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ABSTRACT

NEURAMINIDASE OF INFLUENZA A VIRUS: STUDIES ON IMMUNOGENICITY 

AND INTERACTION WITH OTHER VIRAL PROTEINS AND LI PI D

by

J u d i t h  F i t z p a t r i c k  Davis  

Adv i sor :  Dor i s  Bucher ,  Ph.D.

Development  of  an a f f i n i t y  i s o l a t i o n  procedure f o r  

t he  neurami ni dase (NA) o f  i n f l u e n z a  A v i r u s  ( Bucher ,  1 9 7 7 ) ,  

al l owed p u r i f i c a t i o n  of  neurami ni dase under c o n d i t i o n s  which 

preserved t he  n a t i v e  conf ormat i on  of  the  p r o t e i n ,  as assayed 

by enzyme a c t i v i t y .  The advantage of  enzyme a c t i v i t y  as a 

s e n s i t i v e  index of  p r o t e i n  conf ormat i on a l l owed NA t o be used 

as a model f o r  de t e r mi n i n g  conf ormat i ona l  r equi rement s  f o r  

immunogeni ci ty  of  membrane g l y c o p r o t e i n s .

Hi gh l y  immunogenic p r e p a r a t i o n s  of  p u r i f i e d  neurami ni dase  

were prepared by a ggr e ga t i on  of  the p r o t e i n  i n t o  p r o t e i n  

m i c e l l e s  or  by a s s o c i a t i o n  wi t h  l iposomes:  non-aggregat ed  

neurami ni dase was shown t o  be only poor l y  immunogenic.

S p e c i f i c  a c t i v i t y  of  p u r i f i e d  neurami ni dase v a r i e d  wi t h



V

conf ormat i on  but  di d not  c o r r e l a t e  wi t h  i mmunogeni c i t y .

M p r o t e i n  was i n c o r p o r a t e d  i n t o  a d i s c r e t e  po pu l a t i o n  

•of heavy d e n s i t y  (d 1 . 22gm/ ml )  l iposomes in a manner t h a t  

suggested c o o p e r a t i v e  i n t e r a c t i o n  of  M p r o t e i n  dur i ng  

l i posomal  f o r m a t i o n ,  i . e .  p r e f e r e n t i a l  a s s o c i a t i o n  of  p r o t e i n  

wi t h  l iposomes a l r e a d y  c o n t a i n i n g  p r o t e i n  as opposed to  random 

a s s o c i a t i o n  of  p r o t e i n  w i t h  l i p i d  which would produce a 

heterogeneous p o p u l a t i o n  of  l i g h t e r  l i posomes.  This suggested  

t h a t  the f o r ma t i on  of  M p r o t e i n  domains on t he i n n e r  s ur f ac e  

of  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  might  f u n c t i o n  to pr ov i de  

r e c o g n i t i o n  s i t e s  f o r  the  v i r a l  g l y c o p r o t e i n s .

Neurami ni dase was onl y  poor l y  i n c o r p o r a t e d  i n t o  

l i posomes c a r r y i n g  a ne g a t i v e  char ge ,  r e s u l t i n g  in the  

f o r ma t i o n  of  l i g h t  d e n s i t y  l iposomes and aggregat es  t h a t  did  

not appear  t o  c o n t a i n  any l i p i d .  In t he  presence of  M p r o t e i n  

t he  i n c o r p o r a t i o n  of  neur ami ni dase i n t o  l iposomes was 

enhanced;  heavy d e n s i t y  l iposomes which cont a i ned  both NA and 

M p r o t e i n  were formed.  The high s p e c i f i c  a c t i v i t y  of  

neurami ni dase-M p r o t e i n  l iposomes suggests t h a t  

neurami ni dase-M p r o t e i n  i n t e r a c t i o n  a f f e c t e d  neurami ni dase  

conf or ma t i on .

Hemaggl ut i n i n  and the  HA£ p o l y p e p t i d e  of  

hema ggl u t i n i n  were both shown t o be i n c o r p o r a t e d  

i n t o  l i p i d  in a manner t h a t  was sugg es t i v e  of  

c o o p e r a t i v e  i n t e r a c t i o n .  In the  presence of  M p r o t e i n



a d i s c r e t e  p o p u l a t i o n  o f  heavy d e n s i t y  l iposomes  

were formed w i t h  both p r o t e i n s ,  i n d i c a t i n g  t h a t  both 

HA and could a s s o c i a t e  w i t h  M t o form HA-M p r o t e i n  

l i posomes and HA2 -M p r o t e i n  l iposomes.

Liposomal  systems c o n t a i n i n g  one or  more i n f l u e n z a  

v i r u s  p r o t e i n s  appear  t o  o f f e r  a v a l u a b l e  t ool  f o r  

i n v e s t i g a t i o n  of  the  mechanisms by which v i r u s  

asembly pr oceeds,  and may wel l  prove v a l u a b l e  t o o l s  

in t he desi gn and devel opment  of  s p e c i f i c  a n t i v i r a l  

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

TSS b u f f e r ,  pH 7,  0.02M T r i s - H C l  ( T r i hy dr ox ymet hy l

ami nomet hane) , 0.1%SDS,  0.05% sodium az i de  

TSTR b u f f e r ,  pH 7 . 4 ,  0 . 0 2M T r i s - H Cl  ( T r i hyd r oxymet hy l

ami nomethane) , 0.1% T r i t o n  X - 1 0 0 ,  0.  05% sodium az i de  

VCN V i b r i o  c h o l e r a e  neurami ni dase



CHAPTER 1. INFLUENZA

I n f 1uenza

" I n f l u e n z a ,  an acut e  r e s p i r a t o r y  d i sease  
a s s o c i a t e d  w i t h . . . .  f e v e r , c h i l l s ,  g e n e r a l i z e d  
achi ng ( p a r t i c u l a r l y  m u s c u l a r ) ,  headache,  
p r o s t r a t i o n ,  and a n o r e x i a . . . r e s u l t s  from 
i n f e c t i o n  and d e s t r u c t i o n  of  c e l l s  l i n i n g  
t he  upper  r e s p i r a t o r y  t r a c t ,  t r a c h e a ,  and 
b r o n c h i . . .  Normal l y  , i n f l u e n z a  i s  a s e l f - l i m i t e d  
d i sea se  l a s t i n g  3 - 7  days.  About 10% of  p a t i e n t s  
w i t h  c l i n i c a l  i n f l u e n z a  have smal l  areas of  
l o b u l a r  pulmonary c o n s o l i d a t i o n .  Al though  
e x t e n s i v e  pneumonia r a r e l y  de ve l ops ,  i t  accounts  
f o r  most deaths from i n f l u e n z a .  Severe i n f l u e n z a  
v i r u s  pneumonias w i t h o u t  b a c t e r i a l  i n v a s i o n  occur  
but  secondary b a c t e r i a l  pneumonias are the  maj or  
cause of  d e a t h . "

Gi nsber g ,  H.S.  in Da v i s ,  e t  a l . ( 1 9 7 3 )  , pp. 1322- 23



THE DISEASE

I n f l u e n z a ,  named f rom the  I t a l i a n ,  " i n f l u e n z a " ,  because 

i t  was b e l i e v e d  t o  be due t o  the i n f l u e n c e  of  the  s t a r s  (Bev­

e r i d g e ,  1 9 7 7 ) ,  has pr obabl y  been a d i sease  of  mankind s i nce  

p r e h i s t o r y .  An epi demi c t h a t  appears t o  have been i n f l u e n z a  

was r e po r t e d  in 422 B.C.  by H i ppocr a t es  and L i vy  ( B e v e r i d g e ,

1 9 7 7 ) .  Epidemics i d e n t i f i e d  as i n f l u e n z a  were recorded dur i ng  

t he Mi ddl e  Ages.  Probabl e  i n f l u e n z a  pandemics occur red in 

1510 and again in 1580.  I t  was not  u n t i l  1729- 30  t h a t  the  . 

f i r s t  w e l 1-documented epi demi c occur r ed:  in London,  where i t

was cons i der ed  a "new d i s e a s e " ,  i t  was r e p o r t e d  t h a t  only 1% 

of  t he  p o p u l a t i o n  escaped d i sease  and t h a t  dur i ng  the  peak of  

t he  ep i de mi c ,  a thousand di ed each week.  In the  per i od  

between 1729- 30  and the  t w e n t i e t h  c e n t u r y ,  i n f l u e n z a  pandemics 

occur red wi t h  a 10-30 y e a r  p e r i o d i c i t y  (see Bever i dge f o r  

r e v i e w ) .  I t  would appear  t h a t  the ep i demi o l ogy  of  i n f l u e n z a  

has changed wi t h  modern t i me s .  Through t he  Mi ddl e  Ages i n f l u ­

enza occur r ed in pandemics and appeared not  t o  have been f r e ­

quent ;  t h a t  i s ,  v a r i ous  pandemics are  noted as being a "new 

di sease"  ( B e v e r i d g e ,  1977 ) .

S t a r t i n g  in the  e i g h t e e n t h  c e n t u r y ,  i n f l u e n z a  caused pan­

demics every ten t o  twent y  y e a r s .  The c o r r e l a t i o n  of  t he r i s e  

of  i n f l u e n z a  wi t h  the  r i s e  of  i n t e r n a t i o n a l  t r a d i n g  is so
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obvious as to suggest  t h a t  i n f l u e n z a  may be one of  the  plagues  

of  modern l i f e  ( K i l b o u r n e ,  19 75 ) .

The i n f l u e n z a  pandemic of  1918 was one of  the  g r e a t e s t  

plagues in the  h i s t o r y  of  manki nd,  and c e r t a i n l y  the  most 

l e t h a l  of  t he  i n f l u e n z a  pandemics.  World wide m o r t a l i t y  f rom 

i n f l u e n z a  was e s t i ma t e d  a t  20 m i l l i o n ,  the  g r e a t e s t  l oss in 

human h i s t o r y  f o r  a s i n g l e  event  ( B e v e r i d g e ,  1 9 7 7 ) .  In t he  

U . S . ,  0.5% ( 5 5 0 , 0 0 0 )  of  t he  p o p u l a t i o n  di ed ( B e v e r i d g e ,  1977 ) .  

In some pl aces m o r t a l i t y  was much h i ghe r :  Somoa had 25% mor­

t a l i t y  and in I n d i a  5 m i l l i o n  di ed ( B e v e r i d g e ,  19 77) .

Whi l e  most of  the m o r t a l i t y  dur i ng  the  1918 pandemic was 

due to secondary b a c t e r i a l  pneumonia ( K i l b o u r n e ,  1 9 7 5 ) ,  i t  

would appear  t h a t  t he  i n cr e as ed  s u s c e p t i b i l i t y  to b a c t e r i a l  

i n f e c t i o n  was a f u n c t i o n  o f  the high v i r u l e n c e  of  the s t r a i n  

r e s p o n s i b l e  f o r  the  pandemic (H1N1,  f o r m e r l y  des i gnat ed  

Hswl Nl ,  see Appendix V f o r  r e v i s e d  no me n c l a t u r e ) .  The p o s s i ­

b i l i t y  of  the  emergence of  an i n f l u e n z a  s t r a i n  w i t h  comparable  

v i r u l e n c e  gi ves impetus t o  development  of  an e f f e c t i v e  method 

of  p r o p h y l a x i s  a g a i n s t  i n f l u e n z a  A v i r u s e s .

Whi l e  i n f l u e n z a - r e l a t e d  m o r t a l i t y  has been g r e a t l y  

reduced by the  use of  a n t i b i o t i c s ,  i t  is s t i l l  a f a c t o r :

8 0 , 0 0 0  excess deaths r e s u l t e d  from the Asian Flu pandemic of  

1957 - 58 ;  33 , 000  excess deaths from t he  m i l d e s t  r ecent  pan­
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demic,  t h a t  of  Hong Kong Flu of  1968 (Osborn,  19 7 7 ) .  This  

same epi demi c i s e s t i ma t e d  by Kavet  t o  have had a d i r e c t  cost  

of  f t3.9 b i l l i o n ,  of  which onl y 20% was m e d i c a l l y  r e l a t e d  costs  

( K i l b o u r n e  and Fox,  1 9 7 3 ) .  In the  Un i t ed  Kingdom dur i ng  an 

e i g h t  y e a r  p e r i o d ,  i n f l u e n z a  accounted f o r  113 m i l l i o n  days of  

l o s t  work ( K i l b o u r n e  and Fox,  1 9 7 3 ) .  The i n a b i l i t y  of  modern 

medi c i ne  t o  c o n t r o l  i n f l u e n z a  has r e s u l t e d  in i t s  being a p t l y  

t i t l e d  " t he  l a s t  g r e a t  unconquered pl ague"  ( K i l b o u r n e ,  19 63 ) .

I n f l u e n z a  has not been s a t i s f a c t o r i l y  c o n t r o l l e d  by 

i mmu n i z a t i on ,  as have been p o l i o  and smal l pox ,  because of  the  

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  modi fy  t h e i r  s u r f a c e  a n t i ­

gens in such a way t h a t  every  10-20 year s  t h e r e  emerges a sub-  

t ype  t o  which the  p o p u l a t i o n  has no immuni ty ( f o r  r e v i e w ,  see 

K i l b o u r n e ,  1 9 7 5 ) .  Thi s a b i l i t y  i s  c a l l e d  a n t i g e n i c  s h i f t  and 

r e s u l t s  in a pandemic.

Between pandemics t he  i n f l u e n z a  g l y c o p r o t e i n s  undergo 

gradual  changes which r e s u l t  in the emergence of  a n t i g e n i c  

v a r i a n t s ,  i . e . ,  v a r i a n t s  which are a n t i g e n i c a l l y  r e l a t e d  but  

not i d e n t i c a l  ( L av e r  et  a l . ,  1974 ) .  Thi s gradual  change in  

a n t i g e n i c i t y  i s  termed a n t i g e n i c  d r i f t  ( B u r n e t ,  1955)  and is  

r e s p o n s i b l e  f o r  the  occur r ence  of  i n f l u e n z a  epi demi cs in the  

per i ods  between pandemics.  The e f f e c t s  of  a n t i g e n i c  s h i f t  and 

d r i f t  on vacci nes w i l l  be discussed in Chapter  3.



THE VIRUS

In 1919,  J . S .  Koen,  a v e t e r i n a r i a n  worki ng in Iowa,  

observed a new d i sea se  in hogs,  and no t i ng  t h a t  i t s  appearance  

c o i n c i d e d  w i t h  t he  out br eaks  of  Spanish i n f l u e n z a  in humans 

and t he  i n f 1u e n z a - 1 i ke  d i sease  i t  caused,  c a l l e d  i t  " f l u "  

( B e v e r i d g e ,  1 9 7 7 ) .  Fo l l owi ng  up on these  o b s e r v a t i o n s ,  R i ch­

ard Shope was ab l e  t o  demonst ra te  the v i r a l  na t ur e  of  the  d i s ­

ease by showing t h a t  f i l t e r e d  nasal  washings from i n f e c t e d  

pigs were ab l e  t o  t r a n s m i t  t he d i sease  when admi n i s t e r e d  

i n t r a n a s a l l y  (Shope,  1 9 3 1 ) .  In 1933 Smi t h ,  Andrews,  and L a i d -  

1 aw showed t he  v i r a l  na t ur e  of  human i n f l u e n z a  by de monst r a t ­

ing t h a t  f i l t e r e d  nasal  washings from i n f e c t e d  humans, when 

a d mi n i s t e r e d  i n t r a n a s a l l y , reproduced i n f l u e n z a  i l l n e s s  in  

f e r r e t s .

F u r t h e r  c o n f i r m a t i o n  of  t he v i r a l  na t ur e  of  i n f l u e n z a  was 

obt a i ned  by F r anc i s  in 1934 when he demonst rated t h a t  v i r us  

n e u t r a l i z i n g  a n t i b o d i e s  were formed dur i ng  i n f l u e n z a  i n f e c ­

t i o n .  Thi s i n f l u e n z a  v i r u s  was subsequent l y  de s i gna t ed  type A 

when,  in 1940,  Fr anc i s  and M a g i l l ,  i n d e p e n d e n t l y ,  r e po r t e d  the
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e x i s t e n c e  of  an a n t i g e n i c a l l y  d i s t i n c t  i n f l u e n z a ,  t ype B. In 

1949,  a t h i r d  t y p e ,  i n f l u e n z a  C, was r ecogni z ed  ( T a y l o r ,  19 4 9 ; '  

Fr an c i s  e t  a l . ,  19 5 0 ) .

The study of  i n f l u e n z a  A v i r u s  was g r e a t l y  f a c i l i t a t e d  by 

two o b s e r v a t i o n s :  1 ) .  the  v i r u s  could r e p l i c a t e  to high

t i t e r  in t he  a l l a n t o i c  sac of  embryonated ch i cken eggs ( B u r ­

n e t ,  1 9 4 0 ) ;  2 ) .  the  v i r u s  was ab l e  to a g g l u t i n a t e  red blood  

c e l l s  and t h i s  t e c hn i qu e  could be used to t i t e r  i n f l u e n z a  

v i r u s  i s o l a t e s  ( H i r s t ,  1941;  Mc Cl e l l a n d  and Hare ,  1 9 4 1 ) .

The i n f l u e n z a  v i r u s e s  comprise the f a m i l y  o r t h o m y x o v i r i - 

dae.  On t he  basi s  o f  c r o s s - r e a c t i n g  membrane(M) and nuc l eo-  

p r o t e i n s  ( NP) ,  t hey  are c l a s s i f i e d  i n t o  t h r e e  d i s t i n c t  t ypes :

A, B, and C ( f o r  r e v i e w ,  see S c h i l d  and Dowdle,  1 9 7 5 ) .  Al l  

t h r e e  types o f  i n f l u e n z a  v i r us es  i n f e c t  man but  onl y  i n f l u e n z a  

A appears to i n f e c t  o t h e r  s p e c i e s .  I n f l u e n z a  C g e n e r a l l y  does 

not  appear  t o  cause s i g n i f i c a n t  d i sease  ( Dav i s  et  a l . ,  19 73 ) .  

I n f l u e n z a  B is a maj or  agent  of  d i sease  but  does not  produce  

pandemics.  The a b i l i t y  of  i n f l u e n z a  A t o  cause pandemics and 

epi demi cs r e s i d e s  in i t s  a b i l i t y  t o  gener a t e  new immunologic  

i d e n t i t i e s  f o r  i t s  s u r f a c e  p r o t e i n s .  Dur i ng t h i s  c e n t u r y ,  

t h r e e  d i s t i n c t  a n t i g e n i c  subtypes have appeared:  H1N1 ( d e s i g ­

na t i ons  p r i o r  to 1980,  Hswl Nl ,  1918;  H0N1 , 1930 ; HIN1 , 1947)  

H2N2, 1957;  H3N2, 1968 ( K i l b o u r n e ,  1 9 7 5 ) ,  H1N1, 1977 / 78  ( MMWR,
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19 78 ) .  Cur r ent  c l a s s i f i c a t i o n  of  i n f l u e n z a  v i r us e s  is l i s t e d  

in Appendix V. The appearance of  a pandemic s t r a i n  has been 

a s s oc i a t e d  wi t h  a change in both HA and NA subt ype ,  a l t hough a 

change in HA a l one  has been s u f f i c i e n t .

The bas i c  o r g a n i z a t i o n  of  t he  i n f l u e n z a  A v i r i o n  as i t  is  

now understood f rom e l e c t r o n  mi cr oscopi c  and bi ochemi cal  s t u d ­

i es  is diagrammed in F i g .  1 . 1 .  The v i r i o n  is appr ox i ma t e l y  

lOOnm in d i a m e t e r ,  has an o u t e r  l i p i d  envel ope i n t o  which are  

i n s e r t e d  the two v i r a l  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 ( H A ) , and 

n e u r a mi n i d a s e ( N A ) . I n t e r n a l  to the  e nve l ope ,  formi ng a cap-  

s i d - 1 i k e  s t r u c t u r e  on t he  i n t e r n a l  su r f a c e  of  t he l i p i d  

b i l a y e r ,  i s  the  M p r o t e i n .  The core of  the  v i r u s  cont a i ns  the  

e i g h t  segments o f  the  RNA genome in c l ose  a s s o c i a t i o n  wi t h  the  

n u c l e o p r o t e i n ( N P )  and t he  t h r e e  po l ymerase( P)  pr ot e  ins ( f o r  

r e v i e w ,  see Choppin and Compans, 1 9 7 5 ) .

The l i p i d  membrane comprises 20-24% of  the t o t a l  v i r a l  

mass and r e f l e c t s  the  l i p i d  composi t i on o f  the  host  c e l l  ( f o r  

r e v i e w ,  see Choppin and Compans, 19 7 5 ) .  Appr ox i mat e l y  75% of  

v i r a l  mass is p r o t e i n :  t he  t h r e e  P p r o t e i n s  account  f o r

1 . 5 - 2 . 7 % ;  NP f o r  17-26%; M p r o t e i n  f o r  40% (Choppin and Com­

pans,  19 7 5 ) ;  HA f o r  30% ( Sch u l z e ,  1973 ) ;  and NA f o r  2-10% 

(Bucher  and Pa l e s e ,  1975) .



V i r a l  RNA i s  es t i ma t e d  t o  comprise about  1 -  2% of  v i r a l  

we i g h t .  The genome c o ns i s t s  of  e i g h t  segments each of  which 

has been shown t o code f o r  one of  the e i g h t  v i r a l  p r o t e i n s  

( P a l e s e  and Schulman,  1976;  R i t c hey  e t  a l . ,  1976;  Pal ese et  

a l . ,  1 9 7 7 ) .  U n t i l  very r e c e n t l y  i t  was b e l i e v e d  t h a t  i n f l u ­

enza A v i r u s  coded f o r  onl y  these  e i g h t  p r o t e i n s .  Rec ent l y  i t  

has been demonst rated t h a t  two n o n - s t r u c t u r a l  p r o t e i n s  (NS)  

are  encoded by the  NS gene ( I n g l i s  et  a l . ,  1979;  Lamb and 

Choppi n,  1 9 7 9 ) ,  and most r e c e n t l y  i t  appears t h a t  the M gene 

may a l so  code f o r  two p r o t e i n  products ( Wi n t e r  and F i e l d s ,  

1 9 80 ) .

The maj or  emphasis of  t h i s  t r e a t i s e  i s on those p r o t e i n s  

a s s o c i a t e d  wi t h  the membrane; M, HA, and NA.



Fi gur e  1 . 1 .  Di agrammat i c  r e p r e s e n t a t i o n  of  the  i n f l u e n z a  A 

v i r i o n .  HA, h e ma g g l u t i n i n ;  NA, neur ami n i dase ;  M, M p r o t e i n  

RNP, r i b o n u c l e o p r o t e i n .
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CHAPTER 2.  HEMAGGLUTININ

Hemaggl u t i n i n  i s  t he  maj or  a n t i g e n i c  component of  the  

i n f l u e n z a  A v i r i o n .  A n t i b o d i e s  t o  the HA a l one  are r e s p o n s i ­

b l e  f o r  v i r a l  n e u t r a l i z a t i o n  ( D r z e n i k  et  a l . ,  1966;  Laver  and 

K i l b o u r n e ,  1 9 6 6 ) .  Dur i ng a n t i g e n i c  d r i f t ,  one or  more of  the  

a n t i g e n i c  de t e r mi nan t s  of  the  HA may change.  This change can 

r e s u l t  in decreased an t i body  a v i d i t y  or  compl ete l oss of  

c r o s s - r e a c t i v i t y  ( L a v e r ,  1974;  Laver  et  a l . ,  1979,  a and b; 

Webster  e t  a l . ,  1979 b ) .  When a n t i g e n i c  s h i f t  occurs t he HA 

i s  r e p l a c e d  by a second HA w i t h  novel  a n t i g e n i c  d e t e r mi na n t s ;  

as r e s u l t  the p o p u l a t i o n  then has l i t t l e  or  no v i r a l  n e u t r a l ­

i z i n g  a n t i b ody  t o  p r o t e c t  them a g a i n s t  t h i s  v i r u s  be ar i ng  a 

novel  he ma ggl u t i n i n  ( f o r  r e v i e w ,  see Schulman,  1 9 7 5 ) .
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MORPHOLOGY

O
The HA appears as a rod of  —120A on the s u r f a c e  of  the  

i n f l u e n z a  v i r i o n  ( O x f o r d ,  1 9 8 1 ) .  When the  v i r a l  membrane is 

d i s r u p t e d  by d e t e r g e n t s ,  monomeric HA rods of  -140A can be 

i s o l a t e d  which have t he  a b i l i t y  to a t t a c h  to red blood c e l l s ,  

but  not to a g g l u t i n a t e  them.  Removal of  d e t e r g e n t  r e s u l t s  in 

a g g r e g a t i o n  of  the  HA by t h e i r  hydrophobi c bases i n t o  r o s e t t e s  

c o n t a i n i n g  about  5 mo l ec u l e s ,  and r e s t o r a t i o n  of  he ma gg l u t i -  

na t i ng  a c t i v i t y ,  i . e .  h e ma g g l u t i n a t i o n  i s  a f u n c t i o n  of  a mul -  

t i v a l e n t  s t r u c t u r e  ( Lave r  and V a l e n t i n e ,  1969;  Webster  and 

D a r i i  ngt on,  1 9 6 9 ) .

MOLECULAR STRUCTURE

The HA rod i s  composed of  3 HA mol ecul es  of  - ' 8 0 , 0 0 0  d a l -  

tons ( S c h u l z e ,  19 75 ) .  Appr ox i mat e l y  19% of  the mol ec u l a r  

wei ght  i s  c o n t r i b u t e d  by ca r bohy dr a t e  (Ward and Dophei de,  

1980;  Verhoeyen et  a l . ,  1 9 80 ) .  Most of  the  o l i g o s a c c h a r i d e  

u n i t s  are  l o c a t e d  proximal  to the  membrane ( Wi l son e t  a l . ,  

1 9 8 1 ) .  These o l i g o s a c c h a r i d e  un i t s  do not c ont a i n  s i a l i c
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a c i d ,  t h i s  moi et y i s  a p p a r e n t l y  removed by the  v i r a l  neurami ­

ni dase (Haukenes et  a l . ,  1966;  Laver  and Webster ,  1966;  Klenk 

et  a l , 1970 ) .

Upon r e d u c t i o n ,  t he  8 0 , 0 0 0  d a l t o n  HA y i e l d s  two s u bu n i t s ,  

HA-j and HA2 of  58 , 000  and 26 , 0 0 0  d a l t o ns  r e s p e c t i v e l y  

( L a v e r ,  1971;  Skehel  , 1972 ; Wi lson et  al  . , 1 9 8 1 ) .  The HA-| 

subuni t  c ont a i ns  t he  amino t e r mi nus ;  t he  HA2 c ont a i ns  the  

hydrophobic carboxy t e rmi nus (Skehel  and W a t e r f i e l d ,  1975) .

The HA i s  t r a n s l a t e d  on the rough endopl asmi c r e t i c u l u m  

of  i n f e c t e d  c e l l s  as a s i n g l e  p o l y p e p t i d e  of  8 0 , 0 0 0  da l t ons  

( W a t e r f i e l d  e t  a l . ,  1979 McCauley e t  a l . ,  19 80 ) .  Seques t r a ­

t i o n  of  the  p r o t e  in i n t o  the rough endoplasmic r e t i c u l u m  

appears t o  f o l l o w  t he  s i gna l  hypot hes i s  f o r  membrane p r o t e i n s  

( M i l s t e i n  e t  a l . , 1972 ; B1obel  and D o b e r s t e i n ,  19 75 ) .  Wi t h i n  

the  endoplasmic r e t i c u l u m  and Golgi  appar at us  the HA i s  g l y c o ­

s y l a t e d  by host  g l ycos i dase s  (Schwarz e t  a l . ,  1977;  Lohmeyer  

and Kl enk ,  1 9 7 9 ) ,  and c l eaved by pr ot eases t h a t  remove an 

a r g i n i n e  c o n t a i n i n g  p e p t i d e  (Verhoeyen e t  a l . ,  1980;  Ward and 

Dophei de,  19 8 0 ) .

The sequence of  many HA s t r a i n s  i s  now known ( P o r t e r  et  

a l . , 1979;  Ward and Dophei de,  1980;  Dopheide and Ward,  1980;  

S l e i gh  e t  a l . , 1980;  Get hi ng et  a l . ,  1980 ; Min Jou et  a l . ,

1980 ; Verhoeyen et  a l . ,  1980;  T h r e l f a l l  et  a l . , 1 9 8 0 ) .  P r i -
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mary sequence data has been c o r r e l a t e d  wi t h  data from mono­

c l ona l  an t i body  s t ud i es  to i d e n t i f y  and c h a r a c t e r i z e  ant i body  

b i nd i n g  s i t e s  ( Laver  et  al  , 1979 ; Webster  et  al . , 1979;  Both 

et  a l . , 1980 ; Moss e t  a l . , 1980 ) .

Most r e c e n t l y  X - r a y  c r y s t a l  1 ographi c  study of  the brome­

l a i n  de r i v e d  HA of  A/Hong Kong/ 1 / 68  by Wi l son ,  Sk e he l ,  and 

Wi l ey  ( 1981)  and i d e n t i f i c a t i o n  o f  t he ant i body  b i nd i ng  s i t e s  

by Wi l e y ,  Wi l son,  and Skehel  ( 1 9 8 1 ) ,  have g r e a t l y  i l l u m i n a t e d  

underst andi ng of  t h i s  mol ec u l e .  These s t u d i e s  demonst rate  the  

dr amat i c  change in conf or mat i on  of  t he  mol ecul e  f o l l o w i n g  

c l eavage  to HA-| and HA2 * Al though o r i g i n a l l y  s yn t hes i z ed  as 

a s i n g l e  po l y p e p t i d e  wi t h  t he  C t e r mi nus  of  HA-j l e a d i n g  i n t o  

the  amino termi nus of  HA2 , c l eavage  r e s u l t s  in t he  carboxyl  

t e rmi nus of  HA-| and the amino t e rmi nus of  HAg being d i s t a n t  

from one anot her  in the  processed mol ecu l e .  The HA-j subuni t  

was shown t o c a r r y  s i x  of  the  seven car bohydr a t e  chains as 

wel l  as the  f o u r  major  a n t i g e n i c  s i t e s ,  as det ermi ned by a n a l ­

y s i s  wi t h  monoclonal  a n t i b o d i e s .  Three s i t e s  are s u f f i c i e n t l y  

c l ose  to the pocket  which has been t e n t a t i v e l y  i d e n t i f i e d  as 

t he  s i a l i c  ac i d  b i ndi ng s i t e  to suggest  t h a t  b i nd i ng of  a n t i ­

bodies at  these s i t e s  would s t e r i c a l l y  bl ock the a c t i v e  s i t e .  

As l i t t l e  as a s i n g l e  amino ac i d change in these ant i body  

bi ndi ng s i t e s  has been s u f f i c i e n t  t o  cause a s i g n i f i c a n t  a n t i ­

genic change (Both e t  a l . ,  1980;  Moss et  a l . 1980) .
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The h i g h l y  conserved na t ur e  of  the amino ac i ds f l a n k i n g  

t he  a n t i g e n i c  s i t e s  suggests t h a t  the conf or mat i on  of  the  mol ­

ecu l e  is conserved dur i ng  mut a t i on  and t h a t  changes in the  

a n t i g e n i c  s i t e s  do not a f f e c t  conf or mat i on  of  t he mol ecul e .

FUNCTION

The HA serves two known f u n c t i o n s :  1 ) .  a t t achment  of  the

v i r i o n  to t he c e l l  s u r f a c e ;  and 2 ) .  p e n e t r a t i o n .  The v i r us  

a t t a c h e s  t o  t he  c e l l  s u r f a c e  v i a  t e r m i n a l  s i a l i c  ac i d res i dues  

on the c e l l  s u r f a c e  ( f o r  r e v i e w ,  see Schu l z e ,  19 7 5 ) .  The 

a b i l i t y  o f  HA t o  bind t o  t e r mi n a l  s i a l i c  ac i d r es i dues  i s  the  

basi s  of  the he ma g g l u t i n a t i o n  t e s t  in which v i r us e s  are  

t i t e r e d  by t h e i r  a b i l i t y  to a g g l u t i n a t e  red blood c e l l s  

( H i r s t ,  1941,  1942 a , b ) .  The s i a l i c  ac i d  b i ndi ng s i t e  has 

been t e n t a t i v e l y  i d e n t i f i e d  by Wi lson et  a l . ( 1981)  as a pocket  

on the e x t e r n a l  s u r f ac e  of  the HÂ  mol ecul e .

I t  has been p o s t u l a t e d  t h a t  the  HA f u n c t i o n s  in some 

l a t e r  st ep in v i r a l  r e p l i c a t i o n .  V i r i o n s  t h a t  had only  

uncl eaved HA were not i n f e c t i o u s  though they possessed the  

a b i l i t y  t o  a t t a c h  t o  c e l l s :  c l eavage  of  the  HA r e s t o r e d
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i n f e c t i v i t y  ( L a z a r o w i t z  and Choppi n,  1975;  Klenk e t  a l , 19 77 ) .  

Recent  ev i dence e l u c i d a t e s  the  r o l e  o f  HA£ in p e n e t r a t i o n :  

t he  amino t e rmi nus of  HA2 i s h i g h l y  conserved and hydrophobic  

( K l e n k ,  1 9 8 0 ) .  Liposomes t h a t  c a r r y  HA2 have been shown to  

fuse w i t h  c e l l u l a r  s u r f a c e s  ( R o t t ,  1 9 8 0 ) .  F u r t h e r ,  i t  has 

been shown t h a t  t r i - p e p t i d e s  wi t h  t he  same or  s i m i l a r  sequence 

as the  amino te rmi nus o f  HA2 could s p e c i f i c a l l y  bl ock i n f e c ­

t i o n  by i n f l u e n z a  v i r u s  w i t h o u t  b l o c k i n g  a t t achment  ( R i c h a r d -  

son e t  a l . ,  1980)  suggest i ng  the  presence o f  a s p e c i f i c  r ec e p­

t o r  on the c e l l  s u r f a c e  f o r  t he  amino te rmi nus of  t he  HA2 

mo l ec u l e .  These workers hy p o t h e s i z e  t h a t  f o l l o w i n g  a t t achment  

o f  the  i n f l u e n z a  v i r i o n  to the c e l l  s u r f a c e ,  t he  HA2 amino 

t e r mi nus  is brought  i n t o  c o n t a c t  wi t h  r e c e p t o r s  on the c e l l  

s u r f a c e  which are capab l e  of  i n i t i a t i n g  p e n e t r a t i o n .  The 

mechanism by which i n f l u e n z a  v i r u s  p e n e t r a t e s  the  c e l l  remains  

u n c l e a r .  Rot t  ( 1980 )  has present ed ev i dence  t h a t  HA-NA b e a r ­

ing l iposomes w i l l  fuse  wi t h  c e l l s .  Oxford et  a l . ,  ( 1981 )  did  

not observe f u s i o n  o f  HA-NA l iposomes wi t h  c e l l s  but  r a t h e r  

r e p o r t  e n t r y  o f  l iposomes i n t o  c e l l s  by v i r o p e x i s .

