s  o f  i n f l u e n z a  

v i r u s e s  has been shown t o  be t h rough  an N - g l y c o s i d i c  l i n k a g e  

o f  N - a c e t y l g l uc o s a m i n e  t o  asparag i ne  ( K e i l  et  a l . ,  1979) .

The g l y c o s y l a t e d  aspa r ag i ne  r es i dues  always occur  i n  t he 

amino ac i d  sequence asp a r a g i ne - X-  t h r e o n i n e  or  as pa r ag i ne - X-  

s e r i n e  (Ward and Dopheide,  1979;  W a t e r f i e l d  et  a l . ,  1979;  

Nakamura e t  a l . ,  1980;  Wi l son et  a l . ,  1981) .  However ,  i t  

has been shown t h a t  g l y c o s y l a t i o n  does not  occur  when X i s  a 

p r o l i n e  ( W a t e r f i e l d  e t  a l . ,  1980) .  D i f f e r e n c e s  i n  t he  t ype 

and amount o f  ca r b o h y d r a t e  on g l y c o p r o t e i n s  f rom d i f f e r e n t
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v i r u s e s  grown i n t he same c e l l s  are t hough t  t o  r e s u l t  f rom 

t he  d i f f e r e n t  p r i ma r y  s t r u c t u r e s  o f  t he  g l y c o p r o t e i n s  which 

s p e c i f y  t he na t u r e  o f  t he o l i g o s a c c h a r i d e  s i de  cha i ns  t o  be 

added (Nakamura and Compans 1979b;  Nakamura e t  a l . ,  1980;  

Ward et  a l . ,  1980) .  In c o n t r a s t ,  d i f f e r e n c e s  i n  t he c a r bo ­

hyd r a t es  o f  t he  same v i r a l  g l y c o p r o t e i n s  s y n t hes i zed  i n  d i f ­

f e r e n t  host  c e l l s  are known t o  be host  de t e rmi ned.

Lipid

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

mos t l y  o f  10-13% p h o s p h o l i p i d s ,  6-8% c h o l e s t e r o l  and 1-2% 

g l y c o l i p i d s  (Frommhagen et  a l . ,  1959;  Kates e t  a l . ,  1961;  

Blough and M e r l i e ,  1970;  Klenk e t  a l . ,  1972) .  These l i p i d s  

are i n  t he v i r a l  membrane and are host  d e r i v e d  (Kl enk  and 

Choppin,  1969,  1970a,  b;  Choppin et  a l . ,  1971;  Qu i g l ey  et  

al  . , 1971: McSharry and Wagner,  1971;  Laine et  a l . ,  1972 ;

Renkonen et  a l . , 1977 ) .  One major  d i f f e r e n c e  between c e l l  

membranes and t he membranes o f  t he  i n f l u e n z a  A and B v i r u s e s  

i s  t he  l ack  o f  s i a l i c  ac i d  r es i dues  on t he g l y c o p r o t e i n s  and 

g l y c o l i p i d s  i n t he v i r a l  enve l opes .  S i a l i c  ac i d  r es i dues  

are removed f rom t he v i r a l  envelopes by t he  v i r a l  n e u r a m i n i ­

dase (Kl enk and Choppin,  1970b;  Klenk et  a l . ,  1970;  Palese
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et  a l . ,  1974) .  Th i s  d i f f e r e n c e  between host  c e l l  and v i r u s  

membrane does not  ho l d  f o r  t he  i n f l u e n z a  C v i r u s e s  (Nakamura 

e t  a l . ,  1979) s i n ce  t hey  may l ac k  an a - neu r ami n i dase  (Ken­

d a l ,  1975;  Nerome e t  a l . ,  1976) .

A r e c e n t  s t udy  has r e po r t ed  f i n d i n g  f a t t y  ac i d  r es i dues  

l i n k e d  t o  t he HA o f  i n f l u e n z a  v i r u s  (Schmidt  e t  a l . ,  1979) .  

I t  was suggested t h a t  t he f a t t y  ac i d  may p l ay  a s t a b i l i z i n g  

r o l e  i n  anchor i ng  t he  HA t o  t he v i r a l  membrane. However,  

t he  s i g n i f i c a n c e  o f  t h i s  f i n d i n g  awa i t s  f u r t h e r  s t udy .

Prote in

I n i t i a l  s t u d i e s  o f  i n f l u e n z a  v i r u s  p r o t e i n s  f ocused on 

t he  HA, NA and NP p r o t e i n s  because t hey  cou l d  be i mmunol og i -  

c a l l y  d e t e c t e d .  Wi th t he  development  o f  improved r e s o l u t i o n  

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

r a d i o a c t i v e  amino ac i ds  and sugars ,  severa l  o t h e r  p r o t e i n s  

were i d e n t i f i e d  and s t u d i e d .  The genome o f  i n f l u e n z a  A 

v i r u s  codes f o r  at  l e a s t  t en p o l y p e p t i d e s ;  PI ,  P2, P3, HA, 

NA, Ml ,  and 3 n o n s t r u c t u r a l  p r o t e i n s ,  M2, NS1, and NS2 

( I n g l i s  e t  al  . , 1976 ; Lamb and Choppin,  1976 ; R i t c h e y  et  

a l . ,  1977 ; Lamb et  a l . , 1978 ; Palese e t  a l . ,  1981) .  The 

i n f l u e n z a  B v i r u s e s  code f o r  at  l e a s t  e i g h t  p o l y p e p t i d e s
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( R a c a n i e l l o  and Pa l ese ,  1979) and e i g h t  d e t e c t a b l e  i n f l u e n z a  

C v i r u s  p o l y p e p t i d e s  have so f a r  been r e po r t e d  ( P e t r i  et  

a l . ,  1980) .  The p o l y p e p t i d e s  o f  i n f l u e n z a  v i r u s e s  w i l l  be 

i n d i v i d u a l l y  d e s c r i be d  us i ng  the i n f l u e n z a  A v i r u s  as an 

example.

P POLYPEPTIDES

The P p o l y p e p t i d e s  are t he l a r g e s t  components (MW = 

80 , 000- 100 , 000  d a l t o n s )  o f  t he i n f l u e n z a  v i r u s  and are asso­

c i a t e d  w i t h  t he r i b o n u c l e o p r o t e i n  (RNP) complex w i t h i n  t he 

v i r i o n  ( Sch u l ze ,  1970 ; Compans e t  a l . ,  1972 ; Klenk et  a l . , 

1972 ; Bi shop et  a l . , 1972 ; I n g l i s  e t  a l . ,  1976 ) .  I n f l u e n z a  

A v i r u s e s  c o n t a i n  t h r e e  P p o l y p e p t i d e s  (Lamb and Choppin,  

1976 ; I n g l i s  e t  a l . , 1976;  R i t c h e y  e t  a l . ,  1977 ) and i t  i s  

p r obab l e  t h a t  t hese p o l y p e p t i d e s  are p a r t  o f  t he  v i r a l  t r a n ­

s c r i p t a s e  mach i nery  because t hey  are found i n v i r a l  and c e l ­

l u l a r  f r a c t i o n s  t h a t  express RNA-dependent  RNA pol ymerase 

a c t i v i t y  ( Bi shop et  a l . , 1972 ; C a l i g u i r i  and Compans, 1974 ; 

I n g l i s  e t  a l . , 1976 ; Rochovansky,  1976 ) .  Fu r t he r mo r e ,  s t u d ­

i es  o f  i n f l u e n z a  v i r u s  t s  mutants  w i t h  l e s i o n s  i n  t he P 

genes showed t h a t  t hese mutants  were d e f e c t i v e  i n RNA 

s y n t h e s i s  ( S c h o l t i s s e k  et  a l . ,  1976;  Palese et  a l . ,  1977b;  

R i t chey  et  a l . ,  1977;  Bar r y  and Mahy, 1979) .
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HEMAGGLUTININ

He ma g g l u t i n a t i o n  was f i r s t  demonst ra ted w i t h  i n f l u e n z a  

v i r u s  ( H i r s t ,  1941;  McCl e l l and  and Hare,  1941) .  Subsequent  

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

had h e m a g g l u t i n a t i n g  a c t i v i t y  ( Hoy l e ,  1952;  Scha f e r  and Z i l -  

l i g ,  1954) .  Using p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s , i t  

was e v e n t u a l l y  shown t h a t  t he h e ma g g l u t i n i n  was a po l yp e p ­

t i d e  w i t h  an apparent  MW o f  75 , 000- 80 , 000  d a l t o n s  ( Schu l ze ,  

1970 ; Compans et  a l . , 1970b;  Has!am et  a l . , 1970a,  b) and 

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

The HA mol ecu l e  i s  s yn t hes i zed  as a s i n g l e  gene p r oduc t  

which i s  subsequen t l y  g l y c o s y l a t e d  and p o s t - t r a n s l a t i o n a l l y  

processed ( E l d e r  e t  a l . , 1979) .  An a m i n o - t e r m i n a l  s i gna l  

sequence i s  removed f rom the HA (McCauley et  a l . , 1979) and 

under  c e r t a i n  c o n d i t i o n s  t he HA can be c l eaved i n t o  two 

p o l y p e p t i d e s ,  HA1 and HA2 ( L a z a r o w i t z  e t  al  . ,  1971) which 

are he l d  t o g e t h e r  by d i s u l f i d e  bonds ( L av e r ,  1971) .  Th i s  

c l eavage o f  t he HA i s  not  e s s e n t i a l  f o r  ex p r e s s i on  o f  i t s  

h e m a g g l u t i n a t i n g  a c t i v i t y  nor  i s  i t  r e q u i r e d  f o r  v i r i o n  

assembly ( L a z a r o w i t z  e t  al  . ,  1973a,  b;  Choppin e t  al  . ,

1975) .  However ,  i t  has been demonst ra ted t h a t  c l eavage of  

t he  HA mol ecu l e  i n t o  HA1 and HA2 w i t h  t r y p s i n  i nc r eases  t he 

i n f e c t i v i t y  o f  a v i r u s  p r e p a r a t i o n  which was propagated 

under  c o n d i t i o n s  t h a t  y i e l d e d  unc l eaved HA ( L a z a r o w i t z  and 

Choppin,  1975;  Klenk e t  a l . ,  1975) .  I t  i s  now accepted t h a t
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a c l eaved HA i s  necessary  f o r  maximum i n f e c t i v i t y  o f  i n f l u ­

enza v i r u s e s .

Sequence a n a l y s i s  o f  d i f f e r e n t  HA mol ecu l es  ( P o r t e r  et  

al  . , 1979;  Both and S l e i g h ,  1980;  Geth i ng e t  a l . ,  1980 ; Min 

Jou et  a l . ,  1980;  S l e i g h  et  a l . ,  1980;  Verhoeyen et  a l . ,

1980 ; Ward and Dopheide,  1980;  H i t i  et  al  . ,  1981) have dem­

o n s t r a t e d  t h a t  d i f f e r e n t  HA p o l y p e p t i d e s  vary  i n  l e n g t h  f rom 

562-567 amino ac i d s .  A l l  but  two o f  t he HA2 p o l y p e p t i d e s  

have i d e n t i c a l  l e n g t h s  o f  221 r es i dues  whereas t he HA1 p o l y ­

pep t i des  vary  i n  l e n g t h  f rom 319-329 amino a c i d s .  The 

c l eavage of  t he  HA p r e c u r s o r  i n t o  two p o l y p e p t i d e s  i n v o l v e s  

t he  e x c i s i o n  o f  one c o n ne c t i ng  r e s i d ue  except  i n  t he FPV 

v i r u s  HA f rom which f i v e  r es i dues  are removed.

The p r e c i s e  t h r e e  d i mens i ona l  s t r u c t u r e  o f  t he HA mo l ­

ecu l e  f rom one i n f l u e n z a  v i r u s  has been r e c e n t l y  de t ermi ned 

by X- ray  d i f f r a c t i o n  o f  c r y s t a l l i n e  HA (Wi l son et  a l . ,

1981) .  D i r e c t  ev i dence  showed t h a t  t he HA mo l ecu l e  i s  a 

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

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

t hough t  t o  ex tend f rom the v i r a l  membrane and a g l o b u l a r  

"head"  composed o f  3 - shee t s  i s  b e l i e v e d  t o  c o n t a i n  the 

r e c e p t o r  b i n d i n g  s i t e .
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NEURAMINIDASE

The f i r s t  t i me  an enzyme was i d e n t i f i e d  as a s t r u c t u r a l  

component  o f  a v i r u s  was when the i n f l u e n z a  v i r u s  n e u r a m i n i ­

dase was d i s c o v e r ed  ( H i r s t ,  1942) .  Thi s  enzyme, whi ch was 

t hough t  t o  be p a r t  o f  t he  v i r a l  HA, i s  a s i a l i d a s e  t h a t  

h y d r o l y z e s  t e r m i n a l  N - a c e t y l n e u r a m i n i c  a c i d  r es i dues  i n 

c t - l i nkage  to  ca r bo h y d r a t e  m o i e t i e s .  Exper iments  i n which 

t he  HA and NA were p h y s i c a l l y  separa t ed (Mayron e t  a l . ,

1961,  Nol l  et  a l . ,  1962;  Laver ,  1963,  1964) ,  g e n e t i c a l l y  

segregated ( Laver  and K i l b o u r n e ,  1966) and m o r p h o l o g i c a l l y  

and s e r o l o g i c a l l y  d i f f e r e n t i a t e d  ( Drzen i ek  et  a l . ,  1966,  

1968;  Webster  et  a l . ,  1968,  Laver  and V a l e n t i n e ,  1969) con­

c l u s i v e l y  demonst ra ted t h a t  t he HA and NA were two separa t e  

mol ecu ! es .

The f u n c t i o n  o f  t he  NA i s  t he removal  o f  s i a l i c  ac i d  

f rom t he  v i r a l  and host  c e l l  envelope and p o s s i b l y  f rom 

mucopo l ysacchar i des  t h a t  are not  c e l l  a s s o c i a t e d .  An a c t i v e  

NA p r even t s  s e l f - a g g r e g a t i o n  o f  t he v i r i o n s  and f a c i l i t a t e s  

t h e i r  sp r ead i ng  t o  o t h e r  c e l l s .  In a d d i t i o n ,  t he removal  of  

s i a l i c  ac i d  r es i dues  f rom the mucopo l ysacchar i des  and host  

c e l l  membrane may c o n t r i b u t e  t o  the r a p i d  spread of  i n f e c ­

t i o u s  p a r t i c l e s  i n t he hos t .  Evidence f o r  t hese NA f u n c ­

t i o n s  may be drawn f rom a s tudy i n  which a 1 , 000 - 10 , 000  f o l d  

decrease i n v i r u s  t i t e r  was r e p o r t e d  f o r  t he t s  mutant  o f  

i n f l u e n z a  v i r u s  d e f e c t i v e  i n NA (Pal ese et  a l . ,  1974) .  I t
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was shown t h a t  a t  t he  nonpermi ss i ve  t emper a t u r e  l a r g e  v i r a l  

aggregates  formed near  t he i n f e c t e d  c e l l  su r f a c e  because the 

s i a l y l a t e d  v i r i o n s  cou l d  a t t a c h  t o  each o t h e r  and t he host  

c e l l  membrane v i a  t h e i r  HAs.

A s t udy  us i ng  recombi nant s  o f  t he WSN v i r u s  showed t h a t  

t he  NA o f  t h i s  s t r a i n  was r e q u i r e d  f o r  plaque f o r m a t i o n  in 

MDBK c e l l s  and the e f f i c i e n t  p r ocess i ng  o f  t he  HA i n t o  HA1 

and HA2 (Schulman and Pa l ese ,  1977) .  I t  was suggested t h a t  

i n  MDBK c e l l s ,  t he WSN NA has t he a d d i t i o n a l  f u n c t i o n  o f  

removing t he s i a l i c  a c i d  r es i dues  which may s t e r i c a l l y  b l ock  

t he  a p p r o p r i a t e  c l eavge s i t e  on t he HA mo l ec u l e .  Al t hough 

t h e r e  i s  no c o n v i n c i n g  ev i dence t h a t  the NA i s  needed d u r i n g  

e a r l y  s tages o f  i n f l u e n z a  v i r u s  re p i i c a t  i on i n  v i v o , a 

r e cen t  i n v e s t i g a t i o n  has a l so  assoc i a t ed  t he NA w i t h  t he 

f u s i o n  o f  v i r a l  and host  c e l l  membrane _ijn v i t r o  (Huang et  

a l . ,  1980) .  I t  was demonst ra ted t h a t  l i posomes c o n t a i n i n g  

NA and c l eaved HA cou l d  f use w i t h  c e l l  membranes but  t h a t  

l i posomes t h a t  l acked NA cou l d  not .

The sequence o f  t he  NA gene f rom t he  PR8 v i r u s  has been 

de t e rmi ned and i t  was shown t o  encode a p o l y p e p t i d e  o f  454 

amino ac i ds  having a MW o f  50,087 d a l t o n s  w i t h o u t  ca r bohy ­

d r a t e  ( F i e l d s  e t  a l . ,  1981) .  Exami nat i on  o f  t he  NA sequence 

r evea l ed  on l y  one maj or  hydrophob i c  r e g i on  which was l o ca t ed  

near  t he amino t e r mi nus  o f  t he  NA p o l y p e p t i d e .  I t  was sug­

gested t h a t  u n l i k e  t he HA, t he  NA i s  p r obab l y  anchored t o
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t he v i r a l  membrane t h r ough  i t s  hydrophob i c  amino t e rmi nus  

( F i e l d s  et  a l . ,  1981) .

NUCLEOPROTEIN

Th i s  p r o t e i n  has a mo l e c u l a r  we i gh t  o f  a p p r o x i ma t e l y  

60,000 d a l t o n s  and i s  t he  s u b un i t  o f  t he h e l i c a l  nuc l eocap-  

s i d  i n i n f l u e n z a  v i r i o n s  (Duesberg,  1969;  Joss e t  a l . ,  1969;  

Pons e t  a l . ,  1969) .  The NP i s  one o f  t he t ype s p e c i f i c  

i n t e r n a l  p r o t e i n s  o f  t he  i n f l u e n z a  v i r u s  and i t s  a n t i g e n i c  

c h a r a c t e r  i s  used t o  d i v i d e  i n f l u e n z a  v i r u s e s  i n t o  t ypes  A,

B and C. Th i s  p r o t e i n  i s  found assoc i a t ed  w i t h  both t he 

message and nonmessage sense ( v i r i o n )  RNA ( S c h o l t i s s e k  and 

Becht ,  1971) .  S t ud i es  i n  which t he NP-RNA complexes were 

t r e a t e d  w i t h  pronase or  RNAase i n d i c a t e d  t h a t  both t he RNA 

and NP are exposed i n t hese s t r u c t u r e s  but  t h a t  each compo­

nent  p a r t i a l l y  p r o t e c t s  t he o t h e r  f rom d e g r a d a t i on  (Dues­

berg ,  1969;  Pons et  a l . ,  1969) .

Sequence a n a l y s i s  o f  t he  NP gene f rom t he i n f l u e n z a  PR8 

v i r u s  demonst ra ted t h a t  t he NP p r o t e i n  i s  482 amino ac i ds  

l ong (Van Rompuy, Min Jou,  Huy lebroeck and F i e r s ,  personal  

commun i ca t i on ) .  The deduced amino ac i d  sequence r evea l ed  

c l u s t e r s  o f  bas i c  r e s i due s  and p r o l i n e ,  a f e a t u r e  t h a t  i s  

common t o  o t h e r  p r o t e i n s  which a s s o c i a t e  w i t h  n u c l e i c  ac i ds  

( e . g .  see F i e r s  et  al  . ,  1978;  Van Heuverswyn et  a l . ,  1978;  

Pasek et  a l . ,  1979;  G a r o f f  e t  al  . , 1980;  S t r i c k l a n d  e t  a l . ,  

1980;  Soeda et  a l . ,  1980) .
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POLYPEPTIDES ENCODED BY RNA 7

The m a t r i x  or  membrane p r o t e i n  compr i ses one t h i r d  o f  

t he  i n f l u e n z a  v i r u s  p r o t e i n  by we i gh t  and i s  t h e r e f o r e  t he most 

abundant  p r o t e i n  i n t he  v i r i o n .  The M p r o t e i n  i s  t he  second 

t ype  s p e c i f i c  a n t i g e n  used t o  d i s t i n g u i s h  t he  t h r e e  t ypes  of  

i n f l u e n z a  v i r u s e s  ( i . e .  A, B and C) .  E l e c t r o n  m i c r o s c o p i c  

ana l yses  o f  i n f l u e n z a  v i r i o n s  r evea l ed  an e l e c t r o n  dense 

s h e l l  i mmed i a t e l y  beneath t he  i n n e r  s u r f a c e  o f  t he  v i r a l  

enve lope ( Ap o s t o l o v  and F l e w e t t ,  1969;  Kendal  e t  al  . , 1969;  

Bachi  e t  a l . ,  1969;  Compans and Dimmock, 1969;  Apos t o l ov  et  

a l . ,  1970) and t h i s  s h e l l  i s  b e l i e v e d  t o  be a l a y e r  o f  M 

p r o t e i n .  Th i s  l a s t  c o n c l u s i o n  i s  g e n e r a l l y  accepted s i nce 

t he  M p r o t e i n  i s  t he on l y  v i r i o n  p o l y p e p t i d e  p r esen t  i n  

l a r g e  enough q u a n t i t y  t o  form such a s h e l l  (Kendal  et  a l . ,

1969;  Compans et  a l . ,  1970a;  Schu l ze ,  1970,  1972) .  Other  

than p r o v i d i n g  t he  s t r u c t u r a l  m a t r i x  o f  t he  v i r i o n ,  no o t h e r  

f u n c t i o n  has y e t  been asso c i a t e d  w i t h  t he  M p r o t e i n .

Re c e n t l y ,  t he  M p r o t e i n  gene o f  t he  PR8 v i r u s  has been 

c l oned and sequenced ( Wi n t e r  and F i e l d s ,  1980;  A l l e n  et  a l . ,  

1980) .  The amino ac i d  sequence deduced f rom t he  n u c l e o t i d e  

data r evea l ed  an M p r o t e i n  o f  252 amino ac i ds  hav i ng  a Mli of  

27,861 d a l t o n s .  In a d d i t i o n ,  a second open r ead i ng  f rame 

was observed i n  the M gene sequence which p o t e n t i a l l y  codes
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f o r  a second p o l y p e p t i d e  t e n t a t i v e l y  d es i gna t ed  M2. The

p r e d i c t e d  amino ac i d  sequence o f  t he  p u t a t i v e  M2 i s  r i c h  i n
3

i s o l e u c i n e .  Palese et  a l . ,  (1981)  have used H- l a b e l e d  i s o ­

l e u c i n e  t o  demonst ra t e  an i s o l e u c i n e  r i c h  p o l y p e p t i d e  (MW of  

a p p r o x i ma t e l y  15,000 d a l t o n s )  i n  i n f l u e n z a  v i r u s  (WSN) 

i n f e c t e d  c e l l s .  When t he  p o l y p e p t i d e s  o f  WSN v i r u s  r ecombi ­

nants c o n t a i n i n g  t he  M gene f rom a d i f f e r e n t  s t r a i n  were 

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

m i g r a t i o n  p a t t e r n .  Th i s  a n a l y s i s  demonst ra t ed t h a t  RNA 7 of  

i n f l u e n z a  A v i r u s e s  most  l i k e l y  codes f o r  a second po l ypep ­

t i d e .

POLYPEPTIDES ENCODED BY RNA 8

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

but  not  found i n  p u r i f i e d  v i r i o n s  has been de t ec t ed  and des­

i gna t ed  NS (Dimmock and Watson,  1969) .  Subsequent  s t u d i e s  

us i ng  p e p t i d e  map a n a l y s i s  showed t h a t  t h i s  n o n s t r u c t u r a l  

p r o t e i n  was unique ( L a z a r o w i t z  e t  a l • ,  1971) and not  a 

c l eavage p r oduc t  o f  t he  s l i g h t l y  l a r g e r  M p r o t e i n .

A second n o n s t r u c t u r a l  p r o t e i n  (NS2) has a l so  been 

d e t ec t ed  i n  i n f l u e n z a  v i r u s  i n f e c t e d  c e l l s  ( Skehe l ,  1972; 

Krug and E t k i n d ,  1973 ; F o l l e t  et  a l . , 1974 ; Minor  and Dim- 

mock,  1975;  Lamb et  a l . ,  1978) .  The NS2 p o l y p e p t i d e  i s  

coded f o r  by a second mRNA ( I n g l i s  e t  a l . ,  1979) which p a r ­

t i a l l y  ov e r l aps  t he  r ead i ng  f rame o f  t he  NS1 p o l y p e p t i d e
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(Lamb and Choppin,  1979;  Lamb et  a l . ,  1980) .  The p r e c i s e  

f u n c t i o n s  o f  t he  NS p o l y p e p t i d e s  have not  been de t e rmi ned .  

However ,  i t  i s  known t h a t  t he  NS1 p o l y p e p t i d e  a s s oc i a t e s  

w i t h  t he  nuc l eus o f  i n f e c t e d  c e l l s  (Dimrnock, 1969 ; Lazar o ­

w i t z  e t  al  . , 1971;  Krug and S o e i r o ,  1975) and p r e l i m i n a r y  

c h a r a c t e r i z a t i o n  o f  a t s  mutant  i n  t he  NS gene o f  t he A/FPV/  

Ros tock / 34 v i r u s  suggests  t h a t  t he gene p r o d u c t ( s )  may p e r ­

form a r e g u l a t o r y  r o l e  d u r i n g  l a t e  v i r a l  r e p l i c a t i o n  (Wol -  

s tenholme et  a l . ,  1980) .  In t h i s  l a t t e r  s tudy  l i t t l e  vRNA 

and no NS2 p o l y p e p t i d e  were de t ec t ed  at  t he nonpermi ss i ve  

t emper a t u r e  whereas i n a more r ecen t  s t u d y ,  an i n d ependen t l y  

i s o l a t e d  t s  mutant  o f  t he  NS gene d i d  not  show t h i s  phenom­

enon (Koennecke e t  a l . ,  1981) .  I n s t e a d ,  t h i s  l a t t e r  t s  

mutant  expressed a decreased amount o f  HA and M.

The NS genes o f  f o u r  d i f f e r e n t  v i r u s e s  have been 

sequenced and t hese data w i l l  be d i scussed i n subsequent  

s e c t i o n s .

6 . 3 . 1 . 4  RNA

Nu c l e i c  ac i d  a n a l y s i s  o f  i n f l u e n z a  A v i r u s  r evea l ed  

s i n g l e - s t r a n d e d  RNA (Ada and P e r r y ,  1954;  F r i sch - Ni ggemeyer  

and Hoy l e ,  1956) .  E a r l y  s t u d i e s  w i t h  i n f l u e n z a  v i r u s e s  a l so



19

showed high r a t e s  o f  g e n e t i c  r ecomb i na t i on  ( Bu r ne t  and L i n d ,  

1949;  Simpson and H i r s t ,  1961;  H i r s t ,  1962) .  A proposal  

evol ved f rom t hese s t u d i e s  sugges t i ng  t h a t  i n f l u e n z a  v i r u s e s  

had segmented RNA genomes and t h a t  t he RNAs cou l d  f r e e l y  

r e a s s o r t  as d e t ec t ed  by h i gh f r equency  r e c o mb i n a t i o n .  Thi s  

hypo t hes i s  was subsequen t l y  con f i r med  by p h y s i c a l  and chemi ­

cal  a n a l y s i s  o f  i n f l u e n z a  v i r u s  RNAs.

Bi ochemica l  ana l yses  o f  t he  i n f l u e n z a  v i r u s  RNAs have 

d e f i n i t i v e l y  shown t h a t  t hese RNAs are unique genes which 

are p h y s i c a l l y  separa ted and are not  d e r i v ed  f rom a l a r g e r  

p r e c u r s o r  RNA. A n a l y s i s  o f  t he v i r a l  RNA t e r m i n i  demon­

s t r a t e d  t h a t  t he  t h r e e  s i z e  c l asses  o f  v i r i o n  RNA i s o l a t e d  

by d i f f e r e n t i a l  c e n t r i f u g a t i o n  had pppAp at  t h e i r  5'  ends 

(Young and Con t en t ,  1970) .  I t  was subsequen t l y  found t h a t  

each o f  t he e i g h t  RNA segments i n an i n f l u e n z a  A v i r u s  

genome had a d i s t i n c t  o l i g o n u c l e o t i d e  f i n g e r p r i n t  (McGeoch 

e t  al . ,  1976) .  S t ud i es  us i ng  gu any l y l  and methyl  t r a n s f e r ­

ases i s o l a t e d  f rom v a c c i n i a  v i r u s  showed t h a t  t he  e i g h t  

vRNAs o f  i n f l u e n z a  A and B v i r u s e s  cou l d  be "capped"  and 

f u r t h e r  a n a l y s i s  demonst ra ted t h a t  t he 5'  ends o f  a l l  t hese 

vRNAs con t a i ned  pppApGpUp (Moss et  a l . ,  1978) .  Th i s  l a t t e r  

s t udy  p r ov i ded  f u r t h e r  c o n f i r m a t i o n  t h a t  t he  v i r i o n  RNAs are 

not  breakdown p r odu c t s .

S t ud i es  on the n a t u r e  o f  t he  i n f l u e n z a  v i r u s  RNA have 

shown t h a t  i t  has a un i que base co mpo s i t i o n  which i s  r i c h  i n
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u r a c i l  ( i . e .  31-33% U, 23-25% C, 19-20% G, and 22-23% A;

B e l l e t  , 1967 ; R i t chey  e t  a l . , 1976a) and t h a t  t he  vRNA i s  

o f  nonmessage p o l a r i t y .  Th i s  l a s t  c o n c l u s i o n  has been drawn 

f rom ev i dence p r ov i ded  by v a r i o u s  t e c h n i q u e s .  I n i t i a l l y  i t  

was shown t h a t  t he  n o n i n f e c t i o u s  vRNA cou l d  not  s e l f - a n n e a l  

and t h e r e f o r e  was o f  one sense (Pons,  1971;  S c h o l t i s s e k  and 

Becht ,  1971) .  The vRNA was subsequen t l y  shown t o  be compl e­

mentary t o  v i r a l  mRNA by be i ng p r o t e c t e d  f rom RNAase d i g e s ­

t i o n  when h y b r i d i z e d  t o  RNA i s o l a t e d  f rom polysomes of  v i r u s  

i n f e c t e d  c e l l s  (Pons,  1972;  E t k i n d  and Krug,  1975;  Glass et  

a l . , 1975 ) .  I t  was a l so  demonst ra t ed t h a t  vRNA cou l d  not  

program the s y n t h e s i s  o f  v i r a l  p r o t e i n s  i n  c e l l - f r e e  t r a n s ­

l a t i o n  systems whereas polysome assoc i a t ed  RNA co u l d .  I t  

should be noted however ,  t h a t  one study r e p o r t e d  t he  i n  

v i t r o  t r a n s l a t i o n  o f  a p r o t e i n  f rom i n f l u e n z a  v i r u s  vRNA but  

t he p r o t e i n  cou l d  not  be i d e n t i f i e d  as one o f  t he known 

v i r a l  p r o t e i n s  (Tekamp and Penhoet ,  1976) .  The c h a r a c t e r i ­

z a t i o n  o f  i n f l u e n z a  v i r u s  RNAs r evea l ed  t h a t  polysome asso­

c i a t e d  RNA had 7 - me t hy l guanos i ne  at  i t s  5'  end and a po l y - A 

t a i l  at  i t s  3 '  end ( E t k i n d  and Krug,  1974;  Krug et  a l . ,

1976;  P l o t ch  e t  a l . ,  1978) but  t h a t  t he vRNA l acked t hese 

f e a t u r e s .  F i n a l l y ,  i n  v i t r o  t r a n s l a t i o n  o f  i n f l u e n z a  v i r u s  

s p e c i f i c  mRNAs has been shown by severa l  i n v e s t i g a t o r s  t o  

y i e l d  a u t h e n t i c  v i r a l  p o l y p e p t i d e s  ( E t k i n d  and Krug,  1975;  

R i t chey  and Pa l ese ,  1976 ; Con t en t ,  1976;  I n g l i s  e t  al  . ,

1977 ; E t k i n d  et  a l . ,  1977 ; Stephenson et  a l . , 1977 ) .
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Mo l e c u l a r  we i gh t  e s t i ma t e s  o f  i n f l u e n z a  v i r u s  RNAs have 

v a r i e d  w i t h  t he  t ech n i qu es  used t o  de t e rmi ne  them.  The v a r ­

i ous  methods used i n c l u d ed  d i f f e r e n t i a l  c e n t r i f u g a t i o n  (Ada 

and P e r r y ,  1954;  F r i sch - N i ggemeye r  and Hoy l e ,  1956;  Pons and 

H i r s t ,  1968a) ,  p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  us i ng  neu­

t r a l  c o n d i t i o n s  ( B i shop e t  a l . ,  1971;  Lewandowski  e t  a l . ,  

1971;  Skehel  , 1971) ,  p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  

us i ng  d e n a t u r i n g  c o n d i t i o n s  ( Pa l ese and Schulman,  1976a;  

Pons,  1976;  R i t chey  et  a l . ,  1976a) and p o l y a c r y l a m i d e - u r e a  

gel  e l e c t r o p h o r e s i s  o f  RNA t o t a l l y  denatured w i t h  g l y oxa l  

( De sse l b e r g e r  and Pa l ese ,  1978) .  These s t u d i e s  r e s u l t e d  i n 

mo l e c u l a r  we i gh t  e s t i ma t e s  o f  t he  i n f l u e n z a  v i r u s  genome 

t h a t  ranged f rom 2 x 10^ t o  5.9 x 10^ d a l t o n s .  A l l  t hese 

d e t e r m i n a t i o n s  were hampered by t he secondary s t r u c t u r e  i n 

t he  examined RNAs and t he  l ack  o f  a v a i l a b i l i t y  o f  a p p r o p r i ­

a te  RNA s i z e  markers .  The p r esen t  use o f  DNA t r a n s c r i p t s  t o  

de t e r mi ne  t he  m o l e c u l a r  we i gh t s  o f  i n f l u e n z a  v i r u s  RNAs has 

c i r cumven t ed  t hese problems and t he  r e p o r t e d  va l ues  o f  4.5 

t o  4 .9  x 10^ d a l t o n s  f o r  t he i n f l u e n z a  A v i r u s  genome are 

g e n e r a l l y  accepted (Emtage et  a l . ,  1979 ; S l e i g h  e t  a l . , 

1979) .  However ,  i t  should be noted t h a t  i n  t hese l a t t e r  

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

ob t a i n e d  f o r  t he t he co r r es po n d i n g  RNAs o f  d i f f e r e n t  i n f l u ­

enza v i r u s e s .

W i t h i n  t he l a s t  few years  t h e r e  has been a r a p i d  accu­

m u l a t i o n  o f  i n f o r m a t i o n  on t he p r i mar y  s t r u c t u r e  o f  i n f l u -
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enza v i r u s  genes.  P a r t i a l  sequence a n a l y s i s  o f  i n f l u e n z a  

v i r u s  RNAs has demonst ra ted t h a t  t he 5'  end and the 3'  end 

sequences are conserved i n  i n f l u e n z a  A v i r u s e s  (Skehel  and 

Hay, 1978;  Rober t son ,  1979;  Desse l be r ge r  et  a l . ,  1980) .

Wi th t he a v a i l a b i l i t y  o f  m o l e c u l a r  c l o n i n g  and r a p i d  

sequencing t e c h n i q u e s ,  t he compl ete sequences o f  severa l  

i n f l u e n z a  v i r u s  genes have been dete rmi ned ( P o r t e r  et  a l . ,  

1979,  1980;  Both and S l e i g h ,  1980;  Both et  a l . ,  1980;  Min 

Jou e t  a l . ,  1980;  S l e i g h  et  a l . ,  1980;  Geth i ng et  a l . ,  1980;  

Verhoeyen et  a l . ,  1980;  Wi n t e r  and F i e l d s ,  1980;  Lamb and 

L a i ,  1980 ; Baez e t  al  . , 1980,  1981 ; A l l e n  et  a l . ,  1980;  Win­

t e r  et  a l . , 1981;  F i e l d s  et  a l . ,  1981;  H i t i  e t  a l . ,  1981;  

Huy lebroeck e t  a l . ,  persona l  c ommun i ca t i on ; Van Rompuy et  

a l . ,  personal  commun i ca t i on ) .  Some o b s e r v a t i o n s  r e s u l t i n g  

f rom t hese sequence ana l yses  have a l r e ad y  been present ed and 

o t h e r s  w i l l  be d i scussed  i n  subsequent  s e c t i o n s .

6 . 3 . 2  VIRION STRUCTURE

F i gu r e  l i s a  schemat i c  r e p r e s e n t a t i o n  o f  t he  i n f l u e n z a  

v i r i o n .  Oute rmos t ,  one f i n d s  t he HA and NA g l y c o p r o t e i n  

sp i kes  (Laver  and V a l e n t i n e ,  1969) which p r o t r u d e  f rom a 

con t i nuous  l i p i d  b i l a y e r  ( Landsber ger  et  a l . ,  1971) t h a t
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F i g u r e  1. Schemat i c diagram o f  an i n f l u e n z a  A v i r u s .

V i r i o n s  are u s a l l y  s p h e r i c a l  w i t h  h e ma g g l u t i n i n  and neurami ­

n i dase g l y c o p r o t e i n  sp i kes  t h a t  p r o t r u d e  f rom a l i p i d  mem­

brane.  Underneath t he  membrane i s  a m a t r i x  p r o t e i n  s h e l l  

whi ch sur rounds  the r i b o n u c l e o p r o t e i n  complex c o n s i s t i n g  o f  

t h r e e  P p r o t e i n s ,  NP and RNA.
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t o t a l l y  envelopes t he  v i r i o n .  The i s o l a t e d  HA sp i ke  con­

s i s t s  o f  t h r e e  i d e n t i c a l  su bu n i t s  which form a f i b r o u s  t a i l  

and a g l o b u l a r  head ( Wi l son  et  a l . ,  1981) .  The HA i s  

anchored t o  t he  v i r a l  membrane by i t s  hydr ophob i c  ca r boxy -  

t e r mi nus  ( Laver  and V a l e n t i n e ,  1969;  Brand and Skehel  ,

1972) .  The NA g l y c o p r o t e i n  c o n s i s t s  o f  f o u r  i d e n t i c a l  subu­

n i t s  ( Wr i g l e y  e t  a l . ,  1973) and appears as a separ a t e  sp i ke 

hav i ng a head w i t h  t e t r a d  symmetry and a t a i l  f i b e r  c o n t a i n ­

i ng a hydrophob i c  base which anchors t he p r o t e i n  t o  t he 

v i r a l  membrane ( Laver  and V a l e n t i n e ,  1969) .  The hydrophob i c  

base o f  t he NA i s  l o c a t e d  at  i t s  ami no- t e r mi nus  ( F i e l d s  et  

a l . , 1981) .

Immed i a t e l y  beneath t he  v i r a l  envelope i s  a 6 nm t h i c k  

l a y e r  o f  p r o t e i n  ( Apos t o l ov  and F l e w e t t ,  1969;  Kendal  et  

a l . ,  1969;  Compans and Dimmock, 1969;  Bachi  et  a l . ,  1969;  

Apos t o l ov  e t  a l . ,  1970) which c o n s i s t s  o f  m a t r i x  p r o t e i n  

s u b u n i t s  (Kendal  et  a l . , 1969;  Compans et  a l . , 1970a;  

Schu l ze ,  1970,  1972) .  The M p r o t e i n  i s  b e l i e v e d  t o  p r ov i de  

t he  s k e l e t a l  suppor t  o f  t he  i n f l u e n z a  v i r i o n .  (Compans and 

Choppin,  1975) .  The M p r o t e i n  was found t o  be hydrophob i c  

( Wi n t e r  and F i e l d s , 1980) and t he  au t hor s  suggested t h a t  when 

t he  M p r o t e i n  a s s o c i a t e s  w i t h  t he c e l l  plasma membrane,  i t s  

bas i c  r es i dues  l i n e  t he  i n n e r  f ace o f  t he  v i r i o n  s h e l l  and 

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

H e l i c a l  nuc l eocaps i d  s t r a n d s  can be found w i t h i n  t he  M p r o ­

t e i n  s h e l l  ( W r i g l e y ,  1979) .
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6 . 3 . 3  INFLUENZA VIRUS GENETICS

I n i t i a l  s t u d i e s  o f  g e n e t i c  phenomena among i n f l u e n z a  

v i r u s e s  were made p o s s i b l e  by us i ng  i n f e c t e d  embryonated 

hens'  eggs and o t h e r  animal  hos t s  as model systems.  These 

systems a l l owed  i n v e s t i g a t o r s  t o  demonst ra t e  r ec omb i na t i on  

( Bur ne t  and L i n d ,  1949,  1951) ,  m u l t i p l i c i t y  r e a c t i v a t i o n  

(Henle and L i u ,  1951) and c r o s s - r e a c t i v a t i o n  (Bur ne t  and 

L i n d ,  1954;  Baron and Jensen,  1955) .  Dur i ng t h i s  p e r i o d  o f  

i n v e s t i g a t i o n ,  p rogr ess  was l i m i t e d  by t he  i n a b i l i t y  t o  p r e ­

c i s e l y  q u a n t i t a t e  i n f e c t i o u s  v i r u s  and t o  r e l i a b l y  i s o l a t e  

pure v i  r a l  c l ones .

The advancement  o f  i n f l u e n z a  v i r u s  g e ne t i c s  began w i t h  

t he  developement  o f  p l a q u i n g  t echn i ques  (Simpson and H i r s t ,  

1961) f o l l o w e d  by t he i s o l a t i o n  o f  t he  f i r s t  i n f l u e n z a  v i r u s  

t s  mutant  (Simpson and H i r s t ,  1968) .  Wi th t hese new systems 

began t he me t hod i ca l  i n v e s t i g a t i o n  o f  t he f u n c t i o n  and 

s t r u c t u r e  o f  t he i n f l u e n z a  v i r u s  genome. A l a r g e  number o f  

t s  mutant s  have been accumulated and s t u d i e d  by severa l  

i n v e s t i g a t o r s  f rom which severa l  co n c l u s i o n s  have a r i s e n  

(Mackenz i e ,  1970;  M i l l s  and Chanock,  1971;  Ueda, 1972;  Sugi -
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don,  1973 ; S c h o l t i s s e k  e t  a l . ,  1974 ; Ghendon et  a l . , 1975 ; 

Krug e t  a l . ,  1975;  S c h o l t i s s e k  and Bowles,  1975;  Spr i ng  et  

a l . ,  1975 ; Sugiura  e t  a l . , 1975 ; Almond et  a l . ,  1979;  Koen- 

necke et  a l . ,  1981) .  An i m p o r t a n t  c o n c l u s i o n  o f  t hese stud 

i es  was t he e s t a b l i s h me n t  o f  d i s t i n c t  recornbi  n a t i  on-compl  e- 

men t a t i o n  groups ,  each o f  which c o n s i s t e d  o f  v i r u s e s  w i t h  

l e s i o n s  i n on l y  one RNA.

The need t o  i d e n t i f y  each o f  t he i n f l u e n z a  v i r u s  genes 

and t h e i r  co r r es pond i ng  p o l y p e p t i d e s  r e s u l t e d  i n t he d e v e l ­

opment o f  t h r e e  methods f o r  mapping the i n f l u e n z a  v i r u s  

genome. The phys i ca l  mapping o f  t he  i n f l u e n z a  v i r u s  genome 

g r e a t l y  f a c i l i t a t e d  t he  exami na t i on  o f  t s  mutants  and 

r e s u l t e d  i n  t he i d e n t i f i c a t i o n  o f  t he d e f e c t i v e  gene i n  d i f  

f e r e n t  t s  mutan t s .

The f i r s t  approach t o  mapping t he  i n f l u e n z a  v i r u s  

genome e x p l o i t e d  t he f i n d i n g  t h a t  t he RNAs and p r o t e i n s  o f  

two i n f l u e n z a  v i r u s e s  (A/PR8/34 and A/ HK/ 8 /68)  e x h i b i t  u n i ­

que m i g r a t i o n  p a t t e r n s  i n  p o l y a c r y l am i d e  ge l s  ( Pal ese and 

Schulman,  1976a;  R i t c h e y  et  a l . ,  1977) .  By compar i ng recom 

b i n a n t s  o f  t hese two s t r a i n s  w i t h  t he o r i g i n a l  s t r a i n s  i t  

was p o s s i b l e  t o  i d e n t i f y  which RNA and co r r e sp o nd i n g  p o l y ­

p e p t i d e  was t r a n s f e r e d  f rom each paren t  t o  the v a r i o us  

recomb i nan t s .  I t  was de t e rmi ned f o r  t he A/PR/ 8 /34 v i r u s  

t h a t  t he  e i g h t  genomic RNAs o f  i n c r e a s i n g  m o b i l i t y  i n  p o l y ­
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ac r y l ami de  ge l s  encode t he  P3, PI ,  P2, HA, NP, NA, M and NS 

p o l y p e p t i d e s  r e s p e c t i v e l y .  In c o n t r a s t ,  t he  p o l y p e p t i d e  

ass ignment  o f  t he A/ HK/8 / 68 v i r u s  RNAs i s  r eversed f o r  RNAs 

5 and 6 ( i . e .  RNA 5 encodes t he NA p o l y p e p t i d e  and RNA 6 

encodes t he NP p o l y p e p t i d e ) .  Th i s  a l t e r a t i o n  i n RNA m o b i l ­

i t y  has proven t o  r e s u l t  f rom d i f f e r e n c e s  i n t he secondary 

s t r u c t u r e  o f  t he RNAs. A l l  i n f l u e n z a  A v i r u s e s  appear  t o  

have t he  RNA m i g r a t i o n  p a t t e r n  o f  t he  A/PR/8 / 34 v i r u s  p r o t o ­

t ype  when t h e i r  RNAs are t o t a l l y  denat ur ed  w i t h  g l y oxa l  

p r i o r  t o  p o l y a c r y 1 amide gel  e l e c t r o p h o r e s i s  ( Desse l be r ge r  

and P a l e s e , 1978) .

Hybr i d  a r r e s t e d  t r a n s l a t i o n  was ano t her  t ech n i q ue  used 

t o  map t he  i n f l u e n z a  v i r u s  genome. V i r i o n  RNA segments were 

annealed t o  p u r i f i e d  RNA i s o l a t e d  f rom v i r u s  i n f e c t e d  c e l l s .  

Those segments which formed RNA-RNA h y b r i ds  cou l d  not  p r o ­

gram p r o t e i n  s y n t h e s i s  i n  an j_n v i t r o  c e l l - f r e e  t r a n s l a t i o n  

system.  The p r o t e i n  which was not  made was assumed t o  be 

encoded by t he  i n p u t  vRNA segment ( I n g l i s  e t  a l . , 1977 ) .

The o t h e r  t e ch n i q ue  used t o  map t he i n f l u e n z a  v i r u s  

genome was based on h y b r i d i z a t i o n  and probe p r o t e c t i o n  a n a l ­

y s i s  ( S c h o l t i s s e k  e t  a l . ,  1976,  1977a,  b,  1978;  Rohde et  

a l . ,  1977,  1978) .  Wi l d  t ype  v i r u s e s  were crossed w i t h  t s  

mutants and r ecombi nant s  hav i ng t he  w i l d  t ype  phenotype were 

s e l e c t e d .  Complementary RNA i s o l a t e d  f rom c e l l s  i n f e c t e d  

w i t h  a recombinant  v i r u s  was h y b r i d i z e d  t o  l i m i t i n g  amounts
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32o f  i s o l a t e d  P l a b e l e d  RNA segments o b t a i ned  f rom both 

p a r e n t a l  v i r u s e s .  The gene d e r i v a t i o n  o f  t he  recombinant  

was de t ermi ned by n o t i n g  which RNA segment was p r o t e c t e d  

f rom RNAase d i g e s t i o n  and t he mutant  phenotype was c o r r e ­

l a t e d  w i t h  t he  RNA segment t h a t  was c o n s i s t e n t l y  r ep l aced  i n 

t he  w i l d t y p e  recomb i nan t .

The outcome o f  t he  mapping exper i ment s  has been the 

i d e n t i f i c a t i o n  o f  t he  gene f u n c t i o n s  i n  i n f l u e n z a  A v i r u s e s .  

For  example,  one group o f  i n v e s t i g a t o r s  was ab l e  t o  i d e n t i f y  

t he d e f e c t i v e  genes i n  t s  mutants be l ong i ng  t o  severa l  

r ec omb i n a t i o n - c o mp l e me n t a t i o n  groups (Pa lese et  a l . ,  1977b;  

R i t chey  and Pal ese,  1977) .  The t s  mutants used i n  t hese 

ana l yses  were i s o l a t e d  by Sugiura e t  a l . (1972,  1975) and

Ueda (1972)  and c o n s i s t e d  o f  seven recombi na t i on-compl emen-  

t a t i o n  groups.  Three groups con t a i ned  d e f e c t s  i n  t he  HA 

(Ueda and K i l b o u r n e ,  1976) ,  NA ( Pal ese et  a l . ,  1974) and in 

v i r a l  assembly ( Sug i u r a  e t  a l . ,  1975) .  The d e f e c t i v e  RNA i n 

sever a l  t s  mutants  was determined by r e scu i ng  t s  mutants 

w i t h  w i l d  t ype  v i r u s e s  and no t i n g  which gene was r e p l ac e d .  

These s t u d i e s  demonst ra t ed t h a t  t he PI and P3 p r o t e i n s  were 

r e q u i r e d  f o r  cRNA s y t h e s i s ,  t h a t  t he  NP and P2 p r o t e i n s  were 

necessary  f o r  vRNA s y n t h e s i s  and t h a t  t he  M p r o t e i n  appeared 

t o  be necessary  f o r  v i r a l  assembly ( R i t c h e y  and Palese,

1977) .
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6 . 3 . 4  INFLUENZA VIRUS REPLICATION

The f i r s t  s t ep i n  v i r a l  r e p l i c a t i o n  i s  a t t achment  t o  

t he  c e l l  membrane. Once a t t a c h e d ,  t he  v i r u s  can e n t e r  t he  

c e l l  by f u s i o n  w i t h  t he  c e l l  membrane (Morgan and Rose,

1968) which r e s u l t s  i n  r e l ease  o f  t he RNP complex i n t o  t he 

cy t op l asm.  I t  appears t h a t  c l eaved HA and the presence o f  

an NA are r e q u i r e d  f o r  v i r a l  e n t r y  and uncoa t i ng  t o  occur  

(Huang et  a l . ,  1980) .  An a l t e r n a t e  mode of  v i r a l  e n t r y  i s  

v i r o p e x i s  (Fazekas de St .  Gr o t h ,  1948) .  In t h i s  l a t t e r  

mechanism,  t he  v i r i o n  en t e r s  t he  c e l l  i n s i d e  a p i n o c y t o t i c  

v e s i c l e  which then f uses  w i t h  a lysosome t h a t  uncoats the 

v i r u s  and r e l eases  t he  RNP complex.  However,  Dourmashkin 

and T y r e l l  (1974)  have r e p o r t e d  t h a t  i n f l u e n z a  v i r u s  

d i r e c t l y  en t e r s  s u s c e p t i b l e  c e l l s  w i t h o u t  being engu l f ed  in 

a p i n o c y t o t i c  vacuo l e  and t h a t  t he i n t a c t  v i r u s  subsequen t l y  

uncoats  w i t h o u t  t he  a i d  o f  a l ysosome.  Since t h i s  process 

d i d  not  r e q u i r e  v i r u s  and c e l l  membrane f u s i o n  i t  was a l so  

des i gna t ed  v i r o p e x i s .  I t  i s  not  c e r t a i n  whether  one or  a l l  

o f  t he above mechanisms f o r  v i r a l  e n t r y ,  f u n c t i o n  j_n v i v o .

Once the RNP complex i s  found in t he cy t op l asm,  p r i mar y  

t r a n s c r i p t i o n  o ccu r s .  I n v e s t i g a t o r s  have been ab l e  t o  i d e n ­

t i f y  t h i s  stage o f  v i r a l  r e p l i c a t i o n  by t r e a t i n g  i n f e c t e d  

c e l l s  w i t h  c y c l o h e x i m i d e , an i n h i b i t o r  o f  p r o t e i n  s y n t h e s i s .  

The RNAs t h a t  are s y n t h e s i z e d  d u r i n g  p r i ma r y  t r a n s c r i p t i o n
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are mRNAs t h a t  are complementary t o  t he  i n f l u e n z a  v i r u s  

vRNAs. These mRNAs have been shown t o  have po l y - A t a i l s  at  

t h e i r  3'  ends and 7-met hy l  guanosine cap s t r u c t u r e s  a t  t h e i r  

5'  ends ( E t k i n d  and Krug,  1974;  Krug e t  a l . ,  1976;  P l o t c h  

and Krug,  1978) .  That  mRNAs o f  i n f l u e n z a  v i r u s e s  are not  

compl ete t r a n s c r i p t s  o f  t he vRNAs i s  known because when 

t hese two RNA spec i es  were h y b r i d i z e d ,  t he 5 ‘ t e r m i n i  o f  t he 

vRNAs were not  p r o t e c t e d  f rom nuclease SI d i g e s t i o n  (Hay et  

a l . ,  1977a) .  Fu r t he r mo r e ,  i t  has been d i r e c t l y  shown f o r  

f o u r  vRNAs t h a t  t he f i v e  t o  seven c on t i guous  U r e s i dues  

p r esen t  at  a p p r o x i m a t e l y  p o s i t i o n s  17-22 i n  t he 5'  t e r m i n i  

o f  i n f l u e n z a  v i r u s  vRNAs are the p o l y a d e n y l a t i o n  s i t e s  o f  

t he t r a n s c r i b e d  mRNAs ( Rober t son et  a l . ,  1981) .

Subsequent  t o  t he removal  o f  p r o t e i n  s y n t h e s i s  i n h i b ­

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

and compl ete cRNA t r a n s c r i p t s  l a c k i n g  cap s t r u c t u r e s  and 

p o l y - A  t a i l s  are made (Hay et  a l . s 1977b) .  How the v i r a l  

pol ymerase i s  programed t o  bypass t he p o l y a d e n y l a t i o n  s i t e  

and make compl ete  cRNA t r a n s c r i p t s  as opposed t o  mRNAs i s  

not  under s t ood .  I t  i s  known f rom " t emp e r a t u r e  s h i f t "  e x p e r ­

iments  w i t h  t s  mutant s  t h a t  t he P2 p r o t e i n  and t he NP are 

e s s e n t i a l  t o  n e g a t i v e  RNA s y n t h e s i s  ( R i t c h e y  and Pa l ese,  

1977) whi ch i s  most  l i k e l y  programed by f u l l  l e n g t h  cRNAs.

S t ud i es  on i n f l u e n z a  v i r u s  r e p l i c a t i o n  showed t h a t  t he 

r a t e  o f  mRNA s y n t h e s i s  f rom a l l  e i g h t  vRNAs d u r i n g  p r i mar y
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t r a n s c r i p t i o n  was r e l a t i v e l y  u n i f o r m when compared t o  t h a t  

o f  secondary t r a n s c r i p t i o n .  Dur i ng secondary t r a n s c r i p t i o n  

c e r t a i n  mRNAs are p r e f e r e n t i a l l y  made (Hay e t  a l . ,  1977b) .

I t  was shown t h a t  w i t h i n  t he  f i r s t  hour  o f  i n f e c t i o n  o f  

c h i c k  embryo f i b r o b l a s t s  w i t h  fowl  p lague v i r u s ,  mRNAs 5 and 

8 are p r ed o mi na n t l y  s y n t h e s i z e d .  L a t e r  i n  t he i n f e c t i o n  

mRNAs 4,  6 and 7 are produced i n  l a r g e r  q u a n t i t i e s .  The 

p r o d u c t i o n  o f  mRNAs 1, 2 and 3 appears t o  be r e l a t i v e l y  low 

d u r i n g  t he  course o f  t he  i n f e c t i o n .  In c o n t r a s t  t o  t h i s  

mRNA s y n t h e s i s ,  t empora l  d i f f e r e n c e s  do not  occur  i n t he 

maximal  p r o d u c t i o n  o f  t he  v a r i o u s  f u l l  l e n g t h  cRNAs. ( I t  

should  be noted t h a t ,  us i ng  a s i m i l a r  system as t h a t  

d e s c r i be d  above,  Pons (1977)  demonst ra ted t h a t  mRNA sy n t h e ­

s i s  i s  not  t e m p o r a l l y  c o n t r o l l e d  w i t h i n  t he  f i r s t  hour  o f  

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

amounts o f  v i r a l  p r o t e i n s  a t  d i f f e r e n t  t i mes  du r i ng  i n f e c ­

t i o n  i s  t hough t  t o  r e f l e c t  f l u c t u a t i o n s  i n  t he mRNA pool  and 

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

r e s u l t s  f rom t he  newly t r a n s c r i b e d  vRNA. These o b s e r v a t i o n s  

suggest  t h a t  gene c o n t r o l  i n  i n f l u e n z a  v i r u s  occurs at  the 

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

I t  i s  known t h a t  i n f l u e n z a  v i r u s  RNA s y n t h e s i s  i s  

dependent  on a f u n c t i o n a l  c e l l  nuc l eus or  a DNA dependent  

host  f u n c t i o n .  For example,  t r e a t m e n t  o f  t he  host  c e l l  w i t h  

agents such as ac t i no i nyc i n  D, a - a m i n i t i n ,  mi t omyc i n  C and uv 

i r r a d i a t i o n  i n h i b i t s  v i r a l  RNA s y n t h e s i s  ( Ba r r y  e t  a l . ,
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1962;  Ro t t  e t  al  . , 1965 ; Whi te and Cheyne,  1965 ; Nayak and 

Rasmussen,  1966;  Mahy e t  a l . ,  1972) .  Fu r t he r mor e ,  i n f l u e n z a  

v i r u s  f a i l s  t o  r e p l i c a t e  i n  enuc l ea t ed  c e l l s  ( F o l l e t  e t  a l . ,  

1974;  K e l l y  e t  a l . ,  1974) .  I t  has been suggested t h a t  

i n f l u e n z a  v i r u s  mRNA s y n t h e s i s  occurs  i n t he i n f e c t e d  c e l l  

nuc l eus because i n t e r n a l  N - me t hy l adenos i ne  r e s i d u e s ,  which 

are o n l y  found i n mRNAs o f  n u c l e a r  o r i g i n ,  are seen i n t he 

i n f l u e n z a  v i r u s  mRNA (Krug et  a l . ,  1976) .

One e x p l a n a t i o n  f o r  t he dependence o f  i n f l u e n z a  v i r u s  

r e p l i c a t i o n  on t he host  c e l l  nucleus was t h a t  i t  r e q u i r e d  

c e l l u l a r  DNA t r a n s c r i p t i o n  (Lamb and Choppin,  1977;  Spooner 

and B a r r y ,  1977) .  These s t u d i e s  showed t h a t  i n f l u e n z a  v i r u s  

cou l d  r e p l i c a t e  i n t he  presence o f  a - a m i n i t i n  o n l y  i f  t he 

host  c e l l  c on t a i ned  a mutant  DNA-dependent  RNA pol ymerase I I  

t h a t  was r e s i s t a n t  t o  t he  t r a n s c r i p t i o n  i n h i b i t o r .  In o t h e r  

s t u d i e s  i t  was shown t h a t  t he v i r a l  pol ymerase cou l d  be 

s t i m u l a t e d  J_n v i  t r o  by a d d i t i o n  o f  c e r t a i n  di  nucl  e o t i d e s  

(McGeoch and K i t r o n ,  1975;  P l o t ch  and Krug,  1977) which 

cou l d  be i n c o r p o r a t e d  i n t o  t he 5 1 ends o f  t he  v i r a l  t r a n ­

s c r i p t s  ( P l o t c h  et  a l . ,  1978;  P l o t ch  and Krug,  1978) .  From 

t hese  f i n d i n g s  i t  was hypo t hes i zed  t h a t  j_n v i v o  t r a n s c r i p ­

t i o n  o f  i n f l u e n z a  v i r u s  RNA was dependent  on c e l l u l a r  p r i m ­

e r s .  Subsequent l y  i t  was shown t h a t  g l o b i n  message c o n t a i n ­

i ng  a 7 - me t hy l guanos i ne  cap s t r u c t u r e  f u n c t i o n e d  as an 

e f f i c i e n t  p r i me r  f o r  t he  i n f l u e n z a  v i r i o n  pol ymerase i n 

v i t r o  ( Bou l oy  e t  a l . ,  1978) .  In a d d i t i o n ,  t he pr imed v i r a l



34

mRNA was shown t o  c o n t a i n  t he g l o b i n  message cap s t r u c t u r e  

( P l o t c h  et  a l . ,  1979) and t he  f i r s t  12-15 5 ' - t e r m i n a l  bases 

o f  t he  g l o b i n  mRNA ( Rober t son et  a l . ,  1980) .  A s i m i l a r  

f i n d i n g  was r e p o r t e d  f o r  i n f l u e n z a  v i r u s  mRNAs produced in 

v i v o  (Krug e t  al  . , 1979) .  Sequence a n a l y s i s  has con f i r med  

t h a t  t h e r e  are n o n v i r u s  coded sequences a t  t he  5'  ends o f  

i n f l u e n z a  v i r u s  mRNAs i s o l a t e d  f rom i n f e c t e d  c e l l s  (Caton 

and Rober t son ,  1980;  Dhar e t  a l . ,  1980;  Lamb and L a i ,  1980) .

I t  now appears t h a t  t he  i n f l u e n z a  v i r u s  dependence on a host  

n u c l e a r  f u n c t i o n  i s  due t o  i t s  need f o r  c e l l u l a r  mRNA f rom 

whi ch t he v i r u s  pol ymerase can o b t a i n  a cap s t r u c t u r e  

t o g e t h e r  w i t h  severa l  n u c l e o t i d e s  t o  pr ime v i r a l  mRNA 

s y n t h e s i s .  Most r e c e n t l y ,  a uni que cap (m^GpppXm) dependent  

i n f l u e n z a  v i r i o n  endonuclease was desc r i bed  and i t  was shown 

t h a t  t h i s  enzyme c l eaved capped mRNAs t o  make t he  p r i mer s  

needed f o r  v i r a l  mRNA s y n t h e s i s  ( P l o t c h  e t  a l . ,  1981) .

E a r l y  i n  i n f e c t i o n ,  i n f l u e n z a  v i r a l  p r o t e i n s  are s y t h -  

es i zed  and are c o n t i n u o u s l y  produced at  r a t e s  whi ch c o r r e s e -  

pond t o  t he amount o f  a v a i l a b l e  v i r a l  mRNAs ( Skehel  , 1972,

1973,  Me i e r - Ewer t  and Compans, 1974;  I n g l i s  e t  a l . ,  1976;

Lamb and Choppin,  1976 ; Hay e t  a l . , 1977b;  I n g l i s  and Mahy, 

1979) .  The P, NP and NS p r o t e i n s  are made i n  t he  cy top l asm 

and t he  NP and NS p r o t e i n s  m i g r a t e  t o  t he  nuc l eus  and 

n u c l e o l u s  r e s p e c t i v e l y .  The M p r o t e i n  has been de t e c t ed  on 

smooth membrane and plasma membrane and t h e r e f o r e  i s  t hought  

t o  have an a f f i n i t y  f o r  membranes ( L a z a r o w i t z  e t  al  . ,  1971;
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Compans, 1973a;  Klenk e t  al  . , 1974) whi ch may be due t o  i t s  

hydr ophob i c  na t u r e  ( Wi n t e r  and F i e l d s ,  1980) .  Th i s  l a t t e r  

s t udy  showed t h a t  42% o f  t he  amino ac i d  r e s i dues  i n  t he PR8 

M p r o t e i n  were hyd r o ph o b i c .  The HA and NA are syn t hes i zed  

on t he rough endopl asmi c  r e t i c u l u m  and are g l y c o s y l a t e d  d u r ­

i ng t r a n s f e r  t o  t he  plasma membranes v i a  t he  smooth endo­

p l asmi c  r e t i c u l u m  (Compans,  1973b;  Klenk e t  a l . ,  1974,  1977;  

Hay,  1974;  Me i e r - Ewer t  and Compans, 1974;  S t a n l e y  e t  a l . ,  

1973;  Nakamura and Compans, 1979a,  b ) .  E v e n t u a l l y  enough 

v i r a l  p r oduc t s  are made f o r  v i r i o n  assembly and budding t o  

t ake  p l ace .

The f i r s t  v i r u s  f o r  which budding f rom a plasma mem­

brane was demonst ra ted was i n f l u e n z a  v i r u s  (Murphy and Bang, 

1952) .  Subsequent l y  t he  stages o f  i n f l u e n z a  v i r u s  assembly 

and r e l e as e  were d e l i n e a t e d  by e l e c t r o n  m i c r o s c o p i c  a n a l y s i s  

(Compans and Dimmock, 1969;  Bachi  e t  a l . ,  1969;  Compans et  

a l . , 1970a) .  I t  i s  t hough t  t h a t  t he  HA and NA are f i r s t  

i n s e r t e d  i n t o  t he host  c e l l  membrane and t h a t  t he M p r o t e i n  

a s s o c i a t e s  w i t h  t he  c e l l  membrane beneath t he  v i r a l  g l y c o ­

p r o t e i n s .  The RNP complex then as s o c i a t e s  w i t h  t he M p r o ­

t e i n  and budding occurs  by a p i n c h i n g  o f f  o f  evag i na t ed  mem­

brane segments.
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6.4 VARIATION IN INFLUENZA VIRUSES

Al t hough i n f l u e n z a  v i r u s  vacc i nes  have been a v a i l a b l e  

f o r  more t han t h i r t y  y e a r s ,  d i sease  caused by t hese v i r u s e s  

c on t i n ue s  t o  plague man. One o f  t he  ma j o r  reasons f o r  t he 

r e c u r r e nc e  o f  i n f l u e n z a  stems f rom t he a b i l i t y  o f  i n f l u e n z a  

A v i r u s e s  t o  undergo con t i nuous  a n t i g e n i c  v a r i a t i o n .  I n f l u ­

enza v i r u s  v a r i a n t s  exp r ess i ng  novel  HA and NA an t i g e n s  can 

escape a n t i body  n e u t r a l i z a t i o n  and can f r e e l y  r e i n f e c t  t he 

p r e v i o u s l y  immune p o p u l a t i o n .

I n f l u e n z a  v i r u s e s  are capable  o f  two t ypes  o f  a n t i g e n i c  

v a r i a t i o n .  Major  and sudden a n t i g e n i c  changes i n  one or  

both o f  t he su r f a c e  g l y c o p r o t e i n s  may g i ve  r i s e  t o  new sub- 

t ypes  which are a s s o c i a t e d  w i t h  pandemic d i sease .  Thi s  d r a ­

mat i c  change i n a n t i g e n i c  c h a r a c t e r  i s  known as a n t i g e n i c  

s h i f t .  A second t ype  o f  v a r i a t i o n  observed in i n f l u e n z a  

v i r u s e s  i s  a n t i g e n i c  d r i f t  which i s  de f i n e d  as a gradual  

change in t he s u r f a c e  g l y c o p r o t e i n s ,  HA and NA. A n t i g e n i c  

d r i f t  i s  as s o c i a t e d  w i t h  r e c u r r i n g  epi demic  ou t b r eaks  o f  

i n f l u e n z a  ( f o r  r ev i ew see K i l b o u r n e ,  1975) .

6 . 4 . 1  ANTIGENIC SHIFT
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I t  has been p o s t u l a t e d  t h a t  new subtypes o f  i n f l u e n z a  

v i r u s  a r i s e  by r e c omb i n a t i o n  among human and animal  v i r u s e s .  

The recombinant  r e t a i n s  i t s  i n f e c t i v i t y  and p a t h o g e n i c i t y  

f o r  man but  acqu i r es  new s u r f a c e  an t i g en s  which p o s s i b l y  

d e r i v e  f rom the animal  s t r a i n .  The human p o p u l a t i o n  would 

then be s u s c e p t i b l e  t o  i n f e c t i o n  w i t h  t h i s  i mmu n o l o g i c a l l y  

novel  i n f l u e n z a  v i r u s .  Several  i n v e s t i g a t o r s  us i ng  v a r i o us  

t echn i ques  have r e p o r t e d  ev i dence i n  suppor t  o f  r ecombi na­

t i o n  as one o f  t he  mechanisms t h r ough  which new s t r a i n s  

capable  o f  caus i ng d i sease may be genera ted:

(1)  In v i t r o  ( K i l b o u r n e ,  1968) and in v i v o  (Webster  et  

a l . ,  1973) s t u d i e s  showed t h a t  r e comb i n a t i o n  between human 

and animal  i n f l u e n z a  v i r u s  s t r a i n s  can occur  and t he  l a t t e r  

s tudy  a l so  showed t h a t  t he recombinant  s t r a i n  was t r a n s m i t ­

t ed under  c o n d i t i o n s  t h a t  s i mu l a t e d  what may occur  i n 

n a t u r e .

(2)  The use o f  o l i g o n u c l e o t i d e  map a n a l y s i s  p r ov i ded  

ev i dence t h a t  t h e r e  were r ecombi nant  s t r a i n s  among av i an 

v i r u s e s  i s o l a t e d  i n  na t u r e  ( De sse l b e r g e r  et  a l . ,  1978) .  

S i m i l a r  a n a l y s i s  o f  human i n f l u e n z a  A v i r u s e s  a l s o  i s o l a t e d  

i n na t u r e  showed t h a t  r e c o mb i n a t i o n  c o n t r i b u t e d  t o  t he 

g e n e t i c  v a r i a t i o n  o f  H1N1 s t r a i n s  (Young and Pa l ese ,  1979) .

(3)  S e r o l o g i c  a n a l y s i s  demonst ra ted v a r i e d  e x t e n t s  of  

r e l a t e d n e s s  among the HAs and NAs o f  human and animal  i n f l u ­

enza v i r u s  s t r a i n s  ( P e r e i r a  e t  a l . ,  1967;  Coleman et  a l . ,
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1968;  Webster  and P e r e i r a ,  1968;  S c h i l d  and Newman, 1969;  

Me i e r - Ewer t  e t  a l . ,  1970;  Laver  and Webster ,  1973) ,  s ugges t ­

i ng  t h a t  t hese d i f f e r e n t  s t r a i n s  may be r e l a t e d  t h rough  

r e c o mb i n a t i o n a l  even t s .  S i m i l a r  s e r o l o g i c  surveys surveys 

o f  t he HAs and NAs o f  av i an  s t r a i n s  r evea l ed  a n t i g e n i c  

h y b r i d s  (Webster  e t  a l . ,  1976;  S h o r t r i d g e  e t  a l . ,  1977) ,  

whi ch i m p l i e d  t h a t  r easso r t men t  o f  t he HA and NA genes may 

have oc cu r r ed .  Other  surveys  us i ng  p e p t i d e  map a n a l y s i s  

showed t h a t  t he H3s o f  human, av i an  and equine o r i g i n  were 

very  s i m i l a r  ( Laver  and Webster ,  1972) and t h a t  t he NA f rom 

t he  H2N2 and H3N2 s t r a i n s  were a l so  r e l a t e d  ( Lav e r ,  1978) .  

These two l a t t e r  s t u d i e s  suggested t h a t  t he H3N2 s t r a i n  may 

be a recomb i n a n t  t h a t  d e r i v e d  t he HA gene f rom an av i an  or  

equ ine l i k e  s t r a i n  but  r e t a i n e d  t he  NA gene f rom the H2N2 

s t r a i n .

(4)  RNA-RNA h y b r i d i z a t i o n  a n a l y s i s  was used t o  show 

t h a t  t he H2N2 and H3N2 subtypes were d e r i v e d  f rom recombina-  

t i o n a l  events ( S c h o l t i s s e k  e t  a l . ,  1978) .  I t  was shown t h a t  

a l l  RNAs, excep t  f o r  t he  HA gene o f  t he  H3N2 v i r u s  

( A / HK/ 1 / 68 )  were c l o s e l y  r e l a t e d  t o  t he co r r e sp on d i n g  RNAs 

o f  t he H2N2 v i r u s  (A/Si  n g / 1 / 5 7 ) . The H3N2 v i r u s  HA RNA was 

shown t o  be c l o s e l y  r e l a t e d  t o  t he  HA RNA o f  t he  A / duck / U-  

k r a i n e / 1 / 6 3  i n f l u e n z a  v i r u s .  T h e r e f o r e ,  i t  was suggested 

t h a t  a r e c omb i n a t i o n a l  event  between an A / S i n g / 1 / 5 7  l i k e  

v i r u s  and an A / d u c k / U k r a i n e /  1/63 l i k e  v i r u s  gave r i s e  t o  

t h e  H3N2 s t r a i n s .  The c l ose  homology between t he HAs o f  the
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A / d u c k / U k r a i n e / 1 / 6 3  v i r u s  and t h a t  o f  two d i f f e r e n t  H3N2 

s t r a i n s  (A/ Ai  c h i / 2 / 6 8  and A / V i c / 3 / 7 5 )  has been con f i r med  by 

compar a t i ve  n u c l e o t i d e  sequence a n a l y s i s  (D. Huy lebroeck  et  

a l . ,  personal  commun i ca t i on ) .

A l t hough  t h e r e  i s  abundant  ev i dence s u p p o r t i n g  the 

r ec omb i n a t i o n a l  o r i g i n  o f  new pandemic s t r a i n s ,  r ecombi na­

t i o n  i s  p r obab l y  not  t he  so l e  mechanism i n v o l v e d .  In 1977,  

H3N2 v i r u s e s  were s t i l l  c i r c u l a t i n g  i n  na t u r e  when i n f l u e n z a  

v i r u s e s  o f  t he H1N1 sub t ype ,  which was p r e v a l e n t  f rom 1946 

t o  1957,  were i s o l a t e d  f rom ep i demi cs  i n China (Kendal  et  

a l . ,  1978) .  Subsequen t l y ,  s i m i l a r  i s o l a t e s  were found 

t h r o u g h o u t  t he  wo r l d .  A r emarkab l e  d i s c o v e r y  r e s u l t e d  f rom 

the compar a t i ve  o l i g o n u c l e o t i d e  map a n a l y s i s  o f  t hese 

s t r a i n s  (Nakaj ima et  a l . ,  1978) .  I t  was demonst ra t ed t h a t  

t hese r e c e n t l y  i s o l a t e d  H1N1 s t r a i n s  were a s t o n i s h i n g l y  s im­

i l a r  t o  s t r a i n s  p r e v a l e n t  i n  1950 but  t h a t  t hey  d i f f e r e d  

f rom o t h e r  H1N1 s t r a i n s  i s o l a t e d  be f o r e  or  a f t e r  t h a t  t i me .  

Si nce t he RNAs of  t he  1977 H1N1 i s o l a t e s  showed few changes 

when compared t o  t hose o f  t he  1950 H1N1 v i r u s e s ,  and s i nce 

t hey  were d i f f e r e n t  f rom t he  RNAs o f  t he  H3N2 v i r u s e s ,  a 

r e c omb i n a t i o n a l  event  i n v o l v i n g  an H3N2 s t r a i n  cou l d  not  

account  f o r  t he  reappearance o f  t hese H1N1 s t r a i n s .

RNA-RNA h y b r i d i z a t i o n  a n a l y s i s  ( S c h o l t i s s e k  et  a l . ,

1978b) con f i r med  t h i s  f i n d i n g .
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6 . 4 . 2  ANTIGENIC DRIFT

The accepted t h e o r y  f o r  a n t i g e n i c  d r i f t  i s  t h a t  t he 

s e q u e n t i a l  r ep l acement  o f  human i n f l u e n z a  v i r u s e s  by new 

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

on mutants  o f  v i r a l  s u r f a c e  p r o t e i n s .  Ea r l y  i n v e s t i g a t i o n s  

showed t h a t  s t a b l e  a n t i g e n i c  v a r i a n t s  cou l d  be s e l e c t e d  by 

a n t i b o d y  ( T a y l o r ,  1949;  A r c h e t t i  and H o r s f a l l ,  1950;  I saacs ,  

1950;  Gerber  e t  a l . ,  1955) .  In p a r t i c u l a r ,  T a y l o r ' s  s tudy 

showed t h a t  a n t i g e n i c  v a r i a n t s  cou l d  be i s o l a t e d  f rom 

p a t i e n t s  who had p r e v i o u s l y  been exposed t o  i n f l u e n z a  v i r u s  

and p r esen t ed  w i t h  apparen t  as we l l  as i na p p a r e n t  i n f e c ­

t i o n s .  Consequen t l y ,  he proposed t h a t  t he  p a r t i a l l y  immune 

host  p r ov i ded  a s e l e c t i v e  env i r onment  f o r  t he emergence o f  

a n t i g e n i c  v a r i a n t s  capab l e  o f  r e s i s t i n g  n e u t r a l i z a t i o n  by 

a n t i b o d y .  In s t u d i e s  t h a t  used r e comb i n a t i o n  t o  segregat e  

t he  HA and NA o f  seve r a l  i n f l u e n z a  v i r u s e s ,  i t  was shown 

t h a t  a n t i g e n i c  v a r i a t i o n  cou l d  i n d e pe n d en t l y  t ake  p l ace  i n 

t he  HA and NA o f  n a t u r a l l y  o c c u r r i n g  i n f l u e n z a  v i r u s e s  

(Schulman and K i l b o u r n e ,  1969) .  That  a n t i g e n i c  v a r i a n t s  are 

t he  r e s u l t  o f  mu t a t i on s  was shown by compar a t i ve  t r y p t i c  

p e p t i d e  a n a l y s i s  o f  HA p r o t e i n s  i s o l a t e d  f rom v a r i a n t s  

s e l e c t e d  Jjn v i t r o  ( Lave r  and Webster ,  1968;  Laver  e t  al  . , 

1979) .  Th i s  t ype  o f  a n a l y s i s  was a l so  done f o r  NA p r o t e i n s  

i s o l a t e d  f rom n a t u r a l l y  o c c u r r i n g  N2 v a r i a n t s  (Kendal  and 

K i l e y ,  1975) .  Re c e n t l y ,  amino ac i d  changes i n  t he HA1 mol -
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ecu l e  have been c o r r e l a t e d  w i t h  a n t i g e n i c  v a r i a t i o n  i n  f i e l d  

i s o l a t e s  o f  t he H3N2 subtype ( Laver  e t  al  . , 1980;  S l e i gh  et  

a l . ,  1981) .  In t he  l a t t e r  s t udy  t he  n u c l e o t i d e  sequence o f  

t he  genes cod i ng f o r  t he  HA1 p o l y p e p t i d e s  o f  severa l  H3N2 

s t r a i n s  were de t e rmi ned and compared t o  each o t h e r  i n  a d d i ­

t i o n  t o  two p r e v i o u s l y  pu b l i s h e d  HA sequences.  When a l l  t he 

s t r a i n s  were anal yzed w i t h  a panel  o f  monoclonal  a n t i b o d i e s ,  

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

amino ac i d  s u b s t i t u t i o n s .

A new phase i n  t he s t udy  o f  g e n e t i c  v a r i a t i o n  among 

i n f l u e n z a  v i r u s e s  has evo l ved  f rom t he  advent  o f  n u c l e o t i d e  

sequence a n a l y s i s .  As ment i oned e a r l i e r ,  compl ete n u c l e i c  

ac i d  sequences o f  sever a l  i n f l u e n z a  v i r u s  genes have been 

de t e r mi ned .  In a d d i t i o n ,  t he compl ete amino ac i d  sequence 

o f  an HA p o l y p e p t i d e  (Ward and Dopheide,  1980) and severa l  

p a r t i a l  sequences o f  o t h e r  HA p o l y p e p t i d e s  d e r i v e d  f rom pep­

t i d e  a n a l y s i s  have a l so  been r e p o r t e d  ( W a t e r f i e l d  e t  a l . ,  

1979;  Laver  et  a l . ,  1980) .  R e c e n t l y ,  t he t h r e e  d imens i ona l  

s t r u c t u r e  o f  one HA mo l ecu l e  has been determi ned by X- ray 

c r y s t a l  1ography ( Wi l son  e t  a l . ,  1981) .  Mapping amino ac i d  

changes de t e c t ed  i n n a t u r a l l y  o c c u r r i n g  and l a b o r a t o r y  

s e l e c t e d  a n t i g e n i c  v a r i a n t s  on t he  t h r e e  d i mens i ona l  s t r u c ­

t u r e  o f  t he  HA has t e n t a t i v e l y  e s t a b l i s h e d  f o u r  a n t i g e n i c  

s i t e s .  A d d i t i o n a l  n u c l e o t i d e  sequence a n a l y s i s  o f  o t he r  

n a t u r a l l y  o c c u r i ng  a n t i g e n i c  v a r i a n t s  a l so  showed changes i n  

t he  same f o u r  a n t i g e n i c  s i t e s  (M.J.  S l e i g h ,  personal  commu-
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n i c a t i o n ) .  Whether  mu t a t i o ns  i n  t hese f o u r  HA s i t e s  are 

so l ey  r e s p o n s i b l e  f o r  t he  g e n e r a t i o n  and s e l e c t i o n  o f  new 

a n t i g e n i c  v a r i a n t s ,  capab l e  o f  ep i demi c  d i s e a s e ,  r e q u i r e s  

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

For  example,  i t  shou l d  be de t e rmi ned i f  mu t a t i o n s  i n  o t h e r  

genes can a l s o  i n f l u e n c e  t he s e l e c t i o n  o f  v a r i a n t s .

6 . 4 . 3  GENETIC VARIATION IN GENES CODING FOR NONSURFACE 

PROTEINS

Compar ison o f  t he  RNA f i n g e r p r i n t s  o f  H1N1 v i r u s e s  i s o ­

l a t e d  d u r i n g  a 9 month p e r i od  i n  1977 suggested t h a t  sequen­

t i a l  mu t a t i o n s  occu r r ed  t h r o ug h o u t  t h e i r  genomes (Young et  

a l . ,  1979) .  Th i s  ev i dence  suggested t h a t  t he  emergence of  

v a r i a n t s  i s  not  so l ey  dependent  on a n t i b o d y  s e l e c t i o n  o f  HA 

and NA a n t i g e n i c  mu t an t s .  ( V a r i a t i o n  i n t he  NP was i ndepen­

d e n t l y  d e t e c t ed  by us i ng  the t ech n i q ue  o f  double i mmunodi f ­

f u s i o n ,  S c h i l d  et  al  . , 1979 ; and p e p t i d e  map a n a l y s i s ,  Dim- 

mock e t  a l . ,  1980) .  O l i g o n u c l e o t i d e  map a n a l y s i s  o f  H1N1 

s t r a i n s  i s o l a t e d  i n t he  w i n t e r  o f  1978-1979 r evea l ed  t h a t  

t hey  d e r i v e d  f rom a r e c o mb i n a t i o n a l  event  (Young and Pa l ese,  

1979) .  S p e c i f i c a l l y  i t  was shown t h a t  t he  new H1N1 p r o t o ­

t y p e ,  A / C a l / 1 0 / 7 8 ,  had a recombi nant  genotype c o n s i s t i n g  o f
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t he HA, NA, M and NS genes f rom an e a r l i e r  H1N1 s t r a i n  and 

t he P I ,  P2, P3 and NP genes whi ch p r obab l y  d e r i v e d  f rom an 

H3N2 v i r u s .  Thi s  f i n d i n g  i n d i c a t e d  t h a t  i n  a d d i t i o n  t o  

p o i n t  m u t a t i o n s ,  r e c omb i n a t i on  may a l so  be i n v o l v e d  i n  gen­

e r a t i n g  i n f l u e n z a  v i r u s  v a r i a n t s  o f  t he same subt ype.

Comparat i ve  o l i g o n u c l e o t i d e  map ana l yses  t h a t  w i l l  be 

p r esen t ed  i n  t he " R e s u l t s "  s e c t i o n ,  have demonst ra ted v a r i a ­

t i o n  among a l l  genes o f  severa l  H2N2 v i r u s e s  and have shown 

t he  e x t e n t  o f  change among a l l  t he co r r es po n d i n g  genes.  

Fu r t h e r mo r e ,  n u c l e o t i d e  sequence a n a l y s i s  has a l so  been used 

t o  d i r e c t l y  de t e r mi ne  t he v a r i a t i o n  o f  two d i f f e r e n t  NS 

genes and t h e  sequences o f  t hese two genes were compared t o  

t hose o f  two o t h e r  NS genes.
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6 . 5  OBJECTIVES OF THIS STUDY

The aim of  t h i s  s tudy  was t o  ana l yze t he  g e n e t i c  s t r u c ­

t u r e  o f  i n f l u e n z a  A v i r u s  genes us i ng mo l e c u l a r  t e c h n i q u e s .  

Three goal s  were set  d u r i n g  t he  course o f  my i n v e s t i g a t i o n s :

(1)  To de t e rmi ne  t he g e n e t i c  compos i t i ons  o f  severa l  

i n f l u e n z a  v i r u s  r ecombi nant s  c o n s t r u c t e d  f o r  use i n vacc i ne  

p r o d u c t i o n .