He l en i us  and c o l l e a g u e s  ( 1980 )  have r e p o r t e d  t h a t  

a l t hough the  observed r ou t e  o f  e n t r y  f o r  SFV i s  e n d o c y t o s i s ,  

f u s i o n  of  SFV wi t h  c e l l u l a r  membranes can be e f f e c t e d  by low­

e r i n g  the  pH. Huang and a s s oc i a t e s  ( 1981 )  have r e p o r t e d  t h a t  

i n f l u e n z a  A v i r u s  w i l l  f use w i t h  c e l l s  when the pH i s  l ower ed.
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He l e n i us  et  a l .  ( 19 8 0 )  have demonst rated t h a t  low pH induced  

f u s i o n  is i n h i b i t e d  by l ysosomot r op i c  ag e n t s ,  known to  

i n c r e a s e  lysosomal  pH. Since t hese  agents a l l  i n h i b i t e d  an 

e a r l y  st ep in SFV i n f e c t i v i t y ,  they have suggested t h a t  a pos­

s i b l e  r o u t e  of  e n t r y  f o r  SFV is v i a  f u s i o n  o f  v i r u s  wi t h  the  

i n t r a c e l l u l a r  membrane of  an i n t r a c e l l u l a r  vacuol e  wi t h  s u f f i ­

c i e n t l y  low pH.
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CHAPTER 3.  NEURAMINIDASE

INTRODUCTION

Neurami ni dase is the  minor  a n t i g e n i c  s u r f a c e  component of  

t he  i n f l u e n z a  A v i r u s .  Neurami ni dase i s  s u b j e c t  t o  a n t i g e n i c  

d r i f t  as i s  h e ma g g l u t i n i n .  Dur ing a n t i g e n i c  d r i f t  one or more 

of  t he  a n t i g e n i c  de t e r mi na n t s  of  NA may change ( P a n i k e r ,  1968;  

Schulman and K i l b o u r n e ,  19 6 9 ) .  When a n t i g e n i c  s h i f t  occurs ,  

the c u r r e n t  NA subtype may be r ep l ace d  by one shar i ng no a n t i ­

genic de t e r mi nant s  ( P a n i k e r ,  1 9 6 8 ) .  However ,  t h i s  is not a 

r equ i r e ment  f o r  emergence of  a pandemic s t r a i n .  There are  

ni ne neurami ni dase subt ypes ,  N1 -  N9 (see Appendix V) .  Only 

N1 and N2 subtypes have been a s s oc i a t e d  w i t h  human s t r a i n s  of  

i n f l u e n z a  A v i r u s  dur i ng  t h i s  c e n t u r y .
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The NA a c t i v i t y  of  i n f l u e n z a  v i r u s  was f i r s t  r e por t ed  by 

H i r s t  ( 1 9 4 2 ) ,  who observed d i s a g g l u t i n a t i o n  of  red blood c e l l s  

t h a t  had been a g g l u t i n a t e d  by i n f l u e n z a .  Not i ng t h a t  the  

e l u t e d  v i r u s  could a g g l u t i n a t e  f r e s h  red blood c e l l s  but not  

t hose from which i t  had e l u t e d ,  he reasoned t h a t  a v i r a l  

enzyme had permanent l y  mod i f i e d  the  su r f ace  of  t he red blood 

c e l l .  Only much l a t e r  was i t  demonst rated t h a t  the hemagglu-  

t i n a t i n g  and enzymat i c  a c t i v i t i e s  r es i ded  on separ a t e  p r o t e i n s  

(Mayron e t  a l . , 1961;  Nol l  e t  a l . ,  1962;  La v e r ,  1 9 6 3 ) .  Abso­

l u t e  p r oof  t h a t  the a c t i v i t i e s  were on se par a t e  p r o t e i n s  came 

in 1966 when Laver  and K i l b our ne  demonst rated by ge ne t i c  

r ecombi na t i on  t h a t  the  HA and NA segr egat ed i n d e p e n d e n t l y , and 

t h a t  t h e r e  were a n t i g e n i c a l l y  and b i o c h e m i c a l l y  d i s t i n c t  neu-  

rami ni da ses .

NEURAMINIDASE CONTENT OF THE VIRION

NA i s  e s t i mat ed  t o  comprise 2 -  10% of  the  v i r a l  p r o t e i n  

(Skehel  and S c h i l d ,  1971;  Laver  and K i l b o u r n e ,  1966;  Laver ,  

1 9 63 ) .  However ,  the  amount of  NA in the v i r i o n  has been found 

to  vary w i d e l y  depending on the v i r u s  s t r a i n  and the host  c e l l
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( L a v e r ,  1963;  Laver  and K i l b o u r n e ,  1966;  K i l b our ne  et  a l . ,  

1967;  Webster  et  a l . ,  1968;  Pal ese and Schulman,  1974;  Mow- 

showi t z  and K i l b o u r n e ,  1 9 7 5 ) .  By e l e c t r o n m i c r o s c o p i c  methods,  

Wr i g l e y  ( 1979)  e s t i ma t e d  an HA:NA r a t i o  of  5 : 1 .  C a l c u l a t i n g  

700- 900  g l y c o p r o t e i n  s p i k e s / v i r i o n , he c a l c u l a t e d  140- 180  neu­

r ami n i dase  spi kes per  v i r i o n .

MORPHOLOGY

©
The NA appears as a sp i ke  of  ~420A on the  s ur f ace  of  the  

v i r i o n  ( Al mei da and Hoy l e ,  1972;  Laver  and V a l e n t i n e ,  1 969 ) .  

When i s o l a t e d  by SDS d i s r u p t i o n  pr ocedur es ,  monomeric spikes
O

of  160A were observed ( L a v e r  and V a l e n t i n e ,  19 69 ) .  These
Q

possessed a t e t r a m e r i c  head of  80 x 80 x 50A a t t ac he d  to a
0 o

100A s t a l k  which t e r m i n a t e d  in a 40A knob.  When SDS was 

removed the  NA mol ecul es  aggregat ed by the t a i l s  t o  form seed­

ing dandel i ons  or  c a r t whee l s  ( Lav e r  and V a l e n t i n e ,  1969;  Wr i g ­

l e y  e t  a l . ,  1973;  W r i g l e y ,  1 9 7 9 ) .

The NA of  some s t r a i n s  can be i s o l a t e d  by p r o t e o l y s i s ,  

using t r y p s i n  or  pronase.  P r o t e o l y t i c a l l y  de r i ved  NA poss­

esses enzymat i c  a c t i v i t y  but  i s  unabl e to aggr ega t e .  This
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suggests t h a t  the segment l o s t  by p r o t e o l y s i s  serves to anchor  

t he  p r o t e i n  in t he  membrane ( L a z d i n s ,  1972 ; Wr i g l e y  et  al  . , 

1 9 7 3 ) .  The e n z y m a t i c a l l y  a c t i v e ,  p r o t e o l y t i c a l l y  d e r i v e d  NA 

of  B/Lee was seen t o c o n s i s t  of  a t e t r a m e r i c  head of  80 x 80 x 

40A ( W r i g l e y  e t  a l . , 19 7 3 ) .

STRUCTURE OF THE NEURAMINIDASE MOLECULE

The i s o l a t e d  NA macromol ecul e has a wei ght  of  200 , 000  -

250 . 0 00  d a l t o n s :  upon r e d u c t i o n  the macromolecule d i s s o c i a t e s  

i n t o  f o u r  p o l y p e p t i d e s  w i t h  mo l e c u l a r  wei ght s  of  50 , 000  to

60 . 00 0  da l t o ns  ( Webst e r ,  1 9 7 0 , a , b ;  Skehel  and S c h i l d ,  1971;  

Bucher and K i l b o u r n e ,  1972;  Kendal  and E c k e r t ,  1972;  Lazdins  

et  a l . ,  1972;  Gr e g o r i a d e s ,  19 72 ) .  The NA t e t r a m e r  i s the  only  

a c t i v e  form of  t he enzyme (Kendal  and E c k e r t ,  1972;  Bucher and 

K i l b o u r n e ,  1972;  Lazdi ns e t  a l . , 1 972 ) .

In t he presence of  SDS i t  i s po s s i b l e  t o  d i s s o c i a t e  the  

NA sp i ke  t o  di mers:  in the  presence of  SDS and reduci ng agent  

t he  spi ke  can be d i s s o c i a t e d  to monomers ( Webst e r ,  1970 a , b ;  

Kendal  and E c k e r t ,  1972;  Bucher and K i l b o u r n e ,  19 72 ) .  Hence,  

i t  i s proposed t h a t  the  two monomers are  held t o g e t h e r  by
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d i s u l p h i d e  bonds t o form a di mer  and t h a t  d i me r - d i me r  i n t e r a c ­

t i o n  is pr obabl y  based on hydrophobic i n t e r a c t i o n s .  D i s s o c i a ­

t i o n  t o  the  monomer is not  n e c e s s a r i l y  i r r e v e r s i b l e  , as r e a s ­

s o c i a t i o n  to t he a c t i v e  t e t r a m e r i c  form can occur  (Bucher  and 

K i l b o u r n e ,  19 72 ) .

Severa l  i n v e s t i g a t o r s  have r e po r t e d  the  e x i s t e n c e  of  two 

speci es o f  NA monomers ( Web st e r ,  1970 a; Skehel  and S c h i l d ,  

1971;  Bucher and K i l b o u r n e ,  1972;  Lazdi ns et  a l . , 1 9 7 2 ) .  E v i ­

dence f o r  two e q u i v a l e n t  NA s ubuni t s  comes mai n l y  f rom s t ud i es  

of  p r o t e o l y t i c a l l y  d e r i v e d  NA (Kendal  and E c k e r t ,  1972;  Wr i g-  

1ey e t  al  . ,  1973 ; Groome et  a l . ,  1 9 7 7 ) .  /  However Gregor i ades

( 1972 )  found ev i dence f o r  onl y  one NA subuni t  using non- pro-  

t e o l y t i c a l l y  d e r i v e d  N1: based on p r e d i c t e d  amino ac i d

sequence f rom n u c l e o t i d e  sequencing of  an N1 gene,  F i e l d s  et  

a l .  ( 1981)  p r e d i c t  onl y one type o f  subuni t  (see be l ow) .

14T r y p t i c  maps of  p r o t e o l y t i c a l l y  d e r i v e d  ( C) carboxyme-  

t h y l a t e d  NA o f  A / R I / 5  + / 57 ( H2N2 )  , t he  N2 of  X-7 (Kendal  and 

K i l e y ,  1973,  1975)  i n d i c a t e d  t he presence of  only one NA. A r e ­

peat  of  t h i s  exper i ment  using d e t e r g e n t  p u r i f i e d  NA (Kendal  and 

Bucher ,  in Bucher and P a l e s e ,  1975)  r epor t ed  no d i f f e r e n c e  in 

t he  pe p t i d e  maps o f  NA i s o l a t e d  by e i t h e r  t e c h n i q u e ;  both 

t r y p t i c  maps showed t went y  spot s .  X-7 NA i s  r epor t e d  to have 

14 c y s t e i n e s  ( La v e r  and Baker ,  1972)  and 21 c y s t e i n e s  (Kendal



-  23

and K i l e y ,  1973;  E c k e r t ,  1972)  based on a mo l e c u l a r  wei ght  of  

5 4 , 0 0 0 .  The p r e d i c t e d  amino ac i d  sequence of  N1 ( F i e l d  et  a l . ,  

1981)  shows the presence of  19 c y s t e i n e s .  ( I f  l a b e l l e d  as 

above f o r  t r y p t i c  maps p r o t e o l y t i c a l l y  de r i v e d  N1 would be 

p r e d i c t e d  t o  y i e l d  about  9 ( *^C)  l a b e l l e d  t r y p t i c  f r a g me n t s . )

I f  the pe pt i de  map dat a  (20 spot s)  is c o r r e l a t e d  wi t h  the  

p r e d i c t e d  amino t e r m i n i  sequences o f  N2 neurami ni dases (Blok  

and A i r ,  1981)  t h e r e  would be at  l e a s t  two c y s t e i n e s  l o s t  in 

t he  p r o t e o l y t i c a l l y  d e r i v e d  NA. P r o t e o l y t i c a l l y  de r i v e d  NA, 

t h e r e f o r e  should not y i e l d  t he  same number o f  pe pt i des  as 

d e t e r g e n t  d e r i v e d  NA unl ess the  p o r t i o n s  o f  the  mol ecul e  con­

t a i n i n g  the p r o t e o l y t i c a l l y  d e r i v e d  f ragment  never  appear  on 

maps. In t h i s  case t h e r e  i s  reason to b e l i e v e  t h a t  t h e r e  are  

t oo many f ragments on t he  pe pt i de  maps to be accounted f o r  by 

onl y  one NA, unl ess n o n - s p e c i f i c  c l eavage  of  NA occur red du r ­

ing p r o t e o l y s i s .  Cons i der i ng  the r ecent  ev i dence t h a t  t he  NS 

and M genes code f o r  more than one p r o t e i n  ( I n g l i s  et  a l . ,  

1979;  Lamb and Choppin,  1979;  Wi n t e r  and F i e l d s ,  1 9 8 0 ) ,  i t  

appears p o s s i b l e  t h a t  t he  s t r u c t u r e  o f  NA may be found to be 

more complex than a s i mpl e  t e t r a m e r  comprised of  f o u r  homolo­

gous s ubun i t s .

A p o s s i b l e  e x p l a n a t i o n  o f  t he  ques t i on  of  one or  two NA 

po l y p e p t i d e s  could be t h a t  the  5 0 , 0 0 0  and 34 , 00 0  da l t on
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p r o t e i n s  are both s y n t h es i z ed  and form a di mer  as proposed by 

Bucher and K i l bour ne  ( 1972)  wi t h  the 50 , 000  d a l t o n  p o l y p e p t i d e  

p r o v i d i n g  l i p i d  anchorage.

NUCLEOTIDE SEQUENCE

The n u c l e o t i d e  sequence of  an N1 ( t h e  NA of  A / P R / 8 / 3 4 )  i s  

complete ( F i e l d  e t  a l . , 1981)  and t he sequencing of  sever a l  

o t h e r  N1 and N2 s t r a i n s  has progressed i n t o  the amino termi nus  

a s i g n i f i c a n t  d i s t a n c e  ( Bl ok and A i r ,  1980 a , b ) .  U n f o r t u ­

n a t e l y  t h i s  dat a  has not  been as h e l p f u l  in e l u c i d a t i n g  p r i ­

mary NA s t r u c t u r e  as had been hoped,  s i nce  no d i r e c t  p r o t e i n  

sequence i n f o r m a t i o n  e x i s t s  f o r  NA.

The n u c l e o t i d e  sequencing of  N1 has r e v e a l e d  the  f o l l o w ­

ing ( F i e l d  et  a l . ,  1981 ) :  t he  NA gene i s  1423 n u c l e o t i d e s

long and is p r e d i c t e d  t o  code f o r  a p r o t e i n  of  454 amino 

a c i d s ,  mo l e c u l a r  w e i g h t ,  50 , 087  da l t ons  exc l ud i ng  carbohy­

d r a t e .  There are f i v e  p o t e n t i a l  g l y c o s y l a t i o n  s i t e s  ( a s n - X -  

s e r / t h r )  which would p r e d i c t  about  20% c a r b ohy dr a t e .  There is  

onl y  one r eadi ng f rame.  However,  the authors i d e n t i f y  a sec­

ond i n i t i a t i o n  s i t e  at  n u c l e o t i d e  p o s i t i o n  450.  T r a n s l a t i o n
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f rom t he  second i n i t i a t i o n  s i t e  would y i e l d  a p r o t e i n  of

34 . 000  d a l t o n s .  The e x i s t e n c e  of  the 34 , 00 0  d a l t o n  p r o t e i n  

would pr esent  conceptual  probl ems,  as the  authors p o s t u l a t e  

t h a t  the  p r e d i c t e d  NA mol ecul e  appears to have only one hydro-  

phobic r eg i on  which could be used f o r  membrane i n s e r t i o n  and 

t h i s  i s  at  the amino t e r m i n u s ,  a p o r t i o n  not t r a n s l a t e d  in the

34 . 000  d a l t o n  p r o t e i n .  Another  f e a t u r e  o f  t he h y p o t h e t i c a l

34 . 000  d a l t o n  p r o t e i n  i s  t h a t  i t  would c ont a i n  onl y one ca r b o­

hydr a t e  a t t a c hmen t ,  as t he  o t h e r  f o ur  s i t e s  are on the amino 

t e r mi nus .

One of  t he  most i n t e r e s t i n g  f e a t u r e s  of  the i n f e r r e d  

amino ac i d sequence i s  t h a t  the amino termi nus of  the  NA 

appears to f u n c t i o n  as t he  membrane i n s e r t i o n  s i t e ;  t h a t  i s ,  

t he  l e a d e r  sequence may not be removed but could remain to  

f u n c t i o n  in anchor i ng t he mol ecul e  in the  l i p i d  b i l a y e r .  The 

usual  s y n t h e t i c  pathway f o r  membrane g l y c o p r o t e i n s  i n vo l v e s  

"anchor i ng"  t he  newly s y n t hes i z ed  g l y c o p r o t e i n  in the  membrane 

v i a  the  C- t e r mi n a l  hydrophobic r e g i o n .  However,  the authors  

c i t e  two i n t e s t i n a l  enzymes,  i n t e s t i n a l  brush border  i somal -  

t a se  and amino pept i da se  which have the ami no- t ermi nus embed­

ded in the l i p i d  b i l a y e r .
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CHARACTERISTICS OF THE ENZYME

ENZYME SPECIFICITY

I n f l u e n z a  v i r u s  neur ami ni dase  de r i v e s  i t s  name from i t s  

observed a b i l i t y  t o  h y d r o l y t i c a l l y  c l eave  the g l y c o s i d i c  bond 

j o i n i n g  t he  keto group o f  a t e r mi n a l  N - a c e t y l  neurami ni c  ac i d  

t o  D - g a l a c t o s e  or  D - ga l ac t osami ne  ( G o t t s c h a l k ,  1957;  B l i x  et  

a l . ,  19 57 ) .  The v i r a l  NA w i l l  onl y c l e ave  neurami ni c  acids  

wi t h  a f r e e  carboxyl  group (Mei ndl  and Tuppy,  1966a)  and only  

t he  a l i n k a g e  ( Me i nd l e  and Tuppy,  1966 a , b ) .  (The gener i c  

name f o r  s u b s t i t u t e d  neur ami ni c  aci ds i s s i a l i c  a c i d ,  hence NA 

i s  sometimes r e f e r r e d  t o  as a s i a l i d a s e . )  Whi le b a c t e r i a l  

neurami ni dases act  on most a - k e t o s i d i c  l i n k a g e s  ( a ,  2 - - 3 )  ( a ,  

2 - - 4 )  ( a ,  2 - - 6 )  and ( a ,  2 - - 8 )  , i n f l u e n z a  NA p r e f e r e n t i a l l y  

c l eaves  a ,  2 - - 3  l i n k a g e s  ( D r z e n i e k ,  1967,  1972,  1 973 ) .

The M i c h a e l i s  cons t ant s  f o r  va r i ous  i n f l u e n z a  n e u r a mi n i ­

dases have been publ i s hed  by Go t t sc h a l k  and Dr zen i ek  ( 1 9 7 2 ) .  

These va l ues vary  f rom a Km of  1 x 10"^ M f o r  PR8(N1)  t o  6 . 5  x 

10”4 f o r  X- 7 ( N2 )  (Sedmak and Grossberg,  1973)  The N2 neurami ­

ni dases g e n e r a l l y  show about  f i v e - f o l d  g r e a t e r  s u b s t r a t e  

a f f i n i t y  than the N1 s t r a i n s  ( f o r  r e v i e w ,  see Bucher and 

P a l e s e , 1 9 7 5 ) .
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PRODUCT INHI BI TI ON

Neurami ni dase is i n h i b i t e d  by i t s  product  N - a c e t y l  neur a­

mi n i c  a c i d .  However ,  t he  c o n c e n t r a t i o n s  r e q u i r e d  are  r e l a ­

t i v e l y  h i gh .  Two N2 s t r a i n s  were found to have K^'s o f  5 x 

10"^M and 4 x 10"^ (Walop e t  a l . ,  1960;  Raf e l son e t  a l . ,  1963 

b ) .  A / P R / 8 / 3 4  ( N l )  had a Ki of  2 x 10“ 2 ( R a f e l s o n ,  1963 b ) .

The K^' s i n d i c a t e  t h a t  feedback i n h i b i t i o n  of  neurami ni dase  

should not  be a s i g n i f i c a n t  f a c t o r  in the  NA assay of  Warren 

and Ami nof f  ( Ami no f f  1 9 5 9 , 1 9 6 1 ;  Warren 19 59 , 1 9 6 3 )  where the  

maximal  d e t e c t a b l e  c o n c e n t r a t i o n s  of  N - a c e t y l  neurami ni c  ac i d  

are  between 1 x 10“ 8M and 3 x 10"8M.

INHIBITORS OF NEURAMINIDASE ACTIVITY

A v a r i e t y  o f  substances w i l l  i n h i b i t  NA a c t i v i t y  both 

s p e c i f i c a l l y  and n o n s p e c i f i c a l l y  (see Bucher and Pa l e s e ,  1975 

f o r  r e v i e w ) .  Only t hose i n h i b i t o r s  r e l e v a n t  to t h i s  work w i l l  

be pr esent ed here .  I t  should be noted t h a t  the  neurami ni dase  

i n h i b i t o r s  d i scussed below do not i n h i b i t  h e ma g g l u t i n i n .

Ant i body t o the NA w i l l  i n h i b i t  NA a c t i v i t y  and is the  

basi s  of  the  neurami ni dase i n h i b i t i o n  t e s t  f o r  t i t e r i n g  neu­

r ami n i dase  i n h i b i t i n g  a n t i b o d i e s  in se r a .  Thi s w i l l  be d i s ­

cussed under  t e s t s  f o r  enzymat i c  a c t i v i t y .
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Based on R a f e l s o n ' s  r e p o r t  ( 1963)  t h a t  N - a c e t y l  neura-
O

mi ni c  ac i d ( w i t h  the r e l a t i v e l y  low ^  o f  2 x xlO M t o 5 x
_ 3

10 M) was the most po t e n t  known i n h i b i t o r  of  i n f l u e n z a  neu­

r a mi n i d a s e ,  Edmond et  a l . , ( 1966)  i n v e s t i g a t e d  the  a b i l i t y  of  

s t r u c t u r a l l y  r e l a t e d  compounds t o  i n h i b i t  NA a c t i v i t y .  An 

i n v e s t i g a t i o n  o f  s u b s t i t u t e d  oxamic ac i ds  and phenyl  g l yoxa l  

compounds r ev e a l e d  t h a t  a f r e e  carboxyl  and an u n s u b s t i t u t e d  

n i t r o g e n  were r e qu i r e me nt s :  N - ( p - ami nophe ny l ) oxamic ac i d  was

the most pot ent  i n h i b i t o r  t e s t e d  by t h e i r  method.

Cuat recasas and I l l i a n o  ( 1971)  subsequent l y  devel oped an 

a f f i n i t y  i s o l a t i o n  t e c hn i qu e  f o r  neurami ni dases using  

N - ( p - a m i n o p h e n y l ) oxamic ac i d  coupled t o  agarose 4B columns by 

a g l y c y l - g l y c y l - t y r o s i n e  l e a s h .  This method was subsequent l y  

r e f i n e d  by Bucher ( 1 97 7 )  and used to p u r i f y  the  neurami ni dase  

of  i n f l u e n z a  A (See Appendix I f o r  s t r u c t u r e s  and d e t a i l s  of  

a f f i n i t y  chr omat ogr aphy) .

I t  should be noted here t h a t  i t  i s not  e n t i r e l y  c l e a r  

t h a t  t he  a f f i n i t y  column r e t a i n s  NA t hrough s p e c i f i c  i n t e r a c ­

t i o n  of  NA wi t h  N - ( p - a mi no phe ny l ) oxamic a c i d ;  i . e .  i t  may be 

t h a t  t he  column is not- an " a f f i n i t y "  column but s e l e c t i v e l y  

r e t a i n s  NA though o t h e r  i n t e r a c t i o n s  of  t he  NA wi t h  the  c o l ­

umn. However ,  in suppor t  of  the  a f f i n i t y  t heor y  i s the  obser ­

v a t i o n  t h a t  i n a c t i v a t e d  NA i s  not r e t a i n e d  on the column 

( B u c h e r , 19 7 7 ) .
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The most pot ent  NA i n h i b i t o r  is FANA ( 2 - d e o x y - 2 ,  3 d i h y -  

d r o - N -  t r i f 1uor oace t y l  neurami ni c  a c i d ) ,  a d e r i v a t i v e  of  deox-  

y n e ur a mi n i c  a c i d ,  devel oped by Meindl  et  a l .  ( 1 9 7 4 ) .  Wi th a 

K.j of  7 . 9  x I Q " 7 f o r  A / M e l / 3 5  ( H1N1) ,  i t  shows a 1 0 0 0 - f o l d  

h i g h e r  a f f i n i t y  f o r  neurami ni dase  than any known NA s u b s t r a t e .  

FANA has been shown t o i n h i b i t  v i r u s  r e p l i c a t i o n  in t i s s u e  

c u l t u r e  ( P a l e s e  e t  a l . ,  1974;  Schulman and P a l e s e ,  1 9 7 5 ) ,  p r e ­

sumably by a f f e c t i n g  v i r u s  r e l e a s e ,  as Pal ese et  a l .  ( 1974)  

have r e po r t e d  t h a t  FANA does not  a f f e c t  p e n e t r a t i o n .

ENZYME STABILITY

The N2 neurami ni dases  have been found to e x h i b i t  g r e a t e r  

s t a b i l i t y  than the  N1 enzymes to t h r e e  f a c t o r s ;  h e a t ,  the Ca++ 

ion r e q u i r e me n t ,  and d e t e r g e n t .

Neurami ni dase i s  heat  l a b i l e :  t he  e x t e n t  i s  s t r a i n  depen­

dent .  The NA of  A / P R / 8 / 3 4  ( N l )  is i n a c t i v a t e d  by 30 minutes  

at  56°C,  w h i l e  N2 r e t a i n e d  67% of  a c t i v i t y  under these  c o n d i ­

t i o n s  ( R a f e l s o n  et  a l . , 1 9 6 3a ) .  P a n i k e r  ( 1968)  r e po r t e d  t h a t  

N2 s t r a i n s  r e t a i n e d  f u l l  a c t i v i t y  a f t e r  one hour at  45°C,  

w h i l e  Nl  s t r a i n s  (NWS and WSE) both l o s t  a c t i v i t y  dur i ng  t h i s  

p e r i o d .
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A r equ i r e ment  f o r  Ca++ f o r  enzyme a c t i v i t y  has been 

e s t a b l i s h e d .  The ca l c i um ion dependency is s t r a i n  dependent .  

The Nl s t r a i n s  are more s e n s i t i v e  to Ca++ ion d e p l e t i o n  than  

t he  N2 s t r a i n s  and r e q u i r e  h i gher  Ca++ ion l e v e l s  to to main­

t a i n  a c t i v i t y  ( Wi l son and R a f e l s o n ,  1 9 6 7 ) .  I t  has been shown 

t h a t  ca l c i um ion d e p l e t i o n  (by the  a d d i t i o n  of  EDTA) i ncreased  

heat  s e n s i t i v i t y  of  both Nl and N2 s t r a i n s  (Bosehman and 

Jacobs,  1965;  Dimmock,  1 9 71 ) .

The neurami ni dases of  the Nl s t r a i n s  are i n a c t i v a t e d  by 

SDS ( G r e g o r i a d e s , 1972 ; Laver  and Baker ,  1 9 7 2 ) .  The N2 s t r a i n  

enzymes appear  to be r e l a t i v e l y  i n s e n s i t i v e  to SDS and have 

been i s o l a t e d  wi t h  a c t i v i t y  using SDS e x t r a c t i o n  procedures  

( L a v e r ,  1963 ; Rot t  e t  a l . , 1970 ; Bucher and K i l bour ne  1972 ) .  

Low l e v e l s  of  n o n - i o n i c  de t e r g e n t s  do not appear  to adve r s e l y  

a f f e c t  e i t h e r  Nl  or  N2 a c t i v i t y  ( G r e g o r i a d e s , 1972 ; Bucher ,  

1977;  G a l l a g h e r ,  personal  communi cat i on) .
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THE NEURAMINIDASE ASSAY

The st andard assay used f o r  q u a n t i t a t i n g  NA a c t i v i t y  is  

t h a t  devel oped by Warren ( 1 9 5 9 ,  1963)  as mod i f i ed  by Ami nof f  

( 1 9 5 9 ,  19 61 ) .  This assay measures t he amount of  neurami ni c  

ac i d l i b e r a t e d  by neurami ni dase from a s u b s t r a t e  such as 

f e t u i n  or  s i a l y 11a c t o s e ; l i b e r a t e d  N - a c e t y l  neurami ni c  ac i d is  

c l eaved by p e r i o d a t e  t o  y i e l d  £ - f o r m y l p y r u v i c  ac i d which then  

r e a c t s  wi t h  2 - t h i o b a r b i t u r i c  ac i d to y i e l d  a chromophore wi t h  

maximal  absorbance at  549nm. The procedure as i t  i s  performed  

i n t h i s  l a b o r a t o r y  is de scr i bed  in d e t a i l  in Appendix I I .

THE NEURAMINIDASE I NHI BI TI ON (NIJ ASSAY

A nt i bod i e s  to the neurami ni dase have been de t ec t e d  by 

sever a l  t e chn i que s :  i n h i b i t i o n  of  neurami ni dase enzyme a c t i v ­

i t y  ( N l )  (Fazekas de S t .  Gr ot h ,  1962,  1963;  Aymard-Henry et  

a l . ,  1973 ) ;  immunoprecipi  t a t i o n  ( Eas t e r da y  et  a l . ,  1969;

Sc h i l d  and P e r e i r a ,  1969;  Pal ese e t  a l . , 1973) ;  r e d u c t i o n  in 

pl aque s i z e  ( J a h i e l  and K i l b o u r n e ,  1966) ;  and the mouse t i t r a ­

t i o n  t e s t  (Schulman et  a l . ,  1968 ) .
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The Nl t e s t  measures i n h i b i t i o n  of  neurami ni dase a c t i v i t y  

in the War ren- Ami nof f  assay using f e t u i n  as s u b s t r a t e ,  as 

devel oped by Fazekas de St .  Groth ( 1 9 6 2 ,  1 9 6 3 ) .  Ra f e l son  et  

a l . (1963 a , b )  showed t h a t  i n h i b i t i o n  of  a c t i v i t y  by ant i body  

was s u b s t r a t e  c o n c e n t r a t i o n  i ndependent  and t h a t  ant i body  

appeared t o  i n h i b i t  a c t i v i t y  by s t e r i c a l l y  b l oc k i ng  the  enzyme 

s i t e .  Ant i body i n h i b i t i o n  was observed wi t h  l a r g e  sub­

s t r a t e s  such as f e t u i n  ( 4 8 , 0 0 0  d a l t o n s ) ,  but  t h e r e  was l i t t l e  

or no i n h i b i t i o n  wi t h  smal l  s u b s t r a t e s  such as s i a l y l l a c t o s e .

D e t a i l s  of  the  Nl Assay used in t h i s  paper  are i nc l uded  

in Appendix I I .  B r i e f l y ,  a n t i s e r a  ( a . s . )  to be t i t e r e d  are  

a p p r o p r i a t e l y  d i l u t e d  and i ncubat ed wi t h  a s t a n d a r d i z e d  d i l u ­

t i o n  of  v i r u s  ov e r n i g h t  at  37°C:  c o n t r o l s  are the s t a nd a r d i z e d  

v i r u s  d i l u t i o n  wi t h  no added a n t i s e r a ,  and a n t i s e r a  wi t h  no 

v i r u s .  The % NA a c t i v i t y  pr esent  a t  any a n t i s e r a  d i l u t i o n  is  

c a l c u l a t e d  f rom the  f o r mul a .

% NA A c t i v i t y  = O ' D . ^ g  of  sampl e / 0 . D. g^g of  v i r u s  co n t r o l

The % a c t i v i t y  of  va r i ous  d i l u t i o n s  of  the  same ant i serum are  

p l o t t e d  on se mi - l og  paper  and the  i n v e r s e  of  the d i l u t i o n  at  

which 50% i n h i b i t i o n  of  a c t i v i t y  i s  p r e d i c t e d  is recorded as 

the  Nl t i t e r  of  t h a t  serum.
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FUNCTIONS OF THE INFLUENZA NEURAMINIDASE

The neurami ni dase o f  i n f l u e n z a  e v i d e n t l y  serves sever a l  

f u n c t i o n s ,  in a d d i t i o n  to t he " p o s s i b l e  p h y s i o l o g i c a l  r o l e  of  

removing neurami ni c  ac i d  f rom muci ns,  which are hema ggl u t i na ­

t i o n  i n h i b i t o r s "  (Bucher  and P a l e s e ,  1975 ) .

I t  has been demonst rated t h a t  removal  of  s i a l i c  ac i d  from 

t he  v i r a l  g l y c o p r o t e i n s  dur i ng  v i r a l  sy n t he s i s  f a c i l i t a t e s  

p r o t e o l y t i c  c l eavage  o f  t he HA presumably by exposing the pro­

t e o l y t i c  s i t e  (Schulman and Pa l e s e ,  1977;  Nakaj ima and 

S u g u i r a ,  1 9 8 0 ) .  P r o t e o l y t i c  c l eavage  of  the  HA i s  e s s e n t i a l  

f o r  i n f e c t i v i t y  as di scussed in Chapter  2.

Neurami ni dase appears t o  f a c i l i t a t e  v i r a l  r e l e a s e  from 

i n f e c t e d  c e l l s  ( K i l b o u r n e  e t  a l . ,  1968)  by p r e v e n t i ng  s e l f - a g ­

g r e g a t i o n  of  t he  v i r u s  v i a  v i r a l  HA a t t a c h i n g  t o  s i a l i c  ac i d  

r es i due s  on ne i ghbor i ng  v i r i o n s  and by p r ev e n t i ng  a t t achment  

of  v i r u s  to s i a l i c  ac i d  r es i dues  of  the host  c e l l  membrane.  

Evidence f o r  t h i s  f u n c t i o n  comes from study ( Pa l e s e  et  a l . ,  

1974;  Pal ese and Compans, 1975)  of  a t e mp er a t u r e  s e n s i t i v e  ( t s )  

NA mutant  which at  the non- per mi ss i v e  t emper a t ures  r e s u l t s  in 

newly s y nt hes i z ed  v i r u s  ag gr eg a t i n g  at  the c e l l  s u r f ace  of  

i n f e c t e d  c e l l s :  t r e a t m e n t  wi t h  V i b r i o  c ho l e r a e  neurami ni dase

a l l owed d i s a g g r e g a t i o n  of  the v i r u s .  V i r a l  a ggr ega t i on  was
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a l s o  seen i f  t he  NA mutant  was grown at  the  pe r mi s s i v e  t emper ­

a t u r e  but  in t he presence of  FANA, a po t en t  i n f l u e n z a  neurami ­

ni dase i n h i b i t o r .

Recent  ev i dence  f rom R o t t ' s  ( 1980)  exper i ment s  wi t h  l i p o ­

somes c a r r y i n g  v i r a l  p r o t e i n s  suggests t h a t  NA may be r e q u i r e d  

f o r  v i r a l  p e n e t r a t i o n .  He observed t h a t  l iposomes c a r r y i n g  

onl y HA would a t t a c h  to but not fuse wi t h  c e l l  membranes,  but  

t h a t  l i posomes c a r r y i n g  both HA and NA would both a t t a c h  to  

and fuse w i t h  c e l l  membranes.  In t hese  exper i ment s  HA l i p o ­

somes coul d be shown t o fuse wi t h  c e l l s  i f  V i b r i o  cho l e r a e  

neurami ni dase  was s u b s t i t u t e d  f o r  i n f l u e n z a  NA. I t  has been 

r epo r t ed  t h a t  FANA di d not  a f f e c t  i n f e c t i v i t y  ( P a l e s e  et  a l . ,  

1974;  Schulman and P a l e s e ,  19 7 5 ) .  I t  has a l so  been demon­

s t r a t e d  t h a t  a n t i - n e u r a m i n i d a s e  a n t i b o d i e s  do not  a f f e c t  pene­

t r a t i o n  ( Set o  and R o t t ,  1966;  J a h i e l  and K i l b o u r n e ,  1966;  Web­

s t e r  and La v e r ,  1967;  K i l b our ne  et  a l . ,  19 6 8 ) .

A h y p o t h e t i c a l  r o l e  f o r  NA i n the f u s i o n  observed by Rot t  

( 1 9 8 1 ) ,  i s  t h a t  r e l e a s e  o f  HA from s i a l i c  ac i d  r e c e p t o r s  on 

t h e  p e r i p h e r y  of  the  c e l l  would a l l o w  t he  HA t o  r e a t t a c h  to  

r e c e p t o r s  t h a t  are  c l o s e r  t o  the l i p i d  b i l a y e r .  This could  

f u n c t i o n  t o  b r i n g  the  HA2 amino t e rmi nus c l o s e r  t o  i t s  r e c e p­

t o r  which i s  presumably on the  c e l l  membrane.
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PURIFICATION 0£_ NEURAMINIDASE

Neurami ni dase has been p u r i f i e d  f rom i n f l u e n z a  v i r us  

using a v a r i e t y  of  s e p a r a t i o n  t e c h n i q u e s .  The choi ce  of  sepa­

r a t i o n  t echn i que  depends on the  purpose f o r  which NA i s  to  be 

used and t he  degree of  p u r i t y  r e q u i r e d .  G e n e r a l l y  i t  can be 

sa i d  t h a t  harsh e x t r a c t i o n  t echn i ques  are l ess complex proce-  

d u r a l l y  and have b e t t e r  y i e l d s  but  do hot r e s u l t  in r e t e n t i o n  

o f  b i o l o g i c a l  a c t i v i t i e s  of  the  p r o t e i n  ( T anf or d  and Reynol ds,  

1 9 7 6 ) .