(2)  To e s t i ma t e  t he  ex t e n t  o f  g e n e t i c  v a r i a t i o n  among 

a l l  t he  genes o f  f i v e  i n f l u e n z a  v i r u s e s ,  which were i s o l a t e d  

at  t he b e y i n n i n g ,  mi dd l e  and end o f  t he H2N2 subtype pe r i od  

( 1957- 1968) ,  us i ng RNAase T1 f i n g e r p r i n t i n g .

(3)  To examine t he  g e n e t i c  s t r u c t u r e  o f  two d i f f e r e n t  

i n f l u e n z a  v i r u s  NS genes by m o l e c u l a r  c l o n i n g  and DNA 

sequenc ing and t o  de t e rmi ne  t he g e n e t i c  v a r i a t i o n  between 

t hese  two sequences and t hose of  two o t h e r  NS gene 

sequences.
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7.0 MATERIALS AND METHODS

7.1 VIRUS AND VIRUS PURIFICATION

Table 2 l i s t s  t he  i n f l u e n z a  v i r u s e s  used i n  t h i s  s t udy .  

V i r us  was propagated by i n o c u l a t i n g  t he a l l a n t o i c  c a v i t y  o f  

1 0 - 1 1  day o l d  embryonated hens'  eggs w i t h  0 . 1  ml o f  a 

1 0 0 0 - f o l d  d i l u t e d  v i r u s  seed.  The d i l u e n t  c o n s i s t e d  o f  

phosphate b u f f e r e d  s a l i n e  (PBS),  136 mM NaCl , 3.7 mM KC1,

8.1 mM Na2 HP0 ^ ,  1.5 mM KH2 HPO4 , c o n t a i n i n g  100 u n i t s / m l  p e n i ­

c i l l i n  G, 100 ug/ml  s t r e p t o my c i n  s u l f a t e  and 190 ug/ml  

bov i ne  a l bumin ( f r a c t i o n  V, Mi l es  B i o c h e mi c a l s ,  E l k h a r t ,

IN) .  A f t e r  two days i n c u b a t i o n  at  37°C,  t he  i n f e c t e d  eggs 

were c h i l l e d  t o  4°C and t he  a l l a n t o i c  f l u i d s  were harves t ed  

and c l a r i f i e d  by c e n t r i f u g a t i o n  at  1000 x g f o r  1 5 ' .  V i r us  

was q u a n t i t a t e d  by h e m a g g l u t i n a t i o n  ( H i e r h o l z e r  and Sugg,  

1969) :  S e r i a l  t w o - f o l d  d i l u t i o n s  o f  v i r u s  i n  PBS were made

in m i c r o t i t e r  p l a t e s  (Dynatech Labs I n c . ,  A l e x a n d r i a ,  VA) 

and human group "0"  c e l l s  t o  a f i n a l  c o n c e n t r a t i o n  o f  0.25% 

were added t o  each w e l l .  The c o n t e n t s  were mixed and 

a l l owed  t o  i ncuba t e  at  room t emper a t u r e  f o r  one hour .  The 

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

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

V i r u s  Ob t a i n e d  f r o m

A/PR/8/34 CH1NI) D e p t ,  o f  M i c r o b i o l o g y

Mt , S i n a i  Sc h , of  Me d ,

A/A i c h i/2/68 (H3N2) 
A/Engl a n d / 42/72 CH3N2)
A/Port C h a l m e r s / 1 / 7 3  (H3N2)
A / S c o t l a n d / 8 4 0 / 7 4  CH3N2)
A / V i c t o r i a / 3 / 7 5  CH3N2)
A / E n g l a n d / 8 6 4 / 7 5  CH3N2)
A/New J e r s e y / 1 / 7 6  CHswlNl)

A/V1c t o r 1a / 1 1 2 / 7 6  CH3N2)
A / T e x a s / 1 / 7 7  CH3N2)
A / B r a z i l / 1 1 / 7 8  CH1N1)
A/Ann A r b o r / 6 / 6 0  (H2N2)
A / N e d e r l a n d / 8 4 / 6 8  (H2N2)
A/H o n g  K o n g / 8 / 6 8  (H3N2)
X-31 D r ,  E.D, K i l b o u r n e

X-37
X-41
X-45 
X-47 
X-49 
X-53
X - 5 3 a

Ab b r e v i a t i o n

PR8

Vi c/75

A/AA/6/60
A / N e d / 8 4 / 6 8

A/HK/8/68
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T a b l e  2 c o n t ,

V i r u s  Ob t a i n e d  f r o m

X-57 D r ,  E , D .  K i l b o u r n e

X-61 
X-71
A / S in g a p o r e / 1 / 5 7  (H 2 N 2 )  D r ,  A . P ,  Ke n d a l

A /T a i w a n / 1 / 6 4  CH2N2)

A / C a l i f o r n i a / 1 / 6 6  (H2N2) "
A / d u c k / A l b e r t a / 6 0 / 7 6  D r .  R,G, W e b s t e r(H12N5)

Ab b r e v i a t i o n

A / S i n g / 1 / 5 7

A/TW/1/64
A /C a l / 1 / 6 6

d u c k
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A l i q u o t s  o f  t he pooled a l l a n t o i c  f l u i d  were s t o r ed  at  

-70°C f o r  use as seed s t ocks  and t he  r e s t  o f  t he pool  was 

c e n t r i f u g e d  i n  a 45Ti  r o t o r  at  127 ,000 x g f o r  30'  t o  p e l l e t  

t he v i r u s .  P e l l e t s  were resuspended i n  sever a l  ml o f  NTE 

[10 mM Tr i s - HCl  pH 7 . 4 ,  100 mM NaCl and 1 mM d i sodium e t h y l -  

enediamine t e t r a a c e t a t e  (EDTA)]  and l ay e r ed  onto 30%- 60% 

con t i nuous  sucrose g r a d i e n t s  formed w i t h  NTE i n  SW27 c e l l u ­

l ose  n i t r a t e  t ubes .  A f t e r  c e n t r i f u g i n g  f o r  3 hours at  

77,000 x g, t he  v i s i b l e  v i r u s  bands were harves t ed  by punc­

t u r i n g  t he s i de  o f  t he t ube w i t h  a s y r i n g e  and a s p i r a t i n g  

the band.  Concent ra t ed v i r u s  p r e p a r a t i o n s  were s t o r ed  at  

- 2 0 ° C .

7.2 PLASMID AND PLASMID PROPAGATION

Three recombinant  p l asmids (pMEL801,  pJZl Ol  and pARlOl )  

c o n s t r u c t e d  w i t h  pBR322 and d o u b l e - s t r a n d e d  t r a n s c r i p t s  o f  

i n f l u e n z a  v i r u s  NS gene segments were used f o r  sequence 

a n a l y s i s .  T h e i r  c o n s t r u c t i o n  and i n s e r t i o n  i n t o  E. co1 i w i l l  

be d e t a i l e d  i n  subsequent  s e c t i o n s .  To propagate p l asmi d ,

E. c o1i t r a n s f o r m a n t s  were grown i n  LB medium [1% B a c t o - t r y p -  

t o n ,  0.5% yeas t  e x t r a c t ,  ( D i f c o  1a b o r a t o r i e s , D e t r o i t ,  MI) 

and 1% NaCl ]  supplemented w i t h  50 ug/ml  a m p i c i l 1 i n which
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s e l e c t s  f o r  c e l l s  c o n t a i n i n g  t he p e n i c i l l i n a s e  p r oduc i ng  

p l asmi d .  Ce l l s  were i ncuba t ed  at  37°C i n  an i n c u b a t o r -  

shaker  u n t i l  an absorbance at  260 nm o f  a p p r o x i ma t e l y  0 . 6  

was reached.  At t h i s  p o i n t  200 ug/ml  o f  ch l o r amphen i co l  was 

added t o  t he  c u l t u r e  t o  a m p l i f y  t he  p l asmid ( C l e we l ,  1972) .  

A f t e r  16 hours ,  t he  c u l t u r e  was c h i l l e d  on i c e  and t he  c e l l s  

ha rves t ed  by c e n t i f u g a t i o n  a t  7000 x g f o r  1 5 ' .  P e l l e t s  

were resuspended i n  20 mM Tr i s - HCl  pH 8.0  and r e p e l l e t e d  

i n  a 50 ml p l a s t i c  screwcap tube such t h a t  each p e l l e t  con­

t a i n e d  t he  e q u i v a l e n t  o f  0 .5  1 o f  c e l l s .  C e l l s  were s t o r ed  

a t  - 2 0 °C.

7.3 CELL CULTURE

Madin-Darby can ine k i dney  (MDCK) c e l l s  were ma i n t a i ned  

i n  75 cm2 p l a s t i c  b o t t l e s  (Fa l con P l a s t i c s ,  Oxnard,  CA) w i t h  

15 ml of  growth medium [ mi n i ma l  e s s e n t i a l  medium (MEM) w i t h  

Ea r l es  s a l t s ,  (Grand I s l a n d  B i o l o g i c a l  Co. ,  Be r k e l e y ,  CA) 

c o n t a i n i n g  1 0 % heat  t r e a t e d  ( 560C f o r  6 0 ' )  f e t a l  bovine 

serum,  (Flow L a b o r a t o r i e s ,  R o c k v i l l e ,  MD) 5% NaHCOg, 0.292 

mg/ml L - g l u t a m i n e  (Flow l a b o r a t o r i e s ) ,  100 u n i t s / m l  p e n i c i l ­

l i n  G and 100 ug/ml  s t r e p t o m y c i n  s u l f a t e ] .  Using t r y p s i n -  

EDTA [0.1% t r y p s i n  ( D i f c o  L a b o r a t o r i e s )  0.04% EDTA, 0.025%
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N a H C O g ]  c e l l s  were removed f rom t he  b o t t l e s ,  p e l l e t e d  (1000 

x g f o r  1 0 ' )  and seeded i n t o  new b o t t l e s  a t  2 x 1 0 ^ c e l l s  

per  b o t t l e .  A f t e r  3-4 days i n c u b a t i o n  a t  37°C i n  a h u mi d i ­

f i e d  i n c u b a t o r  c o n t a i n i n g  5% CO2 , c o n f l u e n t  monolayers  were 

o b t a i n e d .  MDCK c e l l s  were a l so  seeded i n t o  25 cm2 p l a s t i c  

d i shes  (Fa l con  P l a s t i c s )  at  1 .0 x 10^ c e l l s  per  d i sh  f o r  use 

i n 1 a b e l i  ng v i  r a l  RN As  .

7.4 BIOCHEMICAL TECHNIQUES

7 . 4 . 1  EXTRACTION OF VIRAL RNA

Vi r us  p u r i f i e d  f rom sucrose g r a d i e n t s  was p l aced i n t o  a 

50 ml p l a s t i c  screwcap tube and made 10 mM Tr i s - HC l  pH 7 . 4 ,  

10 mM KC1 , 1 .5 mM MgCl2> 0.3% sodium dodecyl  s u l p h a t e  (SDS) 

and 500 ug/ml  p r o t e i n a s e  K (Merck Co. ,  Dar ms t ad t ,  W. Ger ­

many) .  A f t e r  15'  at  56°C,  1/10 volume o f  L iCl  b u f f e r  ( 1 . 4  M 

Li  Cl , 5% SDS, 0.1 M NaC2 H3 0 2 b u f f e r  pH 4 . 9 )  was added and 

t he  c o n t e n t s  mixed b e f o r e  adding an equal  volume o f  phenol  

(whi ch was r e d i s t i l l e d  and s a t u r a t e d  w i t h  10 mM T r i s - HC l  pH
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7 . 4 ,  10 mM KC1 , 1.5 M MgClg)*  A f t e r  mi x i ng  and h e a t i n g  t o  

56°C f o r  5 ' ,  an equal  volume of  CHCl-j was added and t he 

sea l ed tube was mixed on a w r i s t - a c t i o n  shaker  f o r  2 0 ' .  The 

phases were separa t ed  by c e n t r i f u g a t i o n  ( 1 0 0 0  x g f o r  1 0 ' )  

and t he  aqueous phase was r e e x t r a c t e d  i f  p r o t e i n  was p r e s ­

ent  at  t he  i n t e r f a c e .  RNA was p r e c i p i t a t e d  f rom t he  aqueous 

phase w i t h  2 .5  volumes o f  c o l d  e t hano l  f o r  sever a l  hours at  

-70°C.  RNA was p e l l e t e d  (12,000 x g f o r  2 0 ' ) ,  washed w i t h  

e t hano l  t o  remove r e s i d u a l  phenol  and l y o p h i l i z e d  be f o r e  

s t o r i n g  at  -20°C.

7 . 4 . 2  EXTRACTION OF PLASMID DNA

To i s o l a t e  p l asmi d  DNA f rom b a c t e r i a l  c e l l s  t he  r a p i d  

a l k a l i n e  e x t r a c t i o n  method ( B i r nbo i m and Do t y ,  1979) was 

used as f o l l o w s :  A p e l l e t  o f  c e l l s  f rom 0.5 1 o f  a b a c t e r ­

i a l  c u l t u r e  (see s e c t i o n  7 . 2)  was resuspended i n 20 ml o f  

s o l u t i o n  I (25 mM T r i s  pH 8 . 3 ,  50 mM g l ucose ,  and 10 mM 

EDTA) and d i v i d e d  i n t o  2 45Ti b o t t l e s .  Lysozyme,  20 mg, 

(Sigma Chemical  Co. ,  S t .  L o u i s ,  M0) was added t o  each b o t ­

t l e  which was g e n t l y  mixed by i n v e r s i o n  and i ncuba t ed  on i ce 

f o r  3 0 ' .  A f t e r  a d d i t i o n  o f  20 ml o f  s o l u t i o n  I I  ( 0 . 2  M NaOH 

and 1% SDS) each b o t t l e  was g e n t l y  i n v e r t e d  u n t i l  t he  s o l u ­
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t i o n  c l e a r e d .  The b o t t l e  was then c h i l l e d  on i c e .  Fi ve 

mi nu t es  a f t e r  t he  a d d i t i o n  o f  s o l u t i o n  I I ,  15 ml o f  s o l u t i o n  

I I I  (3 M NaC2 H202  a d j u s t e d  t o  pH 4 . 8  w i t h  g l a c i a l  a c e t i c  

a c i d )  was added t o  each sample whi ch was i ncuba t ed  60'  on 

i c e .  C e l l u l a r  DNA and d e b r i s  were p e l l e t e d  by c e n t r i f u g a ­

t i o n  ( 50,000 x g f o r  3 0 ' ) .  The su pe r n a t a n t  was combined 

w i t h  2 .5  volumes of  e t hano l  and c h i l l e d  f o r  30'  at  -70°C t o  

p r e c i p i t a t e  p l asmid DNA and c e l l u l a r  RNA.

A f t e r  c e n t r i f u g a t i o n  (12, 000 x g f o r  2 0 ' ) ,  t he  d r a i ned  

p e l l e t s  were resuspended i n 10 ml o f  20 mM Tr i s - HC l  pH 7 . 4 ,  

200 mM NaCl and r e p r e c i p i t a t e d  w i t h  30 ml e t h a n o l .  The 

r e s u l t a n t  p e l l e t  was resuspended i n  2.5 ml 10 mM Tr i s - HCl  pH

7 . 4 ,  1 mM EDTA and t r e a t e d  w i t h  2.5 ml o f  180 ug/ml  pan­

c r e a t i c  RNAase A ( Wo r t h i n g t o n  Bi ochemica l  Co r p . ,  F r eeho l d ,  

NJ , ) .  To i n a c t i v a t e  c o n t a m i n a t i n g  DNAases t he  p a n c r e a t i c  

RNAase A was p r e v i o u s l y  heated t o  100°C i n  50 mM NaC2 H2 02 at  

pH 5.0 and then d i l u t e d  t o  180 ug/ml  w i t h  10 mM Tr i s - HCl  pH

7 . 4 ,  1 mM EDTA. A f t e r  d i g e s t i n g  t he RNA f o r  30'  at  37°C,

7.5 ml o f  0 .3 M NaC2 H2 0 2 was added t o  the s o l u t i o n  which was 

e x t r a c t e d  severa l  t i mes  w i t h  equal  volumes o f  phe­

nol  : c hi o r o f o r m ( 1 : 1 , v : v )  u n t i l  no p r o t e i n  was noted at  t he 

i n t e r f a c e .  F o l l o w i n g  e t hanol  p r e c i p i t a t i o n ,  t he  n u c l e i c  

a c i d  was resuspended i n  2 ml NTE c o n t a i n i n g  10% g l y c e r o l  and 

l a y e r e d  onto a Sepharose A-50 (Pharmacia Fine Chemica l s ,  

Uppsal a ,  Sweden) column t o  separ a t e  o l i g o n u c l e o t i d e s  f rom 

p l asmi d  DNA. F r a c t i o n s  c o n t a i n i n g  t he p u r i f i e d  p l asmid DNA
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(as de te rmi ned  by uv l i g h t  absorbance at  260 nm) were 

poo l ed ,  e t hano l  p r e c i p i t a t e d  and p e l l e t e d  ( 1 2 , 0 0 0  x g f o r  

2 0 ' )  f o r  s t o r a g e  at  - 2 0 °C.

7 . 4 . 3  CONSTRUCTION OF CLONES

P M E L 8 01 p iasmi  d c o n s t r u c t i o n

Do u b l e - s t r anded  cDNA t r a n s c r i p t s  o f  t he  duck v i r u s  RNAs 

were prepared us i ng m o d i f i c a t i o n s  o f  t he  Emtage et  a l .

(1979)  t e c h n i q u e .  V i r u s  RNA was pr imed w i t h  t he  s y n t h e t i c  

o l i g o n u c l e o t i d e  d ( AGCAAAAGCAG) rG ( Col 1a b o r a t i v e  Research,  

Wal tham,  MA) which i s  complemetary t o  t he 3'  end o f  a l l  

i n f l u e n z a  v i r u s  RNAs (Skehel  and Hay,  1978;  Rober t son ,  1979;  

Desse l be r ge r  e t  a l . ,  1980) and r e v e r s e  t r a n s c r i p t a s e  ( p r o ­

v i ded  by Dr .  J.W. Beard,  D i v i s i o n  o f  Cancer  cause and Pr e ­

v e n t i o n ,  Na t i ona l  Cancer  I n s t i t u t e ) ,  i n  a c o c k t a i l  c o n s i s t ­

i ng o f  200 ug/ml  RNA, 100 ug/ml  p r i m e r ,  500 u n i t s / m l  r ever se

t r a n s c r i p t a s e ,  500 uf1 each dATP, dCTP, dGTP, and dTTP, 100
32ug/ml  a c t i n o my c i n  D (Sigma Chemical  Co. )  100 uCi a-  P-dCTP
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(300 Ci /mmole,  New England Nu c l e a r ,  Boston MA) i n  RT b u f f e r  

[50 mM Tr i s - HC l  pH 8 . 5 ,  5 rnM d i t h i  o t h r e i t o l  (DTT) ,  0.01% 

t r i t o n  X-100,  40 mM KC1 , 10 mM M g C ^ ] *  S i n g l e - s t r a n d  

s y n t h e s i s  proceded f o r  2 hours a t  37°C and was stopped by 

making t he  r e a c t i o n  0.2% SDS, 20 mM EDTA, 300 mM NaC2 H3 02  

and by e x t r a c t i n g  t he  m i x t u r e  3 t i mes  w i t h  equal  volumes of  

p h e n o l : c h i o r o f o r m  ( 1 : 1 ) .  The n u c l e i c  ac i d  was e thanol  p r e ­

c i p i t a t e d  f rom t he  aqueous phase,  washed w i t h  e t hanol  and 

l y o p h i l i z e d .

The DNA-RNA p e l l e t  was resuspended i n  10 mM Tr i s - HCl  pH

7 . 4 ,  1 mM EDTA and made upto 25 ug/ml  o f  p a n c r e a t i c  RNAase A 

t o  d i g e s t  t he RNA t e mp l a t e .  A f t e r  a 30'  i n c u b a t i o n  at  37°C,  

t he r e a c t i o n  was stopped by making i t  300 mM NaC2 H202  and 

e x t r a c t i n g  i t  w i t h  1 volume phenol  : c h 1oroform ( 1 : 1 ) .  The 

e t hano l  p r e c i p i t a t e d  n u c l e i c  a c i d  was resuspended in 10 mM 

T r i s  T r i s - HCl  pH 7 . 4 ,  10 mM NaCl ,  1 mM EDTA and passed 

t h rough  a Sephadex G-100 (Pharmacia Fine Chemical s)  column 

t o  separa t e  t he cDNA f rom o l i g o n u c l e o t i d e s .  F r a c t i o n s  con­

t a i n i n g  t he  r a d i o a c t i v e  DNA were pooled and the DNA was e t h ­

anol  p r e c i p i t a t e d .  The y i e l d  o f  s i n g l e - s t r a n d e d  DNA was 

c a l c u l a t e d  as t he  percen t  o f  a v a i l a b l e  n u c l e o t i d e s  which 

were i n c o r p o r a t e d  i n t o  h i gh m o l e c u l a r  we i gh t  m a t e r i a l .

The s i n g l e - s t r a n d e d  DNA was resuspended in H2 O, com­

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

d ( AGTAGAAACAAG) ( C o l l a b o r a t i v e  Research)  which i s  complemen­
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t a r y  t o  the f i r s t  12 r es i dues  o f  t he 3'  end o f  t he p o s i t i v e

cDNA s t r a n d  (Skehel  and Hay, 1978;  Rober t son ,  1979;  Desse l -

be r g e r  e t  a l . ,  1980) and heated t o  100°C f o r  3 0 ' '  f o l l o w e d

by qu i ck  c h i l l i n g  on i c e .  Second- s t rand  s y n t h e s i s  proceded

as de sc r i be d  f o r  f i r s t - s t r a n d  s y n t h e s i s  except  t h a t  a c t i n o -
3 ?mycin D was o m i t t e d ,  50 uCi o f  a-  P-dCTP were used,  t he DNA 

c o n c e n t r a t i o n  was a p p r o x i ma t e l y  60 ug/ml  and t h a t  o f  t he 

p r i me r  was 3 ug / ml .  The r e a c t i o n  was stopped and the DNA 

was p u r i f i e d  as p r e v i o u s l y  d e s c r i b e d .

The 5'  ends o f  t he  d o u b l e - s t r a n d e d  cDNAs were phospho-  

r y l a t e d  so t h a t  EcoRl l i n k e r s  ( C o l l a b o r a t i v e  Research)  could 

be added ( M a n i a t i s  et  a l . , 1978) .  The l i n k e r s  were a l so  

phos p-ho ry 1 a t e d . The doubl  e - s t  randed DNA was resuspended in 

k i  nase-1 i gase b u f f e r  ( 6 6  mM Tr i s - HCl  pH 7 . 5 ,  10 mM M g C ^ j  15 

mM DTT, 1 mM Sper mi d i ne ,  200 ug/ml  bov i ne serum a l bumi n ,  1 

mM ATP) c o n t a i n i n g  240 u n i t s / m l  o f  p o l y n u c l e o t i d e  k i nase .  

A f t e r  1 hour  at  37°C t he  k i nase a c t i v i t y  was des t royed  by 

hea t i n g  t he  m i x t u r e  t o  6 8 °C f o r  5 ' .  The EcoR1 l i n k e r s  were 

phosphory 1 ated w i t h  100 uCi o f  Y - ^ P - A T P  f o r  1 hour  at  37°C 

i n a 10 ul  r e a c t i o n  c o n t a i n i n g  k i n a s e - l i g a s e  b u f f e r ,  100 uM 

l i n k e r  and 1.5 u n i t s  p o l y n u c l e o t i d e  k i nas e .  Three ul  of  

k i n a s e - l i g a s e  b u f f e r  c o n t a i n i n g  3.3 mM ATP and 1.5 u n i t s  

p o l y n u c l e o t i d e  k i nase  were added t o  t he m i x t u r e  which was 

i ncuba t ed  f o r  ano t her  30'  at  37°C.  The volume o f  t he  r eac ­

t i o n  m i x t u r e  was made upto 100 ul  w i t h  0 .3  M NaC2 Hg02  and 

t he  m i x t u r e  was e x t r a c t e d  w i t h  an equal  volume of  phe-



56

n o ! : c h i o r o f o r m  ( 1 : 1 ) .  The l i n k e r s  were e t hano l  p r e c i p i ­

t a t e d ,  washed w i t h  e t h a n o l ,  d r i e d  and resuspended t o  a con­

c e n t r a t i o n  o f  50 uM i n  1̂ 0 .

The pho s p h o r y l a t e d  DNA m i x t u r e  was combined w i t h  an 

equal  volume o f  k i n a s e - l i g a s e  b u f f e r  c o n t a i n i n g  20 uM phos-  

p h o r y l a t e d  EcoRl l i n k e r  and 4 ul  o f  T4 DNA l i g a s e  (a g i f t  o f  

Dr .  K. Sq u i r e s ,  Columbia U n i v e r s i t y ,  NY). The op t i ma l  con­

c e n t r a t i o n  o f  T4 l i g a s e  was e m p i r i c a l l y  de t e r mi ned .  The 

l i g a t i o n  r e a c t i o n  was i ncuba t ed  f o r  16 hours at  

14°C and heated t o  6 8 °C f o r  5'  t o  i n a c t i v a t e  t he enzyme.

The DNA and l i n k e r  m i x t u r e  was made 100 mM Tr i s - HCl  pH 7 . 2 ,

5 mM MgC^ *  2 mM 2 - mer capt oe t hano l  and 50 mM NaCl and 

t r e a t e d  f o r  2 hours w i t h  130 u n i t s  o f  EcoRl r e s t r i c t i o n  

endonuc l ease (Bethesda Research L a b o r a t o r i e s ,  I n c . ,  

R o c k v i l l e ,  MD) t o  reduce po l ymer i zed  l i n k e r  t o  monomer 

l e n g t h .  The m i x t u r e  was made 0.3  M NaC2 H2 0 2 » e x t r a c t e d  w i t h  

an equal  volume o f  p h e n o l : c h i o r o f o r m  ( 1 : 1 )  and t he DNA was 

p r e c i p i t a t e d  w i t h  e t h a n o l .  The p e l l e t  was resuspended i n 2 

ml o f  NTE c o n t a i n i n g  10% g l y c e r o l  and t he  s o l u t i o n  was 

passed t h r ough  a Sepharose CL6 B column t o  separa t e  DNA f rom 

una t t ached  l i n k e r .  F r a c t i o n s  c o n t a i n i n g  t he r a d i o a c t i v e  DNA 

were pooled and t he DNA was e t hanol  p r e c i p i t a t e d .
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INSERTION OF DNA INTO PBR322 AND TRANSFORMATION OF E.COLI

A p p r o x i ma t e l y  0.5 ug o f  t he v i r u s  s p e c i f i c  d o u b l e ­

s t r anded  DNA was used f o r  i n s e r t i o n  i n t o  150 ng o f  p l asmid 

pBR322 ( B o l i v a r  and Bachman, 1979;  t he  p l asmid was a g i f t  o f  

Dr .  P. Szabo,  S I o a n - K e t t e r i n g  I n s t i t u t e  f o r  Cancer  Research,  

NY) i n 50 ul  o f  k i n a s e - 1 i g a s e  b u f f e r  c o n t a i n i n g  1 ul  T4 

l i g a s e .  (The p l asmid DNA was p r e v i o u s l y  d i g e s t e d  w i t h  EcoRl 

r e s t r i c t i o n  endonuclease and d e p h o s p h o r y l a t e d , as desc r i bed  

i n a subsequent  s e c t i o n ,  t o  p r even t  s e l f - 1 i g a t i o n . ) A f t e r  16 

hours at  14°C,  7.5 ul  o f  4 M NaCgH. ^  were added,  the mi x ­

t u r e  was e x t r a c t e d  w i t h  p h e n o l : c h i o r o f o r m  and t he  DNA was 

p r e c i p i t a t e d  w i t h  e t h a n o l .

The washed and d r i e d  p e l l e t  was resuspended in 10 rnM 

T r i s - HC l  ph 7 .4  and E. c o l i  C600 c e l l s  (a g i f t  o f  

Dr .  A. Skal ka , Roche I n s t i t u t e  o f  Mo l ec u l a r  B i o l o g y ,  Nu t l ey  

NJ) were t r an s f o r me d  w i t h  t he  c h i m e r i c  DNA us i ng  t he CaC^  

t e c h n i qu e  (Dager t  and E h r l i c h ,  1979) :  E. co1 i c e l l s  were

i n o c u l a t e d  i n t o  100 ml o f  LB b r o t h  and were a l l owed  t o  grow 

t o  an absorbance ( a t  260 nm) o f  0 .2  a t  37°C.  The c e l l s  were 

c h i l l e d  on i ce  f o r  1 0 ' ,  p e l l e t e d  (7 ,000 x g f o r  1 5 ' )  and 

resuspended i n  20 ml o f  0.1 M CaC12 • A f t e r  30'  on i c e ,  t he 

c e l l s  were p e l l e t e d ,  resuspended i n 0.5 ml o f  0.1 M CaC^  

and l e f t  on i ce  f o r  24 hours .  Competent  c e l l s  i n  a volume 

o f  100 u l , were combined w i t h  10 ul  o f  t he  recombi nant  DNA 

(250 ng) and l e f t  on i ce  f o r  1 hour .  The c e l l s  and DNA were
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heated t o  42°C f o r  9 0 ' 1, cooled t o  room t emper a t u r e  and com­

b ined w i t h  1.5 ml LB medium which had been prewarmed t o  

37°C. A f t e r  an hour  i n c u b a t i o n  i n  a shak i ng wa t e r ba t h  set  

at  37°C,  200 ul  a l i q u o t s  o f  t he c e l l  suspens ion were spread 

onto p e t r i  p l a t e s  o f  LB agar  (LB medium + 2% agar )  s u p p l e ­

mented w i t h  50 ug/ml  a m p i c i l l i n  (LB + AMP p l a t e s ) .  The 

p l a t e s  were i ncuba t ed  16 hours at  37°C.

IDENTIFICATION OF RECOMBINANT CLONES.

B a c t e r i a l  c o l o n i e s  c o n t a i n i n g  r ecombi nant  p l asmids  w i t h  

i n f l u e n z a  v i r u s  gene sequences were i d e n t i f i e d  by co l ony  

h y b r i d i z a t i o n  ( Gr u n s t e i n  and Hogness,  1975) :  Each co l ony

f rom the t r a n s f o r m a t i o n  exper i ment  was t r a n s f e r e d  onto a 

second LB + AMP p l a t e  and onto a n i t r o c e l l u l o s e  f i l t e r  which 

was p l aced onto a t h i r d  LB + AMP p l a t e .  The f i l t e r  c o n t a i n ­

i ng p l a t e s  were i ncuba t ed  a t  37°C u n t i l  c o l o n i e s  were v i s ­

i b l e  (u4 hours)  whereas t he r e p l i c a  p l a t e s  were i ncuba t ed  

f o r  16-24 hours and then s t o r ed  at  4°C.  N i t r o c e l l u l o s e  f i l ­

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

t i o n s  [ 0 . 5  N NaOH, 1 0 ' ;  1 M T r i s - HC l  pH 8 . 3 ,  5 ' ;  1 M T r i s -  

HC1 pH 8 . 3 ,  5 ' ;  10 x SSC ( 1 . 5  M NaCl , 0.15 M Na3 CgH50 7 , 5 ' ]  

by p l a c i n g  f i l t e r s  on 2 l a y e r s  o f  3MM chromatography paper  

(Whatman, LTD. ,  England)  s a t u r a t e d  w i t h  t hese s o l u t i o n s .

A f t e r  a i r  d r y i n g  the f i l t e r s ,  t hey  were soaked i n c h l o r o f o r m  

f o r  3 0 ' ' ,  a i r  d r i e d ,  soaked i n  10 x SSC, a i r  d r i e d  and baked
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DNA. Four  f i l t e r s  per  p e t r i  p l a t e  were p r e t r e a t e d  f o r  1 

hour  w i t h  25 ml h y b r i d i z a t i o n  b u f f e r  (50% f ormamide,  5 x 

SSC, 0.02% F i c o l l - 4 0 0 ,  0.02% p o l y v i n y l p y r r o l i d o n e - 3 6 0 ,  0.5% 

SDS) i n a s l o w l y  shak i ng wa t e r ba t h  se t  a t  42°C.  H y b r i d i z a ­

t i o n  w i t h  a cDNA probe made f rom duck v i r u s  RNA (see below)  

was f o r  1.5 hours us i ng  p r e t r e a t m e n t  c o n d i t i o n s .  F i l t e r s  

washed f o r  severa l  hours i n h y b r i d i z a t i o n  b u f f e r  and f o r  1 0 ' 

i n  3 x SSC at  42°C were a i r  d r i e d  and a u t o r ad i og r aphed  us ing 

Kodak X-0MAT XR-1 f i l m  and i n t e n s i f y i n g  sc reens .

PREPARATION OF CDNA PROBE

To make the cDNA pr obe,  50 ug/ml  o f  duck v i r u s  RNA were 

combined w i t h  25 ug/ml  o f  s y n t h e t i c  p r i m e r ,  

d ( AGCAAAAGCAG)rG, 600 u n i t s / m l  o f  r eve r se  t r a n s c r i t a s e ,  200 

uM each dATP, dGTP and dTTP, 20 uM dCTP, 100 uCi a - 3 2 P-dCTP 

(300Ci / mmo l e , New England Nuc l ea r )  and 1 ug/ml  a c t i n o my c i n  D 

i n  RT b u f f e r .  A f t e r  1 .5 hours at  37°C t he  DNA was p u r i f i e d  

as d e s c r i be d  above.

LENGTH DETERMINATION OF VIRAL SEQUENCES IN RECOMBINANT 

PLASMIDS

Several  r e p l i c a t e s  o f  c o l o n i e s  c o n t a i n i n g  DNA t h a t  

h y b r i d i z e d  w i t h  t he probe were chosen and grown f o r  16 hours
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i n  10 ml o f  LB medium supplemented w i t h  50 ug/ml  a m p i c i l l i n .  

Pl asmid was i s o l a t e d  as d esc r i bed  e a r l i e r ,  except  t h a t  1.5 

ml o f  c e l l s  were used and t he  volumes o f  a l l  r eagent s  were 

p r o p o r t i o n a t e l y  r educed.  Plasmid DNA was d i g e s t e d  w i t h  

EcoRl endonuc l ease and the s i zes  o f  t he v i r a l  sequences were 

de t ermi ned by t h e i r  r e l a t i v e  e l e c t r o p h o r e t i c  m o b i l i t y  i n  a 

1% agarose g e l .  One i n s e r t  was t e n t a t i v e l y  i d e n t i f i e d  as an 

NS gene based on i t s  l e n g t h  o f  a p p r o x i m a t e l y  900 r e s i due s .  

Th i s  gene ass i gnment  was s ubsequen t l y  c on f i r med  by compara­

t i v e  sequence a n a l y s i s  w i t h  t he c l oned NS gene de r i v e d  f rom 

t he  A/PR/ 8 /34 v i r u s  (see c o n s t r u c t i o n  o f  p J Z l O l ) .  The p l a s ­

mid c o n t a i n i n g  t he duck v i r u s  NS gene was des i gna t ed  

pMEL801.

7 . 4 .  3. 2 pJZl Ol  p i asmi  d c o n s t r u c t i o n

In a separa t e  c l o n i n g  exper i ment  s i m i l a r  t o  t h a t  

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

A/ PR/ 8 /34  v i r u s  RNA were prepared and i n s e r t e d  i n t o  the Hi n- 

(£111 s i t e  o f  p l asmid pBR322 (by Dr.  J . J .  Zazra i n  our  l abo -  

r a t o r y ) .  The i n f l u e n z a  v i r u s  gene sequences con t a i n e d  i n 

each o f  t hese recombi nant s  were i d e n t i f i e d  by t he  " No r t h e r n "  

b l o t  t e c h n i q u e  d esc r i bed  by A l wi ne  et  a l . (1979;  see f o l ­

l ow i ng  d e s c r i p t i o n ) .
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AGAROSE-UREA GEL ELECTROPHORESIS

A 1.5% agarose gel  s o l u t i o n  (Seakem, Mar ine C o l l o i d s  

D i v .  FMC Co r p . ,  Rock l and,  ME) was made w i t h  150 ml 0.025 M 

CgHgO^ pH 3.8  c o n t a i n i n g  6 M urea (Rosen et  a l . , 1975) and 

poured i n t o  a f l a t b e d  gel  appar a t us .  Sample s l o t s  were cas t  

w i t h  a comb (2 p r e p a r a t i v e  s l o t s ,  35 mm x 1.2 mm x 5 mm; 

each o f  which was f l a n k e d  on e i t h e r  s i de  by s m a l l e r  s l o t s ,  5 

mm x 1.2 mm x 5 mm) and t he gel  a l l owed t o  set  f o r  16 hours 

at  4°C. Running b u f f e r  (0 .025  M CgHgOy, pH 3 . 8 ,  6 M urea)  

s u f f i c i e n t  t o  j u s t  cover  t he gel  was added and t he comb was 

g e n t l y  removed.  Un l abe l ed v i r a l  RNA was d i s s o l v e d  i n  r un ­

n i ng m i x t u r e  (0 .025  M CgHgOy pH 3 . 8 ,  6 M urea,  25% sucr ose ,  

0.025% xy l ene  c y a n o l - f f ,  0.025% bromophenol  b l ue)  at  a con­

c e n t r a t i o n  o f  600 ug/ml  and loaded i n t o  each o f  t he p r ep a r a ­

t i v e  s l o t s .  Ap p r o x i ma t e l y  50,000 cpm o f  j_n v i v o  l a b e l e d  RNA 

(see s e c t i o n  on J_n v i v o  RNA l a b e l i n g )  were d i s s o l v e d  i n  r un ­

n i ng m i x t u r e  and loaded i n t o  each o f  t he 3 s m a l l e r  s l o t s  f o r  

use as gene p o s i t i o n  markers .  Samples were e l ec t ophor esed  

f o r  17 hours a t  a co n s t a n t  c u r r e n t  o f  40 mA. The gel  was 

s t a i n e d  w i t h  100 ml o f  0.05 ug/ml  e t h i d i u m bromide i n HgO 

and the RNA v i s u a l i z e d  by uv l i g h t  i l l u m i n a t i o n .
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TRANSFERING RNA ONTO DIAZOBENZYLOXYMETHYL (DBM) PAPER

A l a r g e  gel  p i ece  c o n t a i n i n g  t he  sample t r a c k s  was 

exc i sed  and soaked i n  50 mM NaOH f o r  30'  f o l l o w e d  by two 10'  

soak i ngs i n 0 .2  M NaC2 Hg02  pH 4 . 2 .  A p i ece  o f  DBM paper  cut  

t o  f i t  p r e c i s e l y  over  t he gel  s e c t i o n  was pl aced onto the 

gel  s e c t i o n  and 0 . 2  M NaC2 H302  pH 4.2  was a l l owed  t o  d i f f u s e  

t h rough  the gel  and paper  f o r  16 hours at  4°C (see f i g u r e  2 

f o r  d e t a i l s ) .  A f t e r  b l o t t i n g ,  s t r i p s  o f  DBM paper  c o n t a i n ­

i ng t he  r a d i o a c t i v e  RNAs were exc i sed  and au t o r ad i og r aphed  

t o  serve as a marker  f o r  t he  p o s i t i o n  o f  each v i r a l  RNA seg­

ment bound t o  t he  paper .  The DBM paper  c o n t a i n i n g  t he  u n l a ­

be l ed RNA was sea led i n  a p l a s t i c  bag t o g e t h e r  w i t h  severa l  

ml o f  h y b r i d i z a t i o n  b u f f e r  (50% f ormamide,  375 mM NaCl , 37.5 

mM Na3C6H507, 25 mM Na2 HP04 /NaH2 P04 pH 6 . 5 ,  0.02% 

f i c o l l - 4 0 0 ,  0.02% p o l y v i n y l p y r o l i d o n e - 3 6 0 , 0.02% BSA, 1 

mg/ml so n i c a t e d  c a l f  thymus DNA) c o n t a i n i n g  1% g l y c i n e .  The 

sea l ed p l a s t i c  bag was i ncuba t ed  at  42°C f o r  at  l e a s t  3 

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

va te  r e s i d u a l  d i azon i um groups which cou l d  r e ac t  w i t h  t he 

l a b e l e d  probe.  The bag c o n t a i n i n g  t he DBM paper  was s t o r ed  

at  4°C•

ACTIVATION OF DBM PAPER

Ni t r o b e n z y l o x y m e t h y l  paper  ( S c h l e i c h e r  and Schue l l  

I n c . ,  Keene,  NH) was conv e r t ed  t o  ami nobenzy l oxymet hy l  paper
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F i gu r e  2. T r a n s f e r  o f  RNA t o  a c t i v a t e d  DBM paper .

Trough A c o n t a i n s  200 mM NaC2 H3 0 2 > pH 4 . 2  and a p l a t f o r m  (B) 

on which a wi ck (C) ,  c o n s i s t i n g  o f  2 l a y e r s  o f  Whatmann 3MM 

paper  s a t u r a t e d  w i t h  t he above b u f f e r  i s  p l aced .  The gel  

(D) c o n t a i n i n g  t he  RNA i s  p l aced on t he  wi ck  and t he  area 

su r r o u n d i n g  t he  gel  i s  covered w i t h  Saran wrap.  The a c t i ­

vated DBM paper  (E) i s  p l aced on t he  gel  and covered w i t h  2 

l a y e r s  o f  Whatman 3MM paper  (F) f o l l o w e d  by a s t ack  o f  paper 

t o we l s  (G) upon which a we i gh t  (H) i s  p l aced.  RNA t r a n s f e r  

proceeds f o r  a p p r o x i ma t e l y  16 hours ( o v e r n i g h t )  a t  4°C.
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by i n c u b a t i n g  30'  at  60°C w i t h  a 20% ( w/ v )  s o l u t i o n  o f  

sodium d i t h i o n i t e  ( 0 . 4  ml per  cm2 o f  pape r ) .  The paper  was 

washed w i t h  l a r g e  volumes o f  H20 f o r  3 '  and f o r  5'  i n  30% 

C2 H4 O2 ' Then the paper  was r e p e a t e d l y  washed w i t h  H20 u n t i l  

no odor  o f  H2S remained.  The amino form o f  t he  paper  i s  

p l aced i n co l d  1.2 M HC1 c o n t a i n i n g  3 mg/ml NaN02  ( 0 . 3  ml of  

s o l u t i o n  per  cm2 of  paper )  and i ncuba t ed  f o r  30'  on i ce  t o  

co n v e r t  t he  amino groups t o  d i azonium groups.  When ready t o  

use,  t he  paper  was washed t w i c e  w i t h  co l d  Hr>0 and t w i c e  w i t h

c o l d  200 mM NaC2 H3 0 2 pH 4 . 2 .

PREPARATION OF NICK TRANSLATED DNA PROBE

Nick t r a n s l a t e d  ( M a n i a t i s  et  a l . , 1975a) p l asmi d  DNA 

was h y b r i d i z e d  t o  t he RNA c o n t a i n i n g  DBM paper  t o  de t ermi ne

the  gene s p e c i f i c i t y  o f  i t s  v i r a l  sequences.  One ug o f

p l asmi d  DNA was t r e a t e d  f o r  2 hours at  14°C i n  a c o c k t a i l  

c o n t a i n i n g  50 mM Tr i s - HCl  pH 7 . 8 ,  5 mM MgCl2 » 10 mM 

2 - m e r c a p t o e t h a n o l , 50 ug/ml  BSA, 2 uM each dCTP, dGTP and 

dTTP and 2 uM a - ^ P - d A T P  (300 Ci /mmole,  New England 

N u c l e a r ) ,  45 u n i t s / m l  DNA pol ymerase I (New England B i o l ab s )  

and 1 ng/ml  DNAase I (DN-EP, Sigma Chemical  Co . ) .  The m i x ­

t u r e  was e x t r a c t e d  w i t h  an equal  volume o f  p h e n o l : c h i o r o f o r m  

( 1 : 1 )  and t he aqueous phase was l oaded onto a Sephadex G-100 

(Pharmacia Fi ne Chemical s)  column e q u i l i b r a t e d  w i t h  NTE.
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F r a c t i o n s  c o n t a i n i n g  t he  r a d i o a c t i v e  peak were pooled and 

t he  DNA was e thanol  p r e c i p i t a t e d .

DNA-RNA HYBRIDIZATION

The l a be l e d  DNA was resuspended i n  h y b r i d i z a t i o n  

b u f f e r ,  heated t o  1 0 0 °C and q u i c k - c h i l l e d  on i c e .  A 3 mm 

wide s t r i p  o f  DBM paper  c o n t a i n i n g  v i r a l  RNA was combined 

w i t h  t he h y b r i d i z a t i o n  m i x t u r e  i n a p l a s t i c  bag which was 

sea led and i ncuba t ed  i n  a shak i ng wat er  bath set  at  42°C f o r  

1 hour .  F o l l o w i n g  severa l  washes w i t h  50% formamide,  375 mM 

NaCl , 37.5 mM Na3 C6 H5 0 7 , 25 mM Na2 HP04 /NaH2 P04 pH 6.5 at  

42°C,  t he  DBM paper  s t r i p  was b l o t t e d  dry w i t h  paper  t owe l s  

and au t o r ad i og r aphed  us i ng Kodak X-OMAT X-Rl  f i l m  and an 

i n t e n s i f y i n n g  screen (Cronex,  Dupont ,  Wi l mi ng t on  DE). The 

gene s p e c i f i c i t y  o f  t he v i r a l  sequences i n  t he h y b r i d i z i n g  

DNA was de t ermi ned by a n a l y s i s  o f  t he l a b e l e d  h y b r i d  bands 

on DBM-RNA paper .

7 . 4 . 3 . 3  pAR109 p l asmi d  c o n s t r u c t i o n

Plasmid pAR109 c o n t a i n i n g  a PR8 v i r u s  NS gene s p e c i f i c  

sequence was c o n s t r u c t e d  by Drs.  A.R.  R e i s f e l d  and
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A.M. Skal ka (Roche I n s t i t u t e  o f  Mo l ecu l a r  B i o l o g y ,  N u t l e y ,  

NJ) and i t s  p r e p a r a t i o n  w i l l  on l y  be b r i e f l y  d e s c r i b e d .  DNA 

complementary t o  PR8 v i r u s  RNA was made us i ng c o n d i t i o n s  

de sc r i be d  above except  t h a t  t he second s t r and  was pr imed by 

the smal l  d o u b l e - s t r a n d e d  " h a i r p i n "  formed by r ever se  

t r a n s c r i t a s e  at  t he  3'  end o f  t he f i r s t  s t r an d  cDNA t r a n ­

s c r i p t  ( E f s t r a t i a d i s  e t  a l . ,  1975) .  A f t e r  d i g e s t i o n  w i t h  SI 

nuc l ease ,  t he  b l u n t  ended dsDNAs were me t hy l a t ed  w i t h  EcoRl 

met hy l ase  and EcoRl l i n k e r s  were added ( M a n i a t i s  et  a l . ,  

1978) .  Fo l l o w i n g  d i g e s t i o n  w i t h  EcoRl nuc l ease ,  t he  cDNAs 

were l i g a t e d  t o  t he l e f t  and r i g h t  arms o f  xgtWESxB and 

recombi nant  phages were produced by j_n vi  t r o  packaging o f  

t he c h i m e r i c  DNAs ( S t e r n b e r g  e t  a l . ,  1977) .  E. c o l i  

DP50/supF c e l l s  were i n f e c t e d  w i t h  phage and t he r e s u l t i n g  

p l aques were examined f o r  i n f l u e n z a  v i r u s  gene sequences by 

i n  s i t u  h y b r i d i z a t i o n  (Benton and Dav i s ,  1979) us i ng as

probe v i r a l  RNA which was p a r t i a l l y  d i g e s t e d  w i t h  a l k a l i  and
3 25'  end l a b e l e d  w i t h  Y~  P-ATP us i ng  p o l y n u c l e o t i d e  k i nase  

(Chaconas and van de Sande,  1980;  see next  s e c t i o n ) .  The 

i n f l u e n z a  v i r u s  gene d e r i v a t i o n  o f  each recombinant  phage 

was i d e n t i f i e d  by t he  " No r t h e r n "  b l o t  t echn i que  desc r i bed  

above.  One PR8 v i r u s  NS gene s p e c i f i c  i n s e r t  was subcloned 

i n t o  pBR322 and des i gna t ed  pAR109.
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7 . 4 . 4  PREPARATION OF LABELED DNA FRAGMENTS FOR SEQUENCE 

ANALYSIS

]_. 4. 4. i  5_!_ end 1 abel  i ng o f  DNA f ragment s

R e s t r i c t i o n  endonuclease f ragments  o f  c l oned DNA were 

prepared us i ng  d i g e s t i o n  c o n d i t i o n s  s p e c i f i e d  f o r  t he  d i f ­

f e r e n t  enzymes i n t he  New England B i o l ab s  I nc .  c a t a l ogue  

( 1980- 1981) .  DNA f ragments  (3-5 ug) were t r e a t e d  w i t h  sev­

e r a l  u n i t s  ( 10-80 u n i t s )  o f  c a l f  i n t e s t i n e  a l k a l i n e  phospha­

tase  ( Boehr i nger -Mannhe i m,  I n d i a n a p o l i s ,  IN) i n  15-25 ul  of  

50 mM T r i s -  HC1 pH 8 . 3  ( E f s t r a t i a d i s  et  a l . ,  1977) .  A f t e r  

30'  i n c u b a t i o n  at  37°C,  t he r e a c t i o n  was made upto 100 ul 

w i t h  0 .3  M NaC2 H3 0 2  and e x t r a c t e d  t w i c e  w i t h  phe­

nol  : ch i  o r o f o r m ( 1 : 1 ) .  DNA was e thanol  p r e c i p i t a t e d ,  washed 

w i t h  e t hano l  and d r i e d .  DNA resuspended i n  8.5 ul H2 O was 

combined w i t h  12.5 ul  o f  20 mM I^HPO^ pH 9 . 2 ,  20 mM 

Mg(C2 H3 0 2 ) 2 and 10 mM DTT. The m i x t u r e  was t r a n s f e r e d  t o  a

1.5 ml m i c r o c e n t r i f u g e  tube c o n t a i n i n g  300 uCi o f  l y o p h i -  

1i zed  V - 3 2 P- ATP ( 1000-3000 Ci /mmole,  New England Nuc l ea r )  

and i ncuba t ed  f o r  1 hour  w i t h  4 ul  o f  p o l y n u c l e o t i d e  k i nase 

( 6  u n i t s ,  New England B i o l a b s ,  B e v e r l y ,  MA) at  37°C.  (Th i s
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l a b e l i n g  t e c h n i q u e  i s  a m o d i f i c a t i o n  o f  t he  method of  Chaco- 

nas and van de Sande,  1980. )  The r e a c t i o n  m i x t u r e  was made 

upto  100 ul  w i t h  0.3 M ^ 0 2 ^ 0 2  and e x t r a c t e d  w i t h  an equal  

volume o f  p h e n o l : c h i o r o f o r m  ( 1 : 1 ) .  The DNA was p r e c i p i t a t e d  

w i t h  3 volumes o f  e t h a n o l ,  p e l l e t e d  (12,000 x g f o r  1 5 ' ) ,  

d r i e d  and resuspended i n  30 ul  TBE (90 mM T r i s - B a s e ,  90 mM 

H3B03, 2 . 5  mM EDTA) c o n t a i n i n g  0.05% SDS, 10% g l y c e r o l ,  

0.025% xy l ene  cyano l -FF and 0.025% bromophenol  b l ue .  Sam­

p l es  were e l e c t r o p h o r e s e d  i n  1o w - m e l t i n g - p o i n t  agarose 

(Bethesda Research L a b o r a t o r i e s ) ge l s  t o  separa te  i n d i v i d u a l  

f r agment s  and u n i n c o r p o r a t e d  l a b e l .  The concent  r a t i o n  o f  

t he  agarose ge l s  v a r i e d  f rom 0.8%-1.5% depending on the 

expected s i z e s  o f  t he  DNA f r agmen t s .

El ec t  r o ph o r e t  i c sepa r a t i o n  o f  DNA on agarose gel s

Agarose ge l s  were prepared by d i s s o l v i n g  a p p r o p r i a t e  

amounts o f  agarose ( 1 . 6 - 3 . 0  g) i n  200 ml o f  TBE, c o n t a i n i n g  

0 .5  ug/ml  e t h i d i u m bromide (Sigma Chemical  C o . ) ,  on a heated 

magnet i c  s t i r r e r  u n t i l  t he s o l u t i o n  b o i l e d .  A f t e r  t he  gel  

s o l u t i o n  was coo l ed t o  37°C,  i t  was poured i n t o  a f l a t b e d  

e l e c t r o p h o r e s i s  appara t us  ( B i o r ad  L a b o r a t o r i e s , Richmond,

CA) and d i f f e r e n t  combs were used t o  cas t  sample w e l l s .
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Once t he  gel  s e t ,  enough TBE ( c o n t a i n i n g  0 .5  ug/ml  e t h i d i um 

bromide)  t o  cover  i t s  s u r f a c e  was added and t he comb was 

g e n t l y  removed.  DNA f r agment  m i x t u r e s  were loaded i n t o  t he 

w e l l s  and e l e c t o p h o r e s e d  at  4°C w i t h  a co ns t a n t  c u r r e n t  o f  

70 mA u n t i l  s e p a r a t i o n  o f  a l l  expected f ragment s  was 

e f f e c t e d .  The DNA f r agment s  were de t ec t ed  by uv l i g h t  i l l u ­

m i n a t i o n .

Gel p i eces  c o n t a i n i n g  i n d i v i d u a l  DNA f r agment s  were 

e x c i s e d ,  me l t ed  a t  65°C and d i l u t e d  t o  0.3% agarose w i t h  20 

mM T r i s - HC l  pH 7 . 4 ,  200 mM NaC2Hg02* Agarose was removed 

f rom t he  s o l u t i o n  by t h r e e  success i ve  e x t r a c t i o n s  w i t h  0.75 

volumes o f  phenol  ( r e d i s t i l l e d  and s a t u r a t e d  w i t h  10 mM 

T r i s - HC l  pH 7.4  c o n t a i n i n g  10 mM KC1 and 1.5  mM M g C ^ ) *  DNA 

was p r e c i p i t a t e d  w i t h  3 volumes o f  e t hanol  and the r e s u l t i n g  

p e l l e t s  were washed w i t h  e t hano l  and d r i e d .  F u r t h e r  d i g e s ­

t i o n  o f  l a b e l e d  DNA f ragment s  w i t h  a second r e s t r i c t i o n  

endonuc l ease proceded as d e s c r i be d  above and r e s u l t e d  i n 

f r agment s  l a b e l e d  at  one end.  These f ragments  were sepa­

r a t e d  i n  4% p o l y a c r y l a m i d e  ge l s  ( M a n i a t i s  et  a l . ,  1975) .

7 . 4 . 4 . 3  E1e c t r o p h o r e t i c  s e p a r a t i o n  on p o l y a c r y l a m i d e  gel s
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S o l u t i o n s  o f  3.87% a c r y l a m i d e ,  0.13% N, N1- m e t h y l e n e - b i s  

ac r y l ami de  ( b i s ) ,  1% (NH^)2 S2 0 g and 0.1%

N , N , N N  - t e t r a m e t h y l e t h y l e n e d i a m i n e  (TEMED) i n TBE (Mania-  

t i s  et  a l . ,  1975b) were prepared f o r  c a s t i n g  ge l s  between 

g l ass  p l a t e s  (265 mm x 165 mm x 4 .5  mm) separa ted by 1.2 mm 

t h i c k  spacers .  An a p p r o p r i a t e  comb was used t o  mold t he 

sample w e l l s .  A f t e r  t he  gel  p o l y me r i z ed ,  t he comb and b o t ­

tom spacer  were removed and t he gel  was mounted onto a v e r ­

t i c a l  e l e c t r o p h o r e s i s  appa r a t us .  TBE was used as t he  r u n ­

n i ng b u f f e r  and ge l s  were prerun f o r  0 . 5  hours at  a cons t an t  

v o l t a g e  o f  200 V. DNA resuspended as f o r  agarose ge l s  was 

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

ments separa t ed  ( t h e  d u r a t i o n  o f  e l e c t r o p h o r e s i s  was e m p i r i ­

c a l l y  d e t e r m i n e d ) .  Labeled DNA bands were d e t ec t ed  by a u t o ­

r a d i o g r a p h y  us i ng Kodak X-0MAT XR-1 f i l m  t o g e t h e r  w i t h  

i n t e n s i f y i n g  sc reens .

An au t o r ad i og r am of  t he l a b e l e d  DNAs was used as a 

t e mp l a t e  t o  ex c i s e  gel  p i eces  c o n t a i n i n g  i n d i v i d u a l  DNA 

f ragment s  which were e l e c t r o e l u t e d  i n t o  0 . 3  ml o f  e l e c t r o e ­

l u t i o n  b u f f e r  ( 0 . 5  M Tr i s -C2H302 pH 6 . 0 ,  0 .5  M NaC2H302 ):

The gel  p i ece  was i n s e r t e d  i n t o  the t i p  o f  a med i c i ne  d r op ­

per  and ov e r l ayed  w i t h  a 1% agarose p l ug made w i t h  e l e c t r o e ­

l u t i o n  b u f f e r  and 0.05% xy l ene  cya n o l - FF .  The d r opper  t i p  

was p l aced i n t o  a 1.5 ml m i c r o c e n t i f u g e  tube c o n t a i n i n g  0.3 

ml of  e l e c t r o e l u t i o n  b u f f e r  and the d r opper  was f i l l e d  w i t h  

t he  same b u f f e r .  The tube was pl aced i n  an e l e c t r o p h o r e s i s
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appara t us  and a wi ck  ( c o n s i s t i n g  o f  2 l a y e r s  o f  Whatman 3MM 

paper  measur i ng 5 cm x 0 .3  cm) was used t o  make c o n t a c t  

between t he  tube b u f f e r  and t he b u f f e r  i n  t he anode chamber.  

A p l a t i n u m  cathode was placed i n t o  t he open end of  t he d r op ­

per  and a c ons t an t  c u r r e n t  o f  15 mA was a p p l i e d  u n t i l  t he 

marker  dye e l e c t r o p h o r e s e d  out  o f  t he end o f  t he  d r opper .

The DNA was recovered by e thanol  p r e c i p i t a t i o n  and t he p e l ­

l e t  was resuspended i n  300 ul  50 mM NaC2H202* A f t e r  a sec­

ond e t hano l  p r e c i p i t a t i o n ,  t he  p e l l e t  was washed w i t h  e t h a ­

nol  and d r i e d  f o r  s t o r age  at  -20°C.

7 . 4 . 5  DNA SEQUENCING

Three sequencing t echn i ques  were used t o  o b t a i n  the NS 

gene sequences r e p o r t e d  i n t hese s t u d i e s ;  t he  chemical  

method of  Maxam and G i l b e r t ,  ( 1980) ,  t he  Forward-Backward 

method of  S e i f  e t  a l . ,  ( 1980) ,  and t he cha i n  t e r m i n a t i o n  

method of  Sanger  e t  a l . ,  (1977)  i n whi ch r e s t r i c t i o n  f r a g ­

ments o f  c l oned DNA served as p r i mer s  f o r  DNA s y n t h e s i s  

us i ng  r ever se  t r a n s c r i p t a s e  programed by v i r a l  RNA (Both et  

a l . ,  1980) .
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Chemi cal  sequencing

The Maxam and G i l b e r t  p r o t o c o l  was used t o  sequence 5'  

end l a b e l e d  r e s t r i c t i o n  f r agment s  (see p r ev i ous  s e c t i o n  f o r  

p r e p a r a t i o n ) .  Thi s  t e c hn i qu e  i n v o l v e s  t he  chemical  m o d i f i ­

c a t i o n  o f  a s p e c i f i c  base (A,G,C o r  T) f o l l o w e d  by removal  

o f  t h a t  base w i t h  subsequent  c l eavage o f  t he  DNA s t r a nd  at  

t he  p o i n t  o f  m o d i f i c a t i o n .  DNA su b j e c t e d  t o  4 p a r t i a l  

c l eavage r e a c t i o n s  r e s u l t s  i n  f r agments  w i t h  known 3'  end 

r es i d ue s  and t hese f ragments  are s i zed  on a p o l y a c r y l am i d e  

g e l .  An au t o r ad i og r am i s  made and t he sequence o f  t he 

s t a r t i n g  DNA i s  de t ermi ned by n o t i n g  which base s p e c i f i c  

t r e a t m e a t  c l eaved at  each success i ve  r e s i d u e  a long t he DNA.

LIMITED CLEAVAGE AT GUANINES

Fi ve ul o f  end l a b e l e d  DNA i n  H20 ( c o n t a i n i n g  a minimum 

o f  3,000 cpm) were combined w i t h  200 ul  DMS b u f f e r  [50 mM 

Na(CH3)2As02 pH 8 . 0 ,  10 mM MgCl2 , 1 mM EDTA] i n  a 1.5 ml 

m i c r o c e n t r i f u g e  t u be ,  mixed and c h i l l e d  on i c e .  One ul  of  

d i m e t h y l s u l f a t e  ( A l d r i c h  Chemical  Co. ,  Mi l waukee,  WI) was 

added,  t he tube was capped,  mixed and i ncuba t ed  at  20°C f o r  

1 0 ' .  The r e a c t i o n  was stopped by a d d i t i o n  o f  50 ul  co l d  DMS 

s t op mix ( 1 . 5  M NaC2H202 pH 7 . 0 ,  1 M 2 - mer cap t oe t hano l  , 40 

ug/ml  so n i c a t e d  and d e p r o t e i n i z e d  h e r r i n g  sperm DNA) and 750 

ul  co l d  e t h a n o l .  A f t e r  m i x i n g ,  t he  t ube was c h i l l e d  i n dry
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i c e - e t h a n o l  f o r  15'  and c e n t r i f u g e d  (12,000 x g) f o r  1 5 ' .

The s up e r n a t a n t  was d i s ca r ded  ( i n t o  5 M NaOH t o  n e u t r a l i z e  

t he  DMS), t he  p e l l e t  was resuspended i n  250 ul  c o l d  0 . 3  M 

NaCgHgOg and t he  DNA p r e c i p i t a t e d  as b e f o r e .  The f i n a l  p e l ­

l e t  was washed w i t h  1 ml e t hanol  and d r i e d  by l y o p h i 1i z a t i o n  

f o r  5 ' .  (The steps t h a t  f o l l o w  are i d e n t i c a l  f o r  t he  f o u r  

b a s e - s p e c i f i c  r e a c t i o n s  and w i l l  not  be repeated i n  t he 

d e s c r i p t i o n  o f  t he o t h e r  3 r e a c t i o n s ) .

The d r i e d  p e l l e t  was resuspended i n 100 ul  1 M p i p e r i ­

d i ne  ( F i s h e r  S c i e n t i f i c  Co. P i t t s b u r g h ,  PA),  t he  t ube open­

i ng was covered w i t h  2 l a y e r s  o f  t e f l o n  t a p e ,  capped,  p l aced 

i n  an aluminum rack and covered w i t h  an aluminum p l a t e  t h a t  

was b o l t e d  i n t o  p l ace t o  p r event  t he cap f rom opening.  The 

tube was heated t o  90°C f o r  3 0 ' ,  removed f rom the r a c k ,  

unsealed and t he co n t e n t s  l y o p h i 1 i zed . The r e s i d ue  was 

resuspended i n  10 ul  HgO, l y o p h i l i z e d  , resuspended in 10 ul  

t^O and d r i e d  aga i n .  The f i n a l  p e l l e t  was t aken up i n  10 ul  

r unn i ng  mix (80% formamide,  TBE and 0.05% each o f  xy l ene  

cyano l - FF  and bromophenol  b l u e ) .  The s o l u t i o n  was heated t o  

100°C f o r  2'  and qu i ck  c h i l l e d  i n i c e .

LIMITED CLEAVAGE AT GUANINES AND ADENINES

Ten ul o f  end l a b e l e d  DNA ( c o n t a i n i n g  at  l e a s t  6,000 

cpm) and 10 ul  H^O were combined i n  a 1.5 ml m i c r o c e n t r i f u g e  

tube and c h i l l e d  on i c e .  Two ul  o f  1 M p i p e r i d i n i u m  f o rmat e
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pH 2.0  (10 ml 4% f o r m i c  ac i d  + 15 ul  p i p e r i d i n e )  were added 

t o  t he  t ube which was heated t o  30°C f o r  2 hours .  The reac 

t i o n  was stopped by r a p i d l y  f r e e z i n g  t he c on t en t s  i n a dry 

i c e - e t h a n o l  bath and l y o p h i 1 i z a t i o n .  DNA was d i s s o l v e d  in 

20 ul  H2 O, d r i e d  and su b j ec t e d  t o  c l eavage as desc r i bed  f o r  

t he  guanine c l eavage r e a c t i o n .

LIMITED CLEAVAGE AT CYTOSINES AND THYMIDINES

Ten ul  o f  end l a b e l e d  DNA ( c o n t a i n i n g  at  l e a s t  6,000

cpm) were combined w i t h  10 ul  H2 O and c h i l l e d  i n an i ce

ba t h .  F o l l o w i n g  a d d i t i o n  o f  30 ul  95% hyd r az i ne  (Eastman 

Organi c  Chemi ca l s ,  s u p p l i e d  by F i s h e r  S c i e n t i f i c  Co. )  t he 

t ube was capped,  mixed and heated t o  30°C f o r  1 0 ' .  The 

r e a c t i o n  was stopped by adding 200 ul  o f  hyd r az i ne  s top mix 

( 0 . 3  M NaC2H202> 0.1 mM EDTA, 10 ug/ml  son i ca t ed  and depro-  

t e i n i z e d  h e r r i n g  sperm DNA) and 750 ul  e t h a n o l .  A f t e r  mi x ­

i n g ,  t he  t ube was p l aced  i n dry  i c e - e t h a n o l  f o r  15'  and cen

t r i f u g e d  ( 12, 000 x g) f o r  1 5 ' .  The supe r na t an t  was

d i sca r ded  ( i n t o  3 M FeC13 t o  n e u t r a l i z e  t he h y d r a z i n e ) ,  t he 

DNA was resuspended w i t h  250 ul  co l d  0 .3  M sodium a ce t a t e  

and i t  was e t hanol  p r e c i p i t a t e d  as b e f o r e .  Subsequent  

t r e a t m e n t s  f o l l o w e d  t hose  d e sc r i bed  f o r  t he  guanine r eac ­

t i o n .
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LIMITED CLEAVAGE AT CYTOSINES

Fi ve  ul o f  end l a b e l e d  DNA ( c o n t a i n i n g  at  l e a s t  3,000 

cpm) were combined w i t h  15 ul  o f  5.0 M NaCl i n  a 1.5 ml 

m i c r o c e n t r i f u g e  t ube and c h i l l e d  i n an i ce  ba t h .  Subsequent  

t r e a t m e n t  was e x a c t l y  as t h a t  d e sc r i be d  f o r  c l eavage at  

c y t o s i n e s  and t h y m i d i n e s .

ELECTROPHORESIS

The f r agment s  r e s u l t i n g  f rom t he  base s p e c i f i c  c l e a v ­

ages were f r a c t i o n a t e d  i n  an 8% p o l y a c r y l a m i d e  g e l .  Gel 

s o l u t i o n s  were prepared t o  c o n t a i n  7.6% a c r y l a m i d e ,  0.4% 

b i s ,  7 M u r ea ,  0.03% (NH^^SgOg and 0.1% TEMED i n TBE. The 

gel  was cas t  between 2 g l ass  p l a t e s  (one p l a t e  measured 910 

mm x 200 mm x 4 .5  mm, t he second p l a t e  was 25.4 mm s h o r t e r )  

separa t ed  by v a s e l i n e  coated t e f l o n  spacers which were 0.38 

mm t h i c k .  Sample w e l l s  were cas t  w i t h  a t e f l o n  comb con­

t a i n i n g  18 t e e t h  (10 mm x 5 mm ) i n t e r s p a c e d  by 2 mm. The

gel  was a l l owed  t o  po l ymer i z e  f o r  at  l e a s t  1 hour .  The comb 

and bot tom spacer  were removed,  t he  sample s l o t s  were 

f l u s h e d  and f i l l e d  w i t h  TBE as was t he space at  t he bot tom

o f  t he gel  p l a t e s .  The gel  was mounted onto an u p r i g h t

e l e c t r o p h o r e s i s  a p pa r a t us .  Two g l ass  spacers  ( 25 . 4  mm x

12.5 mm x 4 . 5  mm) were coated w i t h  v a s e l i n e  and p l aced onto 

t he  t op  edge o f  s h o r t e r  p l a t e  t o  c r e a t  a notch t h a t  c o i n ­

c i ded  w i t h  t h a t  o f  t he b u f f e r  chamber.  The b u f f e r  chambers
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were f i l l e d  w i t h  TBE and a cons t an t  v o l t a g e  o f  1,000 V was 

a p p l i e d  t o  t he gel  f o r  0 .5  hours .  Three ul o f  each c l eavage 

r e a c t i o n  were l oaded i n t o  a d j acen t  w e l l s  o f  t he  gel  and 

e l e c t r o p h o r e s e d  u n t i l  t he  xy l ene  cyano l -FF dye reached the 

bot tom o f  t he  g e l .  At  t h i s  p o i n t  t he gel  was e i t h e r  

r e l oaded  and run as be f o r e  t o  a l l o w  f o r  t he  r ead i ng  o f  

sequences past  t hose o f  t he  f i r s t  l o a d i n g  or  t he e l e c t r o ­

p ho r e s i s  was stopped and t he  gel  cu t  i n t o  30 cm s e c t i o n s  

which were au t o r a d i og r a ph ed  us i ng  x - r a y  f i l m  and i n t e n s i f y ­

i ng sc r eens .  To o b t a i n  t he  sequence o f  t he  20 r es i dues  

p r ox i ma l  t o  t he 5 ‘ end l a b e l ,  t he samples were loaded onto a 

s h o r t e r  gel  (400mm x 200mm) c o n t a i n i n g  19% ac r y l ami de  and 1% 

b i s  ( a l l  o t h e r  components were t he same as f o r  t he 8% a c r y ­

l amide ge l )  and e l e c t r o p h o r e s e d  u n t i l  t he bromophenol  b lue 

m i g r a t ed  12 cm i n t o  t he  g e l .

The Forward-Backward t e c h n i  que

Th i s  method i s  a m o d i f i c a t i o n  o f  t he  n i c k - t r a n s l a t i o n  

method of  Maat and Smi th (1978)  and t he " p l u s - m i n u s "  method 

o f  Sanger and Coulson (1975) .  In t he f o r wa r d  r e a c t i o n s ,  5'  

end l a b e l e d  DNA i s  t r e a t e d  w i t h  DNAase t o  c r e a t e  random s i n ­

g l e - s t r a n d e d  n i c k s .  Thi s  i s  done i n t he  presence o f  E. co1 i
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DNA pol ymerase I (pol  I )  which i s  p r ov i ded  w i t h  deoxynuc l eo-  

s i de  t r i p h o s p h a t e s  (dA,  dC, dG, dT) and one d i deoxynuc l eo -  

s i de  t r i p h o s p h a t e  cha i n  t e r m i n a t o r  ( i . e .  ddA,  ddC, ddG, or  

ddT) i n f o u r  separ a t e  r e a c t  i ons .  The pol  I b i nds t o  s i t e s  

where t he  DNA was c l eaved .  Using i t s  5'  -3 * exonuc lease 

a c t i v i t y ,  pol  I c r e a t e s  s i n g l e - s t r a n d e d  gaps which are then 

r e p a i r e d  us i ng  t he  p r ov i ded  n u c l e o t i d e s .  Random t e r m i n a t i o n  

occurs  a t  guanine r e s i d u e s ,  f o r  example,  when ddG i s  i n c o r ­

p o r a t e d .  The f r agment s  r e s u l t i n g  f rom t he  f o u r  r e a c t i o n s  

are ordered by s i z e  i n a p o l y a c r y 1 amide gel  i d e n t i c a l  t o  

t h a t  used i n  t he  chemical  sequenc ing t e c h n i q u e .  A f t e r  a u t o ­

r a d i o g r a p h y  t he sequence o f  t he  s t a r t i n g  DNA i s  de termi ned 

by n o t i n g  whi ch t e r m i n a t o r  was i n c o r p o r a t e d  at  each succes­

s i v e  p o s i t i o n  a long t he  DNA.

In t he  backward r e a c t i o n  on l y  one d i d e o x y n u c l e o t i d e  i s  

p r ov i de d  so t h a t  t he  pol  I degrades t he  DNA at  t he DNAase 

c l eavage s i t e  u n t i l  t he  p r ov i ded  r e s i d ue  can be added.  The 

f o u r  backward r e a c t i o n s  are l oaded a d j a c e n t  t o  t he f o rwar d  

r e a c t i o n s  on t he gel  and both se t s  o f  r e a c t i o n s  serve t o  

c o n f i r m  t he  n u c l e o t i d e  sequence.

In f o u r  separ a t e  1.5 ml m i c r o c e n t r i f u g e  t u be s ,  0.4 

pmoles o f  5'  end l a b e l e d  DNA ( c o n t a i n i n g  a t  l e a s t  9,000 cpm) 

were resuspended w i t h  a 5 ul  c o c k t a i l  c o n t a i n i n g  6 . 6  mM 

T r i s - HC l  pH 7 . 5 ,  6 . 6  mM MgCl2> 2 mM DTT, 2 mM NaCl , 1 mM 

ddX, 1 mM each o f  dA, dC, dG, dT and 2 . 5  u n i t s  o f  pol  I
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( Bo e r h i nge r - Mannhe i m) . The backward r e a c t i o n  c o n d i t i o n s  

were s i m i l a r  t o  t hose above except  t h a t  dA, dC, dG and dT 

were o m i t t e d  and t he c o n c e n t r a t i o n  o f  t he one d i deoxynuc l eo  

t i d e  was 5 mM. A f t e r  hea t i n g  t o  37°C f o r  3 0 ' ,  5 ul  o f  s top 

mix (99% f ormamide,  10 mM EDTA, 0.05% xy l ene  cyanol  and 

0.05% bromophenol  b l ue )  were added t o  each t ube and samples 

were heated t o  100°C f o r  S'. Samples were e l e c t r o p h o r e s e d  

and ana l yzed as d es c r i bed  in t he  e l e c t r o p h o r e s i s  s e c t i o n  of  

t he  chemi cal  sequencing t ec h n i q ue .

Z*I * ! * A  Sequencing RNA by r ever se  t r a n s c r i p t i o n  and cha in  

t e r m i  nat  i on

In t h i s  t e c h n i qu e  r e s t r i c t i o n  f ragment s  o b t a i ne d  f rom 

c l oned  DNA were used t o  pr ime DNA s y n t h e s i s  f rom v i r a l  RNA 

i n  t he  presence o f  cha i n  t e r m i n a t o r s  and r ever se  t r a n s c r i p ­

t a s e .  V i r a l  RNA ( 4 . 5  pmoles)  i n  5 ul  1^0 was combined w i t h  

a p p r o x i m a t e l y  0 .5  pmoles o f  r e s t r i c t i o n  f ragment  i n  5 ul  o f  

20 mM Tr i s - HC l  pH 8 . 0 ,  13 mM KC1 and 0 . 2  mM EDTA. The mi x ­

t u r e  was sealed i n a c a p i l l a r y  tube and heated f i r s t  t o  

100°C f o r  3 0 ' '  and then kept  a t  68°C f o r  3 0 ' .  The c on t en t s  

o f  t he  c a p i l l a r y  t ube were combined w i t h  5 ul  o f  H£0 and 2.5 

ul  a l i q u o t s  were combined w i t h  7.5 ul  o f  t he ddA, ddC, ddG
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and ddT sequenc ing c o c k t a i l s  i n  separa t e  1.5 ml m i c r o c e n t r i ­

f uge t ubes .  A l l  sequencing c o c k t a i l s  c on t a i ned  66.6 mM 

T r i s - HC l  pH 8 . 3 ,  80 mM NaCl , 26.6 mM DTT, 16 mM MgCl2 , 80 uM 

dG and 80 uM dT. In a d d i t i o n ,  t he  ddA c o c k t a i l  con t a i ned  

133 uM ddA, 80 urn dA, 25 uCi a-32-P-dC ( 2 , 0 0 0 - 3 , 0 0 0  C i /  

mmole,  Amersham Cor p . ,  A r l i n g t o n  h e i g h t s ,  I L ) ;  t he  ddC coc k ­

t a i l  con t a i ned  6.6 uM ddC, 80 uM dC, 25 uCi a - ^ P - d A  

( 2 , 0 0 0 - 3 , 0 0 0  Ci /mmole,  Amersham C o r p . ) ,  t he  ddG c o c k t a i l  

con t a i n ed  18.6 uM ddG, 80 urn dC, 25 uCi a - ^ P - d A ;  and the

ddT c o c k t a i l  c on t a i ned  66.6 uM ddT,  80 uM dC, 25 uCi
3 2a-  P-dA.  A second ddA c o c k t a i l  i n which t he  ddA c o n c e n t r a ­

t i o n  was l owered t o  33.3 uM was a l so  used.  Th i s  was neces­

sary because i n  some i n s t a n c e s  t he  DNA cha i n  e l o n g a t i o n  was 

p r e ma t u r e l y  t e r m i n a t e d  by t he h i g he r  c o n c e n t r a t i o n  o f  ddA i n 

t he  f i r s t  c o c k t a i 1.

The 10 ul  r e a c t i o n  m i x t u r e s  ( 7 . 5  ul c o c k t a i l  + 2.5 ul 

RNA and p r i me r )  were combined w i t h  0 .5  ul  o f  r ever se  t r a n ­

s c r i p t a s e  ( 7 . 5  u n i t s )  and heated t o  37°C f o r  2 0 ' .  The
Q  Q  -

a- P-dC c o n t a i n i n g  r e a c t i o n s  were " chased"  f o r  10'  at  25 C 

w i t h  1 ul o f  un l abe l ed  500 uM dC. The a - ^ P - d A  c o n t a i n i n g  

r e a c t i o n s  were s i m i l a r l y  t r e a t e d  w i t h  1 ul  o f  500 uM dA.

Each r e a c t i o n  c o c k t a i l  was combined w i t h  8 ul  o f  r unn i ng  

m i x t u r e  ( f ormamide c o n t a i n i n g  0.1% xy l ene  c y a n o l - F F ,  0.1% 

bromophenol  b l ue and 5 mM EDTA) and heated t o  100°C f o r  2'  

f o l l o w e d  by qu i ck  c h i l l i n g  on i c e .  Three t o  f i v e  ul  o f  each 

r e a c t i o n  were loaded onto  8% p o l y a c r y l a m i d e  ge l s  which were



81

made, e l e c t r o p h o r e s e d  and au t o r a d i o g r a ph e d  as d e sc r i bed  in 

the e l e c t r o p h o r e s i s  s e c t i o n  o f  chemi cal  sequenc i ng.

7 . 4 . 6  GENOTYPING INFLUENZA VIRUS RECOMBINANTS

Labeled RNAs o f  p a r e n t a l  and recombi nant  v i r u s e s  were 

separa ted  f o r  a n a l y s i s  i n  p o l y a c r y l a m i d e  ge l s  ( R i t c h e y  et  

a l . ,  1976b) The g e n e t i c  d e r i v a t i o n  o f  each recombi nant  was 

de t e rmi ned  by compar ing t he m i g r a t i o n  p a t t e r n s  o f  i t s  RNAs 

t o  t hose o f  i t s  p a r e n t a l  s t r a i n s .

I so !  a t i  on o f  recombi  nant  v i r u s e s

The recombinant  s t r a i n s  genotyped i n  t h i s  s t udy  were 

i s o l a t e d  by Dr .  K i l b o u r n e  and t h e i r  c o n s t r u c t i o n  w i l l  be 

b r i e f l y  d e s c r i b e d .  Recombinants o f  PR8 v i r u s  and o t he r  

i n f l u e n z a  v i r u s  s t r a i n s  were prepared i n an e f f o r t  t o  t r a n s ­

f e r  t he  h igh y i e l d  phenotype o f  t he  PR8 v i r u s  t o  f i e l d  i s o ­

l a t e s  whi ch were needed f o r  vacc i ne  p r o d u c t i o n .  Recombi ­

nants o f  PR8 v i r u s  and o t h e r  i n f l u e n z a  A v i r u s e s  were
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o b t a i n e d  by dual  i n f e c t i o n  o f  1 1 - d a y - o l d  embryonated hens'  

eggs and subsequent  passage o f  t he  recombi nant s  i n  t he  p r es ­

ence o f  an t i se r um t o  t he HA and NA a n t i g e n s  o f  t he  PR8 v i r u s

( K i l b o u r n e  et  a l . ,  1971) .  The se r o t ypes  o f  t he recombinants  

( i . e .  HA and NA d e r i v a t i o n )  were de t e rmi ned by e s t a b l i s h e d  

h e m a g g l u t i n a t i o n  i n h i b i t i o n  and neurami n i dase i n h i b i t i o n  

assays (Wong and K i l b o u r n e ,  1961;  Aymard-Henry e t  a l . ,  1973) 

w h i l e  HA t i t e r s  were de t e rmi ned by the t u b e - d i 1u t i o n  method

(Wong and K i l b o u r n e ,  1961) .

6.-2. Label  i ng RNA i n v i v o

32V i r us  s p e c i f i c  RNA was l a b e l e d  j_n v i v o  w i t h  P i n  

v i r u s  i n f e c t e d  MDCK c e l l s  (Gaush and Smi t h ,  1968) as 

d e s c r i be d  by Palese and Schulman (1976b) :  Two monolayers o f

MDCK c e l l s  i n  25 cm2 d i shes  were used per  v i r u s .  Monolayers 

were washed f r e e  o f  growth medium w i t h  p h o s p h a t e - f r e e  r e i n ­

f o r c e d  MEM (REM, Grand I s l a n d  B i o l o g i c a l  C o r p . ) .  Each d i sh  

was i n o c u l a t e d  w i t h  0 .2  ml o f  u n d i l u t e d  seed v i r u s  which was

a l l owed  t o  adsorb f o r  30'  at  37°C.  Three ml o f  phosphate-
3 2f r e e  growth medium c o n t a i n i n g  2 .5  mCi P (as o r t hophos -  

p h o r i c  a c i d  i n  H2 O, New England Nuc l ear )  and 2 ug/ml  t r y p s i n  

were added t o  each d i s h .



A f t e r  18 hours a t  37°C,  t he  c e l l  su p e r na t an t s  were 

h a r ves t ed  and c l a r i f i e d  by c e n t r i f u g a t i o n  (1 ,000  x g f o r  

1 0 ' ) .  Each v i r u s  c o n t a i n i n g  f l u i d  was l ay e r ed  onto a 

30%-60% l i n e a r  sucrose g r a d i e n t  t o g e t h e r  w i t h  3 ml o f  u n l a ­

be l ed v i r u s  f l u i d  ( t he  un l abe l ed  v i r u s  f a c i l i t a t e s  v i s u a l i ­

z a t i o n  o f  t he v i r u s  i n  t he g r a d i e n t  and a l so  p r ov i des  c a r ­

r i e r  RNA needed f o r  p r e c i p i t a t i o n  o f  e x t r a c t e d  RNA) and 

v i r a l  RNA was e x t r a c t e d  as desc r i bed  i n  t he  s e c t i o n  on 

v i r u s e s .  V i r a l  RNA was resuspended i n  L o e n i n g ' s  b u f f e r  (36 

mM T r i s - B a s e ,  30 mM NaF^PC^s 1 mM EDTA; pH 7 . 8)  c o n t a i n i n g  

20% s uc r ose ,  0.05% xy l ene  cy an o l - FF ,  and 0.05% bromophenol  

b l u e .  Ten ul o f  v i r a l  RNA m i x t u r e  c o n t a i n e d  a p p r o x i ma t e l y  

20 , 000 - 30 , 000  cpm.

E l e c t r o p h o r e s i  s

A gel  s o l u t i o n  (50ml )  was prepared t o  c o n t a i n  2.4%,

2.6% or  3% a c r y l ami de  ( f r om a s tock  s o l u t i o n  c o n t a i n i n g  30% 

a c r y l a i n i d e ,  1. 725% b i s )  6 M urea,  0.15% (NH^)2S20g and 0.1% 

TEMED i n  L o e n i n g ' s  b u f f e r .  Gels were cas t  between g l ass  

p l a t e s  measur i ng 265 mm x 165 mm x 4 . 5  mm. (One p l a t e  was 

sa n db l as t ed  t o  a rough f i n i s h  and t he  o t h e r  was n o t ched ) .

The p l a t e s  were separa t ed  by 1.2 mm t h i c k  spacers  and sample
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w e l l s  were formed by a comb c o n t a i n i n g  15 t e e t h  (measur i ng 

15 mm x 6 mm) i n t e r s p a c e d  by 1.5 mm. A f t e r  p o l y m e r i z a t i o n ,  

t he  comb and bot t om spacer  were removed and t he  gel  was 

mounted on a v e r t i c a l  e l e c t r o p h o r e s i s  appa r a t us .  The cham­

bers were f i l l e d  w i t h  L o e n i n g ' s  b u f f e r  and 10 ul  o f  each 

sample were l oaded i n t o  ad j a c e n t  w e l l s .  E l e c t r o p h o r e s i s  

proceded at  a co n s t a n t  v o l t a g e  o f  120 V f o r  18-20 hours i n a 

wa t e r  j a c k e t e d  i n c u b a t o r  se t  at  26°C. A f t e r  e l e c t r o p h o r e ­

s i s ,  t he  gel  was removed f rom the roughened g l ass  p l a t e  w i t h  

a p i ece  o f  Whatman 3MM paper ,  covered w i t h  saran wrap,  and 

heat  d r i e d  under  vacuum f o r  1 hour .  The d r i e d  gel  was a u t o ­

r ad i og r aphed  us i ng  Kodak X-OMAT XR-1 f i l m  and an i n t e n s i f y ­

i ng sc r een.