P u r i f i c a t i o n  of  neurami ni dase i n v o l v e s  two st eps:  1 ) .

s o l u b i l i z a t i o n  o f  t he  NA and t hen;  2 ) .  s e p a r a t i o n  o f  the  NA 

f rom o t h e r  v i r a l  p r o t e i n s  by e l e c t r o p h o r e t i c ,  c e n t r i f u g a l ,  or  

chromatographi c  t e c h n i q u e s .  There are two methods f o r  s o l u b i ­

l i z a t i o n  of  the  NA: p r o t e o l y t i c  t r e a t m e n t  of  the  v i r i o n  as

f i r s t  devel oped by Nol l  and co l l e a gu e s  in 1962;  and d e t e r g e n t  

s o l u b i l i z a t i o n  of  t he  v i r u s  as f i r s t  used by Laver  in 1963.

SOLUBILIZATION OF NA BY PROTEOLYTIC ENZYMES.

Nol l  et  a l . ( 1962 )  t r y p s i n  t r e a t e d  i n f l u e n z a  v i r u s  which 

s o l u b i l i z e d  the NA a c t i v i t y  and then p u r i f i e d  NA by g r a d i e n t  

c e n t r i f u g a t i o n .  Kendal  and K i l e y  ( 1975)  r epor t ed  50-100% NA
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r ecover y  f o l l o w i n g  p r o t e o l y s i s  using nagarse .  P r o t e o l y s i s  

using t r y p s i n ,  nagar se ,  or  pronase f o l l o we d  by p u r i f i c a t i o n  by 

chromat ographi c  or  c e n t r i f u g a t i o n  t echn i ques  has been used f o r  

many s t ud i e s  of  neurami ni dase s t r u c t u r e  (Kendal  and E c k e r t ,  

1971;  Rot t  et  a l . ,  1972;  Lazdi ns et  a l . ,  1972;  Wr i g l ey  et  a l . ,  

1973;  Kendal  and K i l e y ,  1975;  A l l e n  et  a l . ,  1977 ) .

As di scussed e a r l i e r ,  p r o t e o l y t i c a l l y  de r i v e d  NA i s  enzy­

m a t i c a l l y  a c t i v e  but  i s  i nc apa b l e  of  a g g r e g a t i o n ,  having l o s t  

i t s  hydrophobic membrane i n s e r t i o n  s i t e .  I t  e x i s t s  as a t e t -  

ramer wi t h  each subuni t  wei ghi ng from 30 , 000  t o  50 , 000  d a l -  

t o ns .  In a d d i t i o n  a s u b s t a n t i a l  amount of  car bohydr a t e  has 

been l o s t  .

At tachment  of  c a r bohy dr a t e  to the r eg i on of  the s t a l k  

proxi mal  to the membrane has been f u r t h e r  suppor ted by 

sequence data ( F i e l d  e t  a l . ,  1981)  which shows f o ur  of  the  

f i v e  p o t e n t i a l  ca r bohy dr a t e  at t achment  s i t e s  in t h a t  p o r t i o n  

of  t he  p r e d i c t e d  mol ecul e  which i s  the purpor t ed  membrane 

i n s e r t i o n  s i t e .

SOLUBILIZATION OF NEURAMINIDASE BY DETERGENTS

Laver  ( 1963 )  separ at ed NA from N2 s t r a i n s  of  i n f l u e n z a  

using SDS d i s r u p t i o n  o f  t he v i r u s  and SDS e l e c t r o p h o r e s i s  on
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c e l l u l o s e  a c e t a t e .  Thi s procedure i s o l a t e s  an i n t a c t  enzymat ­

i c a l l y  a c t i v e  neur ami ni dase which is capabl e  of  f ormi ng aggr e­

gates when d e t e r g e n t  i s removed ( Lave r  and V a l e n t i n e ,  1969) .  

The Nl neurami ni dases are  SDS s e n s i t i v e  ( G r e g o r i a d e s , 1972;  

Laver  and Baker ,  1972)  and show l oss of  a c t i v i t y  on exposure  

t o  SDS.

To i s o l a t e  t he Nl neurami ni dase of  NWS, Gregor i ades

( 1973)  used s o l u b i l i z a t i o n  by 1% noni det  P-40 in the presence  

of  0.5M urea:  t h i s  procedure r e s u l t e d  in 60-80% loss of

a c t i v i t y .  NA was p u r i f i e d  from s o l u b i l i z e d  v i r u s  by g l y c e r o l  

g r a d i e n t  c e n t r i f u g a t i o n  f o l l o we d  by chromatography on DEAE 

c e l l u l o s e ;  1% noni det  P-40 c o n c e n t r a t i o n  was ma i n t a i ned  

t h roughout  to pr event  r e a g g r e g a t i o n  of  v i r a l  p r o t e i n s .  NA 

e l u t e d  from the DEAE c e l l u l o s e  column wi t h  an apparent  molecu­

l a r  we i ght  of  58 , 000  as determi ned by SDS p o 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 .

Bucher and Ki l b o ur ne  ( 1972)  c h a r a c t e r i z e d  the NA of  X-7  

using SDS s o l u b i l i z a t i o n .  Fo l l owi ng s o l u b i l i z a t i o n  of  v i r us  

wi t h  2% SDS at  37°C i n the  presence of  reduci ng agent ,  the  

sample was chromatographed on Bi o- Gel  A-5 in the presence of  

low c o n c e n t r a t i o n s  of  SDS and reduci ng agent .  NA e l u t e d  wi t h  

a mo l e c u l a r  wei ght  of  53 , 000  in the presence of  reduci ng  

agent .  On p o l y a c r y l a mi d e  g e l s ,  however ,  the neurami ni dase
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which e l u t e d  at  5 3 , 0 0 0 ,  mi gr a t ed  wi t h  an appar ent  mo l ec u l a r  

wei ght  of  24 0 , 000  d a l t o ns  i n d i c a t i n g  r e a g g r e g a t i o n .  When the

24 0 , 0 0 0  component was reduced in the presence of  SDS and r e ­

el  e c t r o p h o r e s e d , two components of  6 6 , 00 0  and 5 8 , 00 0  in a 1:1 

r a t i o  were seen.  Only t he  t e t r a m e r i c  form of  NA was a c t i v e .

Bucher ( 1 977 )  s o l u b i l i z e d  the  i n f l u e n z a  s t r a i n s  X-7  

( H1N1) ,  Ai ch i  (H3N2) ,  and X- 38(H7N2)  using a combi nat i on of  

i o n i c  and n o n - i o n i c  d e t e r g e n t s .  V i rus  was d i s r u p t e d  wi t h  1% SDS 

f o r  15 minutes a t  37°C f o l l o w e d  by s o l u b i l i z a t i o n  in T r i t o n  

X- 100 .  The v i r u s  s o l u t i o n  was d i a l y z e d  at  4°C o v e r n i g h t  and 

chromatographed on an NA a f f i n i t y  column N - ( p - ami nophe ny l ) 

oxamic ac i d ( Cuat r ecasas  and I l l i a n o ,  1971)  as de scr i bed in 

Appendix I .  Using t h i s  t e c h n i q u e ,  1.6% of  v i r a l  p r o t e i n  was 

r ecover ed and t h i s  accounted f o r  123% of  a c t i v i t y .  The spe­

c i f i c  a c t i v i t y  o f  neur ami ni dase p u r i f i e d  by a f f i n i t y  chroma­

t ogr aphy was 189 nM NANA/min/mg,  a 7 7 - f o l d  i nc r e a s e  over  the  

s p e c i f i c  a c t i v i t y  of  t he  s o l u b i l i z e d  v i r u s .
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ANTIBODY TO NEURAMINIDASE

Neurami ni dase i s  a p t l y  descr i bed  as t he  minor  a n t i g e n i c  

component of  the  v i r u s  f o r  the  f o l l o w i n g  reasons:

1. There is t h r e e  to  t h i r t y  - f o l d  l ess NA pr esent  on 

t he  v i r i o n  than HA ( f o r  rev i ew see Sc hu l z e ,  1975;  Bucher and 

Pa l e s e ,  19 75 ) .

2. There is now c o n s i d e r a b l e  ev i dence to suggest  t h a t  in 

the  human response t o i n f l u e n z a  A v i r u s  t h e r e  i s  a n t i g e n i c  

c o mp e t i t i o n  between the HA and NA an t i g ens  and t h a t  NA i s  the  

weaker  a n t i g e n  in the pr imed p o p u l a t i o n  ( K i l b o u r n e ,  1976;  Ken­

dal  e t  a l . , 1 9 7 7 ) .

3.  A n t i b o d i e s  to neurami ni dase (ANAb) are not n e u t r a l i z ­

i n g ,  i . e .  a n t i body  to NA does not a f f e c t  i n f e c t i v i t y  o f  the  

v i r u s  (Set o  and R o t t ,  1966;  J a h i e l  and K i l b o u r n e ,  1966;  Web­

s t e r  and L a ve r ,  1967;  K i l bour ne  e t  a l . ,  1 9 68 ) .  Nor does ANAb 

g e n e r a l l y  pr event  he ma g g l u t i n a t i o n  of  red blood c e l l s  by v i r u s  

(Brown and L a v e r ,  1 9 6 8 ) ,  though a t  high t i t e r s  HI has been 

observed ( K i l b o u r n e ,  1968;  Schulman and K i l b o u r n e ,  1969 ) .

Ant i body t o neurami ni dase has been shown t o i n h i b i t  NA 

a c t i v i t y  by s t e r i c a l l y  b l oc k i ng  the  enzyme s i t e  (Fazekas de 

St .  Gr ot h ,  1962,  1963;  Raf e l son e t  a l . ,  1963 b ) .  This is the  

basi s  of  the Nl t e s t  di scussed e a r l i e r .
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Ant i body  to  NA has been shown to p r ev ent  r e l e a s e  of  

v i r i o n s  and in t he  presence of  a n t i - n e u r a m i n i d a s e  a n t i b o d y ,  

newly s y n t h e s i z e d  v i r u s  i s  seen aggregat ed on the  s u r f a c e  of  

i n f e c t e d  c e l l s  ( Set o  and R o t t ,  1966;  Webster  and L a v e r ,  1967;  

Ki l b o ur ne  e t  a l . ,  1968;  Compans e t  a l . ,  1 9 6 9 ) .

I t  i s  not  c l e a r  whet her  a n t i - n e u r a m i n i d a s e  a n t i body  p r e ­

vents r e l e a s e  of  v i r u s  by i n h i b i t i o n  o f  enzyme a c t i v i t y ,  which 

has been shown to cause a ggr ega t i on  ( P a l e s e  e t  a l . ,  1975)  or  

by b r i d g i n g  of  t he  v i r i o n s  by a n t i body .

The use o f  monoval ent  a n t i b o d i e s  to answer t h i s  quest i on  

has not gi ven d e c i s i v e  answers.  Becht et  al  ( 1 97 1 )  found t h a t  

monoval ent  a n t i - n e u r a m i n i d a s e  a n t i b o d i e s  i n h i b i t e d  enzyme 

a c t i v i t y  but  di d not bl ock r e l e a s e  of  v i r u s  dur i ng  a s i n g l e  

r e p l i c a t i v e  c y c l e .  K i l b o u r n e  et  a l . ( 1974 )  found r e d u c t i o n  of  

pl aque s i z e  in t he  pl aque r e du c t i o n  assay which measures 

i n h i b i t i o n  over  a m u l t i c y c l e  per i od and hence could be 

expected t o  be more s e n s i t i v e .  I t  i s  pr obabl e  t h a t  a n t i -  neu­

r ami n i dase  a n t i b o d i e s  i n h i b i t  v i r a l  r e l e a s e  by v i r t u e  of  the  

f a c t  t h a t  both i n h i b i t i o n  of  enzyme a c t i v i t y  and b r i d g i n g  of  

v i r i o n s  by b i v a l e n t  an t i body  c o n t r i b u t e  t o  v i r a l  a g g r e g a t i o n .
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IMMUNOGEN I CITY OF NEURAMINIDASE

Repor ts  o f  the  i mmunogeni c i t y  o f  p u r i f i e d  NA are  d i f f i ­

c u l t  t o  e v a l u a t e  because c r i t e r i a  f o r  i mmunogeni c i ty  ( i . e .  

a b s o l u t e  q u a n t i t y  of  a n t i g e n ,  s p e c i f i c  a c t i v i t y ,  and use of  

a d j u v a n t s )  have not  been e s t a b l i s h e d .

Kendal and K i l e y  ( 1975)  r e p o r t  using p r o t e o l y t i c a l l y  

p u r i f i e d  NA f rom s ever a l  s t r a i n s  as a n t i g e n  and r e po r t e d  a 

good NI response when 50- 100  pg o f  p u r i f i e d  NA was i n j e c t e d  in 

compl ete  Freunds a d j u v a n t .  Webster  and Laver  ( 1967)  r epor t e d  

t h a t  the NA p u r i f i e d  f rom X-7 v i r u s  by e l e c t r o p h o r e s i s  was 

poor l y  immunogenic;  a subsequent  r e p o r t  found the X-7 NA immu­

nogeni c ,  however ,  the amount of  NA used f o r  i mmuni zat i on was 

not  r e p o r t e d  ( K i l b o u r n e  et  a l . ,  1 9 6 8 ) .

Laver  and Webster  ( 1976)  separ a t ed  the  hema gg l u t i n i n  and 

neur ami ni dase  from o t h e r  v i r a l  components of  A / P o r t  Chalmers/  

1 / 73 ( H3N2)  by ammonium deoxychol a t e  (DOC) d i s r u p t i o n  and 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  and r epor t e d  t h a t  the  subuni t s  were as 

e f f e c t i v e  as e q u i v a l e n t  amounts o f  whole i n a c t i v a t e d  v i r u s  

when i n j e c t e d  i n t o  r a b b i t s  in s*al i ne;  however ,  they were not  

immunogenic in hamsters.  The q u a n t i t i e s  used are d i f f i c u l t  to  

e v a l u a t e  s i nce  they c a l c u l a t e d  t he dose by h e ma g g l u t i n a t i n g  

u n i t s  ( see  Appendix I I I )  which are not  d i r e c t l y  p r o p o r t i o n a l
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t o  p r o t e i n  c o n c e n t r a t i o n .  Using s i n g l e  r a d i a l  d i f f u s i o n ,  they  

c a l c u l a t e d  t h a t  e q u i v a l e n t  amounts o f  the subuni t  p r e p a r a t i o n  

cont a i ne d  about  70% of  the  HA and NA of  the i n t a c t  v i r u s .

Only a t  a dose o f  1 6 , 000  HAU u n i t s  was a p o s i t i v e  response  

observed t o  the NA a n t i g e n  in e i t h e r  the subuni t  vacc i ne  or  

i n t a c t  v i r u s .  Bucher ( per sona l  communicat ion)  has c a l c u l a t e d  

t h a t  2 0 , 00 0  HAU u n i t s  c o n t a i n  roughl y  1 mg of  p r o t e i n  (X- 7  

v i r u s  s t r a i n ) .  Using t h i s  e s t i ma t e  to c a l c u l a t e  p r o t e i n ,  sug­

gests t h a t  Laver  and Webster  ( 1976)  found an NI response onl y  

at  t he  l e v e l  of  0.8mg of  i n t a c t  v i r u s .  As X-7 i s  es t i ma t e d  to 

be 10% NA, t h i s  would mean t h a t  80 ug of  NA in whole v i r u s  or  

50- 60  ug of  NA i n the  subuni t  p r e p a r a t i o n  was the t h r e s hh o l d  

f o r  response.  Thi s  i s  a r e l a t i v e l y  l a r g e  an t i gen  dose.

De s s e l b e r g e r  ( 19 7 7 )  r e p o r t e d  t he  r e s u l t s  of  exper i ment s  

t o  de t er mi ne  i f  method of  p r e p a r a t i o n  of  an an t i gen  could  

a f f e c t  the  a b i l i t y  of  an t i body  t o  e s t a b l i s h  a n t i g e n i c  r e l a ­

t i o n s h i p s  between neurami ni dases of  i n f l u e n z a .  He found t h a t  

v i r u s  p r e p a r a t i o n  procedures i n f l u e n c e d  both t he q u a n t i t y  and 

q u a l i t y  o f  the ant i body  formed.  P u r i f i e d  NA was not  used.
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ENHANCEMENT OF THE IMMUNE RESPONSE BY NEURAMINIDASE

There have been se ve r a l  r e por t s  i n d i c a t i n g  t h a t  neurami ­

ni dase is capab l e  of  enhancing the  immune response.  V i b r i o  

c h o l e r a e  neurami ni dase (VCN) t r e a t me n t  has been shown t o :

1. I nc r e as e  the  immunogeni ci ty  of  a v a r i e t y  of  tumor  

c e l l s :  tumors were e x c i s e d ,  VCN t r e a t e d ,  and used to v a c c i ­

nate t h e i r  r e c i p i e n t s  ( S a n f o r d ,  1967;  C u r r i e  and Bagshawe,  

1969;  Bekesi  e t  a l . , 1971;  Simmons et  a l . ,  1971;  Sedl acek et  

a l . ,  1 9 7 5 ) .  Resul t s  were s i m i l a r  when VCN was i n j e c t e d  s i mu l ­

t a ne o us l y  wi t h  tumors.

2.  S t i m u l a t e  phagocyt os i s  by macrophages (Weiss et  a l . ,  

1966;  Lee,  1968;  Knop e t  a l . ,  1977) .

3.  I nc r e a se  c e l l  medi a ted and ant i body  medi ated c y t o t o x ­

i c i t y  (Kedar  e t  a l . ,  1 9 7 3 ) .

4.  Enhance the  in v i t r o  lymphocyte r e a c t i o n  (Han,  1 9 7 3 ) .

5.  I nc r e as e  a n t i body  and plaque formi ng c e l l  responses to  

var i ous  an t i gens  i f  t hey  were a dmi n i s t e r ed  wi t h  VCN i n t r a mu s ­

c u l a r l y ,  or  i n t r a p e r i t o n e a l l y , but  not when ad mi n i s t e r e d  

i n t r a v e n o u s l y  (Knop e t  a l . ,  1978) .
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6. Reduce the  i n d u c t i o n  of  t o l e r a n c e  by high dose l e v e l s  

of  unaggregated bovi ne serum albumin (Knop e t  a l . ,  19 78 ) .

The mechanisms f o r  neurami ni dase enhancement o f  the  

immune system are not  known. As NA a c t i v i t y  i s  necessary f o r  

the e f f e c t ,  the  enhancement is presumed to be due to enzymat i c  

a l t e r a t i o n  of  the a n t i g e n i c  s u r f a c e ,  or  t he  c e l l u l a r  sur f aces  

of  immune c e l l s  which in t u r n  is p o s t u l a t e d  to a l t e r  e i t h e r  

immune r e c o g n i t i o n  or  pr ocess i ng .

I t  has been shown t h a t  sugars p l ay  a s i g n i f i c a n t  r o l e  in 

p h y s i o l o g i c a l  r e c o g n i t i o n  processes.  Gesner and Ginsberg  

( 1964 )  showed t h a t  g l y co s i da se  t r e a t e d  lymphocytes when r e i n ­

t r oduced t o  t he c i r c u l a t i o n  appeared t o  be p r e f e r e n t i a l l y  

t aken up by t he l i v e r  r a t h e r  than lymph nodes,  which is where 

no n- g l y c os i d as e  t r e a t e d  lymphocytes appear  a f t e r  r e i n t r o d u c ­

t i o n  to the c i r c u l a t i o n .  Ashwel l  and More l l  ( 1974)  have 

r e po r t e d  t h a t  removal  o f  serum g l y c o p r o t e i n s  from c i r c u l a t i o n  

by r e t i c u l o - e n d o t h e l i a l  c e l l s  of  the l i v e r  i s  a f u n c t i o n  of  

s p e c i f i c  r e c o g n i t i o n  of  ga l ac t os e  r es i dues  exposed when s i a l i c  

ac i d  i s removed.  Ami nof f  et  a l .  ( 1977)  have demonst rated t h a t  

removal  of  s i a l i c  ac i d  from the su r f a ce  of  red blood c e l l s  

r e s u l t s  in t h e i r  removal  f rom c i r c u l a t i o n  by r e t i c u l o - e n d o t h e -  

l i a l  c e l l s  of  the  l i v e r  and sp l een.  The authors suggest  t h a t  

r e c o g n i t i o n  of  s i a l i d a s e  t r e a t e d  red blood c e l l s  may be a
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f u n c t i o n  of  s p e c i f i c  r e c o g n i t i o n  of  now t e r m i n a l  g a l ac t os e  

r es i dues  exposed upon removal  of  s i a l i c  a c i d .

ROLE OF ANTI-NEURAMINIDASE ANTIBODIES I N  INFECTION

I t  has been demonst rated (Schulman and K i l b o u r n e ,  1969)  

t h a t  a n t i - n e u r a m i n i d a s e  a n t i b o d i e s  (ANAb) can a l t e r  t he  course  

of  i n f e c t i o n  w i t h  i n f l u e n z a  A v i r u s  in the mouse: l ower  v i r a l  

t i t e r s  and l ess  e x t e n s i v e  lung damage were observed in the  

l ungs of  mice havi ng ANAb, but  no r e l e v a n t  AHAb, than in t he  

l ungs of  mice r e c e i v i n g  no i mmuni za t i on .  S i m i l a r  r e s u l t s  were 

r e p o r t e d  by A l l a n  e t  al . ( 1 971 )  and Rot t  e t  a l . ( 1 9 7 4 ) .

A n t i - n e u r a m i n i d a s e  a n t i b o d i e s  may a l so o f f e r  p r o t e c t i o n  

to man. The i n f l u e n z a  pandemic of  1967- 68  (H3N2) was m i l d e r  

i n compar ison w i t h  the  pandemic of  1958 (H2N2) ;  t h i s  has been

a t t r i b u t e d  t o  t he  f a c t  t h a t  w h i l e  the HA changed the NA

remained an N2 subtype.  I t  has a l s o  been shown t h a t  ANAb l e v ­

e l s  c o r r e l a t e  w i t h  p r o t e c t i o n  from i n f e c t i o n ;  a t  high NA l e v ­

e l s  t he  e f f e c t  i s  t h a t  o f  n e u t r a l i z a t i o n  (Dowdle e t  a l . , 1973 ,

Greenberg e t  a l . ,  1 9 7 4 ) .  F u r t h e r ,  i t  has been observed t h a t  

t hose wi t h  d e t e c t a b l e  ANAb who become i n f e c t e d  wi t h  i n f l u e n z a
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A show reduced shedding o f  v i r u s ,  t h e r e b y  reduc i ng the  prob­

a b i l i t y  t h a t  t hey  w i l l  spread d i sease  (Murphy e t  a l . ,  1972;  

Couch e t  al  . , 1974;  Kim et  a l . , 1 976 ) .

On t he  basi s  of  t he  ob s e r v a t i o ns  t h a t  ANAb could modi fy  

d i s e a s e ,  K i l b o u r n e  and c o l l ea gue s  in 1971 proposed a neur ami ­

n i d a s e - s p e c i f i c  or  i n f e c t i o n  pe r mi ss i ve  vacc i ne  f o r  p r o t e c ­

t i o n  a g a i n s t  t ype  A i n f l u e n z a  v i r u s e s  (see page 5 1 ) .

IMMUNE RESPONSE TO THE NA ANTIGEN

There is a l a r g e  body of  i n f o r m a t i o n  document ing the c o r ­

r e l a t i o n  of  HI t i t e r s  w i t h  immuni ty t o  i n f l u e n z a  A v i r u s  

i n f e c t i o n  (See Schulman,  1975 f o r  r e v i e w ) .  The l ack  o f  e a r l y  

dat a  on t he  s i g n i f i c a n c e  of  ANAb in d i sease  l ed t o  a r e l a t i v e  

n e g l e c t  of  the  study of  ANAb response.

Evi dence of  t he  i nc r eas ed  i mmunogeni c i ty  of  NA when the  

p o p u l a t i o n  is not  pr imed t o the HA comes from a study on the  

N A - s p e c i f i c  vacc i ne  ( K i l b o u r n e ,  1976 ) .  In t h i s  s t udy ,  those  

v a c c i n a t e d  wi t h  H7N2 had a g r e a t e r  ANAb response than those  

r e c e i v i n g  H3N2 vacc i ne  (H3N2 c i r c u l a t e d  1968 -  p r e s e n t ) .  K i l -
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bourne suggested t h a t  t h e r e  was a n t i g e n i c  c o mp e t i t i o n  between 

the  HA and NA a n t i g e n s .  Thi s o b s e r v a t i o n  was borne out in a 

study by Kendal  and c o l l e a gue s  ( 1977 )  in which they compared 

t he  ANAb response r e l a t i v e  t o  the AHAb response.  This group 

ana l yz ed  data f rom vacc i ne  t r i a l s  t h a t  were p a r t  of  the  

N a t i o n a l  I n f l u e n z a  I mmuni zat i on Program of  1976 which aimed to  

v a c c i n a t e  a g a i n s t  an a n t i c i p a t e d  H1N1 (A/New J e r s e y / 1 1 / 7 6 )  

pandemic.  C o n c u r r e n t l y , t h e r e  was i mmuni zat i on to the H3N2

s t r a i n ,  A / V i c t o r i a / 3 / 7 5 .  H3N2 v i r u s e s  had been c i r c u l a t i n g

f o r  8 y e a r s ;  the  m a j o r i t y  of  the p o p u l a t i o n  was unprimed to  

H1N1 ( t h e  swine s t r a i n  c i r c u l a t i n g  from 1918- 1929  and the  Nl  

having been out  of  c i r c u l a t i o n  s i nce  1 9 5 8 ) .  For i mmuni zat i on  

wi t h  t h e  H1N1 s t r a i n  t hey  r e p o r t  the f o l l o w i n g :  o f  those

under  18 ye a r s  of  age ~23% had a d e t e c t a b l e  ANAb response  

w h i l e  onl y ~12% responded to the HA; i n the  age group between 

1 8 - 2 4 ,  ~36% had a ANAb response and ~38% had an AHAb response;  

in t hose over  24 year s  o f  age,  54% had an ANAb response wh i l e

90% responded to the HA. They a l so noted t h a t  wi t h  2 doses of

H1N1, 70% responded to NA whereas onl y 41% of  those r e c e i v i n g  

one dose of  A / V i c / 3 / 7 5  devel oped ANAb even though t h e r e  was 

demonst rabl e  pr i mi ng t o the  N2 in the p o p u l a t i o n .

Thi s  was i n t e r p r e t e d  as ev i dence o f  a n t i g e n i c  c o mp e t i t i o n  

between the HA and NA a n t i g e n s ,  i . e . ,  the  unprimed po pu l a t i o n  

responded as wel l  or  b e t t e r  to NA than the  HA a n t i g e n .  This



suggests t h a t  i t  is not  poor i mmunogeni c i ty  of  the NA per  se 

t h a t  accounts f o r  i t  being less immunogenic in a d u l t s .  The 

r e l a t i v e l y  poor response to NA i s  a r e s u l t  of  p r e f e r e n t i a l  

r e c o g n i t i o n  of  HA by the  pr imed immune system.  This hypot he­

s i s  i s  s u b s t a n t i a t e d  by t he  f a c t  t h a t  f rom 1963 t o  1968,  H2N2 

vacc i nes  i nduced ANAb in l ess  than a t h i r d  of  the vacci nees  

wh i l e  in 1 9 6 8 - 6 9 ,  vacci nes t o  t he  new H3N2 s t r a i n  induced ANAb 

response in 66-96% of  vacci nees (Henessey e t  a l . ,  1972;  Mostow 

e t  al . ,  1 9 7 5 ) .

THE NEURAMINIDASE-SPECIFIC VACCINE

OVERVIEW OF CURRENT INFLUENZA VACCINES

As di scussed e a r l i e r ,  the i n a b i l i t y  t o  co n t r o l  i n f l u e n z a  

by v a c c i n a t i o n  r es i d e s  in t he  a b i l i t y  of  i n f l u e n z a  v i r u s  to  

undergo a n t i g e n i c  s h i f t  and d r i f t .  These two f a c t o r s  g r e a t l y  

c o mp l i c a t e  v a c c i n a t i o n  programs,  n e c e s s i t a t i n g  the  almost  con­

s t a n t  c o n s t r u c t i o n  and manuf acture  of  new vacc i ne  s t r a i n s .
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C u r r e n t l y  a v a i l a b l e  i n a c t i v a t e d  whole v i r u s  vacci nes have 

50-90% e f f i c a c y  ( L i e b o v i t z  et  a l . ,  19 71 ) .  In the a d u l t  popu­

l a t i o n  the  e f f i c a c y  is 70-90% ( Da ve npor t ,  1961,  1973;  K i l ­

bourne et  a l . ,  19 74 ) .  Y e a r l y  v a c c i n a t i o n  is recommended 

because of  the b r e v i t y  o f  p r o t e c t i o n ,  a l t hough s t u d i es  have 

i n d i c a t e d  t h a t  p r o t e c t i o n  can l a s t  l onger  ( K i l b o u r n e  e t  a l . ,  

19 74) .

I n f l u e n z a  vacci nes c u r r e n t l y  in use are b a s i c a l l y  s i m i l a r  

to the whole i n a c t i v a t e d  vacci ne  f i r s t  devel oped by F r a n c i s .  

Al though improvements in v i r a l  p u r i f i c a t i o n  t echn i ques  have 

reduced t he  r e a c t i v i t y  o f  t he  vacc i ne  ( T y r r e l l  and Smi t h,  

1 9 7 9 ) ,  such vacci nes are s t i l l  r e a c t i v e ,  e s p e c i a l l y  in the  

very young ( K i l b o u r n e  e t  al  , 19 74 ) .  R e a c t i v i t y  is reduced in 

the  d i s r u p t e d  or  " s p l i t "  v i r u s  v a cc i ne s .  These vacci nes  

appear  almost  as e f f e c t i v e  as f o r m a l i n  i n a c t i v a t e d  whole v i r us  

in e f f e c t i n g  ser oconver s i on  in the  pr imed po pu l a t i o n  but they  

are 50% l ess  e f f e c t i v e  than whole v i r u s  vacc i ne  in e f f e c t i n g  

ser oconve r s i on  in an unprimed po pu l a t i o n  ( B a r r y  e t  a l . ,  1974;  

Parkman et  a l . , 1976 ) .  The main d i f f i c u l t i e s  wi t h  c u r r e n t  

vacc i nes  ar e  the r e l a t i v e l y  shor t  per i od o f  immuni ty they con­

f e r  ( 1 - 2  y e a r s )  and t h e i r  r e a c t o g e n i c i t y . Var i ous s t r a t e g i e s  

have been proposed f o r  overcoming these d e f i c i t s .
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I t  i s not p o s s i b l e  to di scuss the  l i v e  v i r u s  vacci nes  

(Murphy e t  a l . ,  1975;  Richman et  a l . ,  1977)  w i t h i n  t h i s  t h e ­

s i s .  S u f f i c e  i t  to say t h a t  t he g e n e t i c  i n s t a b i l i t y  of  mutant  

s t r a i n s  would appear  t o  be of  s pec i a l  concern f o r  i n f l u e n z a  

because of  i t s  wel l  documented a b i l i t y  t o  s t a b l y  mutate i t s  

p r o t e i n s  and because o f  t he  high p r o b a b i l i t y  of  a recombi na-  

t i o n a l  e v e n t .  Murphy and a s s oc i a t e s  ( 1 976 )  have shown t h a t  

r e v e r t a n t s  of  the t e mp e r a t u r e  s e n s i t i v e  ( t s )  mutants do occur .  

I n f l u e n z a  A v i r u s  has been shown to recombine in i n - v i v o  

i n f e c t i o n s  (Webster  et  a l . ,  1971,  1 9 7 3 ) .  Si nce 1978,  both 

H1N1 and H3N2 subtypes c i r c u l a t e d  (MMWR, 1978)  c l e a r l y  demon­

s t r a t i n g  t h a t  more than one subtype of  v i r u s  may be c i r c u l a t ­

ing a t  any one t i me .  Thus,  i t  i s pr obabl e  t h a t  some v a c c i ­

nated i n d i v i d u a l s  may be s u b c l i n i c a l l y  i n f e c t e d .  C o i n f e c t i o n  

of  humans wi t h  H1N1 and H3N2 v i r us e s  has been observed (Yamane 

et  a l .  1 9 7 8 ) .  Young and Pal ese ( 1979)  have shown t h a t  some of  

t he H1N1 serot ypes  c i r c u l a t i n g  in 1978 and 1979 had aqui r ed  

genes in common wi t h  t he  p r e v a l e n t  H3N2 v i r u s  s t r a i n s ;  they  

have suggested t h a t  these  H1N1 s t r a i n s  arose by r e co mbi na t i on .  

As t h e r e  is no f e a s i b l e  way t o  p r e d i c t  t he  v i r u l e n c e  of  a 

r ecombi nant ,  t he danger  of  a r e combi na t i ona l  event  would 

appear  to present  an unaccept ab l e  r i s k  a s s oc i a t e d  wi t h  l i v e  

v i r u s  vacc i nes .
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NEURAMINIDASE-SPECIFIC VACCINE TRIALS

In 1972,  K i l b o u r n e  and co l l ea gue s  proposed t he  use of  

a n e u r a m i n i d a s e - s p e c i f i c  vacc i ne  t h a t  would t ake  advantage of  

the  a b i l i t y  o f  ANAb to l i m i t  d i s e a s e .  Such a vacc i ne  would 

s p e c i f i c a l l y  immunize an i n d i v i d u a l  onl y t o  the neurami ni dase  

a n t i g e n .  The devel opment  of  a n t i b o d i e s  t o  NA would permi t  

i n f e c t i o n  by i n f l u e n z a  A v i r u s  on c h a l l e n g e ,  but  l i m i t  v i r a l  

r e p l i c a t i o n ,  thus p r e v e n t i n g  c l i n i c a l  i l l n e s s .  R e p l i c a t i o n  of  

the  v i r u s  would a l l o w  t he  h o s t ' s  immune system to mount l ong-  

l a s t i n g  i mmuni t y .  Severa l  c l i n i c a l  t r i a l s  of  t he  N A - s p e c i f i c  

vacc i ne  have been conduct ed.  These t r i a l s  o f  ne ur ami n i dase -  

s p e c i f i c  vacc i nes  have employed whole v i r u s  vacc i ne  u t i l i z i n g  

recombi nants c o n t a i n i n g  an equi ne he ma gg l u t i n i n  which was con­

s i d e r e d  a n t i g e n i c a l l y  " i r r e l e v a n t " .

1. In 1976,  K i l b o u r n e  r e po r t ed  the r e s u l t s  o f  a vacci ne  

t r i a l  which compared t he  e f f i c a c y  of  a n e u r a m i n i d a s e - s p e c i f i c  

vacc i ne  wi t h  t h a t  of  a convent i ona l  i n f l u e n z a  A va c c i n e .  Two 

recombi nant  v i r u s e s  were employed,  X - 37 ,  A / E n g l a n d / 4 2 / 7 2  

( H3N2) ,  and X - 3 8 ( H7 N2 ) .  Vaccines were comparable  

wi t h  r e spe c t  t o  a n t i g e n i c  potency o f  t he neur ami ni dase as 

det er mi ned by t he  a n t i g e n i c  e x t i n c t i o n  t e s t  in r a b b i t s .  The 

vacc i nes  a l s o  had e q u i v a l e n t  neurami ni dase a c t i v i t y  and CCA
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( c h i c k  c e l l  a g g l u t i n a t i n g )  u n i t s .  They found the  N A - s p e c i f i c  

vacc i ne  s u p e r i o r  t o  t he  co nve n t i ona l  vacc i ne  in r a i s i n g  ANAb 

t i t e r s ;  s i g n i f i c a n t  r i s e s  in ANAb t i t e r s  were seen in 25% of  

t hose r e c e i v i n g  X-37 and in 69% of  t hose r e c e i v i n g  X- 38 .  Vac­

c i nees  were not cha l l e n ge d  wi t h  l i v e  v i r u s  so t h e r e  is no 

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

Those i n d i v i d u a l s  immunized wi t h  H7 showed s i g n i f i c a n t  

r i s e  in t i t e r s  t o  H3. Thi s was b e l i e v e d  to be a r e s u l t  of  an 

anamnest i c  response s i nce  a l l  vacc i nees  had been p r e v i o u s l y  

exposed t o  the H3 a n t i g e n .  However,  r a b b i t s  immunized wi t h  

t he  H7 s t r a i n  a l so  produced ant i body  which c r o s s - r e a c t e d  wi t h  

H3. Persons v a c c i na t e d  w i t h  H3 di d not produce ant i body  

c r o s s - r e a c t i v e  wi t h  H7N1.