7 . 4 . 7  COMPARATIVE T1 MAPPING ANALYSIS OF INFLUENZA VIRUS 

RNAS

Ri bonuc l ease  T1 d i g e s t s  o f  t o t a l  RNA and o f  i s o l a t e d  

RNA segments were su b j e c t e d  t o  f i n g e r p r i n t  a n a l y s i s  (Peder ­

sen and H a s e l t i n e ,  1980) .  The genes cod i ng t he  NS p r o t e i n s ,  

t he  M p r o t e i n ( s )  and t he  HA were i n d i v i d u a l l y  ana l yzed .  

However ,  two gene m i x t u r e s  were a l so  ana l yzed because ade­

quate s e p a r a t i o n  between p a r t i c u l a r  genes was not  p o s s i b l e .



85

One m i x t u r e  c o n s i s t e d  o f  t he NP and NA genes and t he o t h e r  

o f  t he  t h r e e  P genes.

2 - 4 .  7..I  I s o l a t i o n  o f  RNA segments

V i r a l  RNA used f o r  a n a l y s i s  was i s o l a t e d  as p r e v i o u s l y  

d e s c r i b e d .  To i s o l a t e  i n d i v i d u a l  RNA segments,  whole RNA 

was f r a c t i o n a t e d  on p o l y a c r y l a m i d e  ge l s  as d es c r i bed  i n the 

e l e c t r o p h o r e s i s  s e c t i o n  o f  i n  v i v o  l a b e l e d  RNAs. Gels were 

s t a i n e d  by o v e r l a y i n g  them w i t h  severa l  ml o f  5 ug/ml  e t h i -  

diurn bromide i n  L o e n i n g s ' s  b u f f e r  and t he  RNA segments were 

seen by uv l i g h t  i l l u m i n a t i o n .  Gel p i eces  c o n t a i n i n g  RNA 

segments were exc i sed  and the RNAs were e l e c t r o e l u t e d  us i ng 

t he  same method as d es c r i bed  f o r  t he i s o l a t i o n  o f  5'  end 

l a b e l e d  DNA f r agmen t s .

2* 4.2-2.  Pr epa r a t  i on o f  RNAase T1

Ri bonuc l ease  T1 ( Ca l b i o ch en ,  San Di ego,  CA) was d i s ­

so l ved  t o  10,000 u n i t s / m l  w i t h  20 mM EDTA, 10 mM Tr i s - HC l  pH
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7 . 5 .  S e v e n t y - f i v e  ul  o f  1 N HC1 per  ml of  enzyme was added 

and t he  m i x t u r e  was kept  a t  room t emper a t u r e  f o r  10'  t o  

i n a c t i v a t e  c o n t a m i n a t i n g  phosphatase a c t i v i t y .  A f t e r  c h i l l ­

i ng  on i c e ,  30 ul  o f  1 M Tr i s - HCl  pH 7.5 was added,  and the 

pH o f  t he  m i x t u r e  was a d j u s t e d  t o  pH 7.5 w i t h  1 N NaOH. The 

above p r e p a r a t i o n  was assayed i n 75 ul  r e a c t i o n s  c o n t a i n i n g

66.6  mM Tr i s - HC l  pH 7 . 5 ,  2.66 mM EDTA, 250 ug yeas t  RNA and 

seve r a l  d i l u t i o n s  o f  t he  enzyme. A f t e r  hea t i n g  t o  37°C f o r  

1 5 ' ,  each r e a c t i o n  was c h i l l e d  on i ce  and t he  und i ges t ed  RNA 

was p r e c i p i t a t e d  w i t h  25 ul  25% t r i c h l o r o a c e t i c  ac i d  con­

t a i n i n g  0.75% urany l  a c e t a t e .  F o l l o w i n g  c e n t r i f u g a t i o n  

(12,000 x g) f o r  1 0 ' ,  25 ul  o f  t he su p e r n a t a n t s  were each 

combined w i t h  750 ul  H£0 and the s o l u t i o n s  were read in a 

s p e c t r op h o t o me t e r  ( a t  260 nm) t o  de t e rmi ne  t he u n i t s  o f  

a c t i v i t y  i n  each enzyme d i l u t i o n .  An absorbance o f  0.1 i s  

equated t o  12 x 10 enzyme u n i t s  (Ar ima e t  a l . , 1968) .

7 . 4 . 7 . 3  RNAase T1 d i g e s t i o n  and 5 1 end l a b e l i n g  o f  RNA

V i r a l  RNA or  RNA segments (1 ug) were resuspended i n 2 

ul  o f  d i g e s t i o n  b u f f e r  (20 mM Tr i s - HCl  pH 7 . 5 ,  2 mM EDTA) i n

1.5 ml m i c r o c e n t r i f u g e s  tube and heated t o  100°C f o r  2'  f o l ­

lowed by qu i ck  c h i l l i n g  on i c e .  RNAase T1 (2 u n i t s  i n  2 ul
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o f  d i g e s t i o n  b u f f e r )  was added t o  each tube and t he m i x t u r e s  

were heated t o  37°C f o r  3 0 ' .  The r e a c t i o n  m i x t u r e s  were 

combined w i t h  43 ul  k i nase  b u f f e r  [10 mM Tr i s - HCl  pH 8 . 0 ,  10 

mM Mg(C2H.j02)2> 1 mM DTT] ,  c o n t a i n i n g  100 uCi Y - ^ 2P-ATP 

( 1 , 0 0 0 -  3,000 Ci /mmole,  New England Nuc l ea r )  and 3 ul  p o l y ­

n u c l e o t i d e  k i nase  (4 u n i t s ,  New England B i o l a b s ) .  A f t e r  

h e a t i n g  t o  37°C f o r  3 0 ' ,  t h e  r e a c t i o n s  were t e r m i n a t e d  by 

adding 100 ul  pheno l ,  m i x i n g ,  ad adding 50 ul  s top m i x t u r e  

(2 mg/ml y e as t  RNA i n  0 . 6  M NH^gH^Og)*  F o l l o w i n g  c e n t r i f u ­

g a t i o n  ( 12,000 x g f o r  1 0 ' ) ,  t h e  s u p e r na t an t s  were c o l l e c t e d  

and t he RNA p r e c i p i t a t e d  w i t h  300 ul e t h a n o l .  Dr i ed  p e l l e t s  

were resuspended i n  25 ul  r unn i ng  m i x t u r e  (7M u r ea ,  10% suc­

r ose ,  0.05 M EDTA, 0.15% xy l ene  cy an o l - FF ,  0.15% bromophenol  

b l u e ,  5 mg/ml o f  T1 d i g e s t e d  and und i ges t ed  yeas t  RNA). The 

RNA i n  t he  r unn i ng  m i x t u r e  was prepared by d i g e s t i n g  40 mg 

o f  yeas t  RNA i n  20 ml RNAase T1 d i g e s t i o n  b u f f e r  w i t h  160 

u n i t s  o f  RNAase T1 per  mg o f  RNA f o r  30'  at  37°C.  A f t e r  

adding 10 mg o f  whole y e a s t  RNA i n 2 ml o f  H2 O and 2.4  ml of  

0 .5  M NaCl , t he  m i x t u r e  was e x t r a c t e d  w i t h  an equal  volume 

o f  phenol  : chi  orofor i n  ( 1 : 1 ) .  The RNA was ethanol  p r e c i p i ­

t a t e d  and resuspended i n  10 ml o f  r unn i ng  m i x t u r e  ( des c r i b e d  

a b o v e ) .
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Z*i.*Z*Z Two d i mens i ona l  el  e c t r o p h o r e s i  s

Gel s o l u t i o n s  (200 ml )  were prepared t o  c o n t a i n  10% 

a c r y l a m i d e ,  0.325% b i s ,  7 M u r ea ,  0.025 M CgHgO^, 0.01 mg, 

FeSO^-TI^O,  0 .4  mg a s c o r b i c  ac i d  and 0.012% and poured

between g l ass  p l a t e s  (measur i ng 40 cm x 20 cm x 0 .5  cm) sep­

a r a t e d  by v a s e l i n e  coated t e f l o n  s i de  spacers (whi ch were

2.5 mm t h i c k ) .  The bot tom space between the p l a t e s  had been 

p r e v i o u s l y  sea led w i t h  p l a s t i c i n e .  A comb c o n t a i n i n g  6 

t e e t h  was used t o  cas t  sample w e l l s  measur i ng 5 mm x 5 mm x

2.5 mm. Fo l l o w i n g  p o l y m e r i z a t i o n  t he comb and p l a s t i c i n e  

were removed and t he gel  was p l aced u p r i g h t  i n t o  an anode 

chamber c o n t a i n i n g  4 1 o f  ID r unn i ng  b u f f e r  (0 .025  M CgHgOy, 

7 M u r e a ) .  The t op  o f  t he gel  was ov e r l aye d  w i t h  t he  same 

b u f f e r  and a w i c k ,  c o n s i s t i n g  o f  2 l a y e r s  o f  b u f f e r  s a t u ­

r a t e d  Whatman 3MM paper  covered w i t h  Saran wrap,  was 

i n s e r t e d  i n t o  t he  t op  o f  t he  gel  such t h a t  t he wi ck was 

f l u s h  w i t h  t he  s i de  spacers .  The o t h e r  end o f  t he wi ck was 

p l aced  i n  t he cathode chamber whi ch c o n t a i ne d  6 1 o f  ID 

b u f f e r  and was e l e v a t e d  such t h a t  i t s  b u f f e r  l e v e l  was 10 cm 

above t h a t  o f  t he anode chamber.  The gel  was p rerun f o r  1 

hour  at  a co n s t a n t  v o l t a g e  o f  900 V and 8 ul  o f  each sample 

were l oaded and e l e c t r o p h o r e s e d  u n t i l  t he  bromophenol  bl ue 

mi g r a t e d  18 cm. Fo l l o w i n g  e l e c t r o p h o r e s i s , one p l a t e  was 

removed and t he gel  was covered w i t h  Saran wrap f o r  a u t o r a ­

d i o g r a ph y  us i ng Kodak X-0MAT XR-2 f i l m .
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Gel s t r i p s  (1 cm wide and co v e r i ng  f rom 10 cm t o  30 cm 

f rom t he  o r i g i n )  c o n t a i n i n g  t he  o l i g o n u c l e o t i d e s  were 

e xc i sed  w i t h  a r a z o r  b l ade .  Each gel  s t r i p  was pl aced on a 

g l ass  p l a t e  (measur i ng 28.5 cm x 23.5 cm x 0 .45 cm) 4 cm 

above t he  bot tom edge and 2 v a s e l i n e  coated t e f l o n  spacers 

t h a t  were 0 .2  cm t h i c k  were p l aced on e i t h e r  s i de  o f  each 

gel  s t r i p .  A second g l ass  p l a t e  was p l aced over  t he gel

s t r i p  and t he  bot tom space between t he  p l a t e s  was sealed

w i t h  p l a s t i c i n e .  A gel  s o l u t i o n  c o n s i s t i n g  o f  21.9% a c r y -  

1 ami d e , 0.71% b i s ,  50 mM Tr i s-HgBOg pH 8 . 3 ,  1 mM EDTA, 0.06% 

TEMED and 0.06% (NH^JgSgOg was poured between t he p l a t e s  

c o n t a i n i n g  each gel  s t r i p  t o  a l e v e l  2 cm f rom t he  t op  o f  

t he  p l a t e s .  A f t e r  p o l y m e r i z a t i o n ,  t he p l a s t i c i n e  was 

removed and t he  ge l s  were p l aced i n a cathode chamber con­

t a i n i n g  enough 2D b u f f e r  (50 mM Tr i s-HgBOg pH 8 . 3 ,  1 mM 

EDTA) t o  reach t he l e v e l  o f  t he  p o l y a c r y l a m i d e .  Each gel  

was o ve r l ayed  w i t h  t he  2D b u f f e r  and a b u f f e r  s a t u r a t e d  wick

(as de s c r i be d  above) was i n s e r t e d  i n t o  t he t op  o f  each ge l .

The o t h e r  end o f  t he  wi ck  was pl aced i n t o  t he anode chamber 

and a c o n s t a n t  c u r r e n t  o f  14 mA per  gel  was a p p l i e d  u n t i l  

t he  bromophenol  b l ue m i g r a t e d  18 cm f rom t he  f i r s t  d imens i on 

gel  s t r i p .  Fo l l o w i n g  e l e c t r o p h o r e s i s , one g l ass  p l a t e  was 

removed f rom each g e l ,  t he  ge l s  were covered w i t h  Saran wrap 

and a u t o r a d i o g r a ph e d .

Using t he  above e l e c t r o p h o r e t i c  c o n d i t i o n s ,  t he  separ a ­

t i o n  o f  o l i g o n u c l e o t i d e s  i n  t he  f i r s t  d i mens i on i s  mos t l y
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dependent  on t h e i r  base compo s i t i o n .  The C o r  A r i c h  o l i g o ­

n u c l e o t i d e s  m i g r a t e  s l o we r  t han t he G o r  U r i c h  o l i g o n u c l e o ­

t i d e s  . In second d imens i on e l e c t r o p h o r e s i s ,  t he o l i g o n u ­

c l e o t i d e s  are separa ted  mos t l y  by s i z e  d i f f e r e n c e s  

(DeWachter  and F i e r s ,  1972) .

Z*1*Z*1 O l i g o n u c l e o t i d e  si  ze determi  n a t i  on

To de t e rmi ne  t he s i z e  o f  t he o l i g o n u c l e o t i d e s  used f o r  

a n a l y s i s ,  r e p r e s e n t a t i v e  o l i g o n u c l e o t i d e s  were e l u t e d  f rom 

gel  p i eces  (Maxam and G i l b e r t ,  1980) which were exc i sed  f rom 

an RNA f i n g e r p r i n t  gel  o f  t he A / S i n g / 1 / 5 7  v i r u s .  Gel pieces 

were p l aced i n  a 1.5 ml m i c r o c e n t r i f u g e  t ube and crushed 

w i t h  a g l ass  rod.  One ml o f  e l u t i o n  b u f f e r  [ 0 . 5  M 

NH4C2H302 , 0.01 M Mg(C2H302 ) 2 , 0.1% SDS, 0.1 mM EDTA] was 

added t o  each tube whi ch was then capped and heated t o  37°C 

f o r  16 hours .  The suspens ion was passed t h r ough  a s t e r i ­

l i z e d  1 ml p l a s t i c  p i p e t t e  t i p  plugged w i t h  s i l i c o n i z e d  

g l ass  wool  t o  remove gel  p i eces f rom t he  e l u a t e  which was 

t hen combined w i t h  25 ul  s t op  m i x t u r e  (see s e c t i o n  7 . 4 . 7 . 3 ) .  

The RNA was p r e c i p i t a t e d  w i t h  2.5 volumes o f  e t hanol  and 

p e l l e t e d  by c e n t r i f u g a t i o n  (12,000 x g f o r  2 0 ' ) .  The d r i e d  

p e l l e t  was resuspended i n  1 ml H20,  combined w i t h  0.1 ml 10%
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p e r c h l o r i c  a c i d ,  and c h i l l e d  on i ce  f o r  1 0 ' .  Thi s  t r e a t me n t  

s e l e c t i v e l y  p r e c i p i t a t e s  t he  RNA and l eaves t he s o l u b l e  

a c r y l a mi d e  i n  s o l u t i o n  (Jeppesen et  a l . ,  1972) .  A f t e r  cen­

t r i f u g a t i o n  ( 12,000 x g f o r  1 5 ' )  t he p e l l e t  was combined 

w i t h  0 . 3  ml o f  100 mM Tr i s - HCl  pH 8 . 0 ,  20 mM KC1 and the 

d i s s o l v e d  RNA was p r e c i p i t a t e d  w i t h  2 volumes o f  e t h a n o l .

The p e l l e t  was washed w i t h  e thanol  and d r i e d .

P a r t i  al  a l k a l i  di  gest  i on o f  ol  i gonucl  e o t i  des

Each i s o l a t e d  o l i g o n u c l e o t i d e  was resuspended i n  5 ul 

o f  50 mM NaHC03 pH 9 . 5 ,  1 mM EDTA and heated t o  93°C f o r  

3 0 ' .  D i g e s t i o n s  were t e r m i n a t e d  by a d d i t i o n  o f  5 ul  s t op 

m i x t u r e  (10 M ur ea ,  0.05% xy l ene  cya n o l - FF ,  0.05% bromophe- 

nol  b l u e ) .  A 50 ml gel  s o l u t i o n  was prepared t o  c o n t a i n  20% 

a c r y l a m i d e  0.15% b i s ) ,  7 M ur ea ,  50 mM T r i s - H g B O g  pH 8 . 3 ,  1 

mM EDTA, 0.06% (NH^gSgOg and 0.06% TEMED. Th i s  was poured 

between 2 p l a t e s  (measur i ng 400 mm x 330 mm x 4 .5  mm; one of  

whi ch was notched)  separa t ed  by 0.5 mm t h i c k  v a s e l i n e  coated 

t e f l o n  spacers .  Sample w e l l s  were cas t  w i t h  a t e f l o n  comb 

c o n t a i n i n g  18 t e e t h  (measur i ng 10 mm x 14 mm) i n t e r s pa c ed  by 

3 mm. F o l l o w i n g  p o l y m e r i z a t i o n ,  t he  coinb and bot tom spacer  

were removed and t he gel  was mounted on an e l e c t r o p h o r e s i s
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appar a t us .  The b u f f e r  chambers were f i l l e d  w i t h  r unn i ng  

b u f f e r  (50 mM T r i s - b o r a t e  pH 8 . 3 ,  1 mM EDTA) and t he gel  was 

p r er un  severa l  hours at  a co ns t a n t  v o l t a g e  o f  2,000 V. Fi ve 

ul  o f  each sample were l oaded i n t o  ad j ac e n t  s l o t s  on t he  gel  

and e l e c t r o p h o r e s e d  u n t i l  t he xy l ene  cyano l -FF m i g r a t ed  9.5 

cm. E l e c t r o p h o r e s i s  was s t opped,  one g l ass  p l a t e  was 

removed,  t he  gel  was covered w i t h  Saran wrap and a u t o r a d i o ­

graphed us i ng Kodak X-OMAT XR-5 f i l m  and an i n t e n s i f y i n g  

sc r een .  The number o f  r es i dues  i n  each o l i g o n u c l e o t i d e  was 

de t e rmi ned by c o u n t i n g  t he  number o f  bands t he p a r t i a l l y  

d i g e s t e d  p r oduc t s  y i e l d e d  i n t he au t o r ad i og r am.  Th i s  p r oce ­

dure a l l owed  f o r  t he c o n s t r u c t i o n  o f  a " r e f e r e n c e  map" on 

whi ch t he  l e n g t h s  o f  a l l  o l i g o n u c l e o t i d e s  were i d e n t i f i e d .  

Super impos ing t he  r e f e r e n c e  map on t he  o l i g o n u c l e t i d e  f i n ­

g e r p r i n t  o f  any v i r a l  RNA p e r m i t t e d  t he  s i z e  e s t i m a t i o n  of  

i t s  o l i g o n u c l e o t i d e s .
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8 . 0  RESULTS

Some o f  t he  data present ed  i n  t h i s  s e c t i o n  have e i t h e r  

been p u b l i s h e d  or  are i n  p r ess :

(1)  Baez,  M. , Pa l ese ,  P. and K i l b o u r n e ,  E.D.  1980. 

Gene co mpo s i t i o n  o f  h i g h - y i e l d i n g  i n f l u e n z a  vacc i ne  s t r a i n s  

o b t a i n e d  by r e c o mb i n a t i o n .  J. I n f .  D i s .  141:362-365

(2)  Baez,  M. , Taus s i g ,  R. , Zazra ,  J . J . ,  Young,  J . F .  

and Pa l ese,  P. 1980. Complete n u c l e o t i d e  sequence o f  t he 

i n f l u e n z a  A/PR/8/34 v i r u s  NS gene and compar i son w i t h  t he NS 

genes o f  t he  A/ Udorn / 72 and A/FPV/Ros tock / 34  s t r a i n s .  N u c l . 

Ac i ds  Res. 8 : 5845-5858.

(3)  Pa l ese ,  P . ,  Brand,  C. ,  Young,  J . F . ,  Baez,  M. , S i x ,  

H. R. ,  and Kasel  , J .A.  1981. Mo l e c u l a r  ep i demi o l ogy  of  

i n f l u e n z a  v i r u s e s .  I n :  " P e r s p e c t i v e s  i n  v i r o l o g y "  v o l .

11,  pp. 115-127 (M. P o l l a r d ,  ed . )  Raven Press ,  New York.
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(4)  Pa l ese ,  P . ,  E l l i o t t ,  R.M. ,  Baez,  M . , Zazra,  J . J . ,  

and Young,  J . F .  1981.  Genome d i v e r s i t y  among i n f l u e n z a  A,

B and C v i r u s e s  and g e n e t i c  s t r u c t u r e  o f  RNA 7 and 8 of  

i n f l u e n z a  A v i r u s e s .  I n :  " Gene t i c  v a r i a t i o n  among i n f l u ­

enza A v i r u s e s "  ICN-UCLA symposia on mo l e c u l a r  and c e l l u l a r  

b i o l o g y ,  v o l .  XXI I  (D. Nayak and C.F.  Fox eds . )  Academic 

Press ,  New York.  ( i n  p ress)

(5)  Baez,  M. , Zaz ra ,  J . J . ,  E l l i o t ,  R.M. ,  Young,J .F.  

and Pa l ese ,  P. 1980.  Nu c l e o t i d e  sequence o f  t he i n f l u e n z a  

A / d u c k / A l b e r t a / 6 0 / 7 6  v i r u s  NS RNA: Conser va t i on  o f  the 

NS1/NS2 o v e r l a p p i n g  gene s t r u c t u r e  i n a d i v e r g e n t  i n f l u e n z a  

v i r u s  RNA segment .  V i r o l o g y .  ( i n  p ress)
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8.1. GENOTYPE DETERMINATION OF INFLUENZA VIRUS RECOMBINANTS 

CONSTRUCTED FOR USE IN VACCINE PRODUCTION

The u n d e r t a k i n g  o f  t he  f i r s t  p r o j e c t  occu r r ed  at  a t i me 

when a b r eak t h r ough  i n e l e c t r o p h o r e t i c  t echn i ques  p e r m i t t e d  

t h e  p h y s i c a l  mapping o f  t he  i n f l u e n z a  v i r u s  genome (see sec­

t i o n  6.3.3 o f  t he  i n t r o d u c t i o n ) .  I n f l u e n z a  v i r u s  r ecombi ­

nants e xp r e s s i n g  an enhanced growth phenotype were con­

s t r u c t e d  f rom PR8 v i r u s  and sever a l  f i e l d  i s o l a t e s  us ing 

e s t a b l i s h e d  procedures  ( K i l b o u r n e  et  al  . , 1971) .  Since 

t hese  r ecombi nant s  were c o n s t r u c t e d  f o r  use or  p o t e n t i a l  use 

i n  v acc i ne  p r o d u c t i o n ,  i t  was o f  i n t e r e s t  t o  examine t h e i r  

g e n e t i c  c o mp o s i t i o n  w i t h  t he r e c e n t l y  developed e l e c t r o p h o ­

r e t i c  t e c h n i q u e s  and de t e r mi ne  i f  any p a r t i c u l a r  genes cou ld  

be c o r r e l a t e d  w i t h  t he h igh y i e l d  phenomenon.

The g e n e t i c  d e r i v a t i o n  o f  each recombinant  was d e t e r ­

mined by compar i son o f  t he p o l y a c r y l a m i d e  gel  m i g r a t i o n  pa t -  
32t e r n s  o f  t he  P - l a b e l e d  RNAs i s o l a t e d  f rom t he  recombi nant s  

and p a r e n t a l  s t r a i n s .  I f  an RNA segment  o f  a r ecombinant  

s t r a i n  can be shown t o  comi g r a t e  w i t h  t he c o r r e sp o n d i ng  RNA 

o f  one o f  i t s  pa r e n t a l  s t r a i n s ,  i t  i s  assumed t o  be d e r i v e d  

f rom t h a t  p a r e n t a l  s t r a i n .  Several  l a b e l i n g  exper i ment s  and 

d i f f e r e n t  p o l y a c r y l a m i d e  gel  c o n c e n t r a t i o n s  (2.4%,  2.6% and 

2 .8%) were used t o  i d e n t i f y  t he  gene co mp o s i t i o n  o f  each 

r ecomb i nan t .  F i gu r e  3 shows an au t o r ad i og r am o f  a 2.6%
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F i gu r e  3. P o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  o f  i n f l u e n z a  

PR8, X-47 and V i c / 7 5  v i r u s  RNAs.

32V i r a l  RNAs were l a b e l e d  j_n v i v o  w i t h  P and separa ted  on a 

2.4% p o l y a c r y l a m i d e  gel  c o n t a i n i n g  6 M urea (see " M a t e r i a l s  

and Met hods" ) .  E l e c t r o p h o r e s i s  was f rom t op  t o  bot tom and 

t he  RNAs are numbered a c c o r d i n g  t o  i n c r e a s i n g  m o b i l i t y .  

D i f f e r e n c e s  i n t he RNA m i g r a t i o n  p a t t e r n s  o f  t he pa r en t a l  

s t r a i n s  PR8 ( l ane  A) and V i c / 7 5  ( l ane  C) were used t o  i d e n ­

t i f y  t h e  gene d e r i v a t i o n  o f  recombinant  X-47 (see ar rowheads 

i n  l ane B) .  RNA 4 o f  X-47,  which codes f o r  t he  HA, i s  known 

t o  d e r i v e  f rom V i c / 7 5  (see " M a t e r i a l s  and Methods"  and 

t e x t ) .  A l o n g e r  exposure o f  RNAs 1-3 i s  a l s o  shown.
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32p o l y a c r y 1 amide gel  c o n t a i n i n g  t he  P - l a b e l e d  RNAs of  t he 

PR8 , X-47 and V i c / 7 5  v i r u s e s  i n l anes A, B and C r espec ­

t i v e l y .  The ar rowheads on e i t h e r  s i de  o f  l ane B i n d i c a t e  

whi ch o f  t he  r e c o mb i n a n t ' s  RNAs comi g r a t e  w i t h  t he  par en t a l  

s t r a i n  RNAs. I t  i s  c l e a r  t h a t  RNAs 1, 3,  7 and 8 o f  t he 

r ecombi nant  s t r a i n  d e r i v e  f rom t he  PR8 p a r e n t a l  v i r u s .

These f o u r  RNAs r e s p e c t i v e l y  code f o r  t he P3, P2, M and NS 

genes o f  t he X-47 s t r a i n .  RNAs 2,  5 and 6 o f  t he  r ecomb i ­

nant  s t r a i n  d e r i v e  f rom the V i c / 75  p a r e n t a l  v i r u s  and 

r e s p e c t i v e l y  encode the PI ,  NA and NP genes.  In t h i s  p a r ­

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

t he  HA genes (band 4) were not  d i s t i n g u i s h a b l e  but  s e r o l o g i ­

cal  a n a l y s i s  o f  t he su r f a c e  an t i gens  o f  t he  recombinant  

showed t h a t  i t  d e r i v e s  t he HA gene f rom t he  V i c / 7 5  p a r en t a l  

v i r u s  (see p r e p a r a t i o n  o f  r ecombi nant s  i n  M a t e r i a l s  and 

Methods) .

Table  3 p r es en t s  t he  g e n e t i c  co mpo s i t i on  o f  a l l  t he 

r ecombi nant  s t r a i n s  examined.  Except  f o r  X-45,  X-49 and 

X-57,  a l l  t he  r ecombi nant s  anal yzed have been used in com­

m e r c i a l  vacc i ne  p r o d u c t i o n .  The se r o t ype  o f  t he  HA and NA 

o f  each recombi nant  i s  t he  same as i t s  l o w - y i e l d i n g  una­

dapted p a r e n t ,  but  t he r ecombi nant s  grow t o  2-32 f o l d  h i ghe r  

HA t i t e r s  ( r e s u l t i n g  i n  HA t i t e r s  o f  512-4096)  than t he  c o r ­

r espond i ng  low y i e l d i n g  p a r e n t s .  Recombinant  X-47 has a l so 

been anal yzed by o l i g o n u c l e o t i d e  mapping and i t s  genotype
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Table 3. Genet i c  co mpo s i t i o n  o f  h i gh y i e l d i n g  i n f l u e n z a  

v i r u s  r ecombi nant s  d e r i v e d  f rom A/ PR/8/34 v i r u s  and d i f f e r ­

ent  f i e l d  s t r a i n s .

The g e n e t i c  co mpos i t i o n  o f  each recombi nant  was det ermi ned
32by compar i ng t he  m o b i l i t y  o f  i t s  P - l a b e l e d  RNAs w i t h  t hose 

o f  t he p a r en t a l  s t r a i n s  i n  p o l y a c r y l a m i d e  ge l s  (see " M a t e r i ­

a l s  and Methods"  and t e x t ) .



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

f ro m  A/PR/8/34 v i r u s  and d i f f e r e n t  f i e l d  i s o l a t e s

Re c o m b in a n t F i e l d  i s o l a t e

Ge n e  c o m p o s i t i o n  of RECOMBINANT

PI P2 P3 ' HA NA NP M NS
X-31 A/A i c h i/2/68 P P P 4- + p ^ P P
X-37 A /E n g l a n d / 4 2 / 7 2 + P + + + p P P
X-41 A /P o r t  Ch a l m e r s / 1 / 7 3 + P + + + + P +

X-45 A /S c o t l a n d / 8 4 0 / 7 4 4* P + + + + P P
X-47 A / V i c t o r i a / 3 / 7 5 + P P + + + P P
X-49 A /E n g l a n d / 8 6 4 / 7 5 P P ND + + p P P
X-53 A /N ew J e r s e y / 1 1 / 7 6 P P P + + p P P
X - 5 3 a A /N ew J e r s e y / 1 1 / 7 6 P P P + + p P P
X-57 A / V i c t o r i a / 1 1 2 / 7 6 + P. + + + p P P
X-61 A / T e x a s / 1 / 7 7 + P P + + p P P
X-71 A /B r a z i l / 1 1 / 7 8 + ND + + + P P
P = GENE DERIVED FROM A/PR/8/34 VIRUS; +  -  GENE DERIVED FROM F IELD ISOLATE; ND = NOT DONE
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has been con f i r med  ( J . Young,  personal  commun i ca t i on ) .  In 

a d d i t i o n ,  a s tudy o f  NPs o f  d i f f e r e n t  i n f l u e n z a  v i r u s e s  has 

i n d e p e n d en t l y  con f i r med  t he  presence o f  t he  PR8 NP gene i n 

X-31 and X-49 and t he NP gene f rom t he  l o w - y i e l d i n g  parent  

i n  X-47 (Schi  1d et  a l . ,  1979) .

I t  i s  c l e a r  t h a t  a r ecombinant  s t r a i n  was s e l e c t e d  d u r ­

i ng  each i s o l a t i o n  p r ocedure  s i nce  a l l  i s o l a t e s  have genes 

d e r i v e d  f rom both p a r e n t s .  A l l  r ecombinant  s t r a i n s  con­

t a i n e d  t he  M gene of  t he  PR8 v i r u s  and many recombi nant s  had 

d e r i v e d  a d d i t i o n a l  genes f rom t h i s  h i g h - y i e l d i n g  l a b o r a t o r y  

s t r a i n .  For  example,  9 o f  11 recombi nants  c o n t a i n  both t he 

P2 and t he  NS genes f rom the PR8 v i r u s .  However,  as w i l l  be 

d i scussed  l a t e r ,  i t  was not  p o s s i b l e  t o  d e f i n i t i v e l y  c o r r e ­

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

y i e l d .

8 . 2  GENETIC VARIATION AMONG H2N2 INFLUENZA A VIRUS GENES

Having completed t he  f i r s t  p r o j e c t ,  I became i n t e r e s t e d  

i n  exami n i ng  i n f l u e n z a  A v i r u s e s  f o r  g e n e t i c  v a r i a t i o n .  At 

t h a t  t i m e ,  a q u a n t i t a t i o n  o f  t he  e x t e n t  o f  v a r i a t i o n  among 

the  genes o f  i n f l u e n z a  v i r u s e s  be l ong i ng  t o  one subtype had
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not  been accompl i shed.  Such an a n a l y s i s  was t hough t  t o  be 

h e l p f u l  i n  b e t t e r  under s t and i ng  g ene t i c  v a r i a t i o n  i n i n f l u ­

enza A v i r u s e s .  In p a r t i c u l a r ,  I was i n t e r e s t e d  i n  d e t e r ­

mi n i ng  whether  genes cod i ng f o r  t he s u r f ace  g l y c o p r o t e i n s ,  

whi ch were under  s e l e c t i v e  a n t i body  p r essu r e ,  showed g r e a t e r  

v a r i a t i o n  than d i d  t he  genes cod ing f o r  nonsur f ace  p r o t e i n s .  

V i r uses  f o r  t h i s  s tudy were chosen f rom i s o l a t e s  o f  t he  H2N2 

subt ype pe r i od  (1957- 1968) .  Thi s  pe r i od  was t he  most r ecent  

t i me  span i n  which v i r u s e s  o f  on l y  one subtype c i r c u l a t e d .  

S t r a i n s  were s e l ec t e d  t o  r ep r esen t  t he b e g i n n i n g ,  mi dd l e  and 

end of  t h i s  pe r i od  so t h a t  t he f r equency  o f  mu t a t i on s  i n  t he 

genes o f  a group o f  v i r u s e s  t h a t  were passaged i n  na t u r e  f o r  

a d e f i n e d  amount o f  t i me  cou l d  be e s t i ma t e d .  The t echn i que  

o f  RNAase T1 o l i g o n u c l e o t i d e  mapping was used t o  accompl i sh 

t hese aims.

8 . 2 . 1  OLIGONUCLEOTIDE MAP ANALYSIS OF INFLUENZA VIRUS 

GENOMES

The RNAs o f  f i v e  H2N2 i n f l u e n z a  v i r u s e s ,  A / S i n g / 1 / 5 7 ,  

A / AA/ 6 / 6 0 ,  A/TW/1/64,  A / C a l / 1 / 6 6 ,  A / Ned/ 84 / 68)  and one H3N2 

s t r a i n  ( A / HK/ 8 / 6 8 ) were e x t r a c t e d  and examined by RNAase T1 

o l i g o n u c l e o t i d e  map a n a l y s i s .  The RNA f i n g e r p r i n t s  o f  these
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FIGURE LEGEND

F i gu r e  4.  O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  i n f l u e n z a  v i r u s  

genomes.

The o l i g o n u c l e o t i d e  f i n g e r p r i n t  o f  t he  RNA f rom each s t r a i n  

was compared t o  t h a t  o f  t he e a r l i e s t  H2N2 i s o l a t e  

A / S i n g / 1 / 5 7  (see " M a t e r i a l s  and Met hods" ) .  D i f f e r e n c e s  i n 

t he f i n g e r p r i n t s  o f  t he l a t e r  s t r a i n s  are des i gna t ed  by 

ar rowheads and open c i r c l e s ,  which r e p r e s e n t  "new" spots  and 

" m i s s i n g "  spot s  r e s p e c t i v e l y .  O l i g o n u c l e o t i d e s  ob t a i ned  

f rom t he  RNA o f  A / S i n g / 1 / 5 7  v i r u s  are numbered acco r d i ng  t o  

gene d e r i v a t i o n  (see panel  B) .  The gene ass i gnment  o f  a 

spot  was done by f i n g e r p r i n t  a n a l y s i s  o f  i s o l a t e d  RNAs or  

RNA m i x t u r e s .  Spot  numbers w i t h  a 100,  400,  500,  700 and 

800 s e r i e s  were ass i gned t o  o l i g o n u c l e o t i d e s  i n  t he  P gene 

m i x t u r e ,  HA gene,  NP/NA gene m i x t u r e ,  M gene and NS gene 

r e s p e c t i v e l y .  A l l  "new" o l i g o n u c l e o t i d e s  not  p r esen t  i n  t he 

f i n g e r p r i n t  of  t he A / S i n g / 1 / 5 7  v i r u s  RNA are noted by an 

ar rowhead.  The l e t t e r  A, T, C, N o r  H next  t o  an arrowhead 

i n d i c a t e s  t h a t  a 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  was f i r s t  

observed i n  t he  f i n g e r p r i n t  o f  t he A / AA/ 6 / 60 ,  A/TW/1/64,  

A / C a l / 1 / 6 6 ,  A/ Ned/ 84/68 or  A/HK/ 8 / 6 8  v i r u s  r e s p e c t i v e l y .  To 

m a i n t a i n  c l a r i t y  i n  t hese RNA f i n g e r p r i n t s , l e t t e r s  and num­

bers  next  t o  ar rowheads are shown on l y  i n  t he  f i n g e r p r i n t s  

o f  t he  s t r a i n  i n which t he  o l i g o n u c l e o t i d e  was f i r s t  

observed.  X' s  i n d i c a t e  the p o s i t i o n s  o f  t he  dye markers 

bromophenol  b l ue and xy l ene  cyanol  FF.
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s t r a i n s  are presen ted  i n f i g u r e  4 and a diagram o f  t he  RNA 

f i n g e r p r i n t  o f  t he  e a r l i e s t  s t r a i n ,  A / S i n g / 1 / 5 7 ,  i s  shown in 

f i g u r e  4B. The o l i g o n u c l e o t i d e s  used i n  t he a n a l y s i s  of  

t h i s  RNA are numbered acco r d i ng  t o  gene d e r i v a t i o n  (see 

below and legend t o  f i g u r e  4 ) .  D i f f e r e n c e s  between the RNA 

f i n g e r p r i n t s  o f  t he e a r l i e s t  i s o l a t e  ( A / S i n g / 1 / 5 7 )  and t h a t  

o f  each o f  t he  o t h e r  s t r a i n s  are i d e n t i f i e d  by ar rowheads 

which i n d i c a t e  "new" o l i g o n u c l e o t i d e s ,  and by open c i r c l e s  

which i n d i c a t e  " m i s s i n g "  o l i g o n u c l e o t i d e s .  M i x t u r e s  o f  

d i g e s t e d  RNAs f rom d i f f e r e n t  v i r u s e s  were c o e l e c t r o p h o r e s e d  

t o  c o n f i r m  d i f f e r e n c e s  i n  t he  RNA f i n g e r p r i n t s . The o l i g o ­

n u c l e o t i d e  p a t t e r n s  o f  t he H2N2 v i r u s e s  demonstated t h a t  

t h e i r  RNAs were r e l a t e d  because t hey  had seve r a l  common o l i ­

g o n u c l e o t i d e s  which cou l d  be i d e n t i f i e d  by t h e i r  i d e n t i c a l  

map p o s i t i o n s .  A l t hough t he  o l i g o n u c l e o t i d e  maps o f  t hese 

s t r a i n s  are s i m i l a r ,  an i n c r e a s i n g  number o f  d i f f e r e n c e s  was 

noted when l a t e  H2N2 i s o l a t e s  were compared t o  t he 

A / S i n g / 1 / 5 7  s t r a i n .  For  example,  t he RNA f i n g e r p r i n t  o f  t he 

1960 i s o l a t e  ( A / AA / 6 / 6 0 )  r evea l ed  27 changes w h i l e  t he l a t ­

e s t  i s o l a t e ,  A / Ned / 84 / 68 ,  showed 94 changes.

The A/HK/ 8 / 6 8  v i r u s  i s  o f  t he H3N2 subt ype but  i t s  o l i ­

g o n u c l e o t i d e  p a t t e r n  ( f i g u r e  4G) was s i m i l a r  t o  t hose o f  the 

H2N2 v i r u s e s  i n accordance w i t h  e a r l i e r  RNA-RNA h y b r i d i z a ­

t i o n  ana l yses  ( S c h o l t i s s e k  et  a l . ,  1978) .  Th i s  l a t t e r  study 

suggested t h a t  t he  H3N2 v i r u s e s  o r i g i n a t e d  f rom t he  r ecombi ­

n a t i o n  o f  an H2N2 v i r u s  w i t h  an unknown s t r a i n .
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8 . 2 . 2  OLIGONUCLEOTIDE MAP ANALYSIS OF ISOLATED RNA SEGMENTS

Si nce o l i g o n u c l e o t i d e  map d i f f e r e n c e s  were observed 

among a l l  t he  genomes o f  t he  examined v i r u s e s ,  i n d i v i d u a l  

genes were i s o l a t e d  t o  de t e r mi ne  t he  number o f  d i f f e r e n c e s  

among t he co r r espond i ng  genes o f  each v i r u s .  F i g u r e  5 shows 

a 2 . 6 % p o l y a c r y l a m i d e  gel  c o n t a i n i n g  t he  f r a c t i o n a t e d  and 

e t h i d i u m  bromide s t a i n e d  RNAs o f  t he A/ AA/6 / 60 v i r u s .  I t  

can be seen in t h i s  example t h a t  t he  t h r e e  P gene RNAs sepa­

r a t e  i n t o  two bands (a s i n g l e  and a double band) and t h a t  

t he  NP and NA gene RNAs co mi g r a t e .  Th i s  s e p a r a t i o n  p a t t e r n  

was t y p i c a l  f o r  t he o t h e r  H2N2 s t r a i n s  and a l l owed  f o r  t he 

i n d i v i d u a l  a n a l y s i s  o f  t he  HA, M and NS genes f rom each 

v i r u s .  M i x t u r e s  o f  t he  t h r e e  P genes and o f  t he  NP/NA genes 

were a l s o  examined.  Gel p i eces  c o n t a i n i n g  RNA segments were 

exc i sed  and t he RNA was e l e c t r o e l u t e d  f o r  a n a l y s i s  by RNAase 

T1 f i n g e r p r i n t i n g .

The o l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  t he  P gene RNAs 

i s o l a t e d  f rom t he  d i f f e r e n t  v i r u s e s  were compared t o  t h a t  o f  

t he  A / S i n g / 1 / 5 7  v i r u s  (see f i g u r e  6 and t a b l e  4 ) .  Only the 

l a r g e  o l i g o n u c l e o t i d e s  below t he d o t t e d  l i n e s  i n  t he f i g u r e
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F i gu r e  5. Po l y a c r y l a mi d e  gel  e l e c t r o p h o r e s i s  o f  t he 

A/ AA/ 6 / 60  v i r u s  RNAs.

Each l ane r e p r e s en t s  a p p r o x i ma t e l y  10 ug o f  A/AA/ 6 /60 v i r u s  

RNA which was f r a c t i o n a t e d  i n  a 2.6% p o l y a c r y l a m i d e  gel  con­

t a i n i n g  6 M urea (see " M a t e r i a l s  and Me t hods " ) .  E l e c t r o ­

ph o r es i s  was f rom t op  t o  bot t om.  RNA was s t a i n e d  w i t h  e t h i -  

dium bromide and v i s u a l i z e d  by uv l i g h t  i l l u m i n a t i o n .  The 

gene p r oduc t  o f  each RNA i s  i n d i c a t e d .
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were cons i de r ed  i n  t he  a n a l y s i s  and each o f  t he  32 o l i g o n u ­

c l e o t i d e s  i n  t he  RNA f i n g e r p r i n t  o f  t he  A / S i n g / 1 / 5 7  v i r u s  P 

genes were ass i gned a 100 s e r i e s  number.  Open c i r c l e s  i n 

panel s  B-F i n d i c a t e  " m i s s i n g "  spots t h a t  are p r esent  i n  t he 

P gene RNA f i n g e r p r i n t  o f  t he A / S i n g / 1 / 5 7  v i r u s  and t he l e t ­

t e r s  and numbers des i g n a t e  "new" spo t s .  The l e t t e r s  A,T,C,N 

or  H next  t o  a number i n d i c a t e  t h a t  a 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  was f i r s t  observed i n  t he f i n g e r p r i n t  o f  t he 

A / AA/ 6 / 60 ,  A/TW/1/64,  A / C a l / 1 / 6 6 ,  A/ Ned/ 84/68 or  A/HK/ 8 / 6 8  

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

I t  i s  apparent  t h a t  severa l  o l i g o n u c l e o t i d e s  are common 

t o  t he P genes o f  a l l  s i x  v i r u s e s .  Twelve o f  t he  32 l a r g e  

o l i g o n u c l e o t i d e s  seen i n t he RNA f i n g e r p r i n t  o f  t he 

A / S i n g / 1 / 5 7  v i r u s  P genes can a l so  be i d e n t i f i e d  i n t he P 

gene RNA f i n g e r p r i n t s  o f  t he l a t e r  i s o l a t e s  by t h e i r  i d e n ­

t i c a l  map p o s i t i o n s  ( e . g .  see spots 101 102 and 107) .  In 

a d d i t i o n ,  changes i n  t he  P gene RNA f i n g e r p r i n t s  o f  e a r l i e r

i s o l a t e s  can a l so  be found i n t he P gene RNA f i n g e r p r i n t s  of

l a t e r  i s o l a t e s .  For  example,  t he "new" o l i g o n u c l e o t i d e  A103 

i n  t he  RNA f i n g e r p r i n t  o f  t he  A/AA/ 6 /60 v i r u s  P genes i s  

a l s o  seen i n  t he  P gene RNA f i n g e r p r i n t s  o f  a l l  t he  l a t e r  

i s o l a t e s .  S i m i l a r l y ,  t he  " m i s s i n g "  o l i g o n u c l e o t i d e  123 (see 

f i g u r e  6 A f o r  map l o c a t i o n ;  and t a b l e  4 f o r  a summary o f  a l l  

changes)  i n  t he  P gene RNA f i n g e r p r i n t  o f  t he A/AA/6/60

v i r u s  i s  a l so  " m i s s i n g "  i n  t hose o f  t he  l a t e r  i s o l a t e s .  The
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F i gu r e  6 . O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  i s o l a t e d  P gene 

mi x t u r e s .

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  were ob t a i ned  f rom t he  i s o l a t e d  

P gene m i x t u r e s  o f  each v i r u s  r e p r e s e n t d  i n  panel s  A-F.

Each o f  t he  32 o l i g o n u c l e o t i d e s  i n  t he  f i n g e r p r i n t  o f  t he 

A / S i n g / 1 / 5 7  v i r u s  was ass i gned a 100 s e r i e s  number.  Open 

c i r c l e s  i n  panel s  B-F i n d i c a t e  spots  i n  t he  P gene m i x t u r e  

f i n g e r p r i n t  o f  t he  A / S i n g / 1 / 5 7  v i r u s  t h a t  are mi ss i ng  wh i l e  

l e t t e r s  and numbers des i g na t e  "new" spo t s .  (see l egend t o  

f i g u r e  4 and t he t e x t  f o r  d e t a i l s . )  Only l a r g e  o l i g o n u c l e o ­

t i d e s  ( 1 0  r es i dues  o r  l o n g e r )  l y i n g  below t he  d o t t e d  l i n e  

were cons i de r ed  i n  t he  a n a l y s i s .
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common o l i g o n u c l e o t i d e s  and common changes found among the P 

gene RNA f i n g e r p r i n t s  i n d i c a t e  t h a t  t he  P genes o f  t he s i x  

v i r u s e s  examined are most  l i k e l y  r e l a t e d  t h r ough  a s e r i e s  of  

s e q u e n t i a l  m u t a t i o n s .  However,  some changes were unique to 

a p a r t i c u l a r  s t r a i n  and i n d i c a t e  t h a t  d i v e r g e n t  mu t a t i ons  

a l so  occur  among t he  P genes o f  t hese s i x  v i r u s e s .  For 

example,  t he  presence o f  spot  number N101 and t he absence of  

spot  number 108 (see f i g u r e  6 A f o r  map l o c a t i o n )  are changes 

unique t o  t he  o l i g o n u c l e o t i d e  map o f  t he  A/ Ned/84/68 v i r u s  P 

genes•

The o l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  t he  HA genes were 

a l so  examined by a compar a t i ve  a n a l y s i s  (see f i g u r e  7 and 

t a b l e  4) s i m i l a r  t o  t h a t  per formed on t he P gene maps. The 

HA gene p a t t e r n s  o f  t he  H2N2 v i r u s e s  ( f i g u r e  7A-E)  show t h a t  

t hese genes are r e l a t e d .  In c o n t r a s t  t o  what  was found f o r  

t he P genes,  t he  HA gene p a t t e r n s  o f  t he  H2N2 v i r u s e s  are 

s t r i k i n g l y  d i f f e r e n t  f rom t h a t  o f  t he H3N2 v i r u s  ( f i g u r e  

7F) .  Of t he 33 o l i g o n u c l e o t i d e s  seen in t he  RNA f i n g e r p r i n t  

o f  t he  A / S i n g / 1 / 5 7  v i r u s  HA gene,  26 are mi ss i n g  f rom t h a t  

o f  t he  A/HK/ 8 / 6 8  v i r u s  HA gene.  In a d d i t i o n ,  t h e r e  are 

f ewer  l a r g e  o l i g o n u c l e o t i d e s  i n  t he RNA f i n g e r p r i n t  o f  t he 

A/HK/ 8 / 6 8  v i r u s  HA gene than i n t h a t  o f  t he  A / S i n g / 1 / 5 7  

v i r u s .  Thi s  suggests t h a t  t he d i s t r i b u t i o n  ( o r  c o n t e n t )  of  

guanos ine r e s i dues  i n  t he H3 gene d i f f e r s  f rom t h a t  i n  the 

H2 genes.  In any case,  t he  HA RNA o f  t he  A/HK/ 8 / 6 8  v i r u s  

does not  appear  t o  be c l o s e l y  r e l a t e d  t o  t he  HA genes o f  the
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F i gu r e  7. O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  i s o l a t e d  HA 

genes.

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  were o b t a i ned  f rom t he  i s o l a t e d  

HA genes of  each v i r u s  r ep r esen t ed  in panel s  A-F.  Each o f  

t he  33 o l i g o n u c l e o t i d e s  i n t he f i n g e r p r i n t  o f  t he 

A / S i n g / 1 / 5 7  v i r u s  was ass i gned a 400 s e r i e s  number.  Open 

c i r c l e s  i n  panel s  B-F i n d i c a t e  spot s  i n t he HA f i n g e r p r i n t  

o f  t he  A / S i n g / 1 / 5 7  v i r u s  t h a t  are mi ss i n g  w h i l e  l e t t e r s  and 

numbers d e s i g na t e  "new" spo t s .  (see legend t o  f i g u r e  4 and 

t he t e x t  f o r  d e t a i l s . )  Only l a r g e  o l i g o n u c l e o t i d e s  (10 r e s i ­

dues or  l o n g e r )  l y i n g  below t he  d o t t e d  l i n e  were cons i de red  

i n  t he  a n a l y s i s .
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H2N2 v i r u s e s .  The r e s u l t s  ob t a i ned  by DNA sequencing (Min 

Jou et  a l . ,  1980;  Get h i ng et  a l . ,  1980;  Verhoeyen et  a l . ,  

1980) s e r o l o g i c  (Coleman et  a l . ,  1968) ,  p e p t i d e  mapping 

( Lave r  and Webster ,  1972) ,  RNA-RNA h y b r i d i z a t i o n  ( S c h o l t i s -  

sek e t  a l . ,  1978a) and p a r t i a l  amino ac i d  sequencing (Water -  

f i e l d  e t  a l . ,  1979) t ec hn i ques  are i n accord w i t h  t h i s  

o b s e r v a t i o n .

The v a r i a t i o n  among the o l i g o n u c l e o t i d e  f i n g e r p r i n t s  of  

t he NP/NA, M and NS genes was a l so  examined (see f i g u r e s  8 ,

9 and 10 r e s p e c t i v e l y ) .  The r e s u l t s  o f  t he compar a t i ve  

a n a l y s i s  o f  i s o l a t e d  genes and gene m i x t u r e s  are summarized 

i n  t a b l e  4.  I t  i s  c l e a r  t h a t  mu t a t i ons  have occur r ed  i n  a l l  

t he  r ep r e se n t e d  genes or  gene m i x t u r e s .  N e v e r t h e l e s s ,  t he 

common o l i g o n u c l e o t i d e s  and common changes observed among 

c o r r e s p o n d i n g  RNAs o f  t he  H2N2 v i r u s e s  demonst ra t ed t h a t  

t h e i r  co r r e s p o n d i n g  genes o r  gene m i x t u r e s  were c l o s e l y  

r e l a t e d .  In a d d i t i o n ,  a l l  t he genes or  gene m i x t u r e s  except  

f o r  t he HA RNA o f  t he  H3N2 v i r u s  appeared t o  have sequences 

s i m i l a r  t o  t hose o f  t he  H2N2 v i r u s e s .
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F i gur e  8 . O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  i s o l a t e d  NP/NA 

gene m i x t u r e s .

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  were ob t a i ned  f rom t he  i s o l a t e d  

NP/NA gene m i x t u r e s  o f  each v i r u s  r ep r esen t ed  i n panel s  A-F.  

Each o f  t he  19 o l i g o n u c l e o t i d e s  i n  t he f i n g e r p r i n t  o f  t he 

A / S i n g / 1 / 5 7  v i r u s  was ass i gned a 500 s e r i e s  number.  Open 

c i r c l e s  i n panel s  B-F i n d i c a t e  spots i n  t he  f i n g e r p r i n t  o f  

t he NP/NA gene m i x t u r e  o f  t he A / S i n g / 1 / 5 7  v i r u s  t h a t  are 

mi ss i ng  w h i l e  l e t t e r s  and numbers des i g n a t e  "new" s po t s .

(see legend t o  f i g u r e  4 and t he t e x t  f o r  d e t a i l s . )  Only 

l a r g e  o l i g o n u c l e o t i d e s  ( 1 0  r es i dues  or  l o n g e r )  l y i n g  below 

the do t t ed  l i n e  were c ons i de r ed  i n  the a n a l y s i s .
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F i gu r e  9. O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  i s o l a t e d  M genes.

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  were ob t a i ned  f rom the i s o l a t e d  

M genes of  each v i r u s  r ep r esen t ed  i n panel s  A-F.  Each o f  

t he  12 o l i g o n u c l e o t i d e s  i n  t he f i n g e r p r i n t  o f  t he 

A / S i n g / 1 / 5 7  v i r u s  was ass i gned a 700 s e r i e s  number.  Open 

c i r c l e s  i n panel s  B-F i n d i c a t e  spots  i n  t he M gene f i n g e r ­

p r i n t  o f  t he A / S i n g / 1 / 5 7  v i r u s  t h a t  are mi ss i ng  w h i l e  l e t ­

t e r s  and numbers d es i gna t e  "new" spo t s ,  (see l egend t o  f i g ­

ure 4 and t he  t e x t  f o r  d e t a i l s . )  Only l a r g e  o l i g o n u c l e o t i d e s  

( 1 0  r e s i dues  or  l o n g e r )  l y i n g  below t he  d o t t e d  l i n e  were 

c ons i de r ed  i n  t he  a n a l y s i s .
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F i g u r e  10. O l i g o n u c l e o t i d e  f i n g e r p r i n t s  o f  i s o l a t e d  NS 

genes.

O l i g o n u c l e o t i d e  f i n g e r p r i n t s  were ob t a i ned  f rom t he  i s o l a t e d  

NS genes o f  each v i r u s  r ep r esen t ed  i n panel s  A-F.  Each o f  

t he  16 o l i g o n u c l e o t i d e s  i n  t he  f i n g e r p r i n t  o f  t he 

A / S i n g / 1 / 5 7  v i r u s  was ass i gned an 800 s e r i e s  number.  Open 

c i r c l e s  i n  panel s  B-F i n d i c a t e  spots i n  t he  NS gene f i n g e r ­

p r i n t  o f  t he A / S i n g / 1 / 5 7  v i r u s  t h a t  are mi ss i n g  w h i l e  l e t ­

t e r s  and numbers de s i g n a t e  "new" spo t s .  (see l egend t o  f i g ­

ure 4 and t he  t e x t  f o r  d e t a i l s . )  Only l a r g e  o l i g o n u c l e o t i d e s  

( 1 0  r e s i dues  or  l o n g e r )  l y i n g  below t he  d o t t e d  l i n e  were 

cons i de r ed  i n t he  a n a l y s i s .
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Table 4.  Compar ison o f  RNAase T1 r e s i s t a n t  o l i g o n u c l e o t i d e s  

d e r i v e d  f rom the RNAs o f  d i f f e r e n t  i n f l u e n z a  A v i r u s e s .

Data are d e r i v e d  f rom o l i g o n u c l e o t i d e  f i n g e r p r i n t  a n a l y s i s  

o f  i s o l a t e d  genes or  gene m i x t u r e s  (see f i g u r e s  6 - 1 0 ) .  The 

presence or  absence o f  an o l i g o n u c l e o t i d e  i n an RNA f i n g e r ­

p r i n t  o f  a p a r t i c u l a r  s t r a i n  i s  i n d i c a t e d  by (+)  or  (o)  

r e s p e c t i v e l y .  Bl ocks o f  o l i g o n u c l e o t i d e s  are ar ranged and 

numbered a cco r d i ng  t o  gene d e r i v a t i o n  as i n d i c a t e d  by PI ,

P2, P3 f o r  pol ymerase genes;  HA f o r  he ma g g l u t i n i n  genes;

NP/NA f o r  n u c l e o p r o t e i n  and neurami n i dase genes;  M f o r  mem­

brane p r o t e i n  genes and NS f o r  n o n s t r u c t u r a l  p r o t e i n  genes.



Comparison of RNAase Tl resistant oligonucleotides derived from the RNAs of different influenza A viruses

PI, P2, P3

A/Singq3ore/l/57 + +  + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A/Ann Arbor/6/60 + + + + + 0 + + 0  + + + + + + + + + + + 0 + 0 + + + + + + + + + + + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A/Taiwan/I/64  + + 0 + + + + + + + + + 0 + + 0 + + 0 + 0  +  0 0 + + + + + + 0  +  0 + + + + + + + + + 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A/California/I/66 + +  0 0  0 0 + + + + + + + +  0 0 0  +  + +  0 +  0 0 + + + + + + 0 + 0 + + + + + 0 + 0 + + + + + + + + + 0 0 0  0 0 0 0 0

A/Nederland/84/68 + 0 0 0 0 0 + 0 + + 0 + 0 0 0 0 Q + 0 + 0 + 0 0 + + + + + + 0 + + 0 + + 0 + + + 0 + + + + 0 + + + 0 + + + + + + 0 0

A/Hong Kong/8/68 + + o o + + + + o + o o + + o o o + o + + t o o + o + + + + o + o o + + o o o o o + o + +  +  o + + o o  0 + 0 + 0 + +

A/Singapore/I/57 
A/Ann Arbor/6/60 
A/Taiwan/I/64 
A/California/I/66 

A/Nederland/84/68 
A/Hong Kong/8/68

A/Singapore/I/57 
A/Am Arbor/6/60 
A/Taiwan/I/64 
A/Califomia/l/66 

A/Nederland/84/68 
A/Hong Kong/8/68

HA

+++++++++++++++++++++++++++++++++o00000000000000000000000000 
+ + + ++ + + + + ++ 0 + 0 +++ + 0 + 0 + + + + + + + + + + + + + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

+ + +0+ 0++ +++0+++ + 0 000 0++ 0 ++++ + + +++ 0+++++ + + ++0 0000000000000000 
+ + 0 0  + +  + + + + + 0  0 + + + 0 0  0 0 0  ++ 0 0 + + + + + + + + 0  + + + 0 0 + + + + ++ + + + +  0 0 0 0 0 0 0 0 0 0 0  

++ 00 0+ + ++ ++ 0 0 0++0 00 00 ++ 0 0 + + + + + + + + ++0 + 0 0+ + + 0 0 + + + + + + + 0 0 0 000 000  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 + 0  + + + + 0 + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 + ++ + + + + + +

NP, NA

+++++++++++++++++++0000000000000 
0++++++++0+++++++0++++0000000 00 0 
00++++0++++0+++++++000++++000 00 0 
00 0+++0+++0 0++++++++0 0+++0+++++0 
0 0 0+++0+++0 0+++++0++ 0 0+++0 ++0 + 0 0 
0 0 0 + + +0+ + + 0 0+++ + +0 + 0 0 0 + + +0++ 0+0 +

NS

M

+ + + + + + + + + + + + 0  00 00 0 

+ + + + + + + 0 + + + + + + + 0 0 0  

+ 0 + + + + + + + + + + 0  0 0 + 0  0 

+0++++++++++0 0 0+00 
0 0 + + + + + + + 0  + + + 00++0 

+ 0 + + + + + + 0 + + + 0 0 0 + 0 +

A/Singapore/I/57 
A/Ann Arbor/6/60 
A/Taiwan/I/64 
A/Ca6fomia/l/66 

A/Nederland/84/68 
A/Hong Kong/8/68

+  +  +  +  + +  +  + +  +  + + +  +  4-+0 00  0 0 0 0 0  00 

+ + + 0 + + + + + + + + + + + + + 0 0 0 0 0 0 0 0 0  

+ 0 + + + 0 + + 0  0 + + + + 0 + 0 + + + + + + 0  0 0 

+ 0+++0+ + 0 0++ + + 0 + 0 + + 0 + + + 0 0 0 
+ 0 ++ + 0++00 0 + + + 0 + 0+ + 0++++00 
+ 0 0 + + 0 + + 0 0 + + + + 0 + 0 + + 0 + 0 + 0 + +
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8 . 2 . 3  EXTENT OF VARIATION AMONG GENES OR GENE MIXTURES

The d i f f e r e n c e s  i n  t he o l i g o n u c l e o t i d e  f i n g e r p r i n t s  of  

co r r e s p o n d i n g  genes or  gene mi x t u r e s  were used t o  e s t i ma t e  

base sequence d i f f e r e n c e s  among t he  genes:  For  example,  t he

RNA f i n g e r p r i n t  o f  t he A/HK/8/68 v i r u s  M gene has two " mi ss ­

i n g "  spots  and two "new" spots when compared t o  t he RNA f i n ­

g e r p r i n t  o f  t he  A / S i n g / 1 / 5 7  v i r u s  M gene (see f i g u r e  9A and 

F) .  These f o u r  changes may be t he r e s u l t  o f  f o u r  i ndepen­

dent  m u t a t i o n s  ( i . e . ,  t he l oss  o f  t he  two " m i s s i n g "  spots in 

t he M gene map o f  t he A/HK/8/68 v i r u s  RNA r e s u l t s  f rom muta­

t i o n s  t o  G r es i dues  w i t h i n  t hose sequences.  The two "new" 

spot s  r e s u l t  f rom mu t a t i o ns  t h a t  r ep l aced  G r es i d ue s  i n 

areas o f  t he  RNA which are not  o v e r l a p p i n g  w i t h  t he 

sequences of  t he  " m i s s i n g "  s p o t s ) .  A l t e r n a t i v e l y ,  t hese 

f o u r  changes may r e s u l t  f rom two mu t a t i ons  ( i . e . ,  t he l oss  

o f  each of  t he two " m i s s i n g "  spots  i n t he  M gene f i n g e r p r i n t  

o f  t he  A/HK/ 8 / 68  v i r u s  RNA i s  due t o  a mu t a t i o n  which 

a l t e r e d  t he  m o b l i t y  o f  each spot  i n  t he  gene map).  By t a k ­

i ng t he  average o f  t he  minimum ( two)  and t he maximum ( f o u r )  

number o f  changes,  an e s t i ma t e  o f  t he  ac t ua l  number o f  muta­

t i o n s  ( t h r e e )  can be o b t a i ned  (Nakaj ima et  a l . ,  1978) .  The 

e s t i ma t e d  pe r cen t  change between t he  two M genes used in 

t h i s  example i s  1.56% and i s  c a l c u l a t e d  by d i v i d i n g  the 

average number o f  mu t a t i o n s  by t he average number o f  r e s i -
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dues (192)  r ep r esen t ed  i n  t h e i r  o l i g o n u c l e o t i d e  maps (3/192 

x 100%; see M a t e r i a l s  and Methods f o r  d e t e r m i n a t i o n  o f  o l i ­

g o n u c l e o t i d e  s i z e ) .  A l t hough  t he  es t i ma t e d  mu t a t i o n a l  

change between two RNAs i s  r e po r t e d  t o  two decimal  p l ac es ,  

t he  pe r cen t  e r r o r  o f  t h i s  va l ue has not  been de t e rmi ned .

The e s t i ma t e d  e x t e n t  o f  v a r i a t i o n  de t e rmi ned  f o r  t he

i s o l a t e d  P genes o f  t he s i x  v i r u s e s  examined i s  shown in

t a b l e  5. The P genes f rom the A / AA/ 6 / 60 ,  A/TW/1/64,  

A / C a l / 1 / 6 6 ,  A/Ned/ 84 / 68  and A/HK/8/68 v i r u s e s  d i f f e r  f rom 

t h a t  o f  t h e  A / S i n g / 1 / 5 7  v i r u s  by 0.85%, 1.83%, 2.89%, 3.81% 

and 2.68% r e s p e c t i v e l y .  When a l l  p o s s i b l e  compar i sons of  

t he  P genes are made, a maximum change o f  3.81% i s  noted 

between t he  A / S i n g / 1 / 5 7  and A/Ned/84/ 68 s t r a i n s .

The v a r i a t i o n  among the HA genes o f  t he  H2N2 v i r u s e s

was a l so  de t e rmi ned  ( t a b l e  6 ) .  The HA genes f rom the

A/ AA/ 6 / 6 0 ,  A/TW/1/64,  A / C a l / 1 / 6 6  and A/ Ned/ 84 / 68  v i r u s e s  

d i f f e r e d  f rom t h a t  o f  t he  A / S i n g / 1 / 5 7  v i r u s  by 0.96%, 2.36%, 

3.28% and 3.40% r e s p e c t i v e l y .  A compar i son o f  a l l  t he  H2 

HAs showed t h a t  t he maximum change of  3.40% occured between 

t he  HAs o f  t he  1957 and 1968 s t r a i n s .  Si nce most o f  t he 

o l i g o n u c l e o t i d e s  i n t he  H3 HA f i n g e r p r i n t  are d i f f e r e n t  f rom 

t hose  o f  t he  H2 HA f i n g e r p r i n t s ,  an e s t i m a t i o n  o f  n u c l e o t i d e  

sequence homology based on a compar i son o f  o l i g o n u c l e o t i d e  

maps was not  p o s s i b l e .
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Table 5. Percent  changes i n  t he  P genes.

The RNA f i n g e r p r i n t s  o f  t he i s o l a t e d  P genes were compared 

and t he d i f f e r e n c e s  were used t o  e s t i ma t e  t he e x t e n t  o f  v a r ­

i a t i o n  among t he  co r r e sp on d i n g  RNAs (see t e x t  f o r  d e r i v a t i o n  

o f  pe r cen t  change v a l u e s ) .



P e r c e n t  c h a n g e s  i n  t h e  PI,2,3 g e n e s

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

A / S in g a p o r e / 1 / 5 7  

A /A nn  Arbo r / 6 / 6 0  

A /T a iw a n / 1 / 64  

A /C a l i f o r n i a / 1 / 6 6  

A /N e d e r l a n d / 8 4 / 68  

A /H ong Kong / 8 / 6 8

0 ,8 5

1 , 8 3 1 .6 2

2 . 8 9 ,9 0

3 , 8 1 2 . 9 6 2 .6 1 1 .8 3

2.68 2,68 2 . 6 1 2 , 1 9



134

Table 6.  Percent  changes i n  t he  HA genes.

The RNA f i n g e r p r i n t s  o f  t he  i s o l a t e d  HA genes were compared 

and t he  d i f f e r e n c e s  were used t o  e s t i ma t e  t he  e x t e n t  o f  v a r ­

i a t i o n  among t he  co r r e spo n d i n g  RNAs (see t e x t  f o r  d e r i v a t i o n  

o f  pe r cen t  change v a l u e s ) .



P e r c e n t  c h a n g e s  i n  t h e  HA g e n e s

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

A / S in g a p o r e / 1 / 5 7  

A /A nn  Ar b o r / 6 / 6 0  

A /T a i w a n / 1 / 6 4  

A /C a l i f o r n i a / 1 / 6 6  

A /N e d e r l a n d / 8 4 / 68  

A /H ong  Kong / 8 / 6 8

0 . 9 6  0

2 . 3 6  2 . 0 0  0 ,

3 . 2 9  2 . 8 8  1 . 6 6  0 \  ^

3 . 4 0  2 . 8 0  2 . 3 6  1 . 1 3  0
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Tables 7-9.  Percent  changes among the c o r r espond i ng  NP/NA 

gene m i x t u r e s ;  M genes;  and NS genes.

D i f f e r e n c e s  among the RNA f i n g e r p r i n t s  o f  t he  NP/NA gene 

m i x t u r e s ;  t he  M genes;  and t he  NS genes were used t o  e s t i ­

mate t he e x t e n t  o f  v a r i a t i o n  among t he co r r e sp o n d i ng  RNAs o f  

t hese  d i f f e r e n t  groups o f  genes r e s p e c t i v e l y  (see t e x t  f o r  

d e t a i l s ) .



P e r c e n t  c h a n g e s  i n  t h e  NP,NA g e n e s

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

A / S i n g a p o r e / 1 / 5 7  

A /A nn  Ar b o r / 6 / 6 0  

A /T a i w a n / 1 / 6 4  

A /C a l i f o r n i a / 1 / 6 6  

A /N e d e r l a n d / 8 4 / 6 8  

A /H ong Kong / 8 / 6 8

1 , 1 3

2 . 2 71 . 5 1

2 . 1 4 1 . 8 93 . 0 2

2 . 6 42 . 6 4 1 . 5 1 0.88

1 . 5 1 1 . 1 33 . 0 2 0 . 3 8



P e r c e n t  c h a n g e s  i n  t h e  M g e n e s

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

A / S i n g a p o r e / 1 / 5 7  

A /A nn  Ar b o r / 6 / 6 0  

A /T a i w a n / 1 / 6 A  

A /C a l i f o r n i a / 1 / 6 6  

A /N e d e r l a n d / 8 A / 6 8  

A /H ong Ko ng / 8 / 6 8

1 , 8 2

0 . 7 8 2 . 6 0

0 . 7 8 2 . 6 0

1 . 5 6 1 . 5 63 . 3 9

1 . 8 20 . 5 2 0 . 5 21 . 5 6 3 . 1 3
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P e r c e n t  c h a n g e s  i n  t h e  NS g e n e s

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

A / S i n g a p o r e / 1 / 5 7  

A /A nn  Ar b o r / 6 / 6 0  

A /T a i w a n / 1 / 6 4  

A /C a l i f o r n i a / 1 / 6 6  

A /N e d e r l a n d / 8 4 / 6 8  

A /H ong  Kong / 8 / 6 8

0 . 5 8

3 . 8 83 . 2 9

0 . 3 92 . 9 0

4 . 0 7 0 . 9 7 0 . 5 8

3 . 4 9 1 . 5 5 1 . 1 6
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Tables 7,  8 and 9 p r esen t  t he  v a r i a t i o n  among the 

NP/NA, M and NS genes r e s p e c t i v e l y . Es t i ma t ed  maximum 

changes o f  3.02% among t he  NP/NA genes,  3.39% among t he  M 

genes and 4.07% among t he  NS genes were f ound.  Th i s  a n a l y ­

s i s  demonst ra t ed t h a t  a l l  t he  examined genes,  w i t h  t he 

e x c e p t i o n  o f  t he H3 HA gene,  have a s i m i l a r  e x t e n t  o f  v a r i a ­

t i o n .

8-3 CLONING AND SEQUENCE ANALYSIS OF TWO DIFFERENT 

INFLUENZA VIRUS NS GENES

The l a s t  p a r t  o f  my s t udy  was aimed at  o b t a i n i n g  d i r e c t  

ev i dence f o r  g e n e t i c  v a r i a t i o n  o f  i n f l u e n z a  v i r u s  NS genes.  

Upon c o mp l e t i n g  t he  c l o n i n g  and sequencing o f  t he  PR8 v i r u s  

NS gene,  t he  sequences o f  two d i f f e r e n t  i n f l u e n z a  A v i r u s  NS 

genes were r e po r t e d  ( P o r t e r  e t  a l . ,  1980;  Lamb and L a i ,  

1980) .  I t hen t ook t he  o p p o r t u n i t y  t o  compare t hese NS gene 

sequences w i t h  t he one I had ob t a i ned  and de t e rmi ned  the 

e x t e n t  o f  g e n e t i c  v a r i a t i o n  among t h r e e  NS genes.  Other  

s t u d i e s  i n our  l a b o r a t o r y ,  us i ng  cDNA-RNA h y b r i d i z a t i o n  

a n a l y s i s  t o  examine a wide v a r i e t y  o f  i n f l u e n z a  v i r u s e s ,  

r evea l ed  t h a t  t he NS gene o f  t he  A / d u c k / A l b e r t a / 6 0 / 7 6  v i r u s
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d i f f e r e d  s t r i k i n g l y  f rom t h a t  o f  t he PR8 v i r u s  (R.M. 

E l l i o t t ,  u n p u b l i s h e d ) .  I t  was found t h a t  t h i s  duck v i r u s  

RNA p r o t e c t e d  on l y  12% o f  a cDNA probe s p e c i f i c  f o r  t he  PR8 

v i r u s  NS gene i n  a nuc l ease SI r e s i s t a n c e  assay.  Si nce the 

duck v i r u s  NS gene appeared t o  share l i t t l e  homology w i t h  

t he  PR8 v i r u s  NS gene,  I dec i ded t o  c l one  and sequence t h i s  

gene t o  compare i t s  p r i mar y  s t r u c t u r e  t o  t h a t  o f  t he PR8 

v i r u s  NS gene.  I was e s p e c i a l l y  i n t e r e s t e d  i n d e t e r m i n i n g  

i f  t he ( - )  RNA sense o f  t he duck v i r u s  NS gene a l so  con­

t a i n e d  an agnogene sequence ( S e i f  et  a l . ,  1979) s i m i l a r  t o  

t he  ones I had observed i n t he nonmessage sense of  t he PR8, 

FPV and Udorn s t r a i n  NS genes (see be l ow) .

8 . 3 . 1  CLONING

Dou b l e - s t r anded  DNA t r a n s c r i p t s  o f  t he  i n f l u e n z a  duck 

and PR8 v i r u s  RNAs were prepared us i ng r ever se  t r a n s c r i p ­

t a s e .  Us u a l l y  a 3-6% co nv e r s i o n  o f  RNA t o  DNA was ach i eved.  

The novel  approach of  p r i m i n g  t he s y n t h e s i s  o f  t he  f i r s t  and 

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

t i d e s  was used as a s e l e c t i o n  method f o r  o b t a i n i n g  f u l l  

l e n g t h  dsDNA t r a n s c r i p t s  f rom v i r a l  RNA. R e s t r i c t i o n  enzyme 

l i n k e r s  were l i g a t e d  t o  t he v i r u s  s p e c i f i c  dsDNA t r a n s c r i p t s
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which were t hen i n s e r t e d  i n t o  the a p p r o p r i a t e  s i t e s  o f  t he

p l asmi d  c l o n i n g  v e c t o r  pBR322. Recombinant  pBR322 p l asmi ds

(see " M a t e r i a l s  and Methods"  f o r  t h e i r  c o n s t r u c t i o n )  were

used t o  t r a n s f o r m  E. c o 1 i C600 c e l l s .  Co l on i es  c o n t a i n i n g

recombi nant  p l asmi ds  were i d e n t i f i e d  by i n  s i t u  h y b r i d i z a -  
3 2t i o n  us i ng a P - l a b e l e d  cDNA probe made f rom v i r a l  RNA w i t h

r ev e r s e  t r a n s c r i p t a s e  and a s y n t h e t i c  o l i g o n u c l e o t i d e  i n  t he 
32presence o f  a- P-dCTP. F i gur e  11 shows an au t o r ad i og r am of  

a n i t r o c e l 1us l ose  f i l t e r  w i t h  severa l  c o l o n i e s  c o n t a i n i n g  

DNA t h a t  h y b r i d i z e d  t o  t he probe.  R e p l i c a t e s  o f  severa l  o f  

t hese c o l o n i e s  were used t o  i s o l a t e  r ecombi nant  p l asmi ds  

whi ch were d i g e s t e d  w i t h  a r e s t r i c t i o n  endonuc l ease.  The 

s i zes  o f  t he  v i r u s  s p e c i f i c  sequences i n  the- d i g e s t e d  DNAs 

were es t i ma t e d  by agarose gel  e l e c t r o p h o r e s i s . One p l asmi d  

c o n t a i n i n g  a 900 r e s i d u e  i n s e r t  d e r i v e d  f rom t he  duck v i r u s  

cDNA was des i g n a t ed  pMEL801. Plasmids pAR109 and pJZlOl  

were shown t o  c o n t a i n  PR8 v i r a l  cDNAs o f  a p p r o x i m a t e l y  500 

and 850 r e s i d ue s  r e s p e c t i v e l y .

The gene d e s i g n a t i o n  o f  t he  PR8 v i r u s  s p e c i f i c  i n s e r t s

i n  t he phage and p l asmi d  v e c t o r s  were i d e n t i f i e d  by t he

" N o r t h e r n "  b l o t  t e c h n i q u e .  F i gu r e  12 shows an agarose- u rea

gel  c o n t a i n i n g  f r a c t i o n a t e d  and e t h i d i u m bromide s t a i n e d  PR8

v i r u s  RNA whi ch was subsequen t l y  t r a n s f e r e d  t o  a c t i v a t e d  DBM
32paper .  PR8 v i r u s  RNA l a b e l e d  i n v i v o  w i t h  P was a l s o  

f r a c t i o n a t e d  i n  t he  gel  t o  mark gene p o s i t i o n s  (see f i g u r e
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F i gu r e  11. Colony h y b r i d i z a t i o n

E. co 1i C600 c o l o n i e s  c o n t a i n i n g  recombi nant  p l asmids  w i t h

sequences o f  i n f l u e n z a  v i r u s  genes were i d e n t i f i e d  by co l ony

h y b r i d i z a t i o n .  The DNAs f rom sever a l  t r a n s f o r me d  c o l o n i e s

were were bound t o  a n i t r o c e l l u l o s e  f i l t e r  (see " M a t e r i a l s

and Methods"  f o r  d e t a i l s )  and t hen h y b r i d i z e d  w i t h  a 
32 P - l a b e l e d  cDNA probe.  The probe was made f rom PR8 v i r u s

RNA by r eve r se  t r a n s c r i p t i o n  pr imed w i t h  a s y n t h e t i c  o l i g o -
3 2n u c l e o t i d e  i n t he  presence o f  a-  P-dCTP. A co l ony  t r a n s ­

formed w i t h  t he  pBR322 c l o n i n g  v e c t o r  a l one was used as a 

n e g a t i v e  h y b r i d i z a t i o n  c o n t r o l  (see ar row f o r  l o c a t i o n ) .
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F i gu r e  12. P r e p a r a t i v e  f r a c t i o n a t i o n  o f  PR8 v i r u s  RNA by 

aga r ose - u r ea  gel  e l e c t r o p h o r e s i s .

PR8 v i r u s  RNA was p r e p a r a t i v e l y  f r a c t i o n a t e d  i n a 1.5% aga­

rose gel  c o n t a i n i n g  6 M urea and t he separa ted  RNAs were 

t r a n s f e r e d  t o  a c t i v a t e d  DBM paper  (see " M a t e r i a l s  and Meth­

o d s " ) .  A p p r o x i ma t e l y  50,000 cpm o f  PR8 v i r u s  RNA l a b e l e d  i n 
3 2v i v o  w i t h  P was a l so  f r a c t i o n a t e d  i n  each o f  3 s l o t s  which

32f l a n k e d  t he  2 p r e p a r a t i v e  s l o t s .  The P - l a b e l e d  RNA served 

as gene p o s i t i o n  markers .
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Fi gur e  13. H y b r i d i z a t i o n  o f  r ecombi nant  DNA t o  PR8 v i r u s  

RNAs bound t o  DBM paper .

PR8 v i r u s  RNA was f r a c t i o n a t e d  i n  agarose- u rea  ge l s  and

t r a n s f e r e d  t o  a c t i v a t e d  DBM paper  (see legend t o  f i g u r e  12) .

The recombi nant  DNAs f rom 1 and pBR322 v e c t o r s  were " n i c k -

t r a n s l a t e d "  and h y b r i d i z e d  t o  s t r i p s  o f  t he  DBM-RNA paper  t o

de t e rmi ne  the gene s p e c i f i c i t y  o f  t h e i r  PR8 v i r u s  cDNA

sequences (see " M a t e r i a l s  and Met hods" ) .  Lane 1 shows the 
? ?P - l a b e l e d  RNAs o f  PR8 v i r u s  bound t o  DBM paper .  Lanes 2,

3 and 4 show s t r i p s  o f  DBM-RNA paper  w i t h  t he  h y b r i d i z e d  

DNAs of  a recombi nant  X phage,  p l asmi d  pAR109 and pl asmid 

pJZl Ol  r e s p e c t i v e l y .
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l e g e n d ) .  S t r i p s  o f  t he  RNA c o n t a i n i n g  DBM paper  were used 

i n the h y b r i d i z a t i o n  a n a l y s i s  o f  n i c k - t r a n s l a t e d  DNA p r e ­

pared f rom the r ecombi nan t  phage and p l asmi ds .  A composi te 

au t o r ad i og r am o f  t h r e e  h y b r i d i z a t i o n  exper i ment s  i s  shown in 

f i g u r e  13. Lane 1 shows t he  PR8 gene markers w h i l e  l anes 2, 

3 and 4 show t o  whi ch PR8 v i r u s  RNAs t he  l a b e l e d  DNAs o f  t he 

recombi nant  phage and t he recombinant  p l a s m i d s ,  pAR109 and 

pJZl Ol  r e s p e c t i v e l y  h y b r i d i z e d .  I t  i s  c l e a r  f rom t h i s  a n a l ­

y s i s  t h a t  t he t h r e e  examined DNAs c o n t a i n  PR8 NS gene spe­

c i f i c  sequences.  The p l asmi ds  t h a t  c o n t a i n e d  DNA which 

h y b r i d i z e d  t o  t he  NS RNA i n l anes 3 and 4 ( i . e .  pAR109 and 

pJZ l Ol )  were used t o  de t e r mi ne  t he sequence o f  t he  PR8 NS 

gene.

8 . 3 . 2  DNA SEQUENCING

The NS gene s p e c i f i c  DNAs f rom the p l asmi ds  pARlOl  and 

pJZl Ol  were i s o l a t e d  and s ub j ec t ed  t o  r e s t i c t i o n  endonu­

c l ease  a n a l y s i s  w i t h  sever a l  enzymes.  The s t r a t e g y  used t o  

de t e r mi ne  t he  n u c l e i c  ac i d  sequence o f  t he  PR8 v i r u s  NS gene 

i s  shown i n  f i g u r e  14. Three sequencing t e c h n i q ues  were 

used t o  de t e r mi ne  t he  sequence o f  t he PR8 v i r u s  NS gene:
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F i gu r e  14. Sequencing s t r a t e g y  and r e s t r i c t i o n  endonuclease 

maps o f  t he i n s e r t s  o f  t he  PR8 v i r u s  NS gene i n pAR109 and 

pJZl Ol

The DNA i n s e r t s  f rom c l ones  pARlOl  and pJZl Ol  are shown w i t h  

t h e i r  r e s t r i c t i o n  endonuc l ease s i t e s  and are a l i g n e d  w i t h  

r espec t  t o  t he PR8 v i r u s  NS gene.  The l a r g e  r e c t a n g l e s  r e p ­

r esen t  t he  s y n t h e t i c  H i n d 111 and EcoRI l i n k e r s  at  t he ends 

o f  t he  c l oned DNAs. Ar rows i n d i c a t e  the d i r e c t i o n  o f  

sequenc ing and t he l e n g t h  o f  t he  sequence de t ermi ned by a 

p a r t i c u l a r  t e c h n i q u e ;  ( O )  t he Forward-Backward t ech n i q ue  o f  

S e i f  et  a l . ( 1 98 0 ) ,  (■)  t he chemical  method o f  Maxam and

G i l b e r t  ( 1980 ) ,  (□)  t he  cha i n  t e r m i n a t i o n  t ech n i q u e  o f  San­

ger  e t  a l .  (1977)  as m o d i f i e d  by Both et  a l .  ( 1980) .
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F i g u r e  15. Sequencing s t r a t e g y  and r e s t r i c t i o n  endonuclease 

map o f  t he  i n s e r t  o f  t he  duck v i r u s  NS gene i n pMEL801.

The v i r a l  cDNA i n s e r t  f rom recombinant  p l asmid pMEL801 i s  

a l i g n e d  w i t h  t he vRNA o f  t he  duck v i r u s  NS gene and severa l  

r e s t r i c t i o n  endonuc l ease s i t e s  are shown i n t he  c l oned gene. 

The l a r g e  r e c t a n g l e s  r e p r es en t  s y n t h e t i c  EcoRI l i n k e r s .  