I t  was suggested t h a t  t he  g r e a t e r  ANAb response in those  

r e c e i v i n g  t he  " i r r e l e v a n t "  HA was due t o  " d i f f e r e n c e s  in the  

immunologi cal  process i ng"  of  t he  two va cc i ne s ;  i . e .  the  anam­

n e s t i c  response t o  H3 might  compete wi t h  the  ANAb response.

The anamnest i c  response t o the  H3 a n t i g e n  by v a c c i n a t i o n  wi t h  

H7 r a i s e s  quest i ons  as to the " i r r e l e v a n c e "  of  an i r r e l e v a n t  

HA.

2.  In 1974,  Couch and a s s o c i a t e s  r e p o r t e d  on the  r e s u l t s  

o f  a vacc i ne  t r i a l  using X-32 (H7N2) ,  an i n f l u e n z a  A recombi ­
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nant  of  X-31 (H3N2) and A / e q u i n e / P r a g u e / 1 / 56  ( H7N7) :  i n a c t i ­

va t ed  i n f l u e n z a  B v a cc i ne  was used as c o n t r o l .  They demon­

s t r a t e d  t h a t  t he n e u r a m i n i d a s e - s p e c i f i c  vacc i ne  was i n f e c t i o n -  

pe r mi s s i v e  and s i g n i f i c a n t l y  reduced c l i n i c a l  i l l n e s s  upon 

i n f e c t i o n .  I n a pp a r e n t  i l l n e s s  c o r r e l a t e d  wi t h  serum ANAb.

The immuni ty pr ov i ded by n a t u r a l  i n f e c t i o n  o f  vacci nees was 

complete s i x  months l a t e r .

3.  In 1977,  Vonka and a ss o c i a t e s  conducted an NA-spe­

c i f i c  vacc i ne  t r i a l  w i t h  1200 persons using i n a c t i v a t e d  whole 

v i r u s  ( H1N2) .  They r e p o r t e d  t he  f o l l o w i n g :  i n c r e a s e  in t i t e r  

t o  HI in a m a j o r i t y  o f  s u b j e c t s ;  r i s e  in ANAb in s l i g h t l y  more 

than h a l f  t he  v ac c i ne e s ;  onl y  r a r e  r i s e s  in a n t i b o dy  to H3.  

Fo l l owi ng  a n a t u r a l  out br eak  of  H3N2 V i c t o r i a - 1 i ke  s t r a i n ,  

t hey  noted a p p r o x i ma t e l y  t w o - f o l d  l ess m o r b i d i t y  among v a c c i ­

nated s u b j e c t s  than among c o n t r o l s .

4.  In t he  f a l l  of  1974,  a f i e l d  t r i a l  of  neur ami n i dase -  

s p e c i f i c  vacc i ne  was under taken (Ogra e t  a l , 1977;  Beutner  et  

a l . ,  19 76 ) .  Vacci nees were 300 s c h o o l c h i l d r e n  d i v i d e d  i n t o  

t h r e e  equal  groups and v a c c i na t ed  wi t h  X-41 (H3ChN2) ,  X-42  

(H7N2Ch) ,  or  p l acebo.  A n a t u r a l  out break of  H3ChN2 v i r us  sub­

se qu e n t l y  occur r ed ( 1 9 7 4 ,  1 9 75 ) .  I n f e c t i o n  was a s c e r t a i n e d  

s e r o l o g i c a l l y .  They found the N A - s p e c i f i c  vacc i ne  to be 

i n f e c t i o n  p e r m i s s i v e ,  but  r epor t ed  t h a t  a g r e a t e r  p r o p o r t i o n
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of  those r e c e i v i n g  the n e u r a m i n i d a s e - s p e c i f i c  vacc i ne  had 

i n a p p a r e n t  i n f e c t i o n s  and when i n f e c t e d ,  c l i n i c a l  d i sease  was 

somewhat m i l d e r .  The n e u r a m i n i d a s e - s p e c i f i c  vacc i ne  induced 

mean ANAb t i t e r s  t h r e e  t o  f o u r  t i mes h i g h e r  than the conven­

t i o n a l  v a c c i n e  c l i n i c a l  i n f e c t i o n  c o r r e l a t e d  wi t h  low ANAb

t i t e r s .  However ,  d i sease  r a t e s  among the N A - s p e c i f i c  vaci nees  

was s i g n i f i c a n t l y  h i gher  than f o r  those r e c e i v i n g  convent i ona l  

vaccines.

In 1 9 7 5 - 7 6 ,  a n a t u r a l  out break of  t he  V i c t o r i a  s t r a i n  

(H3N2)  oc cur r ed .  In t h i s  o u t b r e a k ,  p r o t e c t i o n  a g a i n s t  i l l n e s s  

i n  t h e  two groups was very  s i m i l a r ,  80% f o r  t hose immunized 

wi t h  H3ChN2, 73% f o r  those immunized wi t h  t he H7N2 ( Beut ner  et  

a l . ,  1 9 7 9 ) .  The aut hors  concluded t h a t  the basi c  premise of  

t he  N A - s p e c i f i c  vacci ne was sound,  but  t h a t  in p r a c t i c e  the  

NA- s p e c i f i c  vacci ne  o f f e r e d  no advantages over  convent i ona l  

vaccines.

Thi s conc l us i on  may be pr emat ure .  The vacci nees r e c e i v ­

ing t he  N A - s p e c i f i c  vacci ne did have i n a ppar e n t  or  mi l d  i n f e c ­

t i o n s  and t he  r a t i o n a l e  o f  t he  vacci ne i s  t h a t  the immuni ty

from t hese  would be l o n g - l a s t i n g  so t h a t  in o r de r  to assess

t he  e f f i c a c y  one would r e a l l y  need data to the pr esent  da t e ,  

i . e . ,  t he  p r o t e c t i o n  a f f o r d e d  by the convent i ona l  vacci ne  

would be expected to f a l l  o f f  a f t e r  the  f i r s t  y e a r  or two and
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then t hose p r o t e c t e d  by n a t u r a l  i n f e c t i o n  should begin to o u t ­

number those p r o t e c t e d  by convent i ona l  v a c c i n a t i o n .  I ndeed,  a 

long term study by Hoskins et  a l . ,  ( 1979)  showed t h a t  over  a 

f o u r  y e a r  pe r i o d  dur i ng  which H3N2 s t r a i n s  were c i r c u l a t i n g ,  

c onv e n t i ona l  v a c c i n e s ,  even i f  a d mi n i s t e r e d  y e a r l y ,  gave vac­

c i nees  no c u mu l a t i v e  advantage over  n o n - v a c c i n e e s .

The use o f  p u r i f i e d  neurami ni dase as a n t i g en  in the NA- 

s p e c i f i c  vacc i ne  would appear  to o f f e r  sever a l  p o t e n t i a l  

advantages .  Thi s vacc i ne  would c o n t a i n  onl y one p r o t e i n ,  the  

v i r a l  neur ami n i dase .  T h e o r e t i c a l l y ,  i t  should be l ess r e a c t o -  

geni c  ( Neur a t h  and Rubi n,  1971)  as i n a c t i v a t e d  whole v i r us  

v a c c i n e .  I t  should e l i m i n a t e  the  problem of  a n t i g e n i c  compe­

t i t i o n ,  i . e .  t he  immune response to the " i r r e l e v a n t "  hemagglu­

t i n i n  i n t e r f e r i n g  wi t h  the  immune response to neurami ni dase  

( f o r  r ev i ew see Aur or a ,  1 9 7 9 ) .
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CHAPTER 4.  THE M PROTEIN

The M (membrane or  m a t r i x )  p r o t e i n  is the  maj or  s t r u c ­

t u r a l  component of  t ype  A i n f l u e n z a  v i r u s :  i t  has a mo l e c u l a r  

wei ght  of  about  25 , 00 0  d a l t ons  and accounts f o r  about  40% of  

t o t a l  v i r i o n  p r o t e i n  (Choppin and Compans, 1 9 7 5 ) .  The M pr o­

t e i n s  from a l l  t ype  A i n f l u e n z a  v i r us e s  are  c r o s s - r e a c t i v e ,  

and are  cons i der ed type s p e c i f i c .  ( S c h i l d  and Dowdle,  19 75 ) .

MORPHOLOGY

The p r e c i s e  p o s i t i o n  of  M in the  i n f l u e n z a  v i r i o n  is 

s t i l l  not  c l e a r .  Compans et  a l . ( 1 9 7 0 ) ,  Schulze ( 1 9 7 0 ) ,  and 

Klenk e t  a l .  ( 1972)  have r e po r t ed  t h a t  M p r o t e i n  in i n t a c t  

v i r u s  i s  not a c c e s s i b l e  to p r o t ea s e s .  I t  i s not  l a b e l l e d  by 

t echn i ques  which are known t o l ab e l  e x t e r n a l  p r o t e i n s  ( S t a n l e y  

and Haslam,  1971;  R i f k i n  et  a l . ,  19 72) .
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R ec ent l y  R e g i n i s t e r  and a s s oc i a t e s  ( 1979 )  have shown t h a t  

p r o t e o l y t i c  t r e a t m e n t  of  t he  v i r i o n  r e s u l t s  in b i nd i ng  of  

a n t i - M  a n t i b o d i e s ,  suggest i ng t h a t  removal  of  g l y c o p r o t e i n  

spi kes exposes M on t he  v i r i o n  s u r f a c e .  R e g i n i s t e r  and c o l ­

l eagues ( 1979 )  have a l s o  shown t h a t  n o n - p r o t e o l y t i c a l l y  

t r e a t e d  Si ngapore  1957 s t r a i n  (H2N2) v i r i o n s  can bind a n t i - M  

ant i body  and t h a t  a n t i - M  an t i body  reduces t he i n f e c t i v i t y  of  

t h i s  s t r a i n  t e n - f o l d ;  a n t i - M  an t i body  was a l so  shown to have 

HI and complement f i x i n g  a c t i v i t i e s  a g a i n s t  H1N1, H2N2 and 

H3N2 s t r a i n s .  These authors  concl uded t h a t  M was exposed on 

the  v i r i o n  s u r f a c e  and t h a t  n e u t r a l i z i n g  and HI a n t i b o d i e s  

pr obabl y  were having t h e i r  e f f e c t  through s t e r i c  h i ndr ance .  

These aut hors  p r e v i o u s l y  demonst rated t h a t  p r o t e o l y t i c  t r e a t ­

ment of  i n f l u e n z a  v i r i o n s  decreased by h a l f  the  amount of  M in  

i n t a c t  v i r i o n s  ( R e g i n i s t e r  e t  a l . ,  1 9 7 5 / 7 6 ) ,  suggest i ng t h a t  

removal  of  g l y c o p r o t e i n  spi kes exposes M on the v i r i o n  s u r ­

f a c e .

The M p r o t e i n  has been descr i bed as formi ng a p r o t e i n  

s h e l l  i ndependent  o f ,  but  d i r e c t l y  beneath t he  l i p i d  b i l a y e r  

of  the  v i r i o n .  The ev i dence f o r  t h i s  r e s t s  mai n l y  on the  

e l e c t r o n  mi cr oscop i c  ob s er v a t i ons  of  Bachi  ( 1969)  and Compans 

and Choppin ( 1973 )  and t he  bi ochemi cal  s t ud i e s  of  Schulze  

( 1 9 7 2 ) .  The s t u d i e s  of  R e g i n i s t e r  and co l l e a gue s  ( 1979)  sug-
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gest  t h a t  M i s  a c c e s s i b l e  at  the v i r i o n  s u r f a c e  and t hey ques­

t i o n  the assumpt ion t h a t  M i s  an i n t e r n a l  component of  the  

v i r i o n .

Using a f l u o r e s c e n t  l i p i d  probe,  Lenard e t  a l . ( 1974)
0

showed t h a t  M was not more than 11A from the membrane and did  

not  r u l e  out  i t s  being p a r t i a l l y  i nt ramembranous. When the  

i n f l u e n z a  v i r i o n  i s  s ub j e c t e d  to mi l d  d e t e r g e n t  d i s r u p t i o n ,  

t h e  M p r o t e i n  is found to be i n s o l u b l e ,  i n d i c a t i n g  a hydropho­

b i c  c o n f o r ma t i o n .  Gr egor i ades  ( 1973 )  i s o l a t e d  the  M p r o t e i n  

f rom both v i r i o n s  and i n f e c t e d  c e l l s  using a c i d i c  c h l o r o f o r m-  

me t h a n o l . The amino ac i d  composi t i on ( G r e g o r i a d e s , 1973)  does 

not p r e d i c t  a hydrophobi c p r o t e i n  and so i t  i s  assumed t h a t  

t he  h y d r o p h o b i c i t y  of  M i s  a f u n c t i o n  of  conf or mat i on .

Thi s l a b o r a t o r y ' s  procedure f o r  i s o l a t i o n  of  t he M pr o ­

t e i n ,  d i s r u p t i o n  by 10% SDS and s o n i c a t i o n  (Bucher  e t  a l . ,  

1976,  1 9 8 0 ) ,  produces an opa l escent  suspension on removal  of  

SDS, suppor t i ng  t he  o b s e r v a t i o n  t h a t  the h y d r o p h o b i c i t y  o f  M 

i s  due t o  co n f o r ma t i on .  The r ece nt  ev i dence of  Gr egor i ades  

( 1980)  and Bucher e t  a 1 . ( 1980)  t h a t  M p r o t e i n  can be i nc or po ­

r a t e d  i n t o  the  l i p i d  b i l a y e r  of  l iposomes w i l l  be di scussed in  

Chapt er  8.
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FUNCTION OF THE M PROTEIN.

The M p r o t e i n  appears t o  be a s s o c i a t e d  w i t h  v i r i o n  assem­

b l y  and s t a b i l i t y ,  v i r u s  y i e l d ,  amantadine s e n s i t i v i t y ,  and 

perhaps even wi t h  i n f e c t i v i t y .

S t a b i l i t y .  Kendal  et  al  (1977 b) r e p o r t e d  t h a t  when 

i n f l u e n z a  A v i r u s e s  were r e p l i c a t e d  at  e l e v a t e d  t e mp e r a t u r e s ,  

t h e r e  was an i nc r e a s e  in the p r o p o r t i o n  o f  p a r t i c l e s  wi t h  low­

ered buoyant  d e n s i t y ,  as wel l  as a decrease in t he  i n f e c t i v i t y  

of  the y i e l d .  The l owered i n f e c t i v i t y  was due to the  

i nc r eas ed  numbers of  low d e n s i t y  p a r t i c l e s  and these  p a r t i c l e s  

had g r e a t l y  reduced M p r o t e i n  c o n t e n t .  The low d e n s i t y  p a r t i ­

c l es  were r e p o r t e d  t o  be more f r a g i l e .

Assembly.  Kendal  et  al  (1977 c)  showed t h a t  t he  a b i l i t y  

of  a col d adapted mutant  t o  r e p l i c a t e  at  the  l ower  t e mper a t u r e  

was a f u n c t i o n  of  t he M p r o t e i n .  The w i l d  t ype  v i r u s  appeared  

to have normal 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  M, but  did not  

form v i r i o n s  a t  the  c o l d e r  t e mp e r a t u r e s .

Both papers by Kendal  and co l l eagues  i n d i c a t e  t h a t  t h e r e  

appears to  be an opt i mal  t e mper a t ur e  f o r  i n c o r p o r a t i o n  o f  M 

i n t o  t he  v i r i o n .  Above t h a t  t e mp e r a t u r e ,  M i s  poor l y  i n c o r p o ­

r a t e d  and t he  r e s u l t  i s lowered i n f e c t i v i t y .  The poor i n c o r -
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p o r a t i o n  of  M i n t o  v i r i o n s  at  the c o l d e r  t e mper a t u r e  is sug­

g e s t i v e  of  an a c t i v e  r o l e  of  l i p i d  f l u i d i t y  in v i r i o n  forma­

t i o n .

Amantadine S e n s i t i v i t y .  Lubeck e t  al .  ( 1978)  and Hay et  

al  . ( 1 97 9 )  have both i m p l i c a t e d  t he  M p r o t e i n  in the var y i ng  

s e n s i t i v i t y  o f  i n f l u e n z a  A s t r a i n s  t o  amantadine hydr och l o ­

r i d e .  In t he presence of  amantadine no t r a n s c r i p t i o n  o f  the  

v i r a l  genome occurs but  t h i s  i n h i b i t i o n  is reversed when aman­

t a d i n e  is removed (Skehel  e t  al  . , 1977 ) .  Whi l e  t he mechanism 

by which amantadine h y d r o c h l o r i d e  i n h i b i t s  v i r a l  r e p l i c a t i o n  

i s  not c l e a r ,  i t  i s  known from s t ud i e s  o f  Dourmashkin and T y r ­

r e l l  ( 1 9 7 4 ) ,  t h a t  i t  does not  appear  t o  a f f e c t  v i r u s  a t t a c h ­

ment or up t ak e ,  nor does i t  v i s i b l y  a f f e c t  the  process by 

which the  v i r i o n  en t e r s  the  cy t op l asm,  i . e . ,  gross uncoat i ng .

I n f e c t i v i t y .  Kendal  e t  a l . ( 1977 )  showed t h a t  v i r u s  

grown at  e l e v a t e d  t e mper a t ur e s  had reduced i n f e c t i v i t y  and 

t h a t  t he  r e d u c t i o n  in i n f e c t i v i t y  was due to reduced M p r o t e i n  

c o n t e n t .  Along t he same l i n e s ,  s t u d i e s  of  amantadine s e n s i ­

t i v i t y  i n d i c a t e  t h a t  the  M p r o t e i n  pi ays some r o l e  in e s t a b ­

l i s h i n g  i n f e c t i v i t y ,  i . e .  amantadine s e n s i t i v i t y  is a f u n c t i o n  

of  t he  M p r o t e i n  and i n v o l v e s  an e a r l y  st ep in i n f e c t i o n .

Vi rus  Y i e l d .  Schulman and Pal ese (1978)  have shown asso­

c i a t i o n  of  the M as wel l  as the NP p r o t e i n s  wi t h  high y i e l d  

when v i r u s  i s  propagated in eggs.



IMMUNOLOGY OF M PROTEIN

Ant i - M ant i body  has not been as s oc i a t e d  wi t h  p r o t e c t i o n  

from i n f e c t i o n  and appears to have no n e u t r a l i z i n g  e f f e c t .  

Thus,  a l t hough M p r o t e i n s  of  a l l  i n f l u e n z a  A v i r us e s  share  

common a n t i g e n i c  d e t e r mi n a n t s ,  t h i s  does not serve to prevent  

t he  emergence of  new subtypes to which the  p o p u l a t i o n  has no 

s i g n i f i c a n t  immuni ty.  F u r t h e r ,  i t  has been shown t h a t  spe­

c i f i c  i mmuni zat i on to M p r o t e i n ,  w h i l e  i t  mod i f i e d  the course  

of  the  d i sease  in mi ce,  di d  not pr event  i n f e c t i o n  (Webster  and 

Hinshaw,  19 77 ) .

I t  has been observed t h a t  M p r o t e i n  poor l y  s t i m u l a t e s  the  

pr oduc t i on  of  an t i b ody .  Webster  and Hinshaw ( 1977)  immunized 

mice t o  p u r i f i e d  M and saw no M ant i body  response by s i n g l e  

r a d i a l  d i f f u s i o n .  Even a f t e r  na t u r a l  i n f e c t i o n ,  which could  

be expected to boost  a low ant i body response,  onl y h a l f  t he  

ani mal s had M ant i body  d e t e c t a b l e  by s i n g l e  r a d i a l  d i f f u s i o n .  

Cretescu e t  a l . ,  ( 1978)  r epor t ed  t h a t  M ant i body  was de t ec t ed  

by s i n g l e  r a d i a l  d i f f u s i o n  in post conva l escent  sera of  <7%
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and most of  t hese  had very severe  i n f e c t i o n s .  The concl us i on  

t h a t  M p r o t e i n  induced a weak ant i body  response was based on 

what now appears to be a very i n s e n s i t i v e  assay.  The de ve l op­

ment of  the  enzyme l i n k e d  immunosorbent  assay( ELI SA)  f o r  e v a l ­

u a t i o n  of  M a n t i b o d i e s ,  u t i l i z i n g  p u r i f i e d  M - p r o t e i n  ant i gen  

adsorbed on m i c r o t i t e r  p l a t e s  permi t s  r e - e x a m i n a t i o n  of  the  

an t i body  response to M p r o t e i n  (M.W. Khan,  personal  communica­

t i o n ) .

M has been de t e c t e d  on the  su r f ace  o f  i n f e c t e d  c e l l s  (Ada 

and Yap,  1979;  Bi ddi son e t  a l . ,  1 9 7 7 ) .  The d e t e c t a b l e  M on 

the  s u r f a c e  of  i n f e c t e d  c e l l s  was not  b e l i e v e d  to be in c l ose  

c o nt a c t  wi t h  t he  HA as AHAb di d not a f f e c t  t he  b i nd i ng of  M 

an t i body  (Ada and Yap,  1 9 7 9 ) .  However,  i f  M were in c l ose  

c ont a c t  w i t h  HA i t  may be s t e r i c a l l y  bl ocked and hence unde­

t e c t a b l e ,  or  i t  may occupy a d i f f e r e n t  and i n a c c e s s i b l e  space 

in t he l i p i d  b i l a y e r ,  i . e . ,  i n t e r a c t i o n  of  M and HA could  

change t he  p o s i t i o n  a n d / o r  conf or mat i on  of  M p r o t e i n .

Ha c k e t t  and co l l e a gue s  ( 1979 )  used wel l  c h a r a c t e r i z e d  

monoclonal  a n t i b o d i e s  t o  M p r o t e i n  and demonst rated t h a t  wh i l e  

M was d e t e c t a b l e  on the  s ur f ace  of  i n f e c t e d  c e l l s ,  the  amounts 

de t e c t e d  were 2 - 3  orders  of  magni tude l ower  than those  

r e p o r t e d  by Ada and Yap ( 1 9 7 9 ) .  Yewdel l  and a s s oc i a t e s  ( 1981)
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used a d i v e r s e  panel  of  monoclonal  a n t i - M  a n t i b o d i e s  wi t h  

r e s u l t s  t h a t  suppor ted t he  obs e r v a t i o ns  of  Hacket t  e t  a l .  

( 1 9 7 9 ) .

I t  has been shown t h a t  c y t o t o x i c  T c e l l s  s p e c i f i c  f o r  

i n f l u e n z a  M p r o t e i n  w i l l  l ys e  HLA c ompat i b l e  i n f l u e n z a  A 

i n f e c t e d  c e l l s  ( B r a e i a l e ,  1 9 7 7 ) .  Webster  and Hinshaw ( 1977)  

r e p o r t e d  t h a t  mice immunized to p u r i f i e d  M, w h i l e  showing no 

d e t e c t a b l e  a n t i body  response,  gave a s t rong DTH response to M

p r o t e i n  t he  DTH t o  an e q u i v a l e n t  amount of  whole v i r u s  was

weaker  i n d i c a t i n g  t h a t  conf or mat i on  o f  M in the  v i r u s  may d i f ­

f e r  f rom t h a t  o f  s o l u b i l i z e d  M. In t he same s t udy ,  i t  was 

noted t h a t  mice immunized to M showed enhanced v i r a l  c l e a r an c e  

f rom t he  lung though lung l e s i o n s  were as severe as in con­

t r o l s .

The r e s u l t s  o f  Webster  and Hinshaw (1977)  are r emi n i s c e n t  

of  the  de mons t r a t i on  by Schulman and Ki l bour ne  ( 1965)  of  h e t ­

e r o t y p i c  immuni ty induced by i n f l u e n z a  A i n f e c t i o n :  when mice 

p r e v i o u s l y  i n f e c t e d  by H1N1 s t r a i n s  were c ha l l enge d  wi t h  an 

H2N2 s t r a i n ,  t hey  had l ower  v i r a l  t i t e r s  and decreased lung 

l e s i o n s  and m o r t a l i t y  than c o n t r o l s .  They a l so noted an e a r ­

l i e r  response to the  H2 a n t i ge n  than was seen in c o n t r o l s .
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CHAPTER 5.  LIPOSOMES

OVERVIEW

As Tanf ord and Reynolds ( 1976)  po i n t  o u t ,  the  study of  

membrane p r o t e i n s  i s  in i t s  i n f a n c y :  t he  same can be sa i d f o r  

t he  study o f  membranes.  In f a c t ,  u n t i l  r e c e n t l y ,  membranes 

were viewed as r a t h e r  i n e r t ,  u n i n t e r e s t i n g  c e l l u l a r  compo­

nent s .  The l a s t  decade has seen i ncreased i n t e r e s t  in l i p i d s  

and membrane s t r u c t u r e  and the  dynamics of  1 i p i d - p r o t e i n  

i n t e r a c t i o n .  Liposomes have been an i n v a l u a b l e  t oo l  in the  

study o f  1 i p i d - p r o t e i n  i n t e r a c t i o n .  Liposomes are d i s c r e t e ,  

c l osed l i p i d  s t r u c t u r e s  formed when l i p i d  e x i s t s  in an aqueous 

envi ronment  (Bangham, 1 9 7 8 ) .  Since the  e a r l i e s t  s t ud i es  of  

Bangham and Horne ( 1 9 6 4 ) ,  much has been l ea r ned  about  the  

s t r u c t u r e  of  l i p i d  in an aqueous env i r onment .  When in aqueous 

s o l u t i o n ,  l i p i d s  aggr egat e  by t h e i r  hydrophobic a l k y l  chains
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i n t o  a b i l a y e r .  Depending on the l i p i d  to wat er  r a t i o ,  the  

b i l a y e r  e x i s t s  in sheet s  ( a t  low wat er  c o n c e n t r a t i o n s ) ,  or  as 

c l osed m i c e l l a r  s t r u c t u r e s  ( a t  high wat er  c o n c e n t r a t i o n s )  

(Bangham et  a l . ,  1 9 6 7 ) .

Liposomes are commonly formed by two methods.  In the  

ch i or o f or m- met hano l  method,  l i p i d s  are d i s s o l v e d  in c h l o r o ­

f or m— methanol  and or gan i c  so l v e n t s  are evapora t ed  o f f  s l owl y  

w h i l e  l i p i d  is de po s i t ed  as a t h i n  f i l m  on the wa l l s  o f  a 

f l a s k .  The l i p i d  is s l o wl y  hydr at ed and the mi x t u r e  i s then 

s o n i c a t e d  (Bangham, 1 9 7 8 ) .  To form l iposomes by d i a l y s i s ,  

l i p i d s  are s o l u b i l i z e d  in a d e t e r g e n t  s o l u t i o n .  Thi s r e s u l t s  

i n  t he  f o r m a t i o n  of  mixed m i c e l l e s ,  t h a t  i s ,  m i c e l l e s  which 

c o n t a i n  both l i p i d  and d e t e r g e n t .  De t e r ge n t  is then d i a l y z e d  

away.  The use of  the d e t e r g e n t ,  o c t y l g l u c o s i d e  , which is  

e a s i l y  d i a l y z a b l e ,  has made t h i s  method most e f f i c i e n t  ( He l e n -  

ius et  a l . , 1 9 7 7 ) .  Liposomes formed by both of  these methods 

are heterogeneous popu l a t i o n s  c o n s i s t i n g  of  smal l  and l a r g e  

u n i l a m e l l a r  v e s i c l e s  and smal l  and l a r g e  m u l t i 1 amel 1ar  v e s i ­

c l e s .  S o n i c a t i o n  i nc r e a s e s  t he p r o p o r t i o n  of  u n i l a m e l l a r  ves­

i c l e s .
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Liposomal  conf or mat i on  and p e r m e a b i l i t y  can be a f f e c t e d  

by s ever a l  pa r a me t e r s ,  these  i n c l u d e :  t he  s o l v e n t ,  i o n i c  

s t r e n g t h  of  the  s o l v e n t ,  pH, l i p i d  c o mpos i t i on ,  p r o t e i n  compo­

s i t i o n  and c o n c e n t r a t i o n  of  the  b i l a y e r ,  ions such as Ca+ + , 

t e m p e r a t u r e ,  c h a o t r o p i c  ag ent s ,  mechani cal  m a n i p u l a t i o n s ,  such 

as s o n i c a t i o n ,  and some a n a e s t h e t i c s  ( f o r  r e v i e w ,  see H i l l ,  

1978;  Chapman et  a l . ,  1978;  Paphadj opoul os et  a l . ,  1978;  Bang­

ham, 1 9 7 8 ) .  Comparison of  exper i ment s  must t a ke  i n t o  account  

t he  c o n s i d e r a b l e  v a r i a t i o n  in t he a f or ement i oned  f a c t o r s .

Our i n t e r e s t  in l iposomes stems from our i n t e r e s t  in 

st udy i ng  conf or mat i on  o f  a membrane p r o t e i n  in a s t a t e  as 

c l ose  t o  t h a t  of  the v i r i o n  as p o s s i b l e ,  and the  e f f e c t  of  

l i posomal  i n c o r p o r a t i o n  o f  an a n t i g e n  on i t s  i n t e r a c t i o n  wi t h  

t he immune system.  There have been r e p o r t s  t h a t  a s s o c i a t i o n  

of  an a n t i g e n  wi t h  l iposomes enhanced the  immune system 

response to a s p e c i f i c  a n t i g e n .  The mechanisms of  t h i s  

enhancement have not been c l e a r .

Severa l  p o s s i b i l i t i e s  e x i s t :  1 ) .  l iposomes may have an 

a d j u v a n t  e f f e c t  (Manesis et  a l . ,  19 79 ) ;  2 ) .  l iposomes may

enhance t hrough a g gr e ga t i o n  of  p r o t e i n ,  which enhances immuno- 

g e n i c i t y  ( Neur a t h  and Ruben,  1 9 71 ) ;  3 ) .  l iposomes may f a c i l i ­

t a t e  a n t i ge n  pr ocess i ng by t he immune system.
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In the l a s t  few year s  t h e r e  have been sever a l  s t ud i es  on 

the i n t e r a c t i o n  of  i n f l u e n z a  p r o t e i n s  wi t h  l iposomes to form 

vi rosomes.  These w i l l  be discussed in some d e t a i l .

VIROSOMES

Almeida and co- workers  ( 1975)  d i s r u p t e d  i n f l u e n z a  wi t h  

noni det  P-40 and i s o l a t e d  membrane p r o t e i n s  by d e n s i t y  g r a d i ­

ent  c e n t r i f u g a t i o n .  The de t e r g e n t  s o l u b i l i z e d  v i r a l  g l y c o p r o ­

t e i n s  were added t o  pr e f or med,  soni ca t ed  l iposomes ( l e c i t h i n ,  

d i c e t y l  phosphate in a wei ght  r a t i o  o f  9 : 1 )  and son i ca t e d  f o r  

15 mi nut es .  They termed these p r o t e i n  bear i ng  l i posomes,  v i r o ­

somes.

Vi rosomes had a s i z e  range of  20 - 100  nm and possessed a 

f r i n g e  of  spi kes g i v i n g  them an appearance not u n l i k e  t h a t  of  

t he  i n f l u e n z a  v i r i o n .  The b i o l o g i c a l  a c t i v i t y  of  these v i r o ­

somes was not r e p o r t e d .  Hyper- immune sera to i n t a c t  homolo­

gous i n f l u e n z a  v i r u s  aggregated the  l i posomes.  I t  was s t a t e d  

t h a t  p r e l i m i n a r y  s t ud i es  i n d i c a t e d  t h a t  such l iposomes were 

immunogenic but not  pyrogen i c ;  however ,  no data were pr esent ed  

and t h i s  has not  been conf i rmed.
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Huang e t  a l . ,  ( 1979 )  prepared HA-NA p r e p a r a t i o n s  by 

d i s r u p t i n g  v i r u s  wi t h  7% o c t y l g l u c o s i d e  and removing most of  

t he i n t e r n a l  v i r a l  components by c e n t r i f u g a t i o n .  O c t y l g l u c o -  

s i de  s o l u b i l i z e d  l i p i d  p r e p a r a t i o n s  were added to the s o l u b i ­

l i z e d  HA-NA p r e p a r a t i o n s  and l iposomes were formed by d i a l y ­

s i s ;  vi rosomes were i s o l a t e d  by p e l l e t i n g .  Virosomes  

cont a i ned HA and smal l  amounts of  NP and M (SDS PAGE): NA was

not seen on ge l s  but i t s  presence was conf i rmed by enzymat i c  

a c t i  vi  t y .

They r e po r t e d  t h a t  NA could be absorbed onto the s u r f a c e  

of  preformed l iposomes but  t h a t  HA could not .  HA appeared to  

be i n t e g r a t e d  i n t o  the  l i p i d  b i l a y e r .  In t he v i rosomes,  

r e g a r d l e s s  of  l i p i d  c ompos i t i on ,  t h e r e  was a p r o t e i n  to l i p i d  

r a t i o  of  0 . 0 9 : 1 .

T h e i r  HA-NA vi rosomes were capabl e  of  sever a l  v i r a l - t y p e  

f u n c t i o n s :  t hey  a g g l u t i n a t e d  red blood c e l l s  ( pure l e c i t h i n

l iposomes being the l e a s t  s u c c e s s f u l ) ,  and the NA appeared to  

be c l e a v i n g  s i a l i c  ac i d  o f f  red blood c e l l s ,  as d i s a g g l u t i -  

nated e r y t h r o c y t e s  coul d not be r e a g g l u t i n a t e d  i n d i c a t i n g  loss  

of  s i a l i c  ac i d r e c e p t o r s ,  ( Chapt er  2 ) .  Subsequent l y  t h i s  l a b ­

o r a t o r y  ( R o t t ,  1 9 8 0 ) ,  r e po r t e d  t h a t  l iposomes co / i t a i n i ng  HA 

onl y would absorb to cel  T s u r f a c e s ,  but  t h a t  when NA a c t i v i t y  

was p r e s e n t ,  vi rosomes could be observed f us i ng  wi t h the c e l l  

membrane.
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Oxford et  a l . ( 1981 )  i n v e s t i g a t e d  the i n t e r a c t i o n  of  HA 

w i t h  phos pho l i p i d  v e s i c l e s .  V i rus  was d i s r u p t e d  wi t h  2% T r i ­

ton X-100 ( o r  o c t y l g l u c o s i d e )  and v i r a l  p r o t e i n s  " p u r i f i e d "  by 

sucrose d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .  Liposomes,  using  

v a r i o u s  l i p i d s  and l i p i d  r a t i o s ,  were preformed by t he  c h l o r o -  

form- met hanol  method and s o n i c a t i o n .  Vi rosomes were prepared  

by mi x i ng preformed l iposomes wi t h  p r o t e i n  at  a p r o t e i n  to  

l i p i d  r a t i o  of  1: 50 and s o n i c a t i n g  f o r  20 min.  Vi rosomes  

showed t he  presence of  spi kes o r i e n t e d  in both d i r e c t i o n s  from 

t he  l i p i d  b i l a y e r .  They noted t h a t  HA a t t a c he d  more r e a d i l y  

t o  n e g a t i v e  l iposomes than to p o s i t i v e l y  or  n e u t r a l l y  charged  

l i posomes.  Average l iposome s i z e  was 70- 500  nm.

Fr eeze f r a c t u r e  t echn i ques  showed no ev i dence of  HA 

deepl y  p e n e t r a t i n g  the l i p i d  b i l a y e r :  measurements of  HA spi ke  

l e n g t h  b e f o r e  and a f t e r  i n c o r p o r a t i o n  i n t o  l iposomes i n d i c a t e d  

t h a t  onl y  1 nm of  t he  14 nm spi ke  was embedded in l i p i d .  

Virosomes coul d a t t a c h  t o  Vero c e l l s  and were observed being  

t a ken  up by v i r o p e x i s .  The i mmunogeni ci ty  of  vi rosomes was 

e x c e l l e n t :  2 pg of  l i posomal  HA was immunogenic in guinea  

pi gs ( p r o t e i n  cont ent  was es t i mat ed  by r ocket  i mmuno- e l ec t r o -  

p h o r e s i s ) .  Liposomal  HA was t e n - f o l d  more immunogenic than  

t he  i s o l a t e d  subuni t s :  the  i s o l a t e d  subuni t s  appear  ( i n  e l e c -

t r o n  mi cr ogr aphs)  as a mi x t u r e  of  monomer and aggregat e  forms.
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Separa t e  i n j e c t i o n  of  l iposomes and p r o t e i n  s ubuni t s  di d not  

r e s u l t  in i ncr eased  i mmu no g e n i c i t y , i n d i c a t i n g  t h a t  l iposomes  

di d not have a d j uv a n t  a c t i v i t y .

S h o r t l y  a f t e r  the  work pr esent ed in t h i s  t h e s i s  had 

begun,  t he  r e s u l t s  o f  a p r o j e c t  very s i m i l a r l y  concei ved were 

r e po r t e d  by Mor e i n ,  H e l e n i u s ,  and Simons ( 1 9 7 8 ) .  Morein et  

al  . ( 1978 )  s o l u b i l i z e d  the  membrane p r o t e i n s  of  Seml i k i  Forest  

v i r u s  (SFV) wi t h  2% T r i t o n  X-100 and separ a t ed  the  v i r a l  g l y ­

c o p r o t e i n  spi kes from o t h e r  v i r a l  components by sucrose d e n s i t y  

g r a d i e n t  c e n t r i f u g a t i o n  in the  presence of  T r i t o n  X- 100 .  I t  

had been p r e v i o u s l y  shown (Simons et  a l . ,  1973)  t h a t  g l y c o p r o ­

t e i n s  i s o l a t e d  by t h i s  method e x i s t e d  in the monomeric form,  

had a s e d i me n t a t i on  c o e f f i c i e n t  o f  4 . 5 S ,  bound 75 mol ecul es of  

T r i t o n  X - 100 ,  and cont a i ne d  El  and E2 po l y p e p t i d e s  in a 1:1 

r a t i o .  Removal of  d e t e r g e n t  by chromat ographi c  t echn i ques  

r e s u l t e d  in a g gr e ga t i o n  i n t o  an octomer i c  form wi t h  a sedimen­

t a t i o n  c o e f f i c i e n t  of  29S.  The oct omer i c  complex appeared as 

a p r o t e i n  m i c e l l e  by e l e c t r o n  mi croscopy and had HA a c t i v i t y .

Vi rosomes were prepared by mi x i ng o c t y l g l u c o s i d e  s o l u b i ­

l i z e d  SFV sp i ke  p r o t e i n s  wi t h  o c t y l g l u c o s i d e  s o l u b i l i z e d  l e c ­

i t h i n  and d i a l y z i n g  ( H e l e n i u s  e t  a l . ,  19 77 ) .  Liposomes formed 

by t h i s  method possessed HA a c t i v i t y ,  were heterogeneous in
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s i z e ,  and c o ns i s t e d  of  two p o p u l a t i o n s ,  a p r o t e i n - r i c h  and a 

p r o t e i n - p o o r  p o p u l a t i o n .  The sp i ke  p r o t e i n  was r epo r t ed  to be 

o r i e n t e d  out war d l y  as in the  v i r i o n ,  s i nce  i t  was a c c e s s i b l e  

t o  p r o t e a s e s .

Mice were va c c i n a t e d  wi t h  10 jug of  p r o t e i n  in monomer,  

octomer ,  or  v i rosomal  form ( Morei n et  a l . ,  1 9 7 8 ) .  M u l t i m e r i c  

p r o t e i n  forms ( oc t omer ,  vi rosomes)  induced good p r o t e c t i o n  

a g a i n s t  i n f e c t i o n  w i t h  SFV: monomer was onl y  poor l y  immuno­

genic even when i n j e c t e d  wi t h  Freunds a d j u v a n t .

R e c e n t l y ,  t h i s  same l a b o r a t o r y  ( Ba l car ova  e t  a l . ,  1981)  

has c o r r e l a t e d  ant i body  t i t e r  w i t h  p r o t e c t i o n .  Two doses of  1 

jug each were a d mi n i s t e r e d  t o  mice.  There was l i t t l e  or  no 

pr i mary  response t o any form.  Secondary i mmuni zat i on  

r e s u l t e d  i n high a n t i body  t i t e r s  to octomer and vi rosomal  

forms,  but  a 2 0 - f o l d  l ower  response was ev i denced by those  

r e c e i v i n g  t he  monomer form.  The p r o t e c t i o n  a f f o r d e d  by 

monomer was 1 0 0 - f o l d  l es s  than t h a t  seen wi t h  e i t h e r  of  the  

m u l t i m e r i c  p r o t e i n  forms (octomers and vi rosomes had e q u i v a ­

l e n t  e f f i c a c i e s ) .  They recommended the use of  octomer f o r  

i mmuni za t i on because o f  t he  i n s t a b i l i t y  of  l e c i t h i n  l i posomes.  

U n f o r t u n a t e l y , these  s t u d i e s  do not compare the  e f f i c a c y  of  

a n t i g en  forms wi t h  t h a t  of  whole i n a c t i v a t e d  v i r u s .
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Gr egor i ades  ( 1980)  demonst rated t h a t  the M p r o t e i n  of  

i n f l u e n z a  i n t e r a c t e d  wi t h  p h o s p h o t i d y l c h o l i n e  v e s i c l e s .  She 

was ab l e  to demonst rat e  t h a t  under her  c o n d i t i o n s ,  about  5000 

d a l t o n s  of  the  25 , 000  d a l t o n  p r o t e i n  remained t r y p s i n  i n s e n s i ­

t i v e  when M was a s s oc i a t e d  wi t h  l i p i d .  Liposomes were formed 

e i t h e r  by d i a l y s i s  of  M p r o t e i n  wi t h  sodium deoxychol a t e  or by 

a d d i t i o n  of  M p r o t e i n  t o  preformed l iposomes and v o r t e x i n g .

Two independent  s t ud i e s  using p u r i f i e d  p r o t e i n s  of  hepa­

t i t i s  B as vacc i ne  a n t i ge n  have been r e p o r t e d .  H e p a t i t i s  B 

s u r f a c e  a n t i ge n  was p u r i f i e d  by C s C ^  d e n s i t y  g r a d i e n t  c e n t r i ­

f u g a t i o n  and i n c o r p o r a t e d  i n t o  l iposomes (Manesis et  a l . ,  

1 9 7 9 ) .  I mmuni zat i on was by m u l t i p l e  i n j e c t i o n s  o f  1 . 5  and 

10pg q u a n t i t i e s  of  a n t i g e n  i n t o  guinea pigs and e f f i c a c y  was 

t e s t e d  by de l ayed type h y p e r s e n s i t i v i t y  (DTH) and ant i body  

t i t e r .  T i t e r s  to the  l i posomal  form of  a n t i g e n  were g r e a t e r  

than 1 0 0 - f o l d  h i ghe r  than to the monomer form of  the  a n t i g e n .  

Use of  a d j uv ant  di d not enhance the immune response t o  l i p o s o ­

mal or  monomer p r o t e i n .  A pr i mar y  response to l i posomal  a n t i ­

gen was observed;  response to monomer occur red only a f t e r  sec­

ondary and t e r t i a r y  i mmuni za t i on .  L i t t l e  or  no DTH was seen 

wi t h  monomer,  whereas h a l f  the ani mal s immunized wi t h  l i p o s o ­

mal a n t i gen  had a de l ayed type h y p e r s e n s i t i v i t y  (DTH) r e a c ­

t i o n .
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H e p a t i t i s  B p r o t e i n  m i c e l l e s  were used as immunogen by 

S k e l l y  and c o l l ea g ue s  ( 1 9 8 1 ) .  5 and 10 pg doses of  e i t h e r

i n t a c t  v i r u s  p a r t i c l e s  or  p r o t e i n  m i c e l l e s  were used.  Good 

i mmunogeni c i t y  f o r  both was r e p o r t e d .  The p r o t e i n  m i c e l l e s  

r e s u l t e d  i n s i g n i f i c a n t l y  h i ghe r  ant i body  t i t e r s  than i n a c t  

22nm p a r t i c l e s .  However,  both a n t i g en  forms were absorbed to  

alum f o r  i n j e c t i o n .

The vi rosome system prov i des  a model f o r  d i s s e c t i n g  the  

r e p l i c a t i o n  c y c l e  of  t he v i r u s :  p e n e t r a t i o n ,  un c o a t i n g ,  and 

assembl y.  The vi rosome a l so has promise as an immunological  

t o o l  f o r  d i s s e c t i n g  the immune response to an a n t i g e n  al one or  

in the  presence of  o t h e r  an t i gens  which might  a f f e c t  immuno­

geni c  conf or mat i on  or  pr ocess i ng .  One of  t he p o t e n t i a l  uses 

of  l iposomes is f o r  vac c i nes .  One would p r e d i c t  t h a t  the pro­

t e i n  in l iposomes would be in a conf ormat i on  very s i m i l a r  to  

t h a t  in the  v i r u s  and thus overcome t he low i mmunogeni c i ty  of  

p u r i f i e d  p r o t e i n s .
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CHAPTER 6.  STUDIES OF PURIFICATION PROCEDURES FOR

NEURAMINIDASE

Our event ua l  goal  was t o  p u r i f y  neur ami ni dase f o r  use as a 

vacc i ne  (see Chapter  7 ) .  Our f i r s t  st ep was t o a t t empt  to  

vary t he  c o n d i t i o n s  of  p u r i f i c a t i o n  in such a way as to pro­

duce a p u r i f i e d  NA product  t h a t  was an FDA i n j e c t a b l e  ( accep­

t a b l e  f o r  vacc i ne  us e ) ,  and t o o p t i m i z e  c o n d i t i o n s  so as to  

pr ov i de  t he  maximal  NA y i e l d  from v i r u s .  In t he process of  

i n v e s t i g a t i n g  methods by which we could accompl ish t hese  ends,  

we enhanced our knowledge of  the  requ i rement s  of  the  p u r i f i c a ­

t i o n  procedure .

INTRODUCTION

The i n t e r a c t i o n s  of  membrane p r o t e i n s  wi t h  l i p i d s  and 

d e t e r g e n t s  have been e x t e n s i v e l y  c h a r a c t e r i z e d  (Reynolds and 

Ta n f o r d ,  1970a,  b; Makino et  a l . ,  1973;  T a n f o r d ,  1974;  Robin-



-  75

son and Ta n f o r d ,  1975;  He l eni us  and Simons,  1975;  G u l i k - K r z y -  

w i c k i ,  1 975 ; l e  Ma i re  e t  a l . , 1 975 ; Tanf ord and Reynol ds,

1976;  Simons et  a l . ,  1 9 7 8 ) .

I n t e g r a l  membrane p r o t e i n s  possess a hydrophobi c por ­

t i o n  of  the mol ecul e  which i s  embedded in the  l i p i d  b i l a y e r .

I t  has been g e n e r a l l y  noted t h a t  membrane p r o t e i n s ,  when 

removed from t he  l i p i d  envi ronment  are s u s c e p t i b l e  to denat u-  

r a t i o n .  N on - i on i c  d e t e r g e n t s  may pr event  d e n a t u r a t i o n  o f  mem­

brane p r o t e i n s  by s i m u l a t i n g  the  l i p i d  envi ronment  o f  the  

l i p i d  b i l a y e r  ( f o r  r ev i ew see Gu1 i k - K r y z w i c k i , 1975;  He l eni us  

and Simons,  1 9 7 5 ) .  De t e r g e n t s  are amphi phi l es  wi t h  a s t r u c ­

t u r e  s i m i l a r  t o  p h o s p h o l i p i d s ,  i . e .  t hey  have long hydrocarbon  

t a i l s  and p o l a r  head groups:  in aqueous s o l u t i o n s  above the

c r i t i c a l  m i c e l l e  c o n c e n t r a t i o n  (cmc) t hey  form m i c e l l e s  - -  the  

hydrophobi c t a i l s  aggr egat e  and the  p o l a r  head groups i n t e r a c t  

at  the aqueous i n t e r f a c e  ( T anf or d  and Reynolds ,1 9 7 6 ) .  The cmc 

i s  a measure of  the c o n c e n t r a t i o n  below which the d e t e r g e n t  

e x i s t s  in the monomer form and as such i s  a measure o f  the  

s t a b i l i t y  o f  the m i c e l l a r  form and i n d i c a t e s  the  ease wi t h  

which the d e t e r g e n t  can be d i a l y z e d  - -  only monomers are d i a -  

1y z a b l e .

I o n i c  d e t e r g e n t s  such as SDS (sodium dodecyl  s u l f a t e )  and 

CTAB ( c e t y l  t r i m e t h y l  ammonium bromide)  are more d i s r u p t i v e  of
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1 i p i d - p r o t e i n  i n t e r a c t i o n s  than are n o n - i o n i c  de t e r ge n t s  ( Tan­

f o r d  and Reynol ds,  1 9 7 6 ) .  SDS d i s r u p t s  membranes by i n s e r t i n g  

in the  l i p i d  b i l a y e r  and l ower i ng  the  s u r f a c e  t e n s i o n .  As the  

SDS t o  l i p i d  r a t i o  i ncreases ,  t he  l i p i d  b i l a y e r  breaks up f orm­

ing mixed 1 i p i d - S D S - p r o t e i n  m i c e l l e s .  Most i o n i c  d e t e r ge n t s  

de nat ur e  p r o t e i n s  ( Tanf or d  and Reynol ds,  1976;  G u l i k - K r y z -  

w i c k i ,  1 9 7 5 ) .  Reynolds and Tanf ord ( 19 70 a , b )  have shown t h a t  

SDS binds t o  p r o t e i n s  in a c o o p e r a t i v e  process and have sug­

gested t h a t  a l t e r a t i o n  in conf or mat i on  induced by SDS b i ndi ng  

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

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

membrane p r o t e i n  i s  to  d i s r u p t  t he  membrane wi t h  an i o n i c  

d e t e r g e n t  and subsequent l y  s o l u b i l i z e  and s t a b i l i z e  the  pr o­

t e i n  in n o n - i o n i c  d e t e r g e n t .  One must employ a s u f f i c i e n t l y  

high c o n c e n t r a t i o n  of  n o n - i o n i c  d e t e r g e n t  such t h a t  each pro­

t e i n  mol ecul e  i s in a se pa r a t e  m i c e l l e  ( T a n f o r d  and Reynol ds,  

1 9 7 6 ) .  I o n i c  d e t e r g e n t  l e v e l s  are  then reduced by d i a l y s i s .

A f t e r  p u r i f i c a t i o n  of  p r o t e  in i t  i s  p o s s i b l e  to d i a l y z e  

away d e t e r g e n t  to form p r o t e i n  m i c e l l e s  which c o nt a i n  sever a l  

p r o t e i n  subuni t s  (Simons et  a l . , 1 9 7 8 ) .  Laver  and V a l e n t i n e  

( 1 969 )  removed SDS f rom p u r i f i e d  HA and NA p r e p a r a t i o n s  by 

acetone p r e c i p i t a t i o n ,  and showed f o r ma t i o n  o f  p r o t e i n  

m i c e l l e s  by e l e c t r o n  mi croscopy.  Neurami ni dase aggregates
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appeared as "seedi ng d a n d e l i o n s " ,  each aggr egat e  cont a i ned  

about  12 s p i k e s ;  he ma gg l u t i n i n  aggr egat es  had a s t a r - l i k e  

appearance and cont a i ned  about  5 s p i k e s .

P r o t e i n s  s o l u b i l i z e d  in d e t e r g e n t  can be i n c o r p o r a t e d  

i n t o  l i p i d  by d i a l y s i s  ( H e l e n i u s  e t  a l . , 1 977 ; Huang et  a l . ,  

1 9 7 9 ) .  De t e r ge n t  s o l u b i l i z e d  l i p i d s  and p r o t e i n  are  mixed.  As 

d e t e r g e n t  is d i a l y z e d  away,  l i p i d  v e s i c l e s  c o n t a i n i n g  p r o t e i n  

mol ecul es  are formed.  Liposomes formed by d i a l y s i s  have been 

observed t o  bear  the  p r o t e i n  in the  same outward o r i e n t a t i o n  

i n which i t  is seen on t he  c e l l  s u r f a c e :  i n  c o n t r a s t  when

1 i p i d - p r o t e i n  i n t e r a c t i o n  is e f f e c t e d  by s o n i c a t i o n ,  p r o t e i n s  

have been observed having the  sp i ke  o r i e n t e d  toward the  

i n t e r i o r  as wel l  as e x t e r i o r  of  t he  l i posome ( Oxf ord e t  a l . ,  

1 9 8 1 ) .

Development  of  an a f f i n i t y  i s o l a t i o n  procedure f o r  p u r i f ­

y i ng  the  NA of  i n f l u e n z a  pr ov i ded a method of  o b t a i n i n g  p u r i ­

f i e d  NA w h i l e  m a i n t a i n i n g  the  enzyme in a conf ormat i on  which 

s i mul a t ed  t h a t  of  the  enzyme in t he v i r u s  - -  as assayed by 

enzyme a c t i v i t y  which is consi der ed  a very  s e n s i t i v e  i n d i c a t o r  

of  t he  conf or mat i on  of  t he  p r o t e i n  ( Ta nf or d  and Reynol ds,

1 9 7 6 ) .

The procedure f o r  p u r i f i c a t i o n  o f  NA by a f f i n i t y  chroma­

t ogr aphy i s  o u t l i n e d  in Appendix I I .  B r i e f l y  i t  i nv o l v e s
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t h r e e  st eps:  1 ) .  d i s r u p t i o n  of  the  v i r u s ;  2 ) .  s o l u b i l i z a t i o n  

of  t he  NA; 3 ) .  p u r i f i c a t i o n  of  NA by a f f i n i t y  chromat ography.

As t he  a f f i n i t y  i s o l a t i o n  t echn i que  used in t h i s  l a b o r a ­

t o r y  a l l owed recovery  of  ~2% of  v i r a l  p r o t e i n  ( Bucher ,  1 9 7 7 ) ,  

and NA was r e por t e d  t o  c o n s t i t u t e  about  10% of  X-7 v i r a l  pr o­

t e i n  (Bucher  and K i l b o u r n e ,  1 9 7 2 ) ,  our f i r s t  step was to  

i n v e s t i g a t e  the  e f f i c a c i e s  of  v a r i ous  de t e r ge n t s  and de t e r ge n t  

c o n c e n t r a t i o n s  on p r o t e i n  p u r i t y  and y i e l d .  I t  was a l so  our  

hope t o  modi fy t he  a f f i n i t y  i s o l a t i o n  procedure by s u b s t i t u t ­

ing Tween 80 f o r  T r i t o n  X- 100 .  (Tween 80 is an FDA approved 

i n j e c t a b l e  f o r  vacci ne a d m i n i s t r a t i o n  w h i l e  T r i t o n  X-100 is  

not .  )

MATERIALS AND METHODS

V i r u s .  X- 31B( H3N2) ,  a recombi nant  of  A / A i c h i / 2 / 6 8 ( H 3 N 2 )  and 

A / P R / 8 / 3 4 ( H l N l )  used as vacc i ne  s t r a i n ,  was grown in the  

a l l a n t o i c  sac of  embryonated chi ck  eggs and p u r i f i e d  as 

de scr i bed  in Appendix I V.
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Assay f o r  S t a b i l i t y  of  Neurami ni dase in Var i ous De t e r g e n t s .  

Whole v i r u s  was d i l u t e d  to Img/ml  by the  Lowry assay (Lowry et  

al . , 1 9 5 1 ) ,  and d i s r u p t e d  wi t h  1%, 0.5% or  0.17% SDS, or  1% or  

0.5% CTAB and mixed f o r  15 minutes at  room t e mp e r a t u r e .  D i s ­

rupt ed samples were brought  to f i n a l  c o n c e n t r a t i o n  of  10% T r i ­

ton X - 1 0 0 ,  or  10% or  20% Tween 80 and d i a l y z e d  ov e r n i g h t  at  

4°C a g a i n s t  pH 5 absorbi ng b u f f e r  (0.05M sodium a c e t a t e ,

0.001M C a C ^ i  O.lmM EDTA and 0.1% T r i t o n  X-100 or  0.1% Tween 

8 0 ) .  P r o t e i n  c o n c e n t r a t i o n s  and NA a c t i v i t y  were assayed as 

descr i bed  in Appendix I I  on the  f o l l o w i n g  day.

A f f i n i t y  Chromatography.  Whole v i r us  was d i l u t e d  to Img/ml  as 

above and d i s r u p t e d  w i t h  1% or 0.17% SDS or  1% CTAB and s o l u ­

b i l i z e d  wi t h  10% Tween 80 .  S o l u b i l i z e d  v i r u s  was d i a l y z e d  f o r  

24- 48  hours a g a i n s t  pH 5 absorbi ng b u f f e r  and then c e n t r i f u g e d  

at  20 , 000  rpm f o r  one hour in a Beckman JA 21 r o t o r  at  4°C.  

P e l l e t e d  m a t e r i a l  was s o l u b i l i z e d  in ca l c i um a c e t a t e  b u f f e r  

( 0 . 05M a c e t a t e ,  0.002M CaCl 2 a t  pH 7) and assayed f o r  p r o t e i n  

and NA a c t i v i t y  and then s t or ed at  - 7 0 ° C .  A f f i n i t y  chromatog­

raphy f o l l o w e d  the procedures o u t l i n e d  in Appendix I .

B r i e f l y ,  super na t a n t  (sup)  was ap p l i e d  to the  a f f i n i t y  column 

e q u i l i b r a t e d  wi t h  absorbi ng b u f f e r .  One ml f r a c t i o n s  were 

c o l l e c t e d  and sample absorbance at  A2 6Qnm was moni t ored by a 

Uvi cord I .
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M a t e r i a l  not absorbi ng t o  t he  column was assayed f o r  NA 

a c t i v i t y  and p r o t e i n  and subsequent l y  pooled ( p r o t e i n  p o o l ) .  

F r a c t i o n s  e l u t i n g  at  a pH >7 were n e u t r a l i z e d  wi t h  IN HC1 and 

assayed f o r  p r o t e i n  and NA a c t i v i t y  and f o r  p u r i t y  by PAGE 

b e f o r e  poo l i ng  (enzyme p o o l ) .

P r o t e i n  was assayed by the  method of  Lowry (Lowry e t  a l . , 

1951)  wi t h  the  a d d i t i o n  of  0.25% SDS t o f a c i l i t a t e  r eadi ng in 

t he  presence of  n o n - i o n i c  d e t e r g e n t .  NA a c t i v i t y  was assayed 

by the  method of  Ami nof f  ( 1961)  as descr i bed in Appendix I I .

RESULTS

Vi r us  was d i s r u p t e d  wi t h  var i ous  c o n c e n t r a t i o n s  of  CTAB, 

a p o s i t i v e l y  charged i o n i c  d e t e r g e n t ,  or  SDS, a n e g a t i v e l y  

charged i o n i c  d e t e r g e n t  and then s o l u b i l i z e d  wi t h  e i t h e r  10% 

T r i t o n  X - 10 0 ,  or  10 or  20% Tween 80.  De t e r gent  t r e a t e d  sam­

pl es  were d i a l y z e d  o v e r n i g h t .  The s t a b i l i t y  o f  neurami ni dase  

t o  t he  v a r i ous  d e t e r g e n t  t r e a t me n t s  was assayed by comparing 

t he  s p e c i f i c  a c t i v i t i e s  of  the  var i ous  samples.
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As F i g .  6 . 1  shows,  s p e c i f i c  a c t i v i t y  i ncr e as es  2- 4 f o l d  

over  t h a t  of  whole v i r u s  when v i r u s  i s  s o l u b i l i z e d .  1% SDS 

appeared t o  o f f e r  no advantage over  the  l ower  c o n c e n t r a t i o n  of  

SDS. 1% CTAB r e s u l t e d  in b e t t e r  s t a b i l i z a t i o n  of  NA a c t i v i t y  

than 0.5% CTAB. 10% Tween 80 appeared as e f f e c t i v e  in s t a b i ­

l i z i n g  NA a c t i v i t y  as e i t h e r  10% T r i t o n  X-100 or  20% Tween 80.

On t he  basi s  of  t he  s t a b i l i z a t i o n  d a t a ,  we e v a l u a t e d  the  

e f f e c t  of  the  f o l l o w i n g  de t e r g e n t  t r e a t me n t s  on the y i e l d  and 

p u r i t y  o f  NA r ecover ed from a f f i n i t y  i s o l a t i o n :  0.17% SDS-10%

Tween 80;  1% SDS-10% Tween 80;  and 1% CTAB- 10% Tween 80.

A n a l y s i s  of  p r o t e i n  d i s t r i b u t i o n  dur i ng a f f i n i t y  chroma­

t ogr aphy ( F i g .  6 . 2 )  shows t h a t  1% and 0.17% SDS were e q u a l l y  

e f f e c t i v e  in d i s r u p t i n g  the  v i r u s :  both t r e a t me nt s  s o l u b i ­

l i z e d  ~60% of  the  v i r a l  p r o t e i n .  1% CTAB s o l u b i l i z e d  about  80% 

of  v i r a l  p r o t e i n .  The s u p e r i o r i t y  of  CTAB in s o l u b i l i z i n g  

v i r a l  p r o t e i n  was not an i n t r i n s i c  advant age;  i t  was hoped 

t h a t  t h i s  f i r s t  step would s e l e c t i v e l y  s o l u b i l i z e  the  su r f ace  

p r o t e i  ns .

1% SDS r e s u l t e d  in a very poor p r o t e i n  y i e l d  in the  

enzyme pool ( F i g .  6 . 2 ) ,  i n d i c a t i n g  t h a t  i t  was d e na t ur i ng  the  

NA - -  t he  column does not  absorb denat ured NA. High l e v e l s  of  

p r o t e i n  r e cover y  in t he enzyme pool were seen wi t h  both 0.17% 

SDS and 1% CTAB t r e a t e d  samples.  The sample t r e a t e d  wi t h
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0.17% SDS showed 10% of  v i r a l  p r o t e i n  in the  enzyme pool which 

i s  in good agreement  wi t h  the  e s t i ma t e  o f  10% NA: t he 20% 

r e cover y  i n t he  1% CTAB t r e a t e d  sample suggested t h a t  t h e r e  

might  be c o nt a mi na t i ng  p r o t e i n s .  A n a l y s i s  of  the enzyme sam­

pl es by PAGE gel s  conf i rmed the  presence of  more than 50% con­

t a m i n a t i o n  by HA and NP i n t he  1% CTAB s o l u b i l i z e d  pool ( da t a

not  shown) .  The enzyme pool de r i v e d  from v i r u s  t r e a t e d  wi t h

0.17% SDS appeared pure on SDS PAGE ( F i g .  5 . 3 ) .

F i g .  6 . 4  shows t he  s p e c i f i c  a c t i v i t y  o f  NA in the  var i ous  

pool s .  The s p e c i f i c  a c t i v i t y  of  the  samples t r e a t e d  wi t h  1% 

SDS was low f o l l o w i n g  d i s r u p t i o n ,  i n d i c a t i n g  t h a t  such high  

l e v e l s  of  SDS de nat ur e  t he  NA of  X-31B.  The s u p e r i o r i t y  of  1% 

CTAB i n s o l u b i l i z i n g  NA from the  v i r u s  can be seen in the  

enr i chment  f o r  NA a c t i v i t y  seen in the s u p e r n a t a n t .  In con­

t r a s t  in t he  0.17% SDS t r e a t e d  sample,  t he  enzyme a c t i v i t y  of  

t he  super na t an t  was onl y  about  t w o - f o l d  h i g h e r  than t h a t  of  

t he  pel  1e t .

The s p e c i f i c  a c t i v i t i e s  o f  t he 1% CTAB and 0.17% SDS 

t r e a t e d  sample enzyme pools are roughl y  e q u i v a l e n t .  Since the  

CTAB enzyme pool cont a i ne d  a t  l e a s t  50% o t h e r  v i r a l  p r o t e i n s

t h i s  i n d i c a t e s  t h a t  t he  CTAB t r e a t e d  NA had at  l e a s t  t w o - f o l d

h i g h e r  s p e c i f i c  a c t i v i t y  than the  0.17% SDS t r e a t e d  sample.  

Thi s was d i s t u r b i n g  as i t  i n d i c a t e d  p o s s i b l e  d e n a t u r a t i o n  of  

t he  X-31B NA by even low c o n c e n t r a t i o n s  of  SDS.
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When t o t a l  neurami ni dase a c t i v i t y  i s  examined ( F i g .  6 . 5 )  

i t  can be seen t h a t  s o l u b i l i z a t i o n  w i t h  1% SDS r e s u l t e d  in 

l oss o f  a c t i v i t y  and t h a t  l ess  than 5% of  v i r a l  NA a c t i v i t y  

was e v i d e n t  in the enzyme pool .  0.17% SDS and 1% CTAB both 

r e s u l t e d  in about  t h r e e - f o l d  enhancement of  NA a c t i v i t y  f o l ­

l owi ng v i r u s  d i s r u p t i o n  ( s u p e r n a t a n t  + p e l l e t ) .  0.17% SDS and 

1% CTAB r e s u l t e d  i n 60 and 90% r e c o v e r y ,  r e s p e c t i v e l y . How­

e v e r ,  i f  t h i s  f i g u r e  i s  c o r r e c t e d  to account  f o r  the  t h r e e ­

f o l d  i nc r e as e  in s p e c i f i c  a c t i v i t y  seen on s o l u b i l i z a t i o n  then  

r ecover y  i s  20% and 30% r e s p e c t i v e l y  f o r  the 0.17% SDS and 1% 

CTAB t r e a t m e n t s .

As can be seen in F i g .  6 . 4 a  the h i ghe s t  f o l d  p u r i f i c a t i o n  

obt a i ne d  by 0.17% SDS or  1% CTAB was 6- 9  f o l d .  I f  the  spe­

c i f i c  a c t i v i t y  of  NA prepared by these  p u r i f i c a t i o n  t echn i ques  

i s  compared wi t h  t he ~ 4 0  f o l d  p u r i f i c a t i o n  of  X-7 NA seen wi t h  

1% SDS-10% T r i t o n  X-100 ( F i g .  6 . 4 b )  one can a p p r e c i a t e  our  

concern over  p o s s i b l e  d e n a t u r a t i o n  of  the  X-31B NA dur i ng  

p u r i f i c a t i o n .

The s p e c i f i c  a c t i v i t y  o f  X-7 neur ami n i dase ,  p u r i f i e d  by 

1% SDS-10% T r i t o n  X - 1 0 0 ,  f rom a batch o f  X-7 t h a t  had been

st or e d  a t  - 20° C f o r  two years  is shown in F i g .  6 . 4b f o r  com­

pa r i s on  wi t h  o t he r  p u r i f i c a t i o n  procedures.  The s p e c i f i c  

a c t i v i t y  sca l e  has been ad j us t ed  to account  f o r  the i n i t i a l l y
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h i ghe r  s p e c i f i c  a c t i v i t y  o f  X-7 NA. As can be seen,  t he  spe­

c i f i c  a c t i v i t y  of  X-7 ne ur a mi n i d as e ,  p u r i f i e d  by 1% SDS -10% 

T r i t o n  X - 10 0 ,  is about  40 f o l d  h i g h e r  than t h a t  of  the  enzyme 

i n the  v i r u s .  Thi s  i n c r e a s e  in s p e c i f i c  a c t i v i t y  is much 

h i ghe r  than t h a t  seen f o r  any of  the  p u r i f i c a t i o n  procedures  

i n v e s t i g a t e d .

DISCUSSION AND CONCLUSIONS

I t  i s  now accepted t h a t  the  i mmunogeni c i ty  o f  a p r o t e i n  

can be a f f e c t e d  by t he method of  i s o l a t i o n .  One of  the main 

advantages of  using NA was t h a t  enzyme a c t i v i t y  provi ded an 

e x t r e me l y  s e n s i t i v e  t oo l  f o r  mon i t o r i n g  changes in the mol ­

ec u l e  dur i ng  p u r i f i c a t i o n .
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P u r i f i c a t i o n  of  NA by a f f i n i t y  i s o l a t i o n  ( Bucher ,  1 9 7 7 ) ,  

r e s u l t s  in a f o r t y - f o l d  i ncr eas e  in s p e c i f i c  a c t i v i t y  of  the  

enzyme.  I f  t h i s  f i g u r e  i s c o r r e c t e d  f o r  the  enhancement of  

v i r a l  NA s p e c i f i c  a c t i v i t y  seen in t he presence o f  d e t e r g e n t s ,  

then i t  means an ac t ua l  10-20 f o l d  enhancement of  s p e c i f i c  

a c t i v i t y  which i s  in keepi ng wi t h  t he  5-10% e s t i m a t e  o f  NA per  

v i r i o n .  These f i g u r e s  i n d i c a t e  t h a t  we are r e l i a b l y  ab l e  to  

i s o l a t e  the  enzyme w h i l e  m a i n t a i n i n g  i t  in a conf or mat i on  t h a t  

i s  s u f f i c i e n t l y  s i m i l a r  to t h a t  of  whole v i r u s  ( enzymat i c  

a c t i v i t y  i s  m a i n t a i n e d ) .

I n i t i a l  e f f o r t s  to use Tween 80 as the  n o n - i o n i c  d e t e r ­

gent  f o r  p u r i f i c a t i o n  o f  a n t i g e n i c  NA f a i l e d .  The Tween could  

not be removed by d i a l y s i s  (Tween 80 has a very low cmc) ,  and 

Tween 80 s o l u b i l i z e d  neurami ni dase was not  immunogenic in r a b ­

b i t s .

The a f f i n i t y  i s o l a t i o n  method f o r  neurami ni dase i nv o l v e s  

s o l u b i l i z a t i o n  of  the  v i r u s  in 10% T r i t o n  X- 100:  a t  lower

c o n c e n t r a t i o n s  i t  i s  i mposs i b l e  to s e par a t e  the two sur f ace  

g l y c o p r o t e i n s  HA and NA, as t hey appear  t o  e x i s t  in mixed 

m i c e l l e s .  At 10% T r i t o n  X-100 t he  HA passes through the  

a f f i n i t y  column in high T r i t o n  X-100 c o n c e n t r a t i o n s ,  the  NA is  

adsorbed and e l u t e s  on e l e v a t i o n  of  pH, at  a T r i t o n  X-100 con­

c e n t r a t i o n  s i m i l a r  t o  t h a t  of  the e l u t i n g  b u f f e r ,  0.1%.  A f t e r
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c o n c e n t r a t i o n  of  the e l u t e d  f r a c t i o n s ,  t he  s t or age  T r i t o n  

X-100 c o n c e n t r a t i o n s  are between 2-3%.  These T r i t o n  X.-100 

c o n c e n t r a t i o n s  can be reduced t o  below d e t e c t a b l e  l e v e l s  by 

d i a l y s i s  f o r  one week ( M a r k o v i t z  and Bucher ,  u n p u b l i s h e d ) .

O r i g i n a l l y  we had hoped to i s o l a t e  NA from a batch of  

out da t ed  A i c h i ( H3 N2 )  v a c c i n e ( i n a c t i v a t e d  wi t h  0.01% f o r m a l i n ) .  

We were unable t o  p u r i f y  NA from the  Ai ch i  vacc i ne  batches  

using a f f i n i t y  chromat ography. The v i r a l  p r o t e i n s  in t h i s  

Ai ch i  vacc i ne  p r e p a r a t i o n  were shown to be e x t e n s i v e l y  c r oss -  

l i n k e d  (Chen and Bucher ,  u n pu b l i s h e d ) .  PAGE ge l s  o f  f o r m a l i n  

t r e a t e d  v i r u s  showed t h a t  l a r g e  amounts of  v i r a l  p r o t e i n  were 

unable to e n t e r  a 7% gel  presumably because o f  c r o s s - l i n k i n g .