Ar rows i n d i c a t e  t he d i r e c t i o n  o f  sequencing and t he  l e n g t h  

o f  a sequence de t e rmi ned  by a p a r t i c u l a r  expe r i men t .  The 

chemical  t e c h n i q ue  o f  Maxam and G i l b e r t ,  (1980)  was used t o  

de t e r mi ne  the compl ete  sequence o f  t he  duck v i r u s  NS gene.
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t he chemical  method o f  Maxam and G i l b e r t ,  ( 1980) ;  t he For ­

ward-Backward method o f  S e i f  et  a l . ,  ( 1980 ) ;  and t he  cha i n  

t e r m i n a t i o n  method o f  Sanger  et  a l . ,  ( 1977) .  The ar rows 

i n d i c a t e  the d i r e c t i o n  o f  sequenc ing and t he  l e n g t h  o f  t he 

sequence ob t a i ned  by a p a r t i c u l a r  t e c h n i qu e  (see f i g u r e  l e g ­

end) .  When t he  end sequences o f  t he  c l oned DNAs were com­

pared t o  t he known 5'  and 3 '  t e r m i n a l  sequences o f  t he  PR8 

v i r u s  NS RNA ( D e s s e l b e r g e r , u n p u b l i s h e d ) ,  i t  was observed 

t h a t  t he pAR109 i n s e r t  (530 r e s i dues  l ong)  l acked 23 n u c l e o ­

t i d e s  found a t  t he  3 ‘ end o f  t he  NS gene vRNA. The pJZlOl  

i n s e r t  was found t o  be i d e n t i c a l  t o  t he 5 ‘ end o f  t he NS 

gene vRNA and t o  ex tend 843 r e s i dues  t o  a p o s i t i o n  47 

n u c l e o t i d e s  f rom t he  3'  end o f  t he  NS gene vRNA.

A s i m i l a r  s t r a t e g y  was used t o  c l one  and sequence the 

duck v i r u s  NS gene (see f i g u r e  15) .  The complete n u c l e o t i d e  

sequence o f  t he  v i r a l  cDNA i n t h i s  p l asmi d  was determi ned 

us i ng  t he  Maxam and G i l b e r t  t e c h n i q u e  (1980)  and f i g u r e  16 

shows an example o f  A DNA f ragment  sequenced by t h i s  method.  

End sequence a n a l y s i s  and compar i son t o  t he  PR8 v i r u s  NS 

gene sequence demonst ra ted t h a t  t he v i r a l  cDNA i n  p l asmid 

pMEL801 was a compl ete  copy o f  t he  duck v i r u s  NS gene.  The 

compl ete  sequences o f  t he  duck v i r u s  and PR8 v i r u s  NS genes 

and t h e i r  deduced amino ac i d  sequences are p r esen t ed  i n f i g ­

ure 17. The f i r s t  i n i t i a t i o n  codon occurs  i n  t he  message 

sense (+)  RNA a t  p o s i t i o n s  27-29 and an open r ead i ng  f rame
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3 2F i gur e  16. N u c l e o t i d e  sequence o f  a 5 ‘ end P - l a b e l e d  DNA 

f r a g m e n t .

The Maxam and G i l b e r t  chemical  sequencing t ech n i qu e  (1980)

was used t o  de t e rmi ne  t he compl ete n u c l e o t i d e  sequence o f

t he  duck v i r u s  NS gene and p o r t i o n s  o f  t he  PR8 v i r u s  NS gene

(see " M a t e r i a l s  and Me t hods " ) .  As an example,  t he produc t s  
3 2o f  a 5'  end,  P - l a b e l e d  DNA f ragment  r e s u l t i n g  f rom f o u r  

base s p e c i f i c  m o d i f i c a t i o n  and c l eavage r e a c t i o n s  (G, G+A, 

T+C and C) were f r a c t i o n a t e d  i n an 8% p o l y a c r y l a m i d e  gel  

c o n t a i n i n g  7 M urea.  E l e c t r o p h o r e s i s  was f rom t op t o  bot tom 

and t he  sequence o f  t h i s  r e p r e s e n t a t i v e  DNA f ragment  i s  read 

i n  t he  5'  - 3'  d i r e c t i o n  by r ead i ng  f rom bot tom t o  t op .
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F i g u r e  17. Compar ison o f  t he  PR8 and duck v i r u s  NS gene 

sequences and t h e i r  deduced amino ac i d  sequences.

The compl ete  n u c l e o t i d e  and p r e d i c t e d  amino ac i d  sequences 

o f  t he  A/ PR/ 8 /34  v i r u s  NS gene and t h e i r  compar i son t o  t hose 

o f  t he  A / d u c k / A l b e r t a / 6 0 / 7 6  v i r u s  NS gene are p r esen t ed .  

N u c l e o t i d e  d i f f e r e n c e s  among t he  sequences are u n d e r l i n e d  

and amino ac i d  changes are boxed.  The ar rowheads i n d i c a t e  

t he  p r obab l e  s p l i c i n g  s i t e s  f o r  t he NS2 mRNA.
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A/DUCK/ALBERTA/60/76 a g c a a a a g c a b g g t g a c a a a ia c a t a

A/PR/8/3H AGCAAAAGCAGGGTGACAAAAACATA

NS1 & NS2
ATG GA£ 
MET ASP

TCC AAC ACg ATA ACC
SER ASN THR IL E  THR

50 (NS1------ * )

TCP T T T  CAG^GTA GAT 
SER PHE GLN^UAL ASP

ATG GAT CCA AAC ACT GTG TCA AGC T T T  CAGT GTA GAT 
MET ASP PRO ASN THR UAL SER SER PHE GLN^UAL ASP

100

GAT £G & C T £  £|Gg 
ASP ARG LEU ARG

GAT G C I C C £ T T X  
ASP ALA PRO PHE

TGC
CYS

C T £  TGG CA£  
LEU TRP H IS

fiG fi AA£ 
ARG LYSIL E

C l f i  £ T £  BQQ f l l f i  a fiA  G A£ f iT f i  IG T  
LEU LEU SER MET ARG ASP MET CYS

TGC T T T  C TT TGG CAT GTC CGC AAA CGA GTT GCA GAC CAA GAA CTA GGT GAT GCC CCA TTC  CTT GAT CGG CTT CGC 
CYS PHE LEU TRP H IS  UAL ARG LYS ARG UAL ALA ASP GLN GLU LEU GLY ASP ALA PRO PHE LEU ASP ARG LEU ARG

150 200

a<3A GAT CA a AAA e c a IT A GG0 AGa GGC AGC ACa C T I GGfi C T £ GAC £ T a  £ & a  sis G C I AC£ ais oaa
ARG ASP GLN LYS ALA LEU LYS GLY ARG GLY SER THR LEU GLY LEU ASP LEU ARG UAL ALA THR MET GLU

GG£ AA&
GLY LYS

CGA GAT CAG AAA TCC CTA AGA GGA AGG GGC AGC ACC CTC GGT CTG GAC ATC GAG ACA GCC ACA CGT GCT GGA AAG 
ARG ASP GLN LY S SER LEU ARG GLY ARG GLY SER THR LEU GLY LEU ASP IL E  GLU THR ALA THR ARG ALA GLY LYS

&AG
LYS

A T I  G T I  GAG 
IL E  UAL GLU ASP

CCT G C I  
PRO ALA

AA£
LYS

g a t  q a a
ASP GLU

C T £  AAG 
LEU LYS

G Ca TCC 
ALA SER

AGC
SERSER

A T T GCA A T I  
IL E  ALA IL E

CAG ATA GTG GAG CJGG ATT CTG AAA GAA GAA TCC GAT GAG GCA CTT AAA ATG ACC ATG GCC TCT GTA CCT GCG TCG  
GLN IL E  UAL GLU ARG IL E  LEU LYS GLU GLU SER ASP GLU ALA LEU LY S MET THR MET ALA SER UAL PRO ALA SER

300 350

CGQ TAC A T I ACT G A I ATG A £ £  £ T a GAG GAA A Ta a&c. AGG Ĝa TGG T a c ATG CTC A Tg ccc A&a CAG AAg aia a c A
ARG TYR IL E THR ASP MET SER IL E GLU GLU IL E SER ARG GLU TRP TYR MET LEU MET PRO ARG GLN LYS IL L I HR

CGT TAC CTA ACT GAC ATG ACT CTT GAG GAA ATG TCA AGG GAC TGG TCC ATG CTC ATA CCC AAG CAG AAA GTG GCA
ARG TYR LEU THR ASP MET THR LEU GLU GLU MET SER ARG ASP TRP SER MET LEU IL E PRO LYS GLN LYS UAL ALA

400

GGfi sac CTQ a i a  flTQ  AaA ATG GAJ CAG GC£ A T I  ATG GA£ AAG AGg A T a A£A C T £ AAA G Ca A A I TTC I£ T G T£ £?a
GLY GLY LEU MET UAL LYS MET ASP GLN ALA IL E MET ASP LYS ARG IL E THR LEU LYS ALA ASN PHL SLR UAL LEU

GGC CCT CTT TGT ATC AGA ATG GAC CAG GCG ATC ATG GAT AAG AAC ATC ATA CTG AAA GCG AAC TTC AGT GTG ATT
GLY PRO LEU CYS IL E ARG MET ASP GLN ALA IL E MET ASP LYS ASN IL E IL E LEU LYS ALA ASN PHE SER UAL IL E
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450 500

T T £ GAT CAA CTG GAG ACA TTA f iT £ T £ £ C T£ AGG GCT TTC ACft GAT BAT GC£ ATT GT£ G £ I GAA A Tft TC J CC£
PHL ASP GLN LEU GLU THR LEU UAL SER LEU ARG ALA PHE THR ASP ASP GLY ALA IL E UAL ALA GLU IL E SER PRO

TTT GAC CGG CTG GAG ACT CTA ATA TTG CTA AGG GCT TTC ACC GAA GAG GGA GCA ATT GTT GGC GAA ATT TCA CCA
PHE ASP ARG LEU GLU THR LEU IL E LEU LEU ARG ALA PHE THR GLU GLU GLY ALA IL E UAL GLY GLU IL E SER PRO

(N S2 ►)
ATT CCC TCT £ T  £ CCA (& A CAT IC T &CA GAG GAT GTC AAA AAT GCA ATT GGA ATC CTC ATC GGJ GGA CTT GAA TGG
T le PRO SER MET PRO H IS SER THR GLU ASP UAL LYS ASN ALA IL E GLY IL E LEU IL E GLY GLY LEU GLU TRP

TTG CCT TCT CTT CCA 
LEU PRO SER LEU PRO

ASP LEU ASN GLY

d b A  CAT ACT GCT GAG GAT GTC AAA AAT GCA GTT GGA GTC CTC ATC GGG GGA CTT GAA TGG 
q - Y  H IS  THR A LA  GLU ASP UAL LYS ASN ALA UAL GLY UAL LEU IL E  GLY GLY LEU GLU TRP 

ASP IL E  LEU LIEU ARG MET SER LYS MET GLN LEU GLU SER SER SER GLY ASP LEU ASN GLY

AAT GAT AAC TCA ATT CGA GCG TCT GAA AAT ATA CAG AGA TTC GCT TGG PGA ATC CGT GAT GAG AAT GGG £GA
ASN ASP ASN SER IL E ARG ALA SER GLU ASN IL E GLN ARG PHE ALA TRP GLY IL E ARG ASP GLU ASN GLY GLY

CCT
PRO

SER LEU GLY G L U IS E R I UAL MET ARG MET GLY ASP LEU

AAT GAT AAC ACA GTT CGA GTC TCT GAA ACT CTA CAG AGA TTC GCT TGG AGA AGC AGT AAT GAG AAT GGG AGA CCT 
ASN ASP ASN THR UAL ARG UAL SER GLU THR LEU GLN ARG PHE ALA TRP ARG SER SER ASN GLU ASN GLY ARG PRO 

MET IL E  THR GLN PHE GLU SER LEU LY S  LEU TYR ARG ASP SER LEU GLY GLU ALA UAL MET ARG MET GLY ASP LEU

700_____________

AGA AGA GTT GAG IT C A  GAA GTT T GAA GAA ATC AGA TGG TTA ATT
ARG ARG UAL GLU I SER GLU UAL (230 33)

LYS PHE GLU GLU IL E  ARG TRP LEU

CCA CTC CCT CCA AAG CAG AAA CG£ TAC ATG GCG
PRO LEU PRO PRO LYS GLN LYS ARG TYR MET ALA

H IS  SER LEU G L N IS E R IA R G  ASN T H R l T R P  ARG SER GLN IL E

CCA CTC ACT CCA AAA CAG AAA CGA GAA ATG GCG GGA ACA ATT AGG TCA GAA GTT T GAA GAA ATA AGA TGG TTG ATT
PRO LEU THR PRO LY S GLN LY S ARG GLU MET ALA GLY THR IL E  ARG SER GLU UAL 

H IS  SER LEU GLN ASN ARG ASN GLU LY S  TRP ARG GLU GLN LEU GLY GLN LY S PHE GLU GLU IL E  ARG TRP LEU IL E
(230  33)

750 80 0
G£A GAA I G L AGA fiAC ATA CTA ACC AAA ACT GAG AAC AGT T T£ GAG CAG ATA ACA TTC TTG CAA GCA TTG c a  a C T£
A LA GLU CYS ARG ASN IL E LEU THR LY S THR GLU ASN SER PHE GLU GLN IL E THR PHE LEU GLN ALA LEU GLN LEU

GAA GAA GTG AGA CAC AAA CTG AAG ATA ACA GAG AAT AGT TTT GAG CAA ATA ACA TTT ATG CAA GCC TTA CAT CTA
GLU GLU UAL ARG H IS LY S LEU LY S IL E THR GLU ASN SER PHE GLU GLN IL E THR PHE MET GLN ALA LEU H IS LEU

BSO 6 9 0
TTA CTT GAA G TJ GAG a p t GAG ATA AGQ A C ^ t t t TCT TTT CAG CTT ATT TAGTACTAAAAAACACCCTTGTTTCTACT
LE U , LEU GLU UAL GLU SER GLU IL E ARG THR PHE SER PHE GLN LEU IL E (121 aa)

TTG CTT GAA GTG GAG CAA GAG ATA AGA ACT TTC TCG TTT CAG CTT ATT TAGTAATAAAAAACACCCTTG TTTCTACT
LEU LEU GLU UAL GLU GLN GLU IL E ARG THR PHE SER PHE GLN LEU IL E (121 aa)
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extends t o  a t e r m i n a t i o n  codon at  p o s i t i o n s  717-719 i n  both 

sequences.  These r e g i o n s  p o t e n t i a l l y  encode p o l y p e p t i d e s  of  

230 amino ac i d  ac i ds  i n  l e n g t h  (NS1) .  Anot her  open r ead i ng  

f rame begins i n  both sequences w i t h  p o s i t i o n s  469-  471 and 

ends at  p o s i t i o n s  859-861.  Consensus RNA s p l i c i n g  s i g n a l s  

( L e r n e r  et  al  . , 1980) are found at  p o s i t i o n s  54-57 and at  

p o s i t i o n s  526-529 i n  t he  NS genes o f  t he  duck and PR8 

v i r u s e s .  S p l i c i n g  o f  t he  RNAs at  t hese p o i n t s  cou l d  r e s u l t  

i n  a second mRNA cod i ng f o r  a p o l y p e p t i d e  o f  121 amino ac i ds  

(NS2) i n  both NS genes,  whi ch are i n accordance w i t h  t he 

model o f  t he NS gene s t r u c t u r e  p resented by Lamb and Lai  

( 1980) .

I t  i s  c l e a r  f rom t he  sequences o f  t he duck and PR8 

v i r u s  NS genes t h a t  t hese genes have i d e n t i c a l  t e r m i n i  and 

t o t a l  l e n g t h s  o f  890 r e s i d u e s .  (Conserved t e r m i n i  are com­

mon t o  a l l  genes o f  a l l  i n f l u e n z a  v i r u s e s ;  Skehel  and Hay, 

1978;  Rober t son ,  1979;  Desse l be r ge r  et  a l . ,  1980) .  Other  

common f e a t u r e s  o f  t hese two RNAs i n c l u d e  t he l e n g t h  o f  t he 

sequences cod i ng  f o r  t he  NS1 p o l y p e p t i d e s  (690 r e s i d u e s ) ,  

t he  c o n s e r v a t i o n  o f  p u t a t i v e  RNA s p l i c i n g  s i t e s  (see a r r o w ­

heads i n  f i g u r e  17) and t he l e n g t h  o f  t he  sequences cod ing 

f o r  t he  NS2 p o l y p e p t i d e s  (363 r e s i d u e s ) .  In a d d i t i o n ,  s i x  

con t i guous  A r e s i d ue s  at  p o s i t i o n s  869-874 have a l so  been 

conserved in both RNA segments.  These r e g i ons  have been 

r e c e n t l y  i d e n t i f i e d  as t he p o l y a d e n y l a t i o n  s i t e s  f o r  i n f l u -
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enza v i r u s  mRNAs (Rober t son et  al  . , 1981) .  The s t r u c t u r a l  

o r g a n i z a t i o n  o f  t he  duck and PR8 v i r u s  NS genes are t h e r e ­

f o r e  s i m i l a r  t o  each o t h e r  and a l so  t o  t hose r e p o r t e d  f o r  

t he  o t h e r  two NS gene sequences ( P o r t e r  e t  a l . ,  1980,  Lamb 

and L a i ,  1980;  r e c e n t l y  Wi n t e r  et  a l . ,  1981,  have i ndepen­

d e n t l y  de t e rmi ned  t he PR8 v i r u s  NS gene sequence) .  In con­

t r a s t ,  t h e r e  are many d i f f e r e n c e s  between the n u c l e i c  ac i d  

sequences o f  t he  duck and PR8 v i r u s  NS genes as i n d i c a t e d  by 

t he u n d e r l i n e d  r es i dues  i n  f i g u r e  16. The deduced amino 

ac i d  d i f f e r e n c e s  are shown by boxes i n  t he  duck v i r u s  gene 

sequence.

Table 10 l i s t s  t he percent age o f  s i n g l e  base d i f f e r ­

ences among t he  n u c l e o t i d e  sequences o f  t he  duck,  PR8, FPV 

and Udorn v i r u s  NS genes.  In compar ing t he t o t a l  n u c l e o t i d e  

sequences o f  t he  duck v i r u s  NS gene t o  any o f  t he o t h e r  

t h r e e  NS genes,  a d i f f e r e n c e  o f  a p p r o x i m a t e l y  27% i s  noted.  

In c o n t r a s t ,  when the PR8, FPV and Udorn v i r u s  NS gene 

sequences are compared t o  each o t h e r ,  t he t o t a l  n u c l e o t i d e  

d i f f e r e n c e s  range f rom 8-11%. I t  i s  a l so  apparent  t h a t  t he 

p o r t i o n s  o f  t he  RNAs encoding t he NS1 p o l y p e p t i d e s  vary  t o  a 

g r e a t e r  e x t e n t  t han do t he r eg i ons  cod i ng f o r  t he NS2 p o l y ­

pe p t i d e s  ( a l s o ,  see be l ow) .

Table 11 p r esen t s  t he  d i f f e r e n c e s  among t he  amino ac i d  

sequences encoded by t he  f o u r  RNA segments.  The NS1 and NS2 

p o l y p e p t i d e s  encoded by t he  duck v i r u s  NS gene d i f f e r  f rom
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Table 10. D i f f e r e n c e s  i n  n u c l e o t i d e  sequences among the NS 

genes o f  f o u r  i n f l u e n z a  v i r u s e s .

The l e n g t h s  o f  t he  NS genes,  NS1 cod ing r eg i ons  and NS2 cod­

i ng r eg i ons  are 890,  690 and 363 n u c l e o t i d e s  r e s p e c t i v e l y .  

The d i f f e r e n c e s  r e p o r t e d  f o r  t he NS1 cod i ng  r eg i ons  were 

c a l c u l a t e d  f o r  t he  "common" 690 n u c l e o t i d e s .  I t  should be 

noted t h a t  t he  Udorn v i r u s  NS1 i s  21 n u c l e o t i d e s  l o n g e r  than 

t hose o f  t he o t h e r  v i r u s e s .



DIFFERENCES IN NUCLEOTIDE SEQUENCES AMONG THE NS GENES OF FOUR INFLUENZA VIRUSES

NS GENE DERIVATION
A/d u c k/ALBERTA/60/76 - A/PR/8/3A 
A/d u c k/ALBERTA/60/76 - A/FPV/ROSTOCK/34 
A/d u c k/ALBERTA/60/76 - A/UDORN/72 
A/PR/8/3A - A/FPV/R0ST0CK/3A 
A/PR/8/34 - A/UDORN/72 
A/UDORN/72 - A/FPV/R0ST0CK/3A

TOTAL (%) NS1 (%) NS2 (%)
243/890 (27.3) 210/690
236/890 (26.5) 198/690
245/890 (27.5) 206/690
71/890 (8.0) 61/690
78/890 (8.8) 63/690
96/890 (10.8) 80/690

(30.A) 69/363 (19.0)
(28.7) 65/363 (17.9)
(29.9) 72/363 (19.8)
(8.8) 2A/363 (6.6)
(9.1) 29/363 (8.0)

(11.6) 31/363 (8.5)
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Table 11. D i f f e r e n c e s  i n  amino ac i d  sequences among t he NS 

p o l y p e p t i d e s  o f  f o u r  i n f l u e n z a  v i r u s e s .

The l e n g t h s  o f  t he NS1 and NS2 p o l y p e p t i d e s  are 230 and 121 

amino ac i ds  r e s p e c t i v e l y . The d i f f e r e n c e s  f o r  t he  NS1 p o l y ­

p ep t i des  were c a l c u l a t e d  w i t h  r espec t  t o  t he  "common" 230 

amino ac i d  r e g i o n s .  I t  should be noted t h a t  t he  Udorn v i r u s  

NS1 p o l y p e p t i d e  i s  seven r es i dues  l o n g e r  t han t hose o f  t he 

o t h e r  v i r u s e s .



DIFFERENCES IN AMINO ACID SEQUENCES AMONG THE NS POLYPEPTIDES OF FOUR DIFFERENT INFLUENZA VIRUSES

NS GENE DERIVATION
A/d u c k/ALBERTA/60/76 - A/PR/8/34 
A/d u c k/ALBERTA/60/76 - A/FPV/R0ST0CK/3A 
A/d u c k/ALBERTA/60/76 - A/UDORN/72 
A/PR/8/34 - A/FPV/R0ST0CK/34 
A/PR/8/34 - A/UDORN/72 
A/UDORN/72 - A/FPV/ROSTOCK/34

NS1 (%) NS2 ( I )

76/230 (33,0) 22/121 (18.2)
69/230 (30.0) 20/121 (16.5)
73/230 (31.7) 23/121 (19.0)
24/230 (10.A) 10/121 (8.3)
26/230 (11.3) 9/121 (7. A)
35/230 (15.2) 7/121 (5.8)
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t hose  o f  t he  o t h e r  v i r u s e s  by an average o f  32% and 18% 

r e s p e c t i v e l y .  When t he  PR8, FPV and Udorn v i r u s e s  were com­

pared,  average d i f f e r e n c e s  o f  on l y  12% and 7% were observed 

i n  t h e i r  NS1 and NS2 p o l y p e p t i d e s ,  r e s p e c t i v e l y .

The p o s i t i o n s  o f  n u c l e o t i d e  d i f f e r e n c e s  between the 

duck and PR8 v i r u s  NS genes (+ RNA sense)  are r epr esen t ed  by 

t he  h i s t og r am i n  f i g u r e  18A. D i f f e r e n c e s  can be seen 

t h r o u g h o u t  t he  e n t i r e  l e n g t h  o f  t hese two genes a l t hough  a 

g r e a t e r  number o f  mu t a t i o n s  i s  apparent  at  t h e i r  5'  prox i mal  

r e g i o n s .  One s e c t i o n  o f  25 r es i dues  i n  p a r t i c u l a r  ( p o s i ­

t i o n s  75 t h r ough  100) has sus t a i ned  18 mu t a t i o ns  which r e p ­

r esen t s  a 72% change f o r  t h i s  smal l  r e g i o n .  Other  s e c t i o n s  

o f  t he  genome a l s o  show s u b s t a n t i a l  v a r i a t i o n  ( i . e .  52%

d i f f e r e n c e s  among p o s i t i o n s  175 t h r ough  200 and among p o s i ­

t i o n s  350 t h r o ug h  375,  48% d i f f e r e n c e  among p o s i t i o n s  250

t h r ough  275 and 44% d i f f e r e n c e  among p o s i t i o n s  25 t h rough  

50) .  I t  i s  not  known i f  t hese a p p a r e n t l y  h y p e r v a r i a b l e  

r e g i ons  r e s u l t  i n  f u n c t i o n a l  d i f f e r e n c e s  o f  t he two genes.

In c o n t r a s t ,  a compar i son o f  t he PR8 v i r u s  and FPV v i r u s  NS 

gene sequences y i e l d s  a h i s t og r am which does not  c l e a r l y  

d i s t i n g u i s h  areas o f  c o n s e r v a t i o n  or  h y p e r v a r i a b i 1 i t y  (see 

f i g u r e  18B) .  O b v i o u s l y ,  t he  e x t e n t  o f  g e n e t i c  v a r i a t i o n  

between t hese  two RNAs i s  l ower  than t h a t  between t he duck

v i r u s  and PR8 v i r u s  NS genes.
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F i gu r e  18. P o s i t i o n s  o f  n u c l e o t i d e  d i f f e r e n c e s  among t h r e e  

NS genes.

Hi s t ograms o f  t he  p o s i t i o n s  o f  n u c l e o t i d e  d i f f e r e n c e s ,  per  

25 r e s i d u e s ,  between t he  NS genes o f  t he (A) A / d u c k / A l b e r ­

t a / 6 0 / 7 6  and A/ PR/ 8 /34 v i r u s e s ,  and (B) A/PR/8 / 34  and 

A/ FPV/ Ros t ock / 34  v i r u s e s  are p r esen t ed .  The r e g i ons  o f  t he  

RNA encoding t he  NS1 and NS2 p o l y p e p t i d e s  are i n d i c a t e d  

above t he  h i s t o g r ams .  The number ing o f  n u c l e o t i d e  p o s i t i o n s  

proceeds f rom t he  5'  end t o  t he 3 1 end of  t he message-sense 

RNA. The FPV NS gene sequence i s  t aken f rom P o r t e r  et  a l . ,  

( 1980) .
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A c l o se  exami na t i on  o f  t he "peaks"  and " t r o u g h s "  i n  

f i g u r e  18A suggests  t h a t  t he NS genes o f  t he  duck and PR8 

v i r u s e s  possess r eg i ons  o f  d i s t i n c t  homology.  A d i v i s i o n  o f  

t he NS gene i n t o  t h r e e  d i s t i n g u i s h a b l e  domains based on 

sequence d i f f e r e n c e s  i s  r ep r esen t d  i n f i g u r e  19. The t op 

l i n e  i n  t he  diagram shows t he  n u c l e o t i d e  v a r i a t i o n  between 

the  duck and PR8 v i r u s  NS genes f o r  t he r eg i ons  o f  t he (+)  

RNA t h a t  cor respond t o  p o s i t i o n s  27 t h rough  528 ( f i r s t  

domai n) ,  529 t h rough  716 (second domain) and 720 t h r ough  861 

( t h i r d  domain)  r e s p e c t i v e l y .  The f i r s t  domain encodes over  

70% of  t he NS p o l y p e p t i d e  and shows a 36.5% d i f f e r e n c e  wh i l e  

t he t h i r d  domain which encodes 40% of  t he NS2 p o l y p e p t i d e  

shows a d i f f e r e n c e  o f  on l y  18.8%. The f i r s t  and t h i r d  

domains code f o r  p o l y p e p t i d e s  i n  on l y  one r ead i ng  f rame.

The second domain i s  t he  most conserved and shows the l owes t  

d i f f e r e n c e  o f  14.4% i n n u c l e o t i d e  sequence.  Thi s  r e g i on  

encodes t he  c a r b o x y - t e r m i n a l  p o r t i o n  o f  t he NS1 p o l y p e p t i d e s  

and a 52% p o r t i o n  o f  t he  NS2 p o l y p e p t i d e s  i n d i f f e r e n t  r ead­

i ng f rames.  Exami nat i on  o f  t he amino ac i d  s u b s t i t u t i o n s  

among t he  f i r s t  70% of  t he NS1 p o l y p e p t i d e s  r e v e a l s  a 33.5% 

d i f f e r e n c e  whi ch i s  comparable t o  t he number o f  changes 

de t e c t ed  between t he  cor respond! '  ng r eg i ons  o f  t he RNAs. 

A l t hough t he n u c l e o t i d e  sequences encoding t he c a r b o x y - t e r -  

minal  p o r t i o n s  o f  t he NS1 p o l y p e p t i d e s  are h i g h l y  conserved 

(14.4%) between t he  duck and PR8 v i r u s  NS genes,  s u r p r i s -
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F i gu r e  19. D i v i s i o n  o f  t he  A / d u c k / A l b e r t a / 6 0 / 7 6  and 

A/PR/8/34 v i r u s  NS genes i n t o  t h r e e  domains o f  d i s t i n c t  hom- 

o l o g y .

The compar i son o f  t he duck and PR8 v i r u s  NS genes suggested 

t h a t  t hey  cou l d  be d i v i d e d  i n t o  t h r e e  domains o f  d i s t i n c t  

sequence homology.  The message sense RNA ( t o p  l i n e )  shows 

t he  pe r cen t  o f  n u c l e o t i d e  d i f f e r e n c e s  w i t h i n  t hese t h r e e  

r e g i o n s :  (a)  unique f o r  NS1 gene,  (b)  o v e r l a p  o f  NS1 and

NS2 genes and ( c)  un i que f o r  NS2 genes.  The second and 

t h i r d  l i n e s  show t he  NS1 and NS2 p o l y p e p t i d e s  and t he p e r ­

cent  amino ac i d  d i f f e r e n c e s  w i t h i n  t he r eg i ons  d e f i n e d  by 

t he  RNA domains.  The ten amino t e r m i n a l  r es i dues  o f  t he  NS2 

p o l y p e p t i d e s  are most l i k e l y  i d e n t i c a l  t o  t hose o f  t he  NS1 

p o l y p e p t i d e s  and are not  shown.
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i n g l y  t he  c o r r espond i ng  domains o f  t he  NS1 p o l y p e p t i d e s  are 

not  conserved (a 31.7% d i f f e r e n c e  i s  n o t e d ) .  Thus t he NS1 

p o l y p e p t i d e s  o f  t hese two v i r u s e s  show an amino ac i d  

sequence d i f f e r e n c e  o f  g r e a t e r  t han 30% over  t h e i r  e n t i r e  

l e n g t h s .  Thi s  i s  i n  c o n t r a s t  t o  t he  NS2 p o l y p e p t i d e s  which 

show on l y  a 15.9% and 18.8% change i n  t he r eg i ons  encoded by 

the second and t h i r d  domains o f  t he  NS genes.

An i n t e r e s t i n g  f i n d i n g  o f  t h i s  a n a l y s i s  was t he  obse r ­

v a t i o n  o f  open r ead i ng  f rames i n t he nonmessage sense o f  t he 

PR8, FPV and Udorn v i r u s  NS genes.  S u r p r i s i n g l y ,  t he duck 

v i r u s  NS gene d i d  not  have a s i m i l a r  agnogene sequence in 

i t s  RNA sense (see d i s c u s s i o n  f o r  d e t a i l s ) .
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9 . 0  DISCUSSION

9 . 1  GENOTYPE DETERMINATION OF INFLUENZA VIRUS RECOMBINANTS 

CONSTRUCTED FOR USE IN VACCINE PRODUCTION

The gene c o n s t e l l a t i o n s  o f  e l even i n f l u e n z a  v i r u s  

r ec omb i nan t s ,  whi ch were c o n s t r u c t e d  f o r  use i n vacc i ne  p r o ­

d u c t i o n ,  were de t e rmi ned by compar ing t h e i r  RNA m i g r a t i o n  

p a t t e r n s  t o  t hose of  t he  pa r en t a l  s t r a i n s  i n  p o l y a c r y 1 amide 

g e l s .  Th i s  p r o j e c t  was aimed at  d e t e r m i n i n g  whether  a p a r ­

t i c u l a r  genotype cou l d  be c o r r e l a t e d  w i t h  t he  h i gh  y i e l d  

phenotype t h a t  was used t o  s e l e c t  each r ecombi nan t  vacc i ne  

s t r a i n .  I t  was found t h a t  a l l  t he recombi nant s  ana l yzed 

d e r i v e  t he  gene f o r  t he  M p r o t e i n  f rom the PR8 v i r u s .  Thi s  

would suggest  t h a t  t h i s  gene i s  a s s o c i a t e d  w i t h  h i gh  y i e l d  

i n embryonated hens'  eggs.

A l t hough  t he  PR8 v i r u s  M gene was c o n s i s t e n t l y  found i n 

t he  e l even r ec omb i n a n t s ,  i t  may not  be t he  on l y  f a c t o r  

r e s p o n s i b l e  f o r  t he  enhanced growth c a p a c i t y .  To c o n f i r m  

i t s  r o l e  as t he high y i e l d  d e t e r m i n a n t ,  one shou l d  be able 

t o  demons t ra t e  t h a t  r ecombi nant s  c o n t a i n i n g  o n l y  t he  M gene 

f rom PR8 v i r u s  a l s o  show an i nc r eased  y i e l d .  Fu r t he r mor e ,
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t he  absence o f  t he  PR8 M gene i n  a r ecombi nant  should c o r r e ­

l a t e  w i t h  t h a t  s t r a i n ' s  exp r ess i on  o f  poor  growth i n  embryo­

nated hens'  eggs.  However,  i n  t h i s  s t u d y ,  such s t r a i n s  were 

not  a v a i l a b l e  f o r  a n a l y s i s  because on l y  one h i gh y i e l d i n g  

recombinant  was s e l e c t e d  f rom each c r o s s i n g  o f  t he  PR8 v i r u s  

w i t h  a f i e l d  i s o l a t e .  Consequent l y ,  a s y s t e ma t i c  c o r r e l a ­

t i o n  o f  v i r a l  genotype w i t h  t he h i gh y i e l d  phenotype was not  

p o s s i b l e .  In a d d i t i o n ,  a p r e c i s e  c o r r e l a t i o n  between t i t e r  

and genotype was hampered by t he d i f f e r e n t  passage h i s t o r i e s  

o f  t he recombi nant s  and f i e l d  i s o l a t e s  used in t h i s  a n a l y ­

s i s .

P r e v i o u s l y ,  i t  was shown f o r  r ecombi nant s  o f  PR8, an 

H1N1 v i r u s ,  and A / HK/ 8 / 68 ,  an H3N2 v i r u s ,  t h a t  t he PR8 v i r u s  

M and NP genes were a s s o c i a t e d  w i t h  t he  h i gh  y i e l d  p r o p e r t y  

(Schulman and Pa l ese,  1978) .  Cr oss i ng  PR8 v i r u s  w i t h  

ano t her  H3N2 v i r u s ,  A / Eng l and / 69 ,  Oxford e t  al  . , (1978)  sug­

gested t h a t  t he t r a n s f e r  o f  t he  PR8 v i r u s  P2 and NP genes 

i n t o  recombi nant s  r e s u l t e d  i n i nc r eased  y i e l d s  i n  eggs.  

However ,  i n  t h a t  a n a l y s i s  on l y  seven o f  t he  e i g h t  i n f l u e n z a  

v i r u s  genes were cons i de r ed  because t he M genes o f  t he two 

pa r en t s  were not  d i s t i n g u i s h a b l e  by t he  t e c h n i q ues  used.  

Si nce d i f f e r e n t  genes have been a s s o c i a t e d  w i t h  enhanced 

growth i n  embryonated hens'  eggs,  i t  i s  p o s s i b l e  t h a t  h i gh 

y i e l d  i s  a p o l y g e n i c  t r a i t .  In a d d i t i o n ,  d i  f f e r e n t  genes or  

comb i na t i ons  o f  genes may be r e s p o n s i b l e  f o r  t he  i nc r eased 

growth c a p a c i t y  o f  r ecombi nant s  d e r i v e d  f rom d i f f e r e n t  

p a r e n t a l  vi  r uses .
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The f a c t  t h a t  a l l  but  one o f  t he h i g h e s t  y i e l d  r ecombi ­

nants i n t h i s  s t udy  c o n t a i n  t he  g r e a t e s t  number o f  PR8 genes 

suggests  t h a t  severa l  PR8 genes may f u n c t i o n  i n  an a d d i t i v e  

manner i n  t he enhancement  o f  v i r a l  r e p l i c a t i o n  i n  t he 

ch i cken  embryo.  For  example,  i t  i s  p o s s i b l e  t h a t  t he  a d d i ­

t i o n  o f  t he PI and P3 genes o f  PR8 v i r u s  t o  t he X-57 recom­

b i n a n t  i n  whi ch t hese genes are not  p r esen t  ( t a b l e  4) would 

r e s u l t  i n  a h i g h e r  y i e l d i n g  v i r u s .  However ,  w i t h o u t  a study 

o f  a l l  p o s s i b l e  gene c omb i na t i ons  f o r  each p a r e n t a l  p a i r ,  

t he op t i ma l  gene comb i na t i on  f o r  hi gh y i e l d  cannot  be d e f i ­

n i t i v e l y  e s t a b l i s h e d .

A l t hough  i t  seems p r ob a b l e  t h a t  mu t a t i o ns  have occur r ed  

i n  a l l  o f  t he  PR8 v i r u s  genes i n  the course o f  adap t i ng  i t  

f o r  maximal  r e p l i c a t i o n  i n  t he ch i cken  embryo,  s e l e c t i o n  o f  

such mu t a t i o n s  most l i k e l y  has been i n f l u e n c e d  by t he  i n t e r ­

dependence o f  t hese genes as t hey  f u n c t i o n  t o g e t h e r .  For  

example,  t he  comb i na t i o n  o f  genes o p t i m a l l y  f u n c t i o n a l  i n  

t he PR8 p a r e n t a l  v i r u s  may be l ess  e f f i c i e n t  i n  a r ecomb i ­

nant  which c o n t a i n s  d i f f e r e n t  HA and NA genes.  Fur t he r mor e ,  

i t  i s  apparent  t h a t  t he  na t u r e  o f  t he  v i r a l  HA can be 

r e s t r i c t i v e  w i t h  r es pe c t  t o  y i e l d  because t he X-53 and X-53a 

r ecombi nant s  c o n t a i n  t he  same s i x  PR8 genes ( t a b l e  4) but  

grow t o  d i f f e r e n t  t i t e r s  ( K i l b o u r n e  et  a l . ,  1978a) .
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Since the p r e c i s e  gene c o n s t e l l a t i o n  r e s p o n s i b l e  f o r  

t he  high y i e l d  phenotype o f  each recombi nant  i s  not  known, 

t he  p r a c t i c a l  goal  o f  r ec omb i na t i on  f o r  t he p r o d u c t i o n  o f  

h i g h - y i e l d  vacc i ne  s t r a i n s  may be t o  combine t he HA and NA 

genes o f  t he c u r r e n t l y  c i r c u l a t i n g  v i r u s  w i t h  t he  6 nonsur -  

f a c e - p r o t e i n  genes o f  PR8 v i r u s .  S i m i l a r  approaches have 

been used t o  t r a n s f e r  t he a t t e n u a t e d  v i r u l e n c e  o f  t s -  and 

c o l d  adapt ed- mut an t s  o f  i n f l u e n z a  v i r u s e s  i n t o  r ecombi nants  

c o n s t r u c t e d  f o r  l i v e  v i r u s  vacc i ne  p r o d u c t i o n  ( e . g .  see 

Ma r k o f f  et  al  . ,  1979;  Lazar  et  al  . , 1980) .

9.2 GENETIC VARIATION AMONG H2N2 INFLUENZA A VIRUS GENES

In t h i s  second p r o j e c t ,  o l i g o n u c l e o t i d e  mapping was 

used t o  e s t i ma t e  t he g e n e t i c  v a r i a t i o n  o f  f i v e  i n f l u e n z a  A 

v i r u s e s  i s o l a t e d  at  t he  b e g i n n i n g ,  mi dd l e  and end o f  t he 

H2N2 pandemic p e r i o d .  I t  was demonst ra ted t h a t  mu t a t i o ns  

occu r r ed  i n  a l l  t he genes (gene m i x t u r e s )  o f  t hese v i r u s e s .  

Fu r t he r mor e ,  t he  e x t e n t  o f  g e n e t i c  v a r i a t i o n  was shown t o  be 

s i m i l a r  f o r  a l l  t he i n f l u e n z a  v i r u s  genes.  Since changes 

d i d  not  p r e f e r e n t i a l l y  occur  among genes cod ing f o r  s u r f a c e  

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

s e l e c t i v e  an t i bo d y  p r essu r e  may r e s u l t  i n  g e n e t i c  v a r i a n t s .
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A s i m i l a r  o b s e r v a t i o n  was made by Young et  a l .  ( 1979 ) ,  when 

i t  was found t h a t  mu t a t i o n s  were not  l i m i t e d  t o  t he HA and 

NA genes o f  n a t u r a l l y  o c c u r i n g  H1N1 i n f l u e n z a  A v i r u s e s .  

Re c e n t l y ,  t he  g e n e t i c  v a r i a b i l i t y  o f  i n f l u e n z a  A v i r u s e s  

f rom t he H3N2 pandemic pe r i od  was a l so  examined by o l i g o n u -  

c l e t i d e  f i n g e r p r i n t  a n a l y s i s  ( O r t i n  et  a l . ,  1980) .  These 

i n v e s t i g a t o r s  examined the genomes as we l l  as t he  i n d i v i d u a l  

HA, NA and NP RNAs o f  v i r u s e s  i s o l a t e d  f rom 1968 t o  1977 and 

a l so  e s t i ma t ed  t h a t  s i m i l a r  d i f f e r e n c e s  occur r ed  among a l l  

t he  c o r r e s p o n d i ng  RNAs s t u d i e d .