We had planned t o use X-31B as the  v i r a l  s t r a i n  o f  choi ce  

si nce  i t  bears an NA which was c l o s e l y  r e l a t e d  a n t i g e n i c a l l y  

to  the NA of  the  s t r a i n  in c i r c u l a t i o n  at  t h a t  t i me .  However,  

our r e s u l t s  i n d i c a t e d  t h a t  the  NA of  X-31B i s  i n a c t i v a t e d  by 

1% SDS, and even at  the  0.17% SDS l e v e l  t h e r e  was a l so  e v i ­

dence of  d e n a t u r a t i o n .  CTAB proved an unaccept ab l e  a l t e r n a ­

t i v e  as an i o n i c  d e t e r g e n t ;  the  enzyme pool was h e a v i l y  con­

t ami na t e d  wi t h  o t h e r  v i r a l  p r o t e i n s .  I t  may be t h a t  CTAB does 

not  e f f e c t i v e l y  d i s r u p t  p r o t e i n - 1 i p i d  and p r o t e i n - p r o t e i n  

i n t e r a c t i o n s  so t h a t  subsequent  s o l u b i l i z a t i o n  wi t h  n o n - i o n i c  

d e t e r g e n t  does not r e s u l t  in m i c e l l e s  c a r r y i n g  only one mol -  

e c u l e .
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When NA p u r i f i e d  wi t h  Tween 80 was used f o r  i mmuni zat i on  

of  r a b b i t s  l i t t l e  or  no NI a n t i b o d i e s  were produced.  This was 

i n c o n t r a s t  to r e s u l t s  ob t a i ned  wi t h  T r i t o n  X-100 s o l u b i l i z e d  

NA samples ( M a r k o v i t z  and Bucher ,  u n p u b l i s h e d ) .  P r i o r  to  

i mmu n i z a t i on ,  i t  was l a b o r a t o r y  procedure to d i a l y z e  f o r  sev­

e r a l  days.  Thi s procedure lowered T r i t o n  X-100 l e v e l s  but  did  

not  a f f e c t  Tween 80 l e v e l s .  We hypot hes i zed  t h a t  t he  s u p e r i o r  

i mmunogeni c i t y  of  T r i t o n  X-100 samples was due t o  the aggr e­

gated s t a t e  of  t he  p r o t e i n  when d e t e r g e n t  was removed.

As our goal  was t he  study of  the i mmunogeni c i ty  of  NA, we 

deci ded t o use the  X-7(H1N2)  s t r a i n  and d i s r u p t i o n  wi t h  1% 

SDS-10% T r i t o n  X-100 as i t  had been shown t h a t  NA from t h i s  

s t r a i n  could be r a t h e r  e a s i l y  p u r i f i e d  by a f f i n i t y  chromatog­

raphy wi t h  high s p e c i f i c  a c t i v i t y  ( Bucher ,  1 9 7 7 ) .  In add i -  

t i o n ,  more than 98% of  ( H) T r i t o n  X-100 could be removed by 

one week d i a l y s i s  ( M a r k o v i t z  and Bucher ,  u n p u b l i s h e d ) .
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F i gur e  6 . 1 .  S p e c i f i c  A c t i v i t y  o f  Neurami ni dase Fo l l owi ng  

Det e r g e n t  S o l u b i l i z a t i o n  and D i a l y s i s .  The X-31B i n f l u e n z a  A 

r ecombi nant  v i r u s  was d i l u t e d  t o  a c o n c e n t r a t i o n  of  Img/ml  and 

brought  t o  a c o n c e n t r a t i o n  of  1%, 0.5%,  or 0.15% SDS or  1% or  

0.5% CTAB. A f t e r  f i f t e e n  mi nutes s t i r r i n g  at  room t emper a­

t u r e ,  t he  samples were brought  t o  ( 1 ) .  10% T r i t o n  X - 10 0 ,  or  

( 2 ) .  10% Tween 8 0 ,  or  ( 3 ) .  20% Tween 80 .  Samples were d i a ­

l yz ed  f o r  24 hours a t  4°C a g a i n s t  pH 5 absorbi ng b u f f e r  c o n t a i n i n g  

0.1% of  the n o n - i o n i c  d e t e r g e n t  used f o r  s o l u b i l i z a t i o n .  The 

d i a l y s a t e s  were then assayed f o r  NA a c t i v i t y  and p r o t e i n  as 

de sc r i be d  in t e x t .
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F i gur e  6 . 2 .  P r o t e i n  D i s t r i b u t i o n  Dur i ng Neuraminidase I s o l a ­

t i o n  by A f f i n i t y  Chromatography. Concent r a t ed v i r u s ( V )  was 

d i s r u p t e d  wi t h  ( 1 ) .  0.17% SDS-10% Tween 80 ,  ( 2 ) .  1% SDS-10% 

Tween 80 ,  or  ( 3 ) .  1% CTAB-10% Tween 80 .  D i s r up t ed  v i r u s  sam­

pl es were d i a l y z e d ,  and s o l u b i l i z e d  v i r a l  p r o t e i n  (SUP) was 

separ a t ed  from u n s o l u b i l i z e d  (P)  by c e n t r i f u g a t i o n .  Superna­

t a n t s  were a p p l i e d  to t he a f f i n i t y  column as descr i bed in t e x t  

and v i r a l  p r o t e i n s  t h a t  did not  absorb to the column were 

p o o l e d ( P. P. ) ,  as were the  enzyme f r a c t i o n s  e l u t i n g  at  pH 9 

( E n z ) .  Tot a l  p r o t e i n  recover ed ( T . P . R . )  r epr es e nt s  the sum of  

t he  p r o t e i n  seen in the  p r o t e i n  and enzyme pool s .  P r o t e i n  was 

assayed by t he  method o f  Lowry wi t h  0.25% SDS added to a l l ow  

r ead i ng  in the  presence of  T r i t o n  X-100 or  Tween 80.
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F i gur e  6 . 3 .  SDS Po l y a c r y l a mi d e  e l e c t r o p h o r e s i s  ge l s  of  neu­

r ami n i dase  p u r i f i e d  f rom i n f l u e n z a  A recombi nant  X-31B (H3N2) .  

SDS PAGE of  t o t a l  v i r u s  p r o t e i n  ( r i g h t )  and of  neurami ni dase  

p u r i f i e d  by a f f i n i t y  chromatography using 0.17% SDS and 10% 

Tween 80 (1 e f t ) .
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F i gu r e  6 . 4 .  S p e c i f i c  A c t i v i t y  of  Neurami ni dase dur i ng A f f i n ­

i t y  Chromatography V a r i e s  wi t h  De t e r ge n t  T r e a t me nt .  A) .  X-31B 

was d i s r u p t e d  wi t h  the i n d i c a t e d  c o n c e n t r a t i o n  of  SDS or  CTAB 

and then s o l u b i l i z e d  wi t h  10% Tween 80 and d i a l y z e d  f o r  two 

days a g a i n s t  pH 5 absorbi ng b u f f e r .  N o n - s o l u b i 1 i zed v i r u s  was 

p e l l e t e d  and t he  su pe r na t a n t  was a p p l i e d  t o  t he a f f i n i t y  c o l ­

umn as de scr i bed  in the t e x t .  B) .  X-7 was d i s r u p t e d  wi t h  1%

SDS-10% T r i t o n  X-100 and neurami ni dase was p u r i f i e d  by a f f i n ­

i t y  chromatography as above.  As the  s p e c i f i c  a c t i v i t y  of  X-7 

i s  about  t w o - f o l d  h i gh e r  than t h a t  of  X-31B,  the  s p e c i f i c  

a c t i v i t y  sc a l e  f o r  X-7 was ad j us t ed  so t h a t  s p e c i f i c  a c t i v i ­

t i e s  o f  t he  two v i r u s e s  appear  of  the  same magni tude.  V,  

v i r u s ;  S,  s u p e r n a t a n t ;  P, p e l l e t  a f t e r  c e n t r i f u g a t i o n ;  E,  

enzyme pool ;  PP, p r o t e i n  pool .
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Fi gur e  6 . 5  Tot a l  Neurami ni dase A c t i v i t y  at  Var i ous Steps in 

A f f i n i t y  Chromatographi c P u r i f i c a t i o n  of  Neurami ni dase.  Vi rus  

( X - 31 B) was d i s r u p t e d  wi t h  0.17% SDS-10% Tween 80 ,  1% SDS-SDS-  

Tween 80 ,  or  1% CTAB-10% Tween 80.  D i s r up t e d  v i r u s  was d i a ­

l yzed  and s o l u b i l i z e d  v i r a l  p r o t e i n ,  s uper na t an t  (S)  was sepa­

r a t e d  from u n s o l u b i l i z e d ,  p e l l e t ( P )  by c e n t r i f u g a t i o n .  V i r a l  

p r o t e i n s  t h a t  di d not  absorb to the column were c o l l e c t e d  in 

t he  p r o t e i n  p o o l ( P P ) ;  m a t e r i a l  e l u t i n g  in t he  enzyme pool was 

pooled ( E n z ) .  Tot a l  NA a c t i v i t y  was det ermi ned by m u l t i p l y i n g  

t he  volume in m i l l i l i t e r s  by the  a c t i v i t y ( p M / m i n / m l ) .
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CHAPTER 7.  STUDIES ON THE IMMUNOGENICITY OF NEURAMINIDASE

INTRODUCTION

I t  was our goal  t o  i n v e s t i g a t e  the immunologic p o t e n t i a l  

o f  a s i n g l e  p u r i f i e d  v i r a l  p r o t e i n  and in doing so to devel op  

c r i t e r i a  f o r  i mmunogeni c i t y .  B r i e f l y  we pr esent ed the  neuram­

i n i d a s e  a n t i g e n  in e q u i v a l e n t  amounts as monomer ( unaggr e ­

g a t e d ) ,  i n  aggregated f o r m,  i n c o r p o r a t e d  i n t o  l i posomes,  

i n c o r p o r a t e d  i n t o  l iposomes wi t h  s o n i c a t i o n ,  or  in whole 

v i r u s .  These forms were c h a r a c t e r i z e d  by enzyme a c t i v i t y ,  

e l e c t r o n  mi cr oscopy,  and i mmunogeni c i ty .

Morei n and co l l e a gue s  (1978)  have shown t h a t  the  g l y c o ­

p r o t e i n s  o f  SFV are  e f f e c t i v e  immunogens i f  aggregat ed or  

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

t he  SFV were used,  e l i m i n a t i n g  the  need f o r  e x t e n s i v e  p u r i f i ­

c a t i o n .
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Oxford and a s s o c i a t e s  ( 1981)  used p a r t i a l l y  p u r i f i e d  HA 

in aggr egat es  and l iposomes and r e po r t e d  t h a t  l i p o s o m a l l y  

a s s oc i a t e d  HA was a good immunogen but  t h a t  aggregat ed HA was 

a poor immunogen. However,  t h e i r  HA( aggr egat ed)  was a mi x t ur e  

of  monomer and aggregat ed HA.

Neurami ni dase appeared an i dea l  c a n d i d a t e  f o r  a study c o r ­

r e l a t i n g  i mmunogeni c i t y  wi t h  c onf or mat i on  as enzyme a c t i v i t y  

pr ov i des  an e x t r e me l y  s e n s i t i v e  index t o  co n f o r ma t i o n .  A f u r ­

t h e r  advantage t o  use o f  neurami ni dase in such a study is the  

p o t e n t i a l  us e f u l ne ss  o f  a p u r i f i e d  neurami ni dase vacci ne f o r  

t he  N A - s p e c i f i c  vacc i ne  (see Chapter  3 ) .

MATERIALS AND METHODS

P r e p a r a t i o n  of  the  v i r u s .  The X-7( H1N2)  i n f l u e n z a  A s t r a i n  is  

a recombi nant  of  the  NWS(HINI )  and R I / 5 + ( H2 N2 )  s t r a i n :  the  

neur ami n i dase  of  X-7 has been wel l  c h a r a c t e r i z e d  ( Chapt er  3 ) .  

Vi r us  was grown in the a l l a n t o i c  sac of  embryonated eggs and 

p u r i f i e d  as descr i bed  in Appendix I I I .  V i r us  used f o r  p u r i f i ­

c a t i o n  of  NA was from a pool of  X-7 v i r u s  prepared at  var i ous  

t i me i n t e r v a l s  over  a two y e a r  per i od  and s t or ed at  - 2 0 ° C .
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Previ ous e x pe r i e nc e  had shown t h a t  t he  X-7 neurami ni dase  is 

s t a b l e  under  these  c o n d i t i o n s  and can be i s o l a t e d  in pure 

form.

P u r i f i c a t i o n  of  t he  ne ur ami n i dase .  A f f i n i t y  chromat ographi c  

i s o l a t i o n  of  neur ami ni dase  was as de s c r i b e d  in Appendix I .  

V i r a l  p r e p a r a t i o n s  were ad j us t ed  t o  a p r o t e i n  c o n c e n t r a t i o n  of  

Img/ml  as de t er mi ned by t he Lowry assay - -  t h r o u g h o u t ,  stock  

b u f f e r ,  pH 7,  0.05M sodium a c e t a t e ,  0.  002M C a C ^ *  i s  used,  

unl ess o t h e r w i s e  s t a t e d .  V i r a l  p r e p a r a t i o n s  were d i s r u p t e d  

wi t h  1% SDS and mixed a t  37°C f o r  15 mi nut es .  T r i t o n  X-100  

was added t o a f i n a l  c o n c e n t r a t i o n  of  10% and t he  p r e p a r a t i o n s  

were d i a l y z e d  a g a i n s t  pH 5 absorbi ng b u f f e r  (0 .05M sodium ace­

t a t e ,  0.  002M C a C ^ ,  0.1% T r i t o n  X - 100)  f o r  48 hours.  NA was 

i s o l a t e d  by a f f i n i t y  chromatography using the  procedure of  

Cuat recasas and I l l i a n o  ( 1971)  as mod i f i e d  by Bucher ( 1 9 7 7 ) .

A l l  f r a c t i o n s  were assayed f o r  p r o t e i n  and neurami ni dase  

a c t i v i t y  and p u r i t y  of  f r a c t i o n s  was assayed by SDS p o l y a c r y l ­

amide gel  e l e c t r o p h o r e s i s  (PAGE),  as descr i bed  (Bucher  and 

K i l b o u r n e ,  1 9 7 2 ) .  F r a c t i o n s  t h a t  showed no co n t a mi n a t i ng  pr o­

t e i n  by PAGE were pooled and c o nc e n t r a t e d  by ul t r a f i  1 t r a t i o n  

in an Amicon model 52 and then d i a l y z e d  a g a i n s t  stock b u f f e r  

f o r  2 days.
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Ant i gen p r e p a r a t i o n .  Whole v i r u s  was d i l u t e d  to 0.4mg/ml  and 

d i a l y z e d  a g a i n s t  stock b u f f e r  f o r  one week.  Monomer NA was 

prepa red by d i a l y s i s  o f  p u r i f i e d  NA at  a c o n c e n t r a t i o n  of  

0.04mg/ml  a g a i n s t  2mM C a C ^ *  Using (3H) T r i t o n  X-100 t h i s  

l a b o r a t o r y  has de t er mi ned t h a t  t h i s  procedure removed more 

than 98% of  T r i t o n  X-100 ( M a r k o v i t z  and Bucher ,  u n pu b l i s h e d ) .  

Liposomal  NA was prepared by mi x i ng p u r i f i e d  NA at  a f i n a l  

concent  r a t i  on of  0.4mg/ml  wi t h  t he  l i p i d  mi x t u r e  in a N A : 1 i p i d 

wei ght  r a t i o  of  1 : 100 .  The l i p i d  mi x t u r e  c ons i s t e d  of  l e c ­

i t h i n ,  s t e a r y l a m i n e  and c h o l e s t e r o l  in a 7 : 2 : 1  wei ght  r a t i o  

( l i p i d s  were ob t a i ned  from Grand I s l a n d  B i o l o g i c a l s ) .  L i p o ­

somes were d i a l y z e d  a g a i n s t  2mM C a C ^  f o r  one week.  Soni cat ed  

l i posomes were prepared by 15 minutes s o n i c a t i o n  at  room temp­

e r a t u r e  . Due t o  i n s t a b i l i t y  of  the l i posomal  NA a c t i v i t y ,  

a l l  NA l iposomes were f r e s h l y  prepared f o r  secondary immuniza­

t i o n .

A l l  d i a l y s i s  b u f f e r s  were changed d a i l y .  Fo l l owi ng  d i a ­

l y s i s ,  a n t i g e n  s o l u t i o n s  were d i l u t e d  stepwi se wi t h  d i a l y s i s  

b u f f e r  u n t i l  doses were in f i n a l  volumes of  0 . 2 5 ml .

E l e c t r o n  Mi croscopy .  Wi t h i n  two days of  pr i mar y  i mmuni zat i on  

neur ami n i dase  p r e p a r a t i o n s  in a l l  forms were a p p r o p r i a t e l y  

d i l u t e d  and mounted on carbon coated Formvar g r i ds  by a p p l i c a ­

t i o n  of  a drop of  sample t o  the g r i d  f o r  1 - 2  mi nut es .
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S t a i n i n g  was wi t h  1% uranyl  a c e t a t e  f o r  one mi nute .  Gr ids  

were photographed the  day of  p r e p a r a t i o n .  Dur ing the f o u r t h  

week t h e  s t a b i l i t y  of  p r e p a r a t i o n s  was checked by e l e c t r o n  

mi croscopy.

Dens i t y  Gr a d i e n t  C e n t r i f u g a t i o n .  Neurami ni dase l iposomes were 

prepared as de sc r i be d  above and the  p r e p a r a t i o n  brought  to 45% 

( we i gh t / v o l ume )  sucrose by a d d i t i o n  of  85% sucrose.  This  

s o l u t i o n  was l a y e r e d  over  t he 60% sucrose cushi on of  a 5 - 30% 

sucrose g r a d i e n t .  C e n t r i f u g a t i o n  was at  25 , 000  rpm f o r  18 

hours at  5°C i n a Beckman SW 41 r o t o r .  F r a c t i o n s  ( 0 . 6 m l )  were 

c o l l e c t e d  and absorbance at  260nm was moni t or ed .  Neur a mi n i ­

dase a c t i v i t y  was moni tored i mmedi a t e l y  using l p l  volumes wi t h  

a 30 mi nut e  i n c u b a t i o n  a t  37°C.  F r a c t i o n s  were d i a l y z e d  to 

remove sucrose and reassayed f o r  enzymat i c  a c t i v i t y .

I mmuni zat i on P r o t o c o l .  A t o t a l  of  ni ne 3- 4  month old r a b b i t s  

were used to t e s t  each form of  a n t i ge n  - -  t h r e e  at  each dose 

l e v e l .  Animals were immunized on day 0 ( p r i mar y  i mmuni zat i on)  

and boosted ( secondary  i mmuni za t i on)  on day 40 wi t h  the  same 

dose.  A l l  i mmuni zat i ons were i n t r avenous  (no ad j uvant  was 

used) .  Bl eedi ngs  were taken on days 0,  10,  28,  40 ,  and 47.

D e t e r m i n a t i o n  of  an t i body  t i t e r s .  The Neuraminidase I n h i b ­

i t i o n  ( N I )  and He mag g l u t i na t i on  I n h i b i t i o n  ( H I )  assays were 

per formed on a l l  sera as de scr i bed  in Appendix I I  and I I I .
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The NI t i t e r  i s expressed as the i n v e r s e  of  the  t i t e r  at  which 

50% i n h i b i t i o n  of  c o n t r o l  l e v e l  a c t i v i t y  was observed.  Actual  

t i t e r s  were de r i v e d  by p l o t t i n g  % a c t i v i t y  ag a i n s t  d i l u t i o n  on 

semi log paper  and f i t t i n g  t he l i n e  by eye.

HI assays were per formed in m i c r o t i t e r  p l a t e s  a t  4°C.  In 

a l l  cases HI was per formed in d u p l i c a t e  using both X-7( H1N2)  

and NWS(HINI )  s t r a i n s :  t he  HA of  X-7 is d e r i v e d  from NWS: the  

NA i s  a n t i g e n i c a l l y  d i s t i n c t .

RESULTS

P u r i f i c a t i o n .  As assayed by SDS PAGE, neur ami ni dase p r e p a r a ­

t i o n s  used f o r  an t i gen  p r e p a r a t i o n  appeared pure ( F i g .  7 . 1 ) .  

Heavy l o a d i ng  of  gels r e v e a l e d  a band which c o - mi g r a t e d  wi t h  

n u c l e o p r o t e i n  (NP) under  non- r educ i ng and reduci ng c o n d i t i o n s ,  

and did not  s t a i n  f o r  ca r b ohy dr a t e  wi t h  p e r i o d i c  a c i d - S c h i f f s  

r e ag ent ;  n u c l e o p r o t e i n  i s  n o n - g l y c o s y l a t e d  and r e du c t i o n  

i n s e n s i t i v e .  We assume t h a t  any he ma ggl u t i n i n  cont a mi na t i on  

would c o n s t i t u t e  c o n s i d e r a b l y  l es s  than 5-10% of  the  t o t a l  

p r o t e i n  in the  p r e p a r a t i o n s .
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S p e c i f i c  A c t i v i t y .  Tabl e  7.1 gi ves t he  s p e c i f i c  a c t i v i t i e s  of  

t he  va r i o u s  an t i gen  f orms.  The s p e c i f i c  a c t i v i t y  of  i n t a c t  

v i r u s  was c a l c u l a t e d  on t he assumpt ion t h a t  neur ami ni dase con­

s t i t u t e d  10% of  X-7 v i r a l  p r o t e i n  (Bucher  and K i l b o u r n e ,

1 9 7 2 ) .  As can be seen,  s p e c i f i c  a c t i v i t y  was c h a r a c t e r i s t i c  

of  a n t i g e n  form and v a r i e d  up t o  ten f o l d .  The l i posomal  

p r e p a r a t i o n  was the  most a c t i v e ,  f o l l o w e d  by monomer,  v i r a l  

and then aggregat ed neurami ni dase forms.

When t he  neurami ni dase assay is per formed in t he  presence  

of  T r i t o n  X-100 t h e r e  i s  a t h r e e - f o l d  i n c r e a s e  in the  a c t i v i t y  

of  l i posomal  NA and a t w o - f o l d  i n c r e a s e  in the  a c t i v i t i e s  of  

the  o t h e r  forms.  The t h r e e - f o l d  i nc r e a s e  in l i posomal  a c t i v ­

i t y  coul d r e f l e c t  r e l e a s e  o f  NA t r apped  in the  i n t e r i o r  l a m e l ­

l ae  of  m u l t i - 1 a m e l 1ar  l i posomes.

S t a b i l i t y .  Tab l e  7.1 a l so shows the s t a b i l i t y  o f  these pr epa ­

r a t i o n s  ( s t o r e d  at  4°C)  over  the  course of  the  ex per i ment .

The two f o l d  i nc r e as e  in monomer a c t i v i t y  may r e f l e c t  i n s t a ­

b i l i t y  of  t h i s  form:  t h i s  l a b o r a t o r y  has observed an i ncr e ase

i n NA a c t i v i t y  of  X-7 s t or ed  at  4°C.  The a c t i v i t y  o f  i n t a c t  

v i r u s  decreased by h a l f  and t h a t  of  l i posomes decreased f o u r ­

f o l d .  Liposomal  a c t i v i t y  d i d  not decrease below t h a t  of  

a ggr ega t ed .  Because of  the decrease in l i posomal  NA a c t i v i t y  

and because t he NA l iposomes appeared to de gener a t e  wi t h  t i me
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as r e v e a l e d  by e l e c t r o n  mi croscopy,  f r e s h  NA l iposomes were 

prepared and used f o r  secondary i mmuni za t i on .

E l e c t r o n  Mi c r ogr aphs .  Monomer NA ( F i g .  7 . 2 a )  e x i s t e d  predomi -

n a n t l y  i n t he monomer form a l t hough in some f i e l d s  smal l

aggr egat es  of  NA were observed ( not  shown) .  Monomers were

a l i g n e d  head up so t h a t  the doughnut  form of  t he t e t r a m e r i c  
o e

head (~80A x 80A) was c l e a r l y  v i s i b l e .  No NA s t a l k s  or  t a i l s  

were v i s u a l i z e d .  No HA t r i m e r s  were i d e n t i f i e d .

Aggregat ed NA ( F i g .  7 . 2 b )  e x i s t e d  in both t he aggregated  

and unaggregated forms.  About h a l f  of  aggregat ed NA e x i s t e d
O

as monomer.  Aggregates ranged in s i z e  up t o  ~350A and had the  

appearance of  s o l i d  b a l l s .  The NA s t a l k s  and hydrophobic  

t a i l s  were not  v i s i b l e .

A t y p i c a l  f i e l d  of  NA l iposomes in shown in F i g .  7 . 2 d .  

Severa l  l a r g e  smooth sur f aced v e s i c l e s  can be seen.  The 

f i e l d s  of  NA l iposomes were c h a r a c t e r i s t i c a l l y  studded wi t h  

e l e c t r o n - 1u c e n t , "mi ni somes": these  are not seen in f i e l d s  of

p l a i n  l iposomes ( F i g .  7 . 2 c ) .

Sucrose De n s i t y  Gr ad i en t  C e n t r i f u g a t i o n .  Ana l ys i s  of  neurami ­

n i dase l iposomes by upwards f l o t a t i o n  on a 10-30% sucrose g r a ­

d i e n t  w i t h  a 60% sucrose cushi on,  i n d i c a t e d  t h a t  neurami ni dase  

was a s s oc i a t ed  wi t h  l i  posomes of  heterogeneous d e n s i t i e s  ( F i g .
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7 . 3 ) .  A s s o c i a t i o n  of  neur ami ni dase  wi t h  l i p i d  is demonst rated  

by i t s  a b i l i t y  to f l o a t  under t he  c o n d i t i o n s  of  c e n t r i f u g a ­

t i o n .

Immunogeni c i t y  s t u d i e s .  F o l l owi ng  pr i mary  i mmuni zat i on wi t h  

a l l  a n t i g e n  f orms,  NI t i t e r s  were low or  not  d e t e c t a b l e  ( Tab l e  

7 . 2 ) .  Secondary i mmuni za t i on r e v e a l e d  t h a t  a l l  a n t i gen  forms 

had pr imed at  the h i ghes t  dose l e v e l  ( T a b l e  7 . 2  and F i g .  7 . 4 ) .  

The response to monomer was l owest  and was very  s p o t t y  (one 

animal  responding w e l l ,  one,  p o o r l y ,  and one not  al  a l l  ( F i g .

7 . 4 ) ,  c o n f i r m i n g  our  o r i g i n a l  o b s e r v a t i o n  on the  v a r i a b l e  

i mmunogeni c i t y  of  p u r i f i e d  NA p r e p a r a t i o n s  t h a t  were not  

a ggr ega t ed .  The secondary NI response to aggregated NA was 

t he  h i g h e s t :  f o u r - f o l d  g r e a t e r  than t o  monomer (P< 0 . 0 1 )  and 

t w o - f o l d  g r e a t e r  than than t h a t  e l i c i t e d  by i n t a c t  v i r u s .  At 

t he  median dose l e v e l ,  no response was made to monomer NA and 

t i t e r s  t o  v i r a l ,  aggr egat ed and l i posomal  NA were low and 

i n d i s t i n g u i s h a b l e  from each o t h e r .

The r e s u l t s  conf i r m t h a t  monomer NA i s  a poor an t i gen  and 

i n d i c a t e  t h a t  aggregat ed and l i posomal  NA are  capabl e  of  pr i m­

ing t o  a NA response equal  to or  b e t t e r  than t h a t  of  i n t a c t  

v i r u s .  The e q u i v a l e n c e  of  t he aggregat ed and l iposomal  forms 

of  NA i n d i c a t e  t h a t  a s s o c i a t i o n  wi t h  l i p i d  per  se di d not  

improve t he ant i body response t o the  NA a n t i g e n .
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DISCUSSION

The pr i mar y  purpose o f  t h i s  exper i ment  was to de t er mi ne  

i f  a p u r i f i e d  g l y c o p r o t e i n  could be mani pu l a t ed  in such a way 

as t o  r e s u l t  in a h i g h l y  immunogenic product  which i s  pot en­

t i a l l y  s u i t a b l e  f o r  vacc i ne  purposes.  We were ab l e  to demon­

s t r a t e  t h a t  t he  p u r i f i e d  NA mol ecul e  of  i n f l u e n z a  A was as 

immunogenic as the NA in whole v i r u s  i f  i t  were aggregat ed or  

i n c o r p o r a t e d  i n t o  l i posomes.

In the  exper i ment s  present ed in t h i s  c h a p t e r ,  we show 

t h a t  i mmunogeni c i t y  c o r r e l a t e s  b e t t e r  w i t h  ag gr e ga t i o n  than  

wi t h  a c t i v i t y :  aggregat ed NA being the  immunologi cal  e q u i v a ­

l e n t  of  l i posomal  NA which had a n i n e - f o l d  h i ghe r  s p e c i f i c  

a c t i v i t y .  This i s in accordance wi t h  t he f i n d i n g s  of  H e l e n i -  

u s 1 l a b o r a t o r y  (Morei n e t  a l . , 1978;  Ba l car ova  e t  a l . ,  1981)  

in s t u d i e s  of  SFV g l y c o p r o t e i n  va c c i ne s ,  where t hey  found no 

advantage of  l i posomal  a s s oc i a t ed  p r o t e i n  over  aggregat ed pr o­

t e i n .

S o n i c a t i o n  of  NA l iposomes ( da t a  not shown) reduced immu­

n o g e n i c i t y ;  on l y  one r a b b i t  o f  t h r e e  r e c e i v i n g  lOpg of  s o n i ­

ca t ed l i posomal  NA had a measureable N I .  S o n i c a t i o n  d r a m a t i ­

c a l l y  a l t e r e d  the  morphology of  the  l i posomes:  f o l l o w i n g

s o n i c a t i o n  t he  spheroi d l iposomes were seen to possess m u l t i -
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pi e  my e l i n  type forms p r o j e c t i n g  from the s u r f a c e .  S o n i c a t i o n  

a l so  reduced NA a c t i v i t y  about  o n e - t h i r d  and l ed to e a r l i e r  

l oss of  NA a c t i v i t y ( T a b l e  7 . 1 ) .  Oxford and a s s o c i a t e s ( 1981)  

have r e po r t e d  t h a t  HA l iposomes formed by s o n i c a t i o n  were more 

immunogenic than aggregat ed HA. They di d not compare immuno­

g e n i c i t y  o f  p u r i f i e d  HA samples wi t h  t h a t  of  HA in whole 

v i r u s .  The d i s p a r i t y  between Ox f o r d ' s  r e s u l t s  and those  

obt a i ned  by He l e n i u s '  l a b o r a t o r y  coul d wel l  be due t o  e i t h e r  

t he  d i f f e r e n c e  in l i p i d s  an d / o r  the v a r i a t i o n  between p r o t e ­

i n s ,  i . e .  l i p i d s  could serve  to enhance t he  i mmunogeni c i ty  of  

HA but  not  serve t h a t  f u n c t i o n  f o r  o t h e r  p r o t e i n s .  I t  may 

a l so  be t h a t  HA i s  s t a b l e  t o  s o n i c a t i o n  w h i l e  NA i s  not .  

Moreover ,  the  1 i p i d - p r o t e i n  a s s o c i a t i o n s  formed by s o n i c a t i o n  

may be q u i t e  d i f f e r e n t  f rom those formed when l iposomes are  

made by d i a l y s i s .  When l iposomes are formed by d i a l y s i s  

( He l e n i u s  et  a l . , 1977)  the  p r o t e i n  spi kes appeared o r i e n t e d  

outward as t hey  are in the  v i r i o n .  In c o n t r a s t  l iposomes  

formed by s o n i c a t i o n  in Ox f o r d ' s  l a b o r a t o r y  showed the  p r o t e i n  

o r i e n t e d  both e x t e r n a l l y  and i n t e r n a l l y .  The d i a l y s i s  method 

of  l i posomal  f o r ma t i o n  may pr ov i de  f o r  a more o r d e r l y  t r a n s i ­

t i o n  of  the  p r o t e i n  back i n t o  the l i p i d  b i l a y e r .  I t  remains 

t o  be seen i f  t he  1 i p i d - p r o t e i n  i n t e r a c t i o n s  formed by both 

methods are e q u i v a l e n t .
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I t  would appear  t h a t  a ggr ega t i on  i s  not the sol e  d e t e r m i ­

nant  of  i mmunogeni c i t y ;  the  e l e c t r o p h o r e t i c a l l y  p u r i f i e d  NA 

p r e p a r a t i o n s  of  Laver  and V a l e n t i n e  ( 1969)  c ont a i n  aggregat ed  

NA but are  r e p o r t e d  t o  be poor l y  immunogenic (Webster  and 

La v e r ,  1 9 6 7 ) .  In t h i s  regard i t  i s  of  i n t e r e s t  t h a t  our  

aggregat ed NA p r o t e i n  (which was immunogenic)  has a very d i f ­

f e r e n t  appearance f rom t h a t  of  e l e c t r o p h o r e t i c a l l y  p u r i f i e d  

NA. Our aggr egat es  appear  very s i m i l a r  t o  SFV aggregat ed spi ke  

p r o t e i n  (Simons e t  a l . ,  1 9 7 8 ) .  I t  i s p o s s i b l e  t h a t  i s o l a t i o n  

by SDS e l e c t r o p h o r e s i s  induces permanent  co nf or mat i ona l  

changes in t h e  NA mol e c u l e .  We have observed t h a t  denat ured  

( e n z y m a t i c a l l y  i n a c t i v e )  t e t r a m e r i c  NA p u r i f i e d  by SDS chroma­

t ogr aphy i s  s t i l l  capabl e  of  i n t e r a c t i n g  wi t h  l i p i d  ( Chapt er  

9 ) ,  i n d i c a t i n g  t h a t  d e n a t u r a t i o n  does not  a f f e c t  the  a b i l i t y  

of  NA t o  ma i n t a i n  conf or mat i on  of  t h a t  p o r t i o n  of  the  mol ecul e  

which is capab l e  of  hydrophobic i n t e r a c t i o n s .

Severa l  i n t e r e s t i n g  c onf or mat i ona l  dependent  d i f f e r e n c e s  

in neurami ni dase  were noted.  As ment ioned t h e r e  were l a r g e  

d i f f e r e n c e s  in the  s p e c i f i c  a c t i v i t i e s  of  d i f f e r e n t  forms:  

e s p e c i a l l y  d r a ma t i c  was the  n i n e - f o l d  d i f f e r e n c e  in the  spe­

c i f i c  a c t i v i t i e s  of  aggregat ed and l i posomal  neur ami ni dase .  

D i f f e r e n c e s  were a l so  observed by e l e c t r o n  mi croscopy.

Monomer NA was shown to be pr edomi nant l y  in t he unaggregated
O

s t a t e  wi t h  a head s i z e  (80 x80A) and appearance very s i m i l a r
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t o  t h a t  r e p o r t e d  by o t h e r s ( L a v e r  and V a l e n t i n e ,  1969;  Wr i g l e y  

et  a l . , 1 9 7 3 ) .

I t  was d i f f i c u l t  t o  c h a r a c t e r i z e  t he  appearance o f  NA in  

l i posomal  p r e p a r a t i o n s . NA di d  not appear  as t he  expected  

s l e n d e r  s t a l k ,  but  appeared t o  aggr ega t e  in the l i p i d  ( F i g .

7 . 2 d ) .  The d i f f e r e n t  appearance of  NA aggr ega t es  and NA m i n i -  

somes, as wel l  as the  d r a m a t i c a l l y  d i f f e r e n t  s p e c i f i c  a c t i v i ­

t i e s  of  the  two forms i n d i c a t e d  t h a t  the  a s s o c i a t i o n  of  NA 

wi t h  l iposomes seen on sucrose d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  

was not due t o  e l e c t r o s t a t i c  i n t e r a c t i o n  between NA aggregat es  

and l i p i d  but r e pr es en t ed  ac t ua l  i n c o r p o r a t i o n  of  NA i n t o  

l i pi d.

Oxford and c o l l e a g ue s  ( 1981 )  have r e po r t e d  t h a t  n o n - i o n i c  

d e t e r g e n t  p u r i f i e d  NA appeared t o  be onl y s u p e r f i c i a l l y  asso­

c i a t e d  w i t h  l iposomes:  i n  t h e i r  exper i ment s  1 i p i d - p r o t e i n  

i n t e r a c t i o n  was e f f e c t e d  by s o n i c a t i o n .  I t  may be t h a t  f orma­

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

t e i n  i n t e r a c t i o n  than i s  seen wi t h  the  s o n i c a t i o n  method.  In 

our e x pe r i e nc e  s on i ca t e d  NA l iposomes l o s t  immunogeni c i ty  even 

though s p e c i f i c  a c t i v i t y  onl y decreased by a t h i r d ,  i n d i c a t i n g  

t h a t  some c onf o r mat i ona l  change had occured.

In a n a l y z i n g  the p r e d i c t e d  amino ac i d  sequence from the  

known n u c l e o t i d e  sequences of  NI and N2 neurami ni dases ( F i e l d
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e t  a l . ,  1981;  Blok and A i r ,  1980a , b )  i t  i s  noted t h a t  t he  neu­

r ami n i dase  shows a h i g h l y  conserved sequence of  t we l v e  amino 

ac i ds at  the  amino t e r m i n a l ;  s i x  h y d r o p h i l i c  amino ac i ds f o l ­

lowed by a hydrophobic s t r e t c h  which i s  p r e d i c t e d  to pr ov i de  

l i p i d  anchorage.  In l i g h t  of  what i s  known of  t he s t r u c t u r e  

of  o t h e r  membrane g l y c o p r o t e i n s  these aut hors  p r e d i c t  t h a t  NA 

would be a t ransmembrane p r o t e i n  w i t h  t he amino t e r mi n a l  

s t r e t c h  of  h y d r o p h i l i c  amino ac i ds appear i ng  on the  c y t o ­

pl asmic s i de  of  the  membrane where t hey  may serve some r ecog­

n i t i o n  f u n c t i o n .

I t  may be t h a t  our f a i l u r e  to v i s u a l i z e  spi kes on NA 

l i posomes i s  a r e s u l t  o f  the  f a c t  t h a t  NA i s  deepl y  embedded 

in l i p i d .  Such a conf or mat i on  would be c o n s i s t e n t  wi t h  the  

hypot hes i s  t h a t  neurami ni dase is a t ransmembrane p r o t e i n ,  i . e .  

t he  s t a l k - t a i l  l e n g t h  of  100A r ep o r t e d  by Wr i g l e y  and Laver
O

and V a l e n t i n e  would a l l o w  70A f o r  t r a v e r s i n g  t he l i p i d  b i l a y e r  

and 30A o f  s t a l k  (and 40A of  head) ex t end i ng  from t he l i p i d  

s u r f a c e .  More d e t a i l e d  s t ud i e s  are needed as a t  pr esent  i t  i s  

d i f f i c u l t  t o  say wi t h  conf i dence  what conf or mat i on  the NA 

a c t u a l l y  assumes in the  v i r i o n ,  as l engt h  measurements are  

made of  the  v i r a l  f r i n g e  i . e .  viewed in p r o f i l e ,  and from t h i s  

angl e  i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  NA f rom t he f a r  more 

numerous HA s p i k e s .
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SUMMARY

One promi s i ng approach t o  vacci nes a g a i n s t  i n f l u e n z a  and 

o t h e r  envel oped v i r u s e s  i s  t he  use of  p u r i f i e d  v i r a l  g l y c o p r o ­

t e i n  vacc i nes  ( Neur a t h  and Rubi n,  1971;  Crumpacker ,  1 9 80 ) .  

G l y c o p r o t e i n  vacci nes have thus f a r  shown themsel ves to be of  

low r e a c t o g e n i c i t y ;  t hey  have t he  advantage of  immunizing to  

onl y  t he an t i gens  capabl e  of  i nduc i ng r e l e v a n t  a n t i b o d i e s ;  and 

in the  case of  v i r u s e s  which have t he p o t e n t i a l  t o  be l a t e n t ,  

p u r i f i e d  p r o t e i n  vacc i nes  appear  t o  be a s a f e r  immunogen than  

whole v i r u s  vac c i nes .

The maj or  o b s t a c l e  t o  the  use of  p u r i f i e d  i n f l u e n z a  A 

v i r a l  g l y c o p r o t e i n  vacci nes has been t h e i r  r e l a t i v e l y  poor  

i mmunogeni c i t y  ( Neura t h  and Rubi n,  1 9 7 1 ) .  We have shown the  

NA of  i n f l u e n z a  to be as e f f e c t i v e  an a n t i ge n  in aggregat ed or  

l i posomal  form as in i n t a c t  v i r u s ,  whereas in monomer form i t  

was very poor l y  immunogenic.

As t h e r e  i s ev i dence  t h a t  the immune response t o NA in 

primed humans i s  dampened by the  presence o f  t he HA a n t i g e n  

( Chapt e r  3 ) ,  i t  i s  p o s s i b l e  t h a t  the  i mmunogeni c i ty  of  aggr e ­

gated NA i n humans may be even g r e a t e r  than is i n d i c a t e d  by 

t he  NI response in r a b b i t s .
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As t h e r e  i s  no immunologi cal  advantage t o  l iposomes over  

aggr egat ed NA, and as i mmunogeni c i t y  d i d  not c o r r e l a t e  wi t h  

enzymat i c  a c t i v i t y  but  w i t h  t he  s t a t e  o f  a g g r e g a t i o n  i t  i s  

concl uded t h a t  a g g r e g a t i o n ,  whether  i n t o  p r o t e i n  or  l i p i d  

m i c e l l e s ,  i s  a b e t t e r  p r e d i c t o r  o f  i mmunogeni c i t y  than enzyme 

a c t i v i t y .  This is not  t o  say t h a t  enzyme a c t i v i t y  i s  not  

needed,  or  t h a t  a change in t he NA a c t i v i t y  o f  an a n t i g e n  form 

was not  an i n d i c a t i o n  o f  change in c onf o r mat i on  (as seen wi t h  

s on i c a t e d  l i p os o me s) .

As aggr egat ed NA was as immunogenic as l i posomal  NA and 

because o f  t he  i n s t a b i l i t y  of  l i posomal  NA, i t  would appear  

t h a t  aggregat ed NA i s  t h e  b e t t e r  c a nd i da t e  f o r  a p u r i f i e d  NA 

vacci  ne.
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F i gu r e  7 . 1 .  SDS p o l y a c r y l a mi d e  gel  of  p u r i f i e d  neur ami ni dase .  

A f f i n i t y  p u r i f i e d  neurami ni dase was c o nc e n t r a t e d  and then d i a -  

l yz ed  t o  reduce T r i t o n  X-100 c o n c e n t r a t i o n  to about  3%. 20pg 

by t he  Lowry assay was l oaded on a 10% SDS PAGE gel  and run at  

3ma/gel  tube t i l l  t he dye f r o n t  had mi gr a t e d  to the  end of  the  

t u be .  Under these c o n d i t i o n s  NA mi gr a t e s  wi t h  an approxi mate  

mo l e c u l a r  wei ght  of  240 , 0 00  dal  t o n s ( Bucher and K i l b o u r n e ,

1 9 7 2 ) .



..
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F i gur e  7 . 2 a .  Monomer form of  the  neur ami n i dase .  P u r i f i e d  NA 

was brought  t o  0.1% T r i t o n  X-100 c o n c e n t r a t i o n  by one week 

d i a l y s i s  a g a i n s t  0.1% T r i t o n  X - 100 ,  2mM CaCl2 * Samples were 

mounted on carbon coated Formvar g r i d s  and s t a i n e d  wi t h  1% 

uranyl  a c e t a t e  as de scr i bed  in t e x t .  NA heads measure - 8 0  x 

80A. Bar r e pr e s e nt s  500A.  F i na l  m a g n i f i c a t i o n ,  14 8 , 0 0 0 .  E l e c ­

t r o n  mi crograph by Dr.  J.  Schwar t z .
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F i gu r e  7 . 2 b .  Aggregat ed Form of  Neurami ni dase.  P u r i f i e d  NA 

was d i a l y z e d  a g a i n s t  2mM C a C ^  f o r  one week,  a t  the  end of  

which t i me T r i t o n  X-100 l e v e l s  were below d e t e c t i o n .  This  

procedure aggregat ed about  h a l f  of  the  the  NA mol e c u l e s .  This  

f i e l d  showed a h i ghe r  pe r cent age  in aggregat ed form.  Aggre­

gates v a r i e d  in s i z e  up t o  ~350A.  Bar r e pr es e nt s  1000A.

F i na l  m a g n i f i c a t i o n ,  1 6 5 , 0 0 0 .  E l e c t r o n  micrograph by Dr .  J.  

Schwar tz .
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F i g u r e  7 . 2 c .  P l a i n  Liposomes.  Liposomes were d i a l y z e d  

a g a i n s t  2mM C a C ^  f o r  one week.  The pleomorphism and aggrega­

t i o n  appear  t o  be ca l c i um ion e f f e c t s  on the membrane.  Bar  

r e p r e s e n t s  1000A.  F i na l  m a g n i f i c a t i o n ,  1 5 8 , 0 0 0 .
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Fi gur e  7 . 2 d .  Neurami ni dase Liposomes o f  1.07gms/ml  d e n s i t y .  

Note the presence of  "mi ni somes" ,  smal l  v e s i c l e s  t h a t  range in
O

s i z e  up t o  600 A, and l a r g e r  v e s i c l e s .  P a r t i c l e s  a p p r o x i ­

mat e l y  t he  s i z e  of  NA heads can be seen aggregat ed on 

the  s u r f a c e  of  t he v e s i c l e s  ( a r r o w s ) .  Bar r e pr es ent s  1000A.  

Fi na l  m a g n i f i c a t i o n ,  1 5 8 , 0 0 0 .



w A
vLv>.\' --jS

£21 -



-  124

Fi gur e  7 . 3 .  F l o t a t i o n  o f  NA Liposomes on Sucrose Den s i t y  Gra­

d i e n t .  NA l ipsomes or  p l a i n  l iposomes in 45% sucrose s o l u t i o n  

were l a y e r e d  over  t he  60% cushi on o f  a 10-30% sucrose g r a d i e n t  

made w i t h  2mM C a C ^ ,  and c e n t r i f u g e d  at  25 , 0 0 0  rpm f o r  18 

hours a t  5°C i n  a Beckman SW 41 r o t o r .  0.6ml  f r a c t i o n s  were 

c o l l e c t e d  and absorbance a t  260nm was moni t o r ed .  NA a c t i v i t y  

was assayed on d i a l y z e d  samples as d escr i bed  in m a t e r i a l s  and 

methods.  The upwards f l o t a t i o n  o f  NA wi t h  l i p i d  i n d i c a t e d  

a s s o c i a t i o n  wi t h  l i p i d .  NA a c t i v i t y  was a s s o c i a t e d  wi t h  l i p i d

(A260nm^ densi t -y 1 • 1 8-1 . 03gm/ml . P l a i n  l iposomes ---------- ; NA

l i p o s o m e s ------------ ; NA a c t i v i t y  d e n s i t y  —------------ .
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F i g u r e  7 . 4 .  F i na l  Day NI T i t e r s .  Three ani mal s were immun­

i z e d  t w i c e  w i t h  10,  1 or  0 . 1  MO of  NA i n  i n t a c t  v i r u s ,  

monomer,  aggr ega t ed  or  l i posomal  form as descr i bed in m a t e r i ­

a l s  and methods.  Animals were bl ed seven days a f t e r  secondary  

i mmuni za t i on  and NI t i t e r s  were c a l c u l a t e d  as descr i bed in the  

t e x t .  No response t o  t he  O. l pg  l e v e l s  were seen.  At the  10pg 

NA dose l e v e l  aggregat ed NA was s i g n i f i c a n t l y  more immunogenic 

(P < 0 . 1 )  t han monomer. The NI response to aggregated NA i s  

t w o - f o l d  h i gh e r  than t he  NI response to whole v i r u s  but  t h i s  

i s  not s t a t i s t i c a l l y  s i g n i f i c a n t ( t h e r e  is a gr ea t  v a r i a t i o n  in 

i n d i v i d u a l  r a b b i t  response and the number of  r a b b i t s  in each 

group i s  s m a l l ) .
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Fi gur e  7 . 5 .  C o r r e l a t i o n  of  Enzyme A c t i v i t y  wi t h  Immunogen.i c-  

i t y .  The mean f i n a l  NI t i t e r  f o l l o w i n g  secondary i mmuni zat i on  

of  ani mal s r e c e i v i n g  lOjjg NA doses was d i v i d e d  by t he  s p e c i f i c  

a c t i v i t y  on day 0.
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Tabl e  7.1, .  Enzymat ic S t a b i l i t y  of  NA Samples Over the  Course 

of  t he  Exper i ment .  Enzyme a c t i v i t y  is expressed as s p e c i f i c  

a c t i v i t y ( pM/ mi n / mg) . The s p e c i f i c  a c t i v i t y  o f  i n t a c t  v i r u s  is  

c a l c u l a t e d  on the  bas i s  t h a t  NA c o n s t i t u t e s  10% of  v i r a l  pr o­

t e i n ,  i . e .  t he  s p e c i f i c  a c t i v i t y  o f  v i r u s  on day 0 was 0 . 2  

juM/min/mg of  t o t a l  p r o t e i n .  Samples were s t o r e d  a t  4°C and 

assayed on days i n d i c a t e d .

a ) .  Assay was per f ormed i n t he  presence of  0.1% T r i t o n  X- 100 .  

Number r e pr e s e n t s  average f o l d  i nc r ea s e  in s p e c i f i c  a c t i v i t y  

done in d u p l i c a t e  of  t h r e e  assays on t h r e e  d i f f e r e n t  days.

b ) .  S p e c i f i c  a c t i v i t y  o f  f r e s h l y  prepared l i posomal  NA used 

f o r  secondary i mmuni za t i on .



131

TABLE 7 . 1

Immunogen Day T r i t o n  X-100

0 8 19 36 Enhancement Fact or

I n t a c t  Vi r u s ( X - 7 ) 2.  0 0 . 9  0.  9 0.  9 2

Monomer NA 4 . 0  5 . 3  4 . 5  7 . 9  1

Aggregat ed NA 1 . 0  1 . 3  1 . 2  1 . 2  2

Liposomal  NA 9 . 5  2 . 75  2 . 5  2 . 9  3

( 1 2 . 5 ) b

Liposomal  NA N.D.  3 . 0  0 . 5  N.D.  N.D.

s on i c a t ed  ( 7 . 0 3 )  b
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Ta bl e  7 . 2 .  Average NI Responses t o  Secondary I mmuni za t i ons .  

Secondary NI t i t e r s  r e p r e s e n t  t he  average of  the  t h r e e  animals  

a t  each dose 1e v e l .
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Tabl e  7 . 2

Immunogen dose
o

2 NI Response

(|jg)
100

47d

380

I n t a c t  V i rus 10 117

( X - 7 ) 1 -

10 175

Momomer NA 1

0. 1 -

10 757

Aggregated NA 1 34

0. 1 -

10 538

Liposomal  NA 1

n i

158



CHAPTER 8.  INCORPORATION OF M PROTEIN INTO LIPOSOMES

INTRODUCTION

THE M ( m a t r i x  or  membrane) p r o t e i n  i s  a maj or  p r o t e i n  

c o n s t i t u e n t  of  t h r e e  groups of  envel oped v i r u s e s :  or thomyxo­

v i r u s e s  ( i n f l u e n z a  v i r u s e s ) ;  pa r a my x ov i r us e s ; and r habdov i -  

ruses ( F e nn er ,  1 9 7 0 ) .  These groups o f  v i r u s e s  are d e f i n ed  as 

envel oped because the e x t e r n a l  g l y c o p r o t e i n  a n t i gens  are s i t u ­

at ed in a l i p i d  b i l a y e r .  In the  case of  i n f l u e n z a  v i r u s ,  M 

p r o t e i n  appears t o  form an e l e c t r o n - d e n s e  l a y e r  i n s i d e  the  

l i p i d  b i l a y e r  (Compans and Dimmock,  1969;  Bachi  e t  a l . ,  1969;  

Choppin and Compans, 1 9 7 5 ) .  Al though the  M p r o t e i n  is the  

most abundant  p r o t e i n  in t he  v i r u s  p a r t i c l e ,  r e l a t i v e l y  l i t t l e  

i s  known about  i t s  f u n c t i o n ,  perhaps in p a r t  due t o  i t s  hydro-  

phobic p r o p e r t i e s  ( Gr egor i ades  , 19 73 ) .
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SDS gel  chromatography permi t s  the  i s o l a t i o n  of  m i l l i ­

gram q u a n t i t i e s  of  M p r o t e i n  ( Bucher ,  1975;  Bucher e t  a l . ,  

1 9 76 ) .  Since the  i n f l u e n z a  v i r i o n  is an envel oped v i r u s ,  we 

examined t he  i n t e r a c t i o n  o f  M p r o t e i n  wi t h  a r t i f i c i a l  l i p i d  

b i l a y e r s ,  or  l i posomes.  An a r t i f i c i a l  system of  M p r o t e i n  and 

l i p i d  should pr ov i de  an i n t e r e s t i n g  model f o r  s t udy i ng the  

f u n c t i o n  of  M p r o t e i n  in t he v i r i o n  and i t s  po s s i b l e  i n t e r a c ­

t i o n  w i t h  the  g l y c o p r o t e i n  sp i kes  an d / o r  t he  r i b o n u c l e o p r o t e i n  

of  i n f l u e n z a  v i r u s .

METHODS

P r e p a r a t i o n  of  M p r o t e i n .  M p r o t e i n  was p u r i f i e d  from a com­

me r c i a l  l o t  of  X-38 (H7N2)  v i r u s  which had been f o r m a l i n  

t r e a t e d  f o r  vacc i ne  use.  The vacc i ne  was the  g i f t  of  L e de r l e  

L a b o r a t o r i e s , Pear l  R i v e r ,  N . Y . .  M p r o t e i n  was i s o l a t e d  by 

SDS gel  chromatography on Bio Gel A-5m (Bi o Rad) columns f o l ­

l owi ng d i s r u p t i o n  of  t he  v i r u s  p r e p a r a t i o n  w i t h  10% SDS. As 

p r e v i o u s l y  d e s c r i b e d ,  M p r o t e i n  e l u t e d  f rom the A-5m column 

under non- r educ i ng c o n d i t i o n s  f o l l o w i n g  the maj or  peak of  hem­

a g g l u t i n i n  and n u c l e o p r o t e i n , w i t h  a mo l e c u l a r  wei ght  of
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25 , 000  da l t ons  (Bucher  et  a l . ,  1 9 7 6 ) .  SDS 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  was per formed as p r e v i o u s l y  de scr i bed  (Bucher  

and K i l b o u r n e ,  1 9 72 ) .

Removal of  SDS from M p r o t e i n .  SDS was removed by cont i nuous  

f l u s h i n g  of  the  M p r o t e i n  p r e p a r a t i o n  w h i l e  t he  p r o t e i n  was 

ma i n t a i n ed  in a l a r g e  volume to promote f o r ma t i on  of  the  

monomer form of  SDS (Reynolds and T a n f o r d ,  1 9 7 0 a ) .  A pp r o x i ­

mat e l y  lOmg of  M p r o t e i n  was d i l u t e d  t o  200 ml wi t h  d i s t i l l e d  

wat er  in an Amicon model 202 u l t r a f i l t r a t i o n  u n i t  equipped  

wi t h  PM-10 membranes.  The u n i t  was connected to an RG12 r e s ­

e r v o i r  (Amicori )  c o n t a i n i n g  4 l i t e r s  o f  d i s t i l l e d  w a t e r .  The 

e n t i r e  4 l i t e r s  of  d i s t i l l e d  wat e r  were f l u s h e d  through the  

200ml of  d i l u t e  M p r o t e i n  s o l u t i o n  and the  M p r o t e i n  sample 

co nc e n t r a t e d  t o  10ml .  The M p r o t e i n  sample was shown t o be 

f r e e  of  SDS by the  absence o f  hemol ysi s o f  an e q u i v a l e n t  v o l ­

ume of  a 0.5% s o l u t i o n  o f  e r y t h r o c y t e s  in m i c r o t i t e r  p l a t e s ;  

t h i s  i n d i c a t e s  a c o n c e n t r a t i o n  below 0.00045% SDS, t he  l ower  

l i m i t  of  d e t e c t i o n  in t h i s  t e s t .

Format i on of  l iposomes c o n t a i n i n g  M p r o t e i n .  The a p p r o p r i a t e  

phos pho l i p i d  mi x t ur e s  were mixed wi t h  M p r o t e i n  and s o l u b i ­

l i z e d  by the use of  o c t y l g l u c o s i d e  (Sigma)  in a r a t i o  of  1 mg 

p r o t e i n  : 5 mg t o t a l  l i p i d s  : 25 mg o c t y l g l u c o s i d e  (Baron and 

Thompson,  1975;  He l en i us  et  a l . ,  1 9 7 7 ) .  A l l  l i p i d s  employed
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were product s  of  Grand I s l a n d  B i o l o g i c a l  Company. Liposomes 

were prepared wi t h  o v o l e c i t h i n  al one or  w i t h  a mi x t u r e  of  l i p ­

ids to  p r ov i de  a net  n e g a t i v e  or  a net  p o s i t i v e  charge.  The 

l i posomes c o n t a i n i n g  a net  n e g a t i v e  charge were prepared in 

t he  mol ar  r a t i o  of  1e c i t h i n : d i c e t y l  pho s pha t e : c h o l e s t e r o l  of  

9 : 2 : 1 :  t he  l iposomes c o n t a i n i n g  a net  p o s i t i v e  charge were 

prepar ed in t he  same mol ar  r a t i o  wi t h  s t e a r y l a m i n e  s u b s t i t u t e d  

f o r  d i c e t y l p h o s p h a t e .  Liposomes formed on d i a l y s i s  of  the  

o c t y l g l u c o s i d e  from the  p r e p a r a t i o n  versus 0.002M C a C ^  a t  4°C 

f o r  48 hours:  t he  d i a l y s i s  medium was r ep l a ced  and d i a l y s i s  

cont i nued  f o r  an a d d i t i o n a l  two days.

Sucrose G r a d i e n t  C e n t r i f u g a t i o n .  Fo l l owi ng  f o r ma t i o n  o f  t he  

l i posomes by d i a l y s i s ,  t he  l iposomes were f r a c t i o n a t e d  by cen­

t r i f u g a t i o n  or  f l o t a t i o n  on sucrose g r a d i e n t s .  The l iposome  

mi x t u r e  (1 ml )  was e i t h e r  o v e r l a i d  on a 10-30% sucrose g r a d i ­

ent  w i t h  a 1 . 5  ml sucrose cushi on of  60% or  pl aced in a l a y e r  

of  40% sucrose between t he  g r a d i e n t  and t he 60% sucrose cush­

ion and the  l iposomes separ a t ed  by f l o t a t i o n .  C e n t r i f u g a t i o n  

was per formed in an SW 27.1 r o t o r  at  120 , 000g f o r  18 hours.  

F r a c t i o n s  were c o l l e c t e d  from the  g r a d i e n t s  and assayed f o r  

p r o t e i n  by t he  Lowry assay (Lowry e t  a l . ,  1 9 5 1 ) ;  one drop of  

10% SDS was added to each assay t o  f a c i l i t a t e  s o l u b i l i z a t i o n  

of  t he  l i posomal  p r e p a r a t i o n .  De n s i t y  of  f r a c t i o n s  was d e t e r ­

mined by r e f r a c t i v e  index measurements.  Liposomal  p r e p a r a ­

t i o n s  were d i a l y z e d  versus d i s t i l l e d  wat er  t o  remove sucrose.
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E l e c t r o n  Mi croscopy.  The l i posomal  suspension was pl aced on 

t he  s u r f a c e  of  carbon coated f ormvar  g r i d s  and s t a i n e d  wi t h  a 

1% aqueous s o l u t i o n  of  uranyl  a c e t a t e .  Freeze f r a c t u r e  was 

per f ormed by a s t andard t e c hn i qu e .  A drop (■~1 u l )  o f  l i posomal  

p e l l e t  i n d i s t i l l e d  wat er  was f r oz e n  on 3 mm Ba l z a r s  gold  

di scs  in Fr eon- 22  cool ed to - 150°C in l i q u i d  n i t r o g e n .  Cryo-

p r o t e c t i v e  agents were not  used.  Discs were mounted on t he

specimen st age of  a Ba l z a r s  BAF-301 u n i t .  The f r a c t u r e  proce-
fi f\dure was c a r r i e d  out at  - 130  C and at  a pr essur e  of  110 

t o r r .  The f r a c t u r e d  su r f a c e  was shadowed wi t h  p l a t i n u m / c a r ­

bon.  The r e p l i c a s  were c l eaned wi t h  sodium h y p o c h l o r i t e  f o r  

a t  l e a s t  6 hours,  r i ns e d  t w i c e  in d i s t i l l e d  w a t e r ,  then  

mounted on e l e c t r o n  mi cr oscopi c  g r i d s .  Specimens were exam­

ined in a JEM-100B e l e c t r o n  microscope at  an i ns t r ument  magni ­

f i c a t i o n  of  3 0 , 0 0 0 .

RESULTS

A l a r g e  p r o p o r t i o n  of  the l iposomes formed in the  p r e s ­

ence of  M p r o t e i n  mi gr a t ed  to a d e n s i t y  of  1 . 2 2  gm/ml wi t h  a
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s m a l l e r  p r o p o r t i o n  of  these  l iposomes having a l i g h t  d e n s i t y  

of  1 . 04gm/ ml ( F i g .  8 . 1 ) .  Liposomes wi t h  no added p r o t e i n  had a 

d e n s i t y  of  1 . 0 3  gm/ml ( F i g .  8 . 1 ) .  Heavy d e n s i t y  l iposomes  

( 1 . 2 0 - 1 . 2 2  gm/ml)  formed in the  presence of  M p r o t e i n  f o r  a l l  

mi x t u r e s  of  l i p i d s  employed;  net  n e ga t i v e  char ge ,  net  p o s i t i v e  

charge or  ne u t r a l  charge ( l e c i t h i n  o n l y ) .  M p r o t e i n  was shown 

t o  be pr esent  in the  heavy d e n s i t y  l iposomes by SDS PAGE ( F i g .  

8 . 2 ).

Liposomes c o n t a i n i n g  M p r o t e i n  wi t h  a net  n e g a t i v e  

charge were chosen f o r  a d d i t i o n a l  s t ud i es  s i nce  t hey appeared  

t o  be more s t a b l e  than p o s i t i v e l y  charged or  n e u t r a l  l i p o ­

somes. A f t e r  s t or age  at  4°C f o r  a one week p e r i o d ,  l iposomes  

wi t h  a net  p o s i t i v e  or  ne u t r a l  charge showed c o n s i d e r a b l e  loss  

of  t he d i s c r e t e  heavy f r a c t i o n  on sucrose g r a d i e n t  c e n t r i f u g a ­

t i o n  w i t h  f o r ma t i on  of  heterogeneous l i g h t e r  components ( dat a  

not  shown) .  The M- l iposomes wi t h  a net  n e g a t i v e  charge main­

t a i n e d  t he  same d i s t r i b u t i o n  on sucrose g r a d i e n t  c e n t r i f u g a -
O

t i o n  even a f t e r  a one week per i od of  s t or age  at  4 C.

Negat i v e  s t a i n i n g  and exami na t i on  by e l e c t r o n  microscopy  

showed no d i f f e r e n c e  in t he e x t e r n a l  apppearance of  l iposomes  

c o n t a i n i n g  M p r o t e i n  t o  those w i t hou t  M p r o t e i n  ( F i g .  8 . 3 ) .  

Specimens prepared by f r e e z e - f r a c t u r e  f o r  e l e c t r o n  microscopy  

showed dr amat i c  d i f f e r e n c e  in the l iposomes wi t h  and wi t hout
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M. Liposomes wi t h  M p r o t e i n  were f r e q u e n t l y  m u l t i 1ammelar  

wi t h  no s p e c i f i c  s u r f a c e  f e a t u r e s  ( F i g .  8 . 4 ) .  Liposomes con­

t a i n i n g  M p r o t e i n  were d i s t i n c t  m u l b e r r y - 1 i k e  s t r u c t u r e s  which 

appeared t o  be u n i l a m e l l a r  ( F i g .  8 . 4 ) .  The M l iposomes are
Q  O

studded wi t h  100 A p a r t i c l e s :  a l l o w i n g  10 -  20 A f o r  shadow­

ing ( Ba s k i n s ,  1977)  the ac t ua l  p a r t i c l e  s i z e  is e s t i mat ed  to  

be 80 -  90 A.

O
One f i e l d  ( a r e a  = 0 . 1  urn ) was sampled from each o f  13

M l iposomes in f i g u r e  8 . 4  t o  de t er mi ne  t he p a r t i c l e  d e n s i t y  of
2

these  l i posomes.  The median p a r t i c l e  d e n s i t y  was 3000/um
2

wi t h  a mean p a r t i c l e  d e n s i t y  of  2885/um . The range in p a r t i ­

c l e  d e n s i t y  was 1600 -  3600/um^.

DISCUSSION

M p r o t e i n  p u r i f i e d  from X-38 v i r u s  vacc i ne  r e a d i l y  asso­

c i a t e d  w i t h  l i p i d  v e s i c l e s .  The M p r o t e i n  i n t e g r a t e d  i n t o  the  

l i p i d  b i l a y e r  dur i ng  f o r ma t i o n  of  l iposomes by d i a l y s i s  

r e g a r d l e s s  of  the  net  charge on the l i p i d  v e s i c l e s .
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Liposomes formed in the  presence of  M p r o t e i n  had two 

d i s c r e t e  d e n s i t i e s ,  e i t h e r  a heavy d e n s i t y  of  1.22gm/ml  which 

cont a i ned  M p r o t e i n  or  a l i g h t  d e n s i t y  of  1 . 04  which cont a i ned  

no d e t e c t a b l e  M p r o t e i n .  A cont inuum of  M l iposomes of  v a r i ­

ous d e n s i t i e s  was not seen,  i n d i c a t i n g  t h a t  the  f o r mat i on  o f  M 

l i posomes i n v o l v ed  c o o p e r a t i v e  i n t e r a c t i o n ,  i . e .  condensat i on  

or  coa l escence of  t he M p r o t e i n  wi t h  the  l i p i d  b i l a y e r  and 

wi t h  i t s e l f .

The s i z e  (80 -  90 A) and d i s t r i b u t i o n  (3000/um^)  of  the  

p a r t i c l e s  seen in M l iposomes is s i m i l a r  to t h a t  found f o r  

int ramembranous p a r t i c l e s  of  o t h e r  b i o l o g i c a l  membranes exam­

ined by e l e c t r o n  microscopy f o l l o w i n g  f r e e z e  f r a c t u r e  p r e p a r a ­

t i o n .  Segrest  and a s s o c i a t e s  ( 1 974 )  found 80A p a r t i c l e s  at  a
2d e n s i t y  up to 4000/um i n  p r e p a r a t i o n s  of  the membrane pene­

t r a t i n g  pe pt i de  of  t he  MN g l y c o p r o t e i n  in phospho l i p i d  v e s i ­

c l e s .  Freeze etch p r e p a r a t i o n s  of  e r y t h r o c y t e  membranes show
o 2

75A p a r t i c l e s  at  a c o n c e n t r a t i o n  o f  4200-  4900 p a r t i c l e s / u m  

( T i l l a c k  e t  a l . ,  1 9 7 2 ) .  V e s i c l e s  of  f ragmented sarcopl asmi c
O

r e t i c u l u m  prepared by f r e e z e  f r a c t u r e  show 80A int ramembranous  

p a r t i c l e s  a t  a d e n s i t y  o f  3800 -  3 9 00 / um^( Ba s k i n , 1977) .

The l iposomes formed in t he  presence of  M p r o t e i n  

appeared u n i l a m e l l a r ;  mu l ' t i 1amel 1ar  s t r u c t u r e s  were not seen 

on e l e c t r o n  mi cr oscopi c  exami na t i on  of  M p r o t e i n  l iposomes
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pr epar ed by f r e e z e  f r a c t u r e .  M u l t i l a m e l 1ar  l iposomes were 

f r e q u e n t l y  seen in the  absence of  M p r o t e i n  in a d d i t i o n  to 

s m a l l e r  v e s i c l e s  which appeared u n i l a m e l l a r .  The i n c o r p o r a ­

t i o n  of  M p r o t e i n  i n t o  t he  l i p i d  b i l a y e r  appears to a l t e r  

l i posomal  s t r u c t u r e .

CONCLUSIONS

S e l f  assembly has been amply demonst rated in the  case of  

non- envel oped v i r u s e s  wi t h  h e l i c a l  or  i co sa he dr a l  symmetry 

( Kaper ,  1 9 6 8 ) .  R e c o n s t i t u t i o n  of  s o l u b i l i z e d  membranes wi t h  

r ecover y  o f  b i o l o g i c a l  a c t i v i t y  has been demonst rated f o r  a 

par amyxov i r us ,  HVJ or  Sendai  v i r u s  (Hosaka and Shi mi zu,

1 9 7 2 ) .  G l y c o p r o t e i n  " sp i kes"  of  i n f l u e n z a  v i r u s  have been 

shown to i n s e r t  i n t o  a r t i f i c i a l  membranes (Al mei da e t  a l . ,  

1975:  Huang et  al . ,  1979:  Oxford et  a l . ,  1 9 8 1 ) .  Co- f or mat i on  

of  M p r o t e i n  l iposomes w i t h  t he  g l y c o p r o t e i n  spi kes w i l l  pro­

v i de  a model system f o r  the  study of  t he  assembly of  envel oped  

v i r u s e s  (see Chapt er  9 ) .

Assembly of  the v i r i o n  in the  host  c e l l  may be dependent  

on the  a b i l i t y  of  M p r o t e i n  to form domains on the  i nner  s u r ­
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f a c e  of  t he c e l l  membrane (Choppin and Compans, 1 9 7 5 ) .  We 

have shown t he  c o n s i d e r a b l e  a f f i n i t y  of  M p r o t e i n  f o r  i n t e r a c ­

t i o n  w i t h  i t s e l f  and the  l i p i d  b i l a y e r ,  which i n d i c a t e s  the  

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

t i o n  of  M p r o t e i n  domains in i n f e c t e d  c e l l  membranes as has 

been observed by Bachi  ( 1980 )  f o r  Sendai  v i r u s .

M p r o t e i n  domains in t he  membrane of  i n f e c t e d  c e l l s  

could r e s u l t  in c o n c e n t r a t i o n  of  g l y c o p r o t e i n  spi kes in these  

a r e a s .  The M p r o t e i n  domains i n t u r n  may then i n t e r a c t  wi t h  

r i b o n u c l e o p r o t e i n  complexes causi ng the  "budding" and mat ura­

t i o n  of  v i r a l  p a r t i c l e s .  I t  i s  e n t i r e l y  po s s i b l e  t h a t  the  

c o nf or mat i on  o f  M p r o t e i n  in t he  presence of  the  o t h e r  v i r a l  

p r o t e i n s  w i l l  be q u i t e  d i f f e r e n t  than seen in M l i posomes.

St ud i es  o f  i n h i b i t o r s  which w i l l  i n t e r a c t  wi t h  M pr ot e  in 

and pr ev ent  i t s  i n t e r a c t i o n  wi t h  i t s e l f  and wi t h  o t h e r  v i r a l  

p r o t e i n s  or  t he  l i p i d  b i l a y e r  in model l i posomal  systems could  

be of  c o n s i d e r a b l e  a s s i s t a n c e  in the  design o f  a n t i v i r a l  phar ­

macol ogi c  agents e f f e c t i v e  a g a i n s t  i n f l u e n z a  and o t h e r  enve-  

1 oped vi  ruses.

Work present ed in t h i s  c h ap t e r  was done in c o l l a b o r a t i o n  

wi t h  I . G .  K h a r i t o n e n k o v , J . A .  Zakomi r d i n ,  V.B.  G r i g o r i e v ,  S.M.  

Kl imenko and publ i shed by Bucher e t  a l . ,  in 1980.
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Fi gur e  8 . 1 .  Sucrose g r a d i e n t  c e n t r i f u g a t i o n  of  a ) ,  l iposomes  

w i t h o u t  M p r o t e i n  added and b ) .  l iposomes formed i n the  p r e s ­

ence of  M p r o t e i n .  Note heavy band wi t h  a d e n s i t y  of

1.22gm/ml  i n t he  presence o f  M p r o t e i n  on g r a d i e n t  ( b ) .  L i g h t

d e n s i t y  bands had d e n s i t i e s  of  1 . 03  gm/ml on g r a d i e n t  (a )  and

1 . 0 4  gm/ml on g r a d i e n t  ( b ) .