As t he t i me between t he  i s o l a t i o n  o f  d i f f e r e n t  i n f l u ­

enza v i r u s  s t r a i n s  i n c r e a s e s ,  t he e x t e n t  o f  v a r i a t i o n  among 

t h e i r  c o r r e s p o n d i n g  genes should  a l so  i nc r ease  i f  i t  i s  

assumed t h a t  t he mu t a t i o n  r a t e  o f  a l l  i n f l u e n z a  v i r u s  genes 

i s  t he same. The data presented i n  t h i s  s tudy do n o t ,  i n  

every  case,  suppor t  t h i s  premise (see t a b l e s  6 - 1 0 ) .  For 

example,  t he  pe r cen t  d i f f e r e n c e  between t he M genes o f  the 

A / S i n g / 1 / 5 7  and A/ AA/ 6 / 60  v i r u s e s  i s  1.82 whereas t h a t  

between the A / S i n g / 1 / 5 7  v i r u s  and t he  l a t e r  i s o l a t e  

A/TW/1/64 i s  0 . 78 .  Th i s  phenomenon may r e f l e c t  t he  l i m i t a ­

t i o n s  o f  RNA f i n g e r p r i n t  a n a l y s i s  ( t o  be d i scussed l a t e r )  i n  

e s t i m a t i n g  g e n e t i c  v a r i a t i o n  or  i t  may r e s u l t  f rom t he smal l  

sampl i ng o f  a heterogeneous p o p u l a t i o n  o f  v i r u s e s  f o r  a n a l y ­

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

t h e  same subtype are c o c i r c u l a t i n g  i n  na t u r e  and t h a t  l i m ­

i t e d  sampl i ng o f  t hese s t r a i n s  over  a p e r i o d  o f  t i me  would 

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

compar i son o f  t hese v i r u s e s ,  which may have d i f f e r e n t  pas­

sage h i s t o r i e s ,  cou l d  r e s u l t  i n  a p p a r e n t l y  spu r i ous  va l ues 

when t h e i r  e x t e n t  o f  g e n e t i c  v a r i a t i o n  i s  es t i ma t ed  and c o r ­

r e l a t e d  w i t h  t h e i r  t i me  o f  i s o l a t i o n .  Fu r t he r mor e ,  i t  i s  

a l s o  p o s s i b l e  t h a t  t hese c o c i r c u l a t i n g  g e n e t i c  v a r i a n t s  may 

r e a s s o r t  t h e i r  genes and t he r eby  p e r t u r b  a l i n e a r  i nc r eas e  

i n  t h e i r  obse r vab l e  g e n e t i c  " d r i f t " .  That  r e comb i n a t i o n  

does occur  among d i f f e r e n t  v i r u s e s  c o c i r c u l a t i n g  du r i ng  an 

i n t e r pandemi c  pe r i od  has been demonst rated (Young and 

Pa l ese ,  1979) .  These i n v e s t i g a t o r s  showed t h a t  severa l  

genes o f  an H1N1 i s o l a t e  de r i v ed  f rom a c o c i r c u l a t i n g  H3N2 

v i r u s .  F i n a l l y ,  i n  a d d i t i o n  t o  r e a s s o r t me n t ,  one cannot  

p r ec l ud e  t he  p o s s i b i l i t y  t h a t  o t h e r  mechanisms,  such as 

i n t r a g e n i c  r e c o m b i n a t i o n ,  a l so  c o n t r i b u t e  t o  t he  n o n l i n e a r  

i n c r ease  in v a r i a t i o n  t h a t  was observed among t he  genes of  

t he  H2N2 v i r u s e s .

The o l i g o n u c l e o t i d e  map o f  t he H3N2 ( A / HK/ 8 / 68 )  v i r u s  

HA gene l acks  26 o f  t he  33 o l i g o n u c l e o t i d e s  seen in t h a t  o f  

t he  H2N2 (A/ Si  ng / 1 / 57 )  v i r u s  HA gene.  Fu r t he r mor e ,  t he  num­

ber  o f  o l i g o n u c l e o t i d e s  i n  t he map o f  t he H3N2 v i r u s  HA gene 

i s  a p p r o x i m a t e l y  h a l f  o f  what i s  observed i n t he  HA gene 

maps o f  t he  f i v e  H2N2 s t r a i n s .  These f i n d i n g s  i n d i c a t e  t h a t
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t he d i f f e r e n c e  between the sequences o f  t he  H3 and H2 HAs i s  

t oo g r ea t  t o  be de t e rmi ned  by compar a t i ve  o l i g o n u c l e o t i d e  

map a n a l y s i s  (see b e l ow) .  R e c e n t l y ,  sequence a n a l y s i s  has 

p e r m i t t e d  t he  d i r e c t  compar i son o f  an H2 HA w i t h  two d i f f e r ­

ent  H3 HA genes ( Ge t h i ng  e t  a l . ,  1980;  Min Jou et  a l . ,  1980;  

Verhoeyen et  a l . , 1980 ) .  These s t u d i e s  r evea l ed  t h a t  t h e r e  

was on l y  a 27% sequence homology between the H2 HA and 

e i t h e r  o f  t he  H3 HAs, whereas t he  sequences o f  t he  two H3 

HAs shared 96% homology.  The sequence data a l so  showed t h a t  

t he  H3 HAs had a 20% G co n t e n t  but  t h a t  o f  t he H2 HA was 

on l y  18%. Al t hough a 2% i nc r ease  i n  G r es i d ue s  would be 

expected t o  reduce t he  number o f  l a r g e  (10 r es i dues  or  

g r e a t e r ) ,  T1 r e s i s t a n t  o l i g o n u c l e o t i d e s  i n an RNA, i t  can 

not  by i t s e l f  account  f o r  t he  50% r e d u c t i o n  i n o l i g o n u c l e o ­

t i d e s  found i n  the RNA f i n g e r p r i n t  o f  t he  H3 HA when i t  was 

compared t o  t h a t  o f  an H2 HA. I t  i s  t h e r e f o r e  l i k e l y  t h a t  

t he d i s t r i b u t i o n  o f  G r e s i dues  i n t he RNA o f  t he H3 HA con­

t r i b u t e s  t o  i t s  r e l a t i v e l y  low number o f  l a r g e  T1 r e s i s t a n t  

ol  i g o n u c l e o t i  des.

O l i g o n u c l e o t i d e  map a n a l y s i s  o f  t he  RNAs f rom f i v e  H2N2 

v i r u s e s  and one H3N2 v i r u s  has demonst rated t h a t  a l l  genes 

but  t he HA RNA o f  t he  A/HK/ 8 /68 (H3N2) v i r u s  are c l o s e l y  

r e l a t e d  t o  t hose o f  t he  H2N2 s t r a i n s .  Th i s  f i n d i n g  c on f i r ms  

t he  proposa l  t h a t  t he  H3N2 s t r a i n s  d e r i v e d  f rom a recombina-  

t i o n a l  event  t h a t  r ep l aced  the HA gene o f  an H2N2 s t r a i n  

w i t h  t he  novel  H3 HA gene ( S c h o l t i s s e k  e t  a l . ,  1978a) .
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As ment i oned above,  RNA f i n g e r p r i n t  a n a l y s i s  has 

l i m i t a t i o n s  when used t o  q u a n t i t a t e  d i f f e r e n c e s  among v i r a l  

RNAs. Only a f r a c t i o n  o f  t he  RNA can be d i r e c t l y  observed 

i n  i t s  f i n g e r p r i n t  map and on l y  t he l a r g e  o l i g o n u c e o t i d e s  i n 

t he  map p r o v i d e  r easonab l e  assurance t h a t  each " s p o t "  r e p r e ­

sents  a uni que sequence.  I t  should be noted t h a t  o c c a s i o n ­

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

may comi g r a t e  i n  a f i n g e r p r i n t  i f  t hey  happen t o  have the 

same s i z e  and base c o mp o s i t i o n .  However,  i f  one compares 

c l o s e l y  r e l a t e d  RNAs, t he  f r equency  o f  such i ns t a nc es  should 

be l ow.  As d es c r i be d  in the " R e s u l t s "  s e c t i o n ,  i t  i s  a l so  

p o s s i b l e  f o r  one mu t a t i o n  i n an RNA t o  r e s u l t  i n  two changes 

o f  i t s  f i n g e r p r i n t  i f  t he mu t a t i o n  i s  one t h a t  a l t e r s  t he 

p o s i t i o n  o f  an o l i g o n u c l e o t i d e  w i t h i n  the map. One o t h e r  

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

c l e o t i d e s  may not  be e q u a l l y  l a b e l e d  and consequen t l y  t hose 

w i t h  l ess  r a d i o a c t i v i t y  may not  be i n c l u de d  in a compar a t i ve  

a n a l y s i s .  The above ment i oned f a c t o r s  i n d i c a t e  t h a t  o l i g o ­

n u c l e o t i d e  map a n a l y s i s  i s  l i m i t e d  t o  p r o v i d i n g  es t i ma t es  

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

c l o s e l y  r e l a t e d  RNAs.

Desp i t e  i t s  l i m i t a t i o n ,  o l i g o n u c l e o t i d e  map a n a l y s i s  

p r ov i des  a r a p i d  and e f f i c i e n t  means o f  compar ing t he 

sequences of  a l a r g e  number o f  r e l a t e d  RNAs. Thi s  t echn i que  

has been shown t o  be r e l i a b l e  i n  d e t e r m i n i n g  t he  v a r i a t i o n  

among RNAs t h a t  share 90% or  g r e a t e r  sequence homology
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(Young et  al  . , 1981) .  Based on t hese a u t h o r s '  computer  

a n a l y s i s  o f  random mu t a t i ons  i n  a randomly genera t ed nu c l eo ­

t i d e  sequence,  RNAs hav i ng  l ess  than 90% o f  t h e i r  sequences 

i n  common would be expected t o  y i e l d  c o mp l e t e l y  d i f f e r e n t  

f i n g e r p r i n t s  (see f i g u r e  20) .  In t he p r esen t  s t ud y ,  t he 

co r r es pond i ng  genes and gene m i x t u r e s  o f  t he  e a r l i e s t  

( A / S i n g / 1 / 5 7 )  and l a t e s t  (A/ Ned / 84 / 68)  H2N2 i s o l a t e s  y i e l d e d  

RNA f i n g e r p r i n t s  t h a t  had a minimum o f  47% o f  t h e i r  o l i g o n u ­

c l e o t i d e s  i n  common. C l e a r l y  t he c o r r espond i ng  RNA 

sequences o f  t hese v i r u s e s  are s u f f i c i e n t l y  s i m i l a r  t o  be 

w i t h i n  t he range o f  s e n s i t i v i t y  r e q u i r e d  f o r  a r e l i a b l e  o l i ­

g o n u c l e o t i d e  map a n a l y s i s  o f  t h e i r  d i f f e r e n c e s .  In t he 

a n a l y s i s  o f  t he HA genes,  a p p r o x i ma t e l y  570 o f  1760 r es i dues  

were examined (29% o f  t he  HA gene) and i n t he  a n a l y s i s  o f  

t he  P genes,  a p p r o x i m a t e l y  700 o f  7070 r e s i dues  were used 

(10% o f  t he P genes) .  In a d d i t i o n ,  a l l  gene f r a c t i o n s  ana­

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

t i d e s  (10 r e s i dues  or  l o n g e r )  t h a t ,  i n  most i n s t a n c e s ,  

should have r ep r e se n t e d  uni que sequences.

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

o l i g o n u c l e o t i d e s  i n  a f i n g e r p r i n t  may d e r i v e  f rom a hype r va ­

r i a b l e  or  conserved r e g i o n  o f  t he i n f l u e n z a  v i r u s  genome. 

However,  s i nce  l a r g e  gene f r a c t i o n s  were examined i n  t h i s  

s t u d y ,  i t  i s  u n l i k e l y  t h a t  t hey  d e r i v e  f rom a con t i nuous  

segment i n  t he  v i r a l  genome. The r e f o r e  i t  i s  assumed t h a t
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F i gu r e  20. Percent  o f  unchanged o l i g o n u c l e o t i d e s  i n  a r a n ­

dom RNA sequence as a f u n c t i o n  o f  i n c r e a s i n g  base changes.

The s t a t i s t i c a l  number o f  unchanged o l i g o n u c l e o t i d e s  16 

bases i n  l e n g t h  was c a l c u l a t e d  f o r  a g i ven ( random) nu c l e o ­

t i d e  sequence f o l l o w i n g  t he i n t r o d u c t i o n  o f  random sequence 

changes.  ( Th i s  f i g u r e  i s  t aken f rom Young et  a l . ,  1981. )
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t he  v i r a l  RNAs c o n t a i n  RNAase T1 r e s i s t a n t  o l i g o n u c l e o t i d e s  

t h r o u g h o u t  t h e i r  n u c l e o t i d e  sequences.  F i n a l l y ,  t he  average 

o f  t he minimum and maximum p o s s i b l e  changes between two RNA 

f i n g e r p r i n t s  was used t o  express t h e i r  es t i ma t ed  v a r i a t i o n .  

Th i s  was done i n  an a t t emp t  t o  c o r r e c t  f o r  t he  p o s s i b i l i t y  

t h a t  two o l i g o n u c l e o t i d e  map changes may r e s u l t  f rom one 

m u t a t i o n .  I t  shou ld  be noted t h a t  t he percen t  e r r o r  f o r  t he

e s t i ma t e s  o f  g e n e t i c  v a r i t i o n  r e po r t e d  i n t h i s  s t udy  were

not  de t e r mi ned .  However ,  an i n d i c a t i o n  o f  t h e  s e n s i t i v i t y  

o f  RNA f i n g e r p r i n t  a n a l y s i s  i n  d e t e r m i n i n g  sequence d i f f e r ­

ences among RNAs was ob t a i ned  when the RNAs o f  t he  PR8 and

Udorn v i r u s  NS genes were compared by t h i s  t e c h n i q u e  (Young

et  a l . ,  1981) .  An e s t i ma t e d  n u c l e o t i d e  d i f f e r e n c e  o f  5-6% 

was p r e d i c t e d  f o r  t he  PR8 and Udorn v i r u s  NS RNAs which by 

d i r e c t  sequence a n a l y s i s  were shown t o  have an ac t ua l  

sequence d i f f e r e n c e  o f  8.9%.

V a r i a t i o n  was demonst ra ted among a l l  t he genes o f  sev­

e r a l  H2N2 v i r u s e s .  Fu r t he r mor e ,  a maximum v a r i a t i o n  o f  

t h r e e  or  f o u r  changes per  hundred n u c l e o t i d e s  has been e s t i ­

mated f o r  a l l  t he genes o f  t hese i n f l u e n z a  v i r u s e s .  I t  i s  

b e l i e v e d  t h a t  t he  m u t a t i o n a l  changes es t i ma t ed  f o r  a l l  t he 

H2N2 v i r u s  genes may r e p r e s e n t  t he e x t e n t  o f  g e n e t i c  v a r i a ­

t i o n  whi ch occu r r ed  d u r i n g  t he  e l even yea r  i n t e r v a l  s e p a r a t ­

i ng  t he  i s o l a t i o n  o f  t he  e a r l i e s t  and l a t e s t  H2N2 s t r a i n s  

anal yzed i n  t h i s  s t udy .
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9.3 CLONING AND SEQUENCING OF TWO DIFFERENT INFLUENZA VIRUS 

NS GENES

9 . 3 . 1  STRUCTURE AND VARIATION OF NS GENES

The compl ete  n u c l e o t i d e  sequences o f  t he  c l oned duck 

and PR8 v i r u s  NS genes have been de t e r mi ned .  A compar i son 

o f  t hese NS gene sequences w i t h  t hose o f  t he  FPV ( P o r t e r  et  

a l . ,  1980;  and Udorn (Lamb and L a i ,  1980) v i r u s e s  r evea l ed  

t h a t  t he duck v i r u s  NS gene d i f f e r e d  by a p p r o x i m a t e l y  27% 

f rom the o t h e r  NS genes.  Desp i t e  t he  l a r g e  number o f  

changes d e t e c t ed  i n t he  duck v i r u s  NS gene,  t h i s  RNA has 

p r e c i s e l y  r e t a i n e d  t he  NS1 and NS2 gene ar rangement  i n  t he 

PR8 NS RNA. The duck and PR8 v i r u s  NS genes con t a i ne d  the 

same s t r u c t u r a l  e l ements desc r i bed  i n  t he  Udorn v i r u s  NS RNA 

(Lamb and L a i ,  1980) .  The conserved f e a t u r e s  o f  t he  duck v i r u s  

as we l l  as o f  t he  PR8 v i r u s  NS gene s t r u c t u r e s  i n c l u d e  a gene 

l e n g t h  o f  890 n u c l e o t i d e s ,  o v e r l a p p i n g  r ead i ng  f rames which 

encode the NS1 and NS2 p o l y p e p t i d e s ,  t he  p u t a t i v e  RNA s p l i c ­

i ng s i g n a l s  and t he presence o f  a p o l y a d e n y l a t i o n  s i t e .  By 

analogy t o  t he  NS gene s t r u c t u r e  o f  t he Udorn and FPV 

v i r u s e s ,  t he  NS genes o f  t he  duck and PR8 v i r u s e s  most  l i k e l y  code
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f o r  t he  NS1 and NS2 p o l y p e p t i d e s .  A l t hough  the duck v i r u s  

NS gene has many f e a t u r e s  i n  common w i t h  the o t h e r  NS genes,  

t he  l a r g e  number o f  d i f f e r e n c e s  de t ec t ed  i n  both n u c l e o t i d e  

and amino ac i d  sequences i n d i c a t e  t h a t  t h i s  gene has 

d i ve r ged  s i g n i f i c a n t l y  f rom the e v o l u t i o n a r y  pathway t h a t  

t he o t h e r  NS genes appear  t o  have i n common.

A s t udy  us i ng RNA-RNA h y b r i d i z a t i o n  a n a l y s i s  t o  d e t e r ­

mine sequence d i f f e r e n c e s  among i n f l u e n z a  v i r u s  RNAs sug­

gested e x t e n s i v e  g e n e t i c  v a r i a t i o n  among d i f f e r e n t  NS genes 

and a d i v i s i o n  o f  NS genes i n t o  one h u man- s t r a i n  s p e c i f i c  

and two a v i a n - s t r a i n  s p e c i f i c  homology groups ( S c h o l t i s s e k  

et  a l . ,  1976 ; S c h o l t i s s e k  and von Hoyningen-Huene, 1980) .

For  example,  t h i s  a n a l y s i s  showed t h a t  t he NS gene o f  t he 

av i an  s t r a i n ,  FPV, was i n  a d i s t i n c t  homology group f rom 

chat  o f  t he  human s t r a i n ,  PR8 . In c o n t r a s t ,  t he sequence 

data p r esen t ed  here demonst ra ted an 8 % d i f f e r e n c e  between 

t he  PR8 and FPV v i r u s  NS genes and a s l i g h t l y  g r e a t e r  d i f ­

f e r ence  o f  8.9% between the NS genes o f  PR8 v i r u s  and 

ano t her  human s t r a i n ,  Udorn.  Consequen t l y ,  t he  a v a i l a b l e  

sequence data do not  pe r m i t  t he  c l a s s i f i c a t i o n  of  t he FPV 

and PR8 v i r u s  NS genes i n t o  d i s t i n g u i s h a b l e  homology groups.  

However,  t he sequence data presen ted  here d i d  show a l a r g e  

degree o f  v a r i a t i o n  between t he  duck v i r u s  NS gene and each 

o f  t he NS genes o f  t he  o t h e r  v i r u s e s  ( a p p r o x i m a t e l y  27% d i f ­

f e r ences  were n o t e d ) .
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The duck v i r u s  NS gene was s e l e c t e d  f o r  a n a l y s i s  

because a cDNA-RNA h y b r i d i z a t i o n  s t udy  showed t h a t  i t  shared 

o n l y  12% homology w i t h  t he  PR8 v i r u s  NS gene (R.M. E l l i o t t ,  

unpub l i shed  o b s e r v a t i o n s )  and t h e r e f o r e  p r ov i ded  t he oppor ­

t u n i t y  t o  s t udy  a very  d i f f e r e n t  NS gene.  However,  t he 

d i r e c t  n u c l e o t i d e  sequence compar i son o f  t hese two genes 

showed a 72.8% homology.  An analogous s i t u a t i o n  has been 

d es c r i be d  f o r  t he  n u c l e o t i d e  sequence compar i son o f  t he BK 

and SV40 v i r u s e s  (Yang and Wu, 1979) .  I t  was noted i n  t h i s  

l a t t e r  s t udy  t h a t  h y b r i d i z a t i o n  a n a l y s i s  can r e s u l t  i n 

h i g h l y  v a r i a b l e  e s t i ma t e s  o f  homology between two genes i f  

d i f f e r e n t  h y b r i d i z a t i o n  c o n d i t i o n s  and assay methods are 

used t o  d e t e c t  sequence d i f f e r e n c e s .

A d e t a i l e d  a n a l y s i s  o f  t he p o s i t i o n s  o f  n u c l e o t i d e  d i f ­

f e r ences  between the PR8 and duck v i r u s  NS genes r evea l ed  

t h r e e  domains o f  d i f f e r e n t  homology ( f i g u r e  19) .  The f i r s t  

r e g i o n ,  n u c l e o t i d e s  27-529,  encodes t he  amino t e r m i n a l  p o r ­

t i o n  (73%) o f  t he NS1 p o l y p e p t i d e  and i s  t he  l e a s t  conserved 

domain.  Anot her  r e g i o n ,  n u c l e o t i d e s  717-861,  encoding t he 

c a r b o x y - t e r m i n a l  o f  t he  NS2 p o l y p e p t i d e s  i s  much more con­

se r ved .  The rema i n i ng  r e g i on  o f  t he  NS gene,  n u c l e o t i d e s  

529-716,  which d i r e c t s  s y n t h e s i s  o f  p o r t i o n s  o f  both t he NS1 

and NS2 p o l y p e p t i d e s  i n  o v e r l a p p i n g  r ead i ng  f r ames ,  sepa­

r a t e s  t he o t h e r  two r eg i ons  and i s  t he  most conserved.  The 

c o n s e r v a t i o n  i n t h i s  l a s t  r e g i on  i s  r e f l e c t e d  by a low num­

ber  o f  amino ac i d  changes ( 10 / 63 )  de t ec t ed  between c o r r e ­
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sponding p o r t i o n s  o f  t he  duck and PR8 v i r u s  NS2 p o l y p e p t i d e s  

( f i g u r e  19) .  S u r p r i s i n g l y ,  t h i s  same RNA r eg i on  codes f o r  

t w i c e  as many amino ac i d  changes ( 20 / 63 )  i n  t he  r ead i ng  

f rame used t o  s y n t h e s i z e  t he carboxy t e r m i n a l  p o r t i o n s  o f  

t he  NS1 p o l y p e p t i d e s .  F i r s t  p o s i t i o n  changes i n  t he codons 

o f  t he  r ead i ng  f rames used f o r  t he  s y n t h e s i s  o f  t he NS1 

p o l y p e p t i d e s  r e s u l t  i n  t h i r d  p o s i t i o n  mu t a t i ons  i n t he  t r i ­

p l e t s  o f  t he r ead i ng  f rames cod ing f o r  t he NS2 p o l y p e p t i d e s .  

Si nce t he  v a r i a t i o n  i n a l l  r eg i ons  o f  t he  NS1 p o l y p e p t i d e s  

i s  g r e a t e r  t han t h a t  found between t he e n t i r e  NS2 po l yp ep ­

t i d e s ,  i t  i s  p r obab l e  t h a t  s e l e c t i v e  mechanisms are a c t i n g  

t o  more s t r i c t l y  conserve t he  NS2 p o l y p e p t i d e s .

F i gu r e  21 shows an exami na t i on  o f  t he t h r e e  r ead i ng  

f rames i n t he ( - )  RNA o f  f o u r  i n f l u e n z a  v i r u s  NS genes.  The 

PR8 , FPV and Udorn v i r u s e s  have the cod ing p o t e n t i a l  f o r  a 

t h i r d  NS p o l y p e p t i d e  i n  t he v i r i o n  RNA. I t  seems u n l i k e l y  

t h a t  open r ead i ng  f rames spanning 501 n u c l e o t i d e s  i n t he NS 

genes o f  PR8 and FPV v i r u s e s  and 648 r es i dues  i n t h a t  o f  t he 

Udorn v i r u s  would occur  by chance.  The random p r o b a b i l i t y  

o f  f i n d i n g  open r ead i ng  f rames o f  any l e n g t h  can be d e t e r ­

mined by assuming t he random occur r ence  o f  t he  64 codons,  

t h r e e  o f  which are t e r m i n a t i o n  codons.  An open r ead i ng

f rame o f  216 codons,  whi ch was observed i n t he ( - )  RNA sense

o f  t he  Udorn v i r u s  NS genes has a p r o b a b i l i t y  o f  ( 6 1 / 6 4 ) ^ ^
_ 5

or  3 .13 x 10 o f  o c c u r r i n g  by chance.  I f  one r e s t r i c t s  t he

s e l e c t i o n  o f  such open r ead i ng  f rames t o  t hose t h a t  s t a r t
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F i gu r e  21. Exami na t i on  o f  open r ead i ng  f rames i n  t he  v i r i o n  

( - )  RNA o f  f o u r  i n f l u e n z a  v i r u s  NS genes.

The v i r i o n  ( - )  RNA o f  f o u r  i n f l u e n z a  v i r u s  NS genes were 

examined f o r  t he presence o f  open r ead i ng  f rames s t a r t i n g  

w i t h  an AUG. V e r t i c l e  l i n e s  i n d i c a t e  t he p o s i t i o n s  o f  t e r ­

m i n a t i o n  codons and t he l ong dark r e c t a n g l e s  r e p r e s e n t  open 

r ead i ng  f rames o f  501 and 648 n u c l e o t i d e s ,  r e s p e c t i v e l y .
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READING FRAMES IN NS SEGMENTS (—RNA SENSE)

A /w y ^ /3 4 167 aa

A/FP\/ROSTOCK/34 167 aa

A/U D O R N /72 216 aa

a/ d UCk/|L B E R T A /6 0 /7 6

I h - f -

H—H----- h

H — I— h+
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w i t h  an AUG (1 o f  64 codons)  and end w i t h  a t e r m i n a t i o n

codon (3 o f  64 codons ) ,  t he  p r o b a b i l i t y  t h a t  one occurs  by

chance becomes 1/64 x ( 6 1 / 6 4 ) ^ ^  x 3/64 o r  2 . 40  x 10

F i n a l l y ,  s i nce  t h e r e  are 81 p o s s i b l e  s t a r t i n g  p o s i t i o n s  f o r

216 c on t i guous  codons i n  t he  NS gene,  t he  random p r o b a b i l i t y

o f  f i n d i n g  t he  one d e s c r i be d  above i nc r eases  t o  1.59 x 10"^ .

A s i m i l a r  compu t a t i on  f o r  t he  random occur r ence  o f  t he  open

r ead i ng  f rame (167 codons l ong)  i n  t he ( - )  RNA o f  t he  PR8 or
_ 5

FPV v i r u s  NS gene y i e l d s  a va l ue  o f  3.29 x 10 • In con­

t r a s t ,  t h e  p r o b a b i l i t y  o f  randomly f i n d i n g  an open r ead i ng
_ 3

f rame o f  100 codons i n  an NS gene i s  on l y  1.24 x 10 

Using random p r o b a b i l i t y  one would a l so  p r e d i c t  t he o c c u r ­

rence o f  8 and 11 t e r m i n a t i o n  codons i n  r eg i ons  c o n t a i n i n g  

167 and 216 t r i p l e t s  r e s p e c t i v e l y .  Thi s  p r e d i c t i o n  i s  con-  

f i r rned by t he  o b s e r v a t i o n  o f  6-14 t e r m i n a t i o n  codons w i t h i n  

t he  o t h e r  r ead i ng  f rames t h a t  span t he p resumpt i ve  NS3 

genes.

Subsequent  t o  t hese  s t u d i e s  ano t her  group of  i n v e s t i g a ­

t o r s  i n d e p e n d e n t l y  c l oned and sequenced the NS gene o f  PR8 

v i r u s  w i t h  a d i f f e r e n t  passage h i s t o r y  ( Wi n t e r  et  a l . ,

1981) .  T h e i r  sequence c on t a i ned  t en n u c l e o t i d e  d i f f e r e n c e s  

and f o u r  amino ac i d  changes when compared t o  t he  PR8 v i r u s  

NS gene sequence de t e rmi ned  by t he  p r esen t  s t udy .  Nev e r t he ­

l e s s ,  t he  DNA sequence r e p o r t e d  by t h i s  group a l so  showed an 

agnogene sequence i n t he ( - )  RNA sense o f  t he  NS gene.  The
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p u t a t i v e  p o l y p e p t i d e s  encoded by t hese open r ead i ng  f rames 

have not  been i d e n t i f i e d  i n i n f l u e n z a  v i r u s  i n f e c t e d  c e l l s  

or  i n  p u r i f i e d  v i r u s e s .  I t  should a l s o  be noted t h a t  t r a n s ­

l a t i o n  o f  v i r a l  p r o t e i n s  f rom the v i r i o n  s t r a n d  RNA would 

r e q u i r e  a un i que mechanism which has not  y e t  been i d e n t i f i e d  

i n  ne ga t i v e  s t r an d  v i r u s e s .  I n f l u e n z a  v i r i o n  RNA has been 

shown t o  l ack  cap s t r u c t u r e s  and po l y - A  t a i l s .  Only t he  

v i r a l  mRNAs (whi ch c o n t a i n  t hese s t r u c t u r a l  f e a t u r e s )  have 

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

f r e e  t r a n s l a t i o n  systems ( E t k i n d  and Krug,  1974,  1975;  Krug 

e t  a l . , 1976 ; Con t en t ,  1976 ; R i t c h e y  and Pa l ese ,  1976 ;

E t k i n d  e t  a l . ,  1977;  I n g l i s  e t  a l . ,  1977;  Stepehenson et  

a . ,  1977;  P l o t c h  e t  a l . ,  1978) .  One p o s s i b l e  e x c e p t i o n  was 

r e p o r t e d  by Tekamp and Penhoet  ( 1976) .  These i n v e s t i g a t o r s  

found t h a t  a novel  p r o t e i n ,  s i m i l a r  i n  s i z e  t o  t he  NP, 

appeared t o  be t r a n s l a t e d  f rom i n f l u e n z a  v i r i o n  RNA i n  a 

c e l l - f r e e ,  wheat  germ, t r a n s l a t i o n  system.  However ,  t hey  

cou l d  not  r u l e  out  t h a t  t he s yn t he s i z ed  p o l y p e p t i d e  might  

have d e r i v e d  f rom c o n t a m i n a t i n g  host  c e l l  mRNA. (That  an 

N P - l i k e  p o l y p e p t i d e  cou l d  be t r a n s l a t e d  f rom i n f l u e n z a  v i r u s  

vRNA was e a r l i e r  shown w i t h  an E. c o1 i , c e l l - f r e e ,  t r a n s l a ­

t i o n  system;  S i e g e r t  e t  a l . ,  1973. )

An exami na t i on  o f  t he ( - )  RNA sequence o f  t he duck 

v i r u s  NS gene d i d  not  revea l  an open r ead i ng  f rame s i m i l a r  

t o  t hose p r e v i o u s l y  i d e n t i f i e d  i n t he NS genes o f  t he o t he r  

t h r e e  ( f o u r )  s t r a i n s .  I ns t ead  t h e r e  were f o u r  t e r m i n a t i o n
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codons w i t h i n  t he  r e g i o n  o f  t he  r ead i ng  f rame expected t o  

c o n t a i n  t he  agnogene sequence.  Unless a s p e c i f i c  s p l i c i n g  

mechanism t o  c i r c u mv e n t  t he s top s i g n a l s  i s  i n v o k e d ,  i t  

appears t h a t  t he  duck v i r u s  does not  have t he  cod i ng  po t en ­

t i a l  f o r  a t h i r d  NS p o l y p e p t i d e .  Th i s  may i n d i c a t e  t h a t  t he  

presence o f  t h e  open r e ad i ng  f rames i n  t he  ( - )  RNAs o f  t he 

t h r e e  o t h e r  NS genes i s  f o r t u i t o u s  and has no b i o l o g i c a l  

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

t he  presence o f  t he  NS agnogene i s  a chance e v e n t .  However ,  

a t  t he p r esen t  t i me  i t  has not  been de t e r mi ned  whether  t he 

a sence o f  t he  open r ead i n g  f rame i n  t he  duck v i r u s  NS gene 

i s  s p e c i f i c  f o r  t he  DNA c l one  ana l yzed o r  i f  i t s  absence i s  

s p e c i f i c  f o r  t he  v i r a l  i s o l a t e  used i n  t h i s  s t u d y .  Should 

subsequent  ana l yses  us i ng  c e l l s  i n f e c t e d  w i t h  PR8 , Udorn and 

o t h e r  i n f l u e n z a  v i r u s e s  e s t a b l i s h  t he  e x i s t e n c e  o f  an NS3 

p o l y p e p t i d e ,  i t  would be apparen t  t h a t  t h e  NS3 p o l y p e p t i d e  

i s  not  e s s e n t i a l  f o r  t h e  r e p l i c a t i o n  o f  t he  duck v i r u s .

On t he  b a s i s  o f  i t s  e x t e n s i v e  g e n e t i c  d i f f e r e n c e  f rom 

the  NS genes o f  t he  PR8 , FPV and Udorn v i r u s e s  t h e  e v o l u t i o n  

o f  t he  duck v i r u s  NS gene appears t o  have d i v e r g e d  f rom t h a t  

o f  t he  o t h e r  t h r e e  NS genes.  I t  i s  p o s s i b l e  t h a t  d u r i n g  i t s  

e v o l u t i o n  t he  duck v i r u s  NS gene may have l o s t  t he  cod i ng 

c a p a c i t y  f o r  a t h i r d  p o l y p e p t i d e  and i t s  agnogene has become 

a pseudogene analogous t o  t hose  d e s c r i be d  i n  t he  mouse and 

human g l o b i n  gene f a m i l i e s  ( e . g .  see Leder  e t  a l . ,  1980;  

P r o u d f o o t  et  a l . ,  1980) .  Con v e r s e l y ,  i t  may be t h a t  t he
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o t h e r  t h r e e  NS genes evo l ved  an open r ead i ng  f rame encodi ng 

a t h i r d  p o l y p e p t i d e  t h a t  p r ov i de d  a s e l e c t i v e  advantage t o  

t h e  v i r u s e s .  I f  t he  p u t a t i v e  NS3 gene i s  expressed i n  some 

but  not  a l l  v i r u s e s ,  i t s  r o l e  maybe a s s o c i a t e d  w i t h  t he host  

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

Subsequent  t o  t h i s  s t u d y ,  Casino e t  a l . ,  (1981)  have 

a l s o  i d e n t i f i e d  agnogene sequences i n  t he  nonmessage s t r a n d  

o f  t he  human 0 -  and€ - g l o b i n  genes.  I n p a r t i c u l a r  i t  was 

shown t h a t  t he  agnogene sequence i n  t he  human £ - g l o b i n  gene 

c o n t a i n e d  a l l  t he  a p p r o p r i a t e  s i g n a l s  necessary  f o r  t he 

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

Fu t her mor e ,  t he  au t ho r s  noted t h a t  t h e ^  - g l o b i n  gene 

sequence cou l d  not  be d i s t i n g u i s h e d  f rom t he  agnogene 

sequence i n  t he  absence o f  amino ac i d  sequence da t a .

9 .4  SIGNIFICANCE OF THIS WORK.

The ge no t yp i ng  s t udy  has augmented e a r l i e r  ev i dence 

t h a t  i n t r o d u c t i o n  o f  PR8 v i r u s  genes by r e c o mb i n a t i o n  i n t o  

low y i e l d i n g  f i e l d  i s o l a t e s  i s  a r a p i d  and e f f i c i e n t  means 

o f  o b t a i n i n g  h i gh  y i e l d i n g  va cc i ne  s t r a i n s  o f  d e s i r e d  s e r o ­

t ype  ( K i l b o u r n e  et  a l . , 1971;  Palese e t  a l . ,  1976) .  The 

p r e c i s e  gene c o mp o s i t i o n  o f  e l even  vacc i ne  s t r a i n s  was b i o -
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c h e m i c a l l y  de t e r mi ned  and t he  presence o f  PR8 genes was 

a s s o c i a t e d  w i t h  enchanced growth i n  embryonated hens'  eggs.  

In p a r t i c u l a r ,  t he presence o f  t he  PR8 v i r u s  M gene was con­

s i s t e n t l y  noted i n  t h e  s t r a i n s  s e l e c t e d  f o r  h i gh  y i e l d .

Th i s  s t udy  i n d i c a t e s  t h a t  i t  i s  f e a s a b l e  t o  use t he  a v a i l a ­

b l e  b i oc h e mi c a l  t e c h n i q u e s  t o  e s t a b l i s h  t h e  c o n t e n t  o f  PR8 

genes i n  recomb i n a n t  s t r a i n s .  The r o u t i n e  use o f  such p r o ­

cedures  shou l d  g r e a t l y  f a c i l i t a t e  t he  s e l e c t i o n  o f  v acc i ne  

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

genot ype.

In t he  second s t u d y ,  o l i g o n u c l e o t i d e  map a n a l y s i s  was 

used t o  e s t i m a t e  t he v a r i a t i o n  among i n f l u e n z a  A v i r u s e s  

i s o l a t e d  over  t h e  11 y e a r  d u r a t i o n  o f  t h e  H2N2 subtype 

p e r i o d .  A d d i t o n a l  ev i dence was p r o v i d e d  (Young and Pa l ese ,  

1979) t h a t  v a r i a t i o n  occurs  among a l l  t he  genes i n  i n f l u e n z a  

v i r u s e s .  Fu r t h e r mo r e ,  i t  was f o r  t he  f i r s t  t i me  demon­

s t r a t e d  t h a t  t he  maximum e x t e n t  o f  v a r i a t i o n  was s i m i l a r  f o r  

a l l  t h e  genes o f  sever a l  H2N2 v i r u s e s .  Th i s  f i n d i n g  p r o ­

v i des  some u n d e r s t a n d i n g  as t o  t he  degree o f  change t h a t  

i n f l u e n z a  v i r u s e s  can undergo d u r i n g  a subt ype p e r i o d .

Si nce i t  was shown t h a t  t he  genes cod i ng  f o r  nonsu r f ace  p r o ­

t e i n s  o f  i n f l u e n z a  v i r u s  appeared t o  change t o  t he  same 

e x t e n t  as t he  HA and NA genes,  t h i s  s t u d y  f u r t h e r  suppo r t s  

t he  p r oposa l  t h a t  mechanisms i n  a d d i t i o n  t o  a n t i b o d y  s e l e c ­

t i o n  may be r e s p o n s i b l e  f o r  t he  emergence o f  g e n e t i c  v a r i ­

a n t s .
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I n t he f i n a l  s t udy  m o l e c u l a r  c l o n i n g  and DNA sequence 

a n a l y s i s  was used t o  examine t he  NS genes o f  an av i an  (duck)  

and a human (PR8 ) i n f l u e n z a  v i r u s .  In a d d i t i o n ,  t he  

sequences o f  t hese  genes were compared w i t h  t hose  o f  two 

o t h e r  NS genes ( P o r t e r  e t  a l . ,  1980;  Lamb and L a i ,  1980) t o  

d i r e c t l y  de t e r m i n e  t he  e x t e n t  o f  g e n e t i c  v a r i a t i o n  among 

f o u r  d i f f e r e n t  NS genes.  The duck and PR8 v i r u s  NS gene 

sequences co n f i r me d  t h a t  t he  NS1 and NS2 p o l y p e p t i d e s  are 

coded f o r  by o v e r l a p p i n g  r e ad i n g  f rames i n  t he  s m a l l e s t  RNA 

segment  o f  t he  i n f l u e n z a  v i r u s  genome (Lamb and L a i ,  1980) .

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

t h e  ( - )  RNA sense o f  t h e  PR8 v i r u s  NS gene has t he  cod i ng 

p o t e n t i a l  f o r  a t h i r d  p o l y p e p t i d e  and t h a t  t he  Udorn and FPV 

v i r u s  NS gene sequences a l so  have t h i s  cod i ng  p o t e n t i a l  i n  

t he  ( - )  RNA sense.  The occurence o f  an open r e ad i ng  f rame 

s t a r t i n g  w i t h  an AUG and e x t e n d i n g  f o r  167-216 codons i n  t he  

nonmessage sense o f  a gene appears t o  be a un i que f e a t u r e .  

However ,  t he  s i g n i f i c a n c e  o f  t h e  agnogenes i n  t h e  NS genes 

i s  not  y e t  known. I f  a f u n c t i o n a l  r o l e  can be a s c r i b e d  t o  

t hese  open r e a d i n g  f r ames ,  a n o t h e r  mechanism f o r  t he  e x t e n ­

s i on  o f  t he  cod i ng  c a p a c i t y  o f  a gene w i l l  have been 

d e s c r i b e d .

The a n a l y s i s  a l s o  showed t h a t  t he  duck v i r u s  NS gene i s  

a d i v e r g e n t  RNA segment  because i t s  n u c l e o t i d e  sequence con­

t a i n e d  a l a r g e  number o f  d i f f e r e n c e s  when i t  was compared t o  

t hose  o f  t he  PR8 , FPV and Udorn v i r u s  NS genes.  An a d d i ­
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t i o n a l  d i f f e r e n c e  between t he  duck and PR8 v i r u s  NS genes i s

t h a t  t he  duck v i r u s  NS gene does not  have an open r ead i ng

f rame i n  i t s  ( - )RNA sense.  I t  i s  hoped t h a t  t he p r esen t

sequence c h a r a c t e r i z a t i o n  o f  two ve r y  d i f f e r e n t  NS genes

w i l l  p r o v i d e  t h e  impetus f o r  f u r t h e r  s t u d i e s  on t he  p u t a t i v e

NS3 p o l y p e p t i d e .  For  example,  t he  deduced amino a c i d

sequence o f  t he  p r e d i c t e d  NS3 p o l y p e p t i d e  i s  s e r i n e  r i c h  and

t h e r e f o r e ,  t he  p r e d i c t e d  NS3 p o l y p e p t i d e  may be d e t e c t e d  by

p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e t i c  a n a l y s i s  o f
14i n f l u e n z a  v i r u s  p o l y p e p t i d e s  l a b e l e d  w i t h  C - s e r i n e  i n 

v i v o . A l t e r n a t i v e l y ,  one mi ght  s y n t h e s i z e  an o l i g o p e p t i d e  

o f  t he  deduced NS3 p o l y p e p t i d e  t o  r a i s e  s p e c i f i c  a n t i b o d y  

whi ch can be used t o  p r e c i p i t a t e  t he  NS3 p o l y p e p t i d e  f rom a 

l y s a t e  o f  i n f l u e n z a  v i r u s  i n f e c t e d  c e l l s .  ( S u t c l i f f e  e t  

a l . ,  1980,  have used t h i s  l a t t e r  s t r a t e g y  t o  i d e n t i f y  t he  

p o l y p e p t i d e  produced f rom an agnogene whi ch t hey  i d e n t i f i e d  

i n  a r e t r o v i r u s . )  These suggested approaches may he l p  t o  

e s t a b l i s h  whether  an NS3 p o l y p e p t i d e  e x i s t s  and whe t her  t he  

duck v i r u s  NS gene ana l yzed  i n  t h i s  i n v e s t i g a t i o n  i s  un i que 

o r  r e p r e s e n t a t i v e  o f  a second c l a s s  o f  NS genes.
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