M-Siposomes
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F i g u r e  8 . 2 .  SDS p o 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  M p r o ­

t e i n  p r e p a r a t i o n  ( gel  a) and M p r o t e i n  l iposomes ( ge l  b) i s o ­

l a t e d  from the sucrose d e n s i t y  g r a d i e n t  wi t h  a d e n s i t y  o f  1 . 22  

gm/ml (see F i gur e  8 . 1 ) .  Appr ox i mat e l y  10 jug of  p r o t e i n  was 

appl  i ed t o  the  g e l .



b
liposomes
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F i g u r e  8 . 3 .  E l e c t r o n  mi crographs of  l iposomes f o l l o w i n g  nega­

t i v e  s t a i n i n g .  Upper p o r t i o n  of  f i g u r e  ( a ) ,  l iposomes wi t hou t  

M p r o t e i n ;  (b)  l iposomes formed in the  presence o f  M p r o t e i n  

and m i g r a t i n g  to  a d e n s i t y  o f  1 . 22  gm/ml on sucrose g r a d i e n t  

c e n t r i f u g a t i o n  (see F i gur e  8 . 1 ) .  F i na l  m a g n i f i c a t i o n  is  

6 0 , 0 0 0 .  E l e c t r o n  mi crograph by V.B.  G r i g o r i e v .
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F i gur e  8 . 4 .  E l e c t r o n  mi crographs of  specimens prepared by 

f r e e z e  f r a c t u r e  (see Methods) .  Liposomes formed in the  

absence o f  M p r o t e i n  are shown in the f i g u r e  ( a ) .  Liposomes 

formed in the presence o f  M p r o t e i n  having a d e n s i t y  of  

1.22gm/ml  are shown in the l ower  f i g u r e  ( b ) .  F i na l  m a g n i f i c a ­

t i o n  i s 60 , 000  f o r  m u l t i 1 amel 1ar  v e s i c l e s  in upper pa r t  of

( a ) ;  90 , 000  f o r  v e s i c l e s  shown in l ower  h a l f  of  ( a )  and in

( b ) .  E l e c t r o n  mi crograph by V.B.  G r i g o r i e v .
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CHAPTER 9.  INTERACTION OF NEURAMINIDASE AND M PROTEIN

INTRODUCTION

The M p r o t e i n  of  t ype  A i n f l u e n z a  v i r u s  has been v i s u a l ­

i z ed  as f ormi ng a c a p s i d - l i k e  s t r u c t u r e  i n t e r n a l  and proximal  

t o  t he  v i r u s  membrane(Compans and Choppi n,  1 9 73 ) .  As reviewed  

in Chapt er  4 ,  the  M p r o t e i n  i s  a maj or  s t r u c t u r a l  p r o t e i n  of  

t he  v i r u s  c o n s t i t u t i n g  about  40% of  the  t o t a l  v i r a l  p r o t e i n .

M p r o t e i n ' s  o t h e r  f u n c t i o n s  are not  c l e a r l y  understood - -  t h a t  

i t  i s m u l t i f u n c t i o n a l  i s  i n d i c a t e d  by the  f o l l o w i n g :  produc­

t i o n  of  M p r o t e i n  i s  t he  r a t e - l i m i t i n g  st ep in v i r us  r e p l i c a ­

t i o n ;  M i s  as s oc i a t e d  wi t h  v i r u s  y i e l d ,  amantadine s e n s i t i v i t y  

and t he  a b i l i t y  of  a s t r a i n  to become c o l d - a da p t e d  ( Chapt er  

4 ) .  These f a c t s  suggest  a s t r u c t u r a l  r o l e  f o r  M p r o t e i n  and 

i t s  pr obabl e  c e n t r a l  r o l e  in v i r u s  assembly and perhaps a l so  

in d i s - a s s e mbl y  ( i n  the i n i t i a t i o n  o f  the r e p l i c a t i v e  c y c l e ) .
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Thi s l a b o r a t o r y  has demonst rated t h a t  p u r i f i e d  M p r o t e i n  

of  i n f l u e n z a  A i n c o r p o r a t e s  i n t o  the l i p i d  b i l a y e r  to form a 

d i s c r e t e  p o p u l a t i o n  of  l iposomes wi t h  a d e n s i t y  of  1.22gm/ml  

and a morphology s i m i l a r  t o  t h a t  r e po r t e d  f o r  o t h e r  int ramem-  

branous p a r t i c l e s .  We have a l so seen t h a t  M p r o t e i n  is h i g h l y  

aggregat ed i n aqueous suspension ( d a t a  not  shown) .  The a f f i n ­

i t y  o f  M p r o t e i n  f o r  a l i p i d  e nv i r onment ,  and i t s  t endency to  

s e l f - a g g r e g a t e  both in l i p i d  and aqueous s o l u t i o n s  suggests  

t h a t  i n c o r p o r a t i o n  of  newly s y n t h es i z ed  M p r o t e i n  i n t o  patches  

i n  t he  membranes of  i n f e c t e d  c e l l s  i s  f e a s i b l e .

Bachi  ( 1980 )  r e c e n t l y  demonst rated t h a t  Sendai  v i r u s  

i n f e c t e d  c e l l s  d i s p l a y  v i r a l  p r o t e i n  domains in the c e l l  mem­

br ane .  These domains are  formed by int ramembranous p a r t i c l e s  

ar r anged in a c r y s t a l l i n e  p a t t e r n ;  both nuc l eocapsi ds  and Sen­

d a i - s p e c i f i c  g l y c o p r o t e i n s  are seen a s s o c i a t e d  wi t h  these  

domains.  Freeze etch mi crographs show t he  presence of  i n t r a -  

membranous p a r t i c l e s  dur i ng  and f o r  a shor t  pe r i od  f o l l o w i n g  

budding.  Wi th m a t u r i t y  t he  int ramembranous p a r t i c l e s  d i s a p ­

pear  and t he  v i r i o n s  t ake  on the t y p i c a l  myxovi rus morphology:  

the  M p r o t e i n  appears as a c a p s i d - l i k e  s t r u c t u r e  beneath the  

v i r i o n  l i p i d  b i l a y e r .  Bachi  has suggested t h a t  the i nt ramem-  

branous p a r t i c l e s  seen in v i r a l  domains of  i n f e c t e d  c e l l  mem­

branes is M p r o t e i n  and t h a t  i t  appears to be s e r v i ng  a 

r e c r u i t m e n t  purpose.



-  153

A p o s s i b l e  model f o r  v i r u s  assembly i s  as f o l l o w s :  M

p r o t e i n  i n c o r p o r a t e s  i n t o  t he  c e l l u l a r  membrane v i a  i t s  a f f i n ­

i t y  f o r  l i p i d  and i t s  tendency t o  s e l f - a g g r e g a t e .  M p r o t e i n  

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

ing w i t h  t h e s e ,  and t he M - g l y c o p r o t e i n  domain is r ecogni zed  by 

n u c l e o c a p s i d s . To e x p l a i n  how M coul d be ex t r uded from the  

l i p i d  b i l a y e r  between assembly and m a t u r a t i o n  i t  must be pos­

t u l a t e d  t h a t  t he  v i r i o n  morphology i s  a l t e r e d ,  e i t h e r  as a 

f u n c t i o n  of  changed i n t e r a c t i o n s  among the v i r a l  p r o t e i n s  or  

i n d i r e c t l y  by a change in the  l i p i d  envi ronment  of  r e l e a s e d  

v i r i o n s .

In t h i s  paper  we r e p o r t  exper i ment s  aimed a t  e l u c i d a t i n g  

t he  i n t e r a c t i o n  o f  M p r o t e i n  wi t h  t he  neurami ni dase  o f  i n f l u ­

enza v i r u s .

MATERIALS AND METHODS

P r e p a r a t i o n  o f  p r o t e i n .  M p r o t e i n  was p u r i f i e d  by SDS chroma­

t ogr aphy from a batch o f  X-38 (H7N2) v i r u s  prepared f o r  vac­

c i ne  use (a g i f t  of  L e d e r l e  L a b o r a t o r i e s , Pear l  R i v e r  N . Y . )  or
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f rom a batch of  X-53a (H1N1) v i r u s  prepared f o r  vacci ne  use(a  

g i f t  of  t he  Canadian government )  which was J3 p r o p r i o l a c t o n e  

i n a c t i v a t e d .  M was p u r i f i e d  as descr i bed in Chapter  8.

Neurami ni dase was i s o l a t e d  by a f f i n i t y  chromatography from 

t he  X-7 (H1N2) recombinant  as de scr i bed in Chapt er  8.  Neuram­

i n i d a s e  from such p r e p a r a t i o n s  i s  h i g h l y  immunogenic i f  aggr e-  

gated (by removal  of  T r i t o n  X- 1 0 0 )  or i n c o r p o r a t e d  i n t o  l i p o ­

somes ( Chapt e r  7 ) .

H i g h l y  p u r i f i e d ,  denat ured neurami ni dase ( d e s i g n a t e d  

NAy<js) was p u r i f i e d  f rom a f f i n i t y  chromatography enr i ched  

p r e p a r a t i o n s  by the  f o l l o w i n g  procedures.

NA e n r i c he d  f r a c t i o n s  from t he  enzyme pool of  a f f i n i t y  

chromatography were pooled and conc ent r a t e d  to 1 - 2 mg/ml  

p r o t e i n  c o n c e n t r a t i o n  by t he  Lowry assay in an Amicon model  

52,  using a D i a f l o  XM-50 u l t r a - f i l t r a t i o n  membrane. Three ml 

of  t h i s  p r e p a r a t i o n  were a p p l i e d  to a 2 . 5  x 90 cm Bi o - ge l  A-5m 

column ( B i o - r a d )  p r e v i o u s l y  e q u i l i b r a t e d  wi t h  TSTR b u f f e r  pH 

7 . 4 ,  0.02M T r i s - H C l ,  0.1% T r i t o n  X - 1 00 ,  0.05% sodium a z i d e ) .  

Al l  f r a c t i o n s  were c o l l e c t e d  wi t h  a LKB 2000 f r a c t i o n  c o l l e c ­

t o r  in 1 ml volumes and the  A2 ggnm was moni t ored wi t h  an LKB 

Uvi cor d I .  NA r i c h  TSTR f r a c t i o n s  were i d e n t i f i e d  by enzyme 

a c t i v i t y  and PAGE g e l s ,  and pooled and c onc e nt r a t e d  as be f or e  

using a D i a f l o  PM-10 membrane.  Concent ra ted f r a c t i o n s  were
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brought  t o  5% SDS ( w e i g h t / v o l . )  , heated in a 56°C wa t e r  bath  

f o r  30 mi nutes and 2 -  3 ml samples were a p p l i e d  to  a B i o - ge l  

A-5m column p r e v i o u s l y  e q u i l i b r a t e d  wi t h  TSS b u f f e r  (pH 7 . 4 ,  

0.02M T r i s - H C l ,  0.1% SDS, 0.05% sodium a z i d e ) .  One ml f r a c ­

t i o n s  were c o l l e c t e d  as above.  NA f r a c t i o n s  were i d e n t i f i e d  

by SDS PAGE gel s  ( t h e r e  i s  no d e t e c t a b l e  NA a c t i v i t y  at  t h i s  

p o i n t ) ,  pooled and c o n ce n t r a t e d  to 2 -  3 ml by u l t r a f i l t r a t i o n  

using PM-10 membranes and d i a l y z e d  a g a i n s t  d a i l y  changes of  

d i s t i l l e d  wa t e r  f o r  f i v e  days.  A l l  but  t he  l a s t  change of  

wat er  cont a i ned  0.05% sodium a z i d e .  In t h i s  l a b o r a t o r y  t h i s  

procedure has been shown to reduce SDS t o  below d e t e c t a b l e  

l e v e l s .

P r e p a r a t i o n  of  Liposomes.  Liposomes were formed by d i a l y s i s  

f o l l o w i n g  s o l u b i l i z a t i o n  of  the  l i p i d s  or  1 i p i d - p r o t e i n  mi x ­

t u r e  w i t h  o c t y l g l u c o s i d e .  Cont rol  l i posomes were prepared  

a f t e r  s o l u b i l i z i n g  the mi x t u r e  o f  1e c i t h i n : d i c e t y 1 phosphate:  

c h o l e s t e r o l  ( mol a r  r a t i o  9 : 2 : 1 )  in 2% o c t y l g l u c o s i d e .  L i p o ­

somes c o n t a i n i n g  v i r a l  p r o t e i n s  were formed by t he  a d d i t i o n  of  

the  p u r i f i e d  p r o t e i n ( s )  t o  the  same r a t i o  o f  l i p i d s  as used 

f o r  c o n t r o l  l i posomes.  The p r o t e i n : 1 i p i d  r a t i o s  (by we i ght )  

were:  M p r o t e i n  l i posomes,  1:5 (0 . 8mg: 4mg) ;  neurami ni dase

l i posomes,  1 : 25  ( 0 . 16mg: 4mg) ;  and n e u r a mi n i d a s e - M - p r o t e i n  

l i posomes,  1 : 5 : 2 5  ( 0 . 16mg: 0 . 8mg: 4mg) . Liposomal  p r e p a r a t i o n s  

were d i a l y z e d  a g a i n s t  2mM C a C ^  f o r  one week t o  remove d e t e r ­

gent .
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Sucrose Gr a d i e n t  C e n t r i f u g a t i o n .  Liposomes were c h a r a c t e r i z e d  

by sucrose g r a d i e n t  c e n t r i f u g a t i o n  as descr i bed  in Chapter  9.

E l e c t r o n  Mi croscopy.  Neurami ni dase-M-1i posomes and M l i p o ­

somes were mounted on carbon coated Formvar g r i d s  by the  

a p p l i c a t i o n  of  a drop of  sample t o  t he  g r i d  f o r  one mi nut e ,  

and s t a i n e d  f o r  one mi nute w i t h  1% phosphot ungst i c  ac i d or  1% 

uranyl  a c e t a t e .

RESULTS

Sucrose De ns i t y  Gr a d i e n t  C e n t r i f u g a t i o n .

Cont ro l  l iposomes ( t hos e  c o n t a i n i n g  no added p r o t e i n )  

showed m u l t i p l e  forms which banded in an area of  l i g h t  d e n s i t y  

( 1 . 0 4  -  1 . 07  g / m l ) as shown in F i g .  9 . 1 .  These m u l t i p l e  bands 

may r e p r e s e n t  l iposomes c o n t a i n i n g  v a r y i ng  numbers of  l a m e l l a e  

in the  l i posome.

M p r o t e i n  1 iposomes formed two maj or  l i posomal  peaks on 

c e n t r i f u g a t i o n  co n f i r mi ng  our e a r l i e r  obs e r v a t i o ns  wi t h  M pr o­

t e i n  l iposomes ( F i g .  9 . 2 ) .  There was a f r a c t i o n  r i c h  in M
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p r o t e i n ,  o f  heavy d e n s i t y ,  and a second f r a c t i o n  of  l i g h t  den­

s i t y  wi t h  l i t t l e  or  no d e t e c t a b l e  p r o t e i n .  The d e n s i t y  o f  the  

heavy band ( 1 . 15 gm/ ml )  i s  l i g h t e r  than t he 1 . 2 2  gm/ml found in 

our e a r l i e r  s t u d i e s .  M p r o t e i n  l iposomes formed wi t h  X-53a M 

p r o t e i n  had a d e n s i t y  o f  1.17gm/ml  ( d a t a  not  shown) .

The p r o t e i n  found at  t he  top of  the  g r a d i e n t  is not  M p r o t e i n  

but  appears to be a contami nant  o f  the  egg l e c i t h i n  batch:  

t he  p r o t e i n  c o - mi gr a t e s  wi t h  ovalbumin on 10% SDS PAGE gel s  

( d a t a  not shown).

Neurami ni dase l i posomes.  When l iposomes were formed in the  

presence of  a f f i n i t y  p u r i f i e d  neur ami n i dase ,  NA a c t i v i t y  was 

found as s o c i a t e d  wi t h  t he  l i g h t  ( 1 . 0 7  - 1 . 0 3 )  d e n s i t y  l i p o s o ­

mal bands ( f i g .  9 . 3 ) .  A s s o c i a t i o n  of  neurami ni dase wi t h  l i p i d  

di d not  s i g n i f i c a n t l y  a l t e r  t he d e n s i t i e s  of  the  l i posomal  

f r a c t i o n s ,  u n l i k e  the case wi t h  M p r o t e i n  l iposomes where the  

M p r o t e i n  served t o  g r e a t l y  i n c r e a s e  the d e n s i t y  of  the  M pr o­

t e i n  l i posomes.  A s u b s t a n t i a l  p o r t i o n  of  the neurami ni dase  

aggregat ed and sedimented t o  the bot tom of  t he  g r a d i e n t .  No 

s u b s t a n t i a l  amount of  l i p i d  was a s soc i a t ed  wi t h  t h i s  f r a c t i o n  

as j udged from l ack  of  t u r b i d i t y  at  260nm.

Neurami ni dase-M p r o t e i n  l i posomes.

The presence of  M p r o t e i n  g r e a t l y  enhanced the i n c o r p o r a ­

t i o n  of  neurami ni dase i n t o  the l i p i d  b i l a y e r  ( F i g .  9 . 4 ) .
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Three t i mes as much neurami ni dase a c t i v i t y  i s as soc i a t ed  wi t h  

l i posomes in the  presence of  M p r o t e i n  as compared t o  t h a t  

found in the absence of  M p r o t e i n  ( F i g .  9 . 3 ) ;  the  same quan­

t i t y  o f  neur ami ni dase f rom t he  same batch had been added du r ­

ing f o r m a t i o n  o f  l iposomes in both cases.  N e a r l y  t w o - t h i r d s  

o f  t he  neurami ni dase a c t i v i t y  a s s oc i a t e s  wi t h  t he  heavy den­

s i t y  M p r o t e i n  c o n t a i n i n g  l i posomes.  A s l i g h t  i n c r e a s e  in 

d e n s i t y  i s  d e t e c t e d ,  f rom 1.15gm/ml  as seen i n F i g .  9 . 2  f o r  M 

p r o t e i n  l iposomes to 1 . 1 7  gm/ml , an i nc r e a s e  of  0 . 02gm/ ml .

The amount of  neurami ni dase a c t i v i t y  a s so c i a t e d  wi t h  the  l i g h t  

d e n s i t y  l iposomes i s  s i m i l a r  to t h a t  seen f o r  NA l iposomes  

( F i  g. 9 . 3 ) .

NAfss 1 1posomes.

Because denat ured NA i s  b e l i e v e d  to  non- i mmunogenic, we 

were i n t e r e s t e d  in c h a r a c t e r i z i n g  the i n t e r a c t i o n  of  NAySS 

(which was denat ured and had been p u r i f i e d  f o r  sequencing)  

wi t h  l i p i d  and wi t h  M p r o t e i n  t o  de t er mi ne  i f  we could d e t e c t  

c l ues  as to the  na t ur e  of  t he  change in c o nf o r ma t i on .  As can 

be seen in F i g .  9 . 5 ,  NAj S  ̂ i n c o r p o r a t e d  i n t o  n e g a t i v e  l i p o ­

somes as evidenced by t he  f a c t  t h a t  no p r o t e i n  was seen at  

d e n s i t i e s  g r e a t e r  than 1 . 12  gm/ml .  What i s  i n t e r e s t i n g  is 

t h a t  under our  c o n d i t i o n s  of  l iposome f o r m a t i o n ,  denat ured NA 

appears to be more e f f i c i e n t l y  i n c o r p o r a t e d  i n t o  l i p i d  than  

a c t i v e  neurami ni dase:  no p r o t e i n  appears t o  have sedimented

t o the bottom of  the  tube as in F i g .  9 . 3 .
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NAj s s " m p r o t e i n  l i posomes.

When M p r o t e i n  was pr esent  wi t h  NA-j-^s dur i ng  l iposomal  

f o r m a t i o n ,  two p r o t e i n  c o n t a i n i n g  p o p u l a t i o ns  o f  l iposomes  

were formed ( F i g .  9 . 6 ) ,  a l i g h t  f r a c t i o n  wi t h  d e n s i t y  rangi ng  

f rom 1 . 1 0  -  1.04gm/ml  and a dense p o p u l a t i o n  wi t h  a d e n s i t y  of  

1 . 1 7 ,  which is t he  d e n s i t y  o f  X-53a M l i posomes.  As t h e r e  is 

no NA a c t i v i t y  on t h i s  g r a d i e n t  i t  was not  p o s s i b l e  to d e t e r ­

mine i f  t h e r e  was NA in the  heavy d e n s i t y  l i posomes.  A l ack  

in s h i f t  in d e n s i t y  f o r  the  M p r o t e i n  l iposomes suggests t h e r e  

was not .  I t  i s  i n t e r e s t i n g  t h a t  s i g n i f i c a n t l y  more p r o t e i n  

than can be accounted f o r  by NAySS, remains wi t h  t he  l i g h t e r  

d e n s i t y  NAySS in the  l i g h t e r  d e n s i t y  l i posomes.  I t  may be 

t h a t  i n t e r a c t i o n  wi t h  NAy<*s somehow pr event ed M from s e l f - a g ­

g r e g a t i n g  i n t o  heavy d e n s i t y  l i posomes.  This exper i ment  sug­

gests t h a t  w h i l e  NAy^^ was capabl e  of  i n t e r a c t i n g  wi t h  l i p i d  

i t  d i d  not  seem capabl e  o f  i n t e r a c t i n g  wi t h  M p r o t e i n  in the  

same c o o p e r a t i v e  manner t h a t  was seen wi t h  a c t i v e  n e u r a mi n i ­

dase .

E l e c t r o n  Mi croscopy.  M l iposomes in t h i s  exper i ment  were 

formed in the  presence of  C a C ^  s i nce  neurami ni dase has a c a l ­

cium r equ i r e ment  ( Chapt e r  3 ) .  In the  presence of  c a l c i u m,  M 

l i posomes are pl eomorphi c ( F i g .  9 . 7 ) ,  and d i s p l a y  t he  same 

t endency t o  aggr egat e  t h a t  i s  seen wi t h  p l a i n  l iposomes ( F i g .
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7 . 2 c ) .  Liposomes c o n t a i n i n g  neurami ni dase and M p r o t e i n  are  

shown in F i g .  9 . 8b  and d. They do not d i f f e r  s i g n i f i c a n t l y  in 

appearance from p l a i n  l i posomes.  ( F i g .  9 . 8 a  and c ) .

DISCUSSION

M l iposomes formed wi t h  M p r o t e i n  from X-38 (H7N1) vac­

c i ne  and used f o r  t he exper i ment s  r epo r t ed  in Chapter  8 showed 

a d e n s i t y  o f  1 . 2 2  gm/ml .  In subsequent  exper i ment s  M p r o t e i n  

l i posomes d e r i v e d  from X-38 showed a d e n s i t y  of  1 . 15gm/ ml .  

Liposomes made from t he  X53a (HI NT)  vacci ne showed a de n s i t y  

of  1 . 17gm/ ml .  I t  i s  probab l e  t h a t  the  v a r i a t i o n  in d e n s i t y  

seen in M p r o t e i n  l iposomes a t  d i f f e r e n t  t imes is both s t r a i n  

dependent ,  v i r u s  t r e a t me n t  dependent ,  and dependent  on the  

l i p i d  batch used f o r  l i posomal  f o r m a t i o n .  There may be o t h e r  

v a r i a b l e s  such as t e mpe r a t u r e  dur i ng f o r ma t i on  and c e n t r i f u g a ­

t i o n  t h a t  a l so  a f f e c t  t he  d e n s i t y .

The r e s u l t s  show t h a t  a l t hough d e n s i t y  may v a r y ,  i n a l l  cases 

M p r o t e i n  l iposomes formed a d i s c r e t e  heavy d e n s i t y  l iposomal  

p o p u l a t i o n  as wel l  as a p r o t e i n  f r e e ,  l i g h t  d e n s i t y  popul a ­

t i o n .
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That  the method o f  p r o t e i n  p u r i f i c a t i o n  is of  impor tance  

i n p r e d i c t i n g  p r o t e i n  b e ha v i o r  is i l l u s t r a t e d  by a comparison  

of  the c h a r a c t e r i s t i c s  of  a f f i n i t y  p u r i f i e d  neurami ni dase and 

NAyss* The e n z y m a t i c a l l y  i n a c t i v e  h i g h l y  p u r i f i e d  NAySS 

appeared to i n t e r a c t  more e f f i c i e n t l y  wi t h  l i p i d  than enzymat ­

i c a l l y  a c t i v e  neur ami n i dase .  Dur i ng c e n t r i f u g a t i o n  a subst an­

t i a l  p o r t i o n  of  a f f i n i t y  p u r i f i e d  neurami ni dase di d not i n t e r ­

ac t  w i t h  l i p i d  but  remained as aggregat es  and p r e c i p i t a t e d  to  

t h e  bot tom of  the  t u b e ,  whereas i t  appears t h a t  a l l  NAySS 

i n t e r a c t e d  wi t h  l i p i d  t o  form l i g h t  d e n s i t y  NAy^s l i posomes.

When M p r o t e i n  was added dur i ng  l i posomal  f o r m a t i o n ,  

a f f i n i t y  p u r i f i e d  neurami ni dase was more e f f i c i e n t l y  i n c o r p o ­

r a t e d  i n t o  l i p i d  and appears t o  have formed l iposomes c o n t a i n ­

ing both p r o t e i n s .  NAySS, however ,  does not appear  t o  have 

i n t e r a c t e d  wi t h  M p r o t e i n  t o  form heavy d e n s i t y  l i posomes;  

indeed i t  appears t h a t  in the  presence o f  N A y ^  some M p r o t e i n  

f a i l e d  t o  be i n c o r p o r a t e d  i n t o  heavy d e n s i t y  l i posomes.  An 

i n t e r e s t i n g  p o s s i b i l i t y  i s  t h a t  NAyS  ̂ i n t e r a c t i o n  wi t h  M pr o ­

t e i n  or  wi t h  l i p i d  somehow h i ndered the  c o - o p e r a t i v e  process  

by which M p r o t e i n  i s  i n c o r p o r a t e d  i n t o  l i p i d .

I n c o r p o r a t i o n  of  NA i n t o  l i posomes.  When NA l iposomes  

were formed wi t h  p o s i t i v e l y  charged l i p i d s  a t  an N A : 1 i p i d 

r a t i o  of  1: 100 a l l  neurami ni dase was i n c o r p o r a t e d  i n t o  l i p i d
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( F i g .  7 . 3 ) .  When neurami ni dase was i n c o r p o r a t e d  i n t o  nega­

t i v e l y  charged l iposomes at  an N A : l i p i d  r a t i o  o f  1: 25 not  a l l  

NA was i n c o r p o r a t e d  i n t o  l i p i d .  Bucher and Schwartz  had p r e ­

v i o u s l y  observed ( unpu b l i s he d)  t h a t  NA appeared to be more 

e f f i c i e n t l y  i n c o r p o r a t e d  i n t o  p o s i t i v e l y  charged l i posomes.

The exper i ment s  per formed here do not s u b s t a n t i a t e  or  d i s q u a l ­

i f y  t h i s  o b s e r v a t i o n  as the  p r o t e i n  to l i p i d  r a t i o s  as wel l  as 

l i p i d  charge and d e t e r g e n t s  are d i f f e r e n t  in t h i s  exper i ment  

than in t h a t  o u t l i n e d  i n Chapter  7.  In t h i s  exper i ment  nega­

t i v e l y  charged l iposomes were used,  as M p r o t e i n  l iposomes of  

p o s i t i v e  charge are  un s t a b l e  ( Chapt e r  8 ) .

CONCLUSIONS

In t he absence of  M p r o t e i n ,  neurami ni dase appeared in 

l i posomes of  l i g h t  d e n s i t y  and mi gr a t ed  as non- 1 i p i d tf a s s o c i -  

at ed NA ag gr eg a t e s .  When neurami ni dase and M p r o t e i n  were 

pr esent  dur i ng  l iposomal  f o r m a t i o n ,  a l l  neur ami n i dase ,  as 

assayed by a c t i v i t y ,  was a ssoc i a t ed  wi t h  l i p i d :  some NA a c t i v ­

i t y  was a s s oc i a t e d  wi t h  l iposomes of  l i g h t  d e n s i t y ,  but  most  

of  the  NA a c t i v i t y  appeared in a d i s c r e t e  l iposomal  peak of
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d e n s i t y  1 . 1 7 .  The presence of  M p r o t e i n  enhanced n e u r a mi n i ­

dase a c t i v i t y  c o n s i d e r a b l y . Comparison of  F i g .  9 . 3 ,  neurami ­

ni dase l i posomes,  wi t h  F i g .  9 . 4 ,  neurami ni dase-M p r o t e i n  l i p o ­

somes shows t h a t  more than t w i c e  as much a c t i v i t y  was present  

on the l a t t e r  g r a d i e n t .

The i n t e r a c t i o n  of  M and NA t o  form a d i s c r e t e  l iposomal  

p o p u l a t i o n ,  t he  enhancement of  NA i n c o r p o r a t i o n  in l i p i d  in  

t he  presence of  M p r o t e i n ,  and the high s p e c i f i c  a c t i v i t y  of  

t he NA in the neurami ni dase-M p r o t e i n  l iposomes are a l l  i n d i ­

c a t i v e  of  s p e c i f i c  i n t e r a c t i o n  of  the two p r o t e i n s .

The enhanced i n c o r p o r a t i o n  of  neurami ni dase i n t o  l i p o ­

somes in the  presence o f  M p r o t e i n  suggests two p o s s i b i l i t i e s  

f o r  the  mechanism of  f o r ma t i on  of  neurami ni dase-M p r o t e i n  

l i posomes.  Neurami ni dase may d i r e c t l y  i n t e r a c t  wi t h  M p r o t e i n  

through i t s  hydrophobic t a i l  r e s u l t i n g  in i n c o r p o r a t i o n  of  the  

enzyme i n t o  l iposomes c o n t a i n i n g  M p r o t e i n ,  or  i t  may be t h a t  

M p r o t e i n  a l t e r s  the l i p i d  b i l a y e r  in such a way t h a t  the  

l i p i d  i s  more conducive to  i n s e r t i o n  of  the neurami ni dase .

We have p r e v i o u s l y  shown the  c o n s i d e r a b l e  a f f i n i t y  of  M 

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

( Chapt e r  8 ) ,  and the a b i l i t y  of  neurami ni dase to i n t e r a c t  wi t h  

l i p i d  ( Chapt e r  7 ) .  We have now demonst rated the i n t e r a c t i o n  

o f  neurami ni dase and M p r o t e i n  in c o - f o r ma t i o n  of  l i posomes.
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I n t e r a c t i o n  of  M p r o t e i n  wi t h  the  l i p i d  b i l a y e r  could a l t e r  

membrane s t r u c t u r e  dur i ng  v i r a l  i n f e c t i o n  of  the  host  c e l l .  

Thi s i n t e r a c t i o n  could r e s u i t  in c o n c e n t r a t i o n  of  g l y c o p r o t e i n  

spi kes  in an area of  11 condensed" M p r o t e i  n-1 i pi  d domains 

(Choppin and Compans, 1975;  Rober tson e t  a l .  1979;  Bachi ,  

1 9 8 0 ) .  The M p r o t e i n  in t u r n  may then i n t e r a c t  wi t h  r i bo n u-  

c l e o p r o t e i n  complexes causi ng t he  "budding" of  v i r a l  p a r t i c l e s  

( Rober t son e t  a l .  1979;  Bachi ,  19 80 ) .

The a b i l i t y  to c o n s t r u c t  vi rosomes c o n t a i n i n g  one or  more 

of  the  v i r a l  components may a l so  help us t o  underst and the  

mechanisms by which t hese  p r o t e i n s  i n t e r a c t  wi t h  each o t he r  

and wi th'  the  l i p i d  b i l a y e r  and should p r ov i de  a v a l u a b l e  tool  

f o r  e x p l o r i n g  many f a c e t s  of  v i r u s  c e l l  i n t e r a c t i o n :  v i r a l

m a t u r a t i o n ,  v i r a l  p e n e t r a t i o n  (Huang et  a l . , 1 979 ; R o t t ,  1 980 ; 

Oxford e t  a l . ,  1981)  and immune conf or mat i on  and pr ocess i ng.  

They may a l so prove a useful  in v i t r o  system f o r  development  

of  e f f e c t i v e  a n t i - v i r a l  agent s .
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F i gu r e  9 . 1 .  Cont rol  l i posomes.  T u r b i d i t y  o f  the  l i posomal  

f r a c t i o n s  on t he g r a d i e n t  was moni t ored by absorbance at

260nm(---------- ) .  Dens i t y  was measured by r e f r a c t i v e

i n d e x ( ________  ) .
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F i g u r e  9 . 2 .  M p r o t e i n  l i posomes.  P r o t e i n  c o n c e n t r a t i o n  i s  

i n d i c a t e d  by t he  shaded area ( - 0 - 0 - 0 ) ;  t u r b i d i t y  by absorbance  

a t  260nm ( -  -  - ) .  M p r o t e i n  i s  as soc i a t ed  wi t h  the  l iposomal  

f r a c t i o n  o f  1 . 15gm/ ml .
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F i gu r e  9 . 3  Neurami ni dase l i posomes.  Neurami ni dase a c t i v i t y  

i s  r e pr es e nt ed  by t he  s t i p p l e d  a r ea ;  t u r b i d i t y  by absorbance  

at  260nm ( -  -  - ) .  Neurami ni dase a c t i v i t y  i s a s s o c i a t e d  wi t h  

low d e n s i t y  l i posomal  f r a c t i o n s  ( 1 . 0 3  t o  1 . 0 7 g m/ ml ) .  A s i g ­

n i f i c a n t  p o r t i o n  of  t he  neurami ni dase a c t i v i t y  sediments under  

t hese  c o n d i t i o n s .
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F i g u r e  9 . 4 .  Neurami ni dase- M p r o t e i n  l i posomes.  Neurami ni dase  

a c t i v i t y  i s  r e pr es e nt ed  by t he s t i p p l e d  a r ea ;  t u r b i d i t y  by 

absorbance at  260nm ( -  -  - ) .  A s u b s t a n t i a l  p o r t i o n  of  neuram­

i n i d a s e  a c t i v i t y  i s  a s s oc i a t e d  wi t h  t he  heavy d e n s i t y  l i p o s o ­

mal f r a c t i o n  c o n t a i n i n g  M p r o t e i n  ( 1 . 1 7 g m / m l ) .
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F i gur e  9 . 5 .  NAySS l i posomes.  NAySS is h i g h l y  p u r i f i e d ,  enz y ­

m a t i c a l l y  i n a c t i v e  neur ami ni dase and is r ep r es en t e d  by pro-  

t e i n ( - - o - - o - - o )  as NAy<-<j showed no a c t i v i t y  even on 18 hour  

i n c u b a t i o n ;  t u r b i d i t y  by absorbance a t  260nm ( -  -  - ) .  NAySS 

i s  seen a s s oc i a t e d  w i t h  l iposomes o f  heterogeneous d e n s i t i e s  

( 1 . 1 2  ml to 1 . 03gm/ ml ) .
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F i g u r e  9 . 6 .  NAjsS"M p r o t e i n  l i posomes.  P r o t e i n  ( N A y ^  and M) 

i s  r ep r es e n t e d  by - - 0 - - 0 - - 0 ) ;  t u r b i d i t y  by absorbance at  260-nm 

( -  -  - ) .  A d i s c r e t e  l i posomal  p o p u l a t i o n  wi t h  a d e n s i t y  of

1 . 17  i s  seen:  t h i s  i s  i d e n t i c a l  to t h a t  seen wi t h  X-53a M pr o­

t e i n  l i posomes,  in i n d i c a t i n g  t h a t  t h e r e  is no c o n t r i b u t i o n  to  

d e n s i t y  o f  M p r o t e i n  l iposomes made by NAySS as t h e r e  was f o r  

n e u r a m i n i d a s e ( F i g .  9 . 4 ) .  Cons i der ab l y  more p r o t e i n  remained  

in t he  l i g h t  NAySS-M p r o t e i n  l i psomal  p o p u l a t i o n  than appeared  

in e i t h e r  the  NAySS l iposomes or  M l iposomes i n d i c a t i n g  t h a t  

under  t hese  c o n d i t i o n s  some M p r o t e i n  was not i n c o r p o r a t e d  

i n t o  heavy d e n s i t y  l i posomes.
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F i gur e  9 . 7 .  E l e c t r o n  Mi crograph o f  M( X- 53a)  p r o t e i n  l iposomes  

(d 1 . 17  gm/ml)  ma i n t a i ned  in t he  presence o f  2mM C a C ^ *  Note 

t he  pleomorphism and s i m i l a r i t y  t o  p l a i n  l iposomes formed 

under  the same c o n d i t i o n s  ( F i g .  7 . 2 c ) .  Bar r e pr e s e n t s  1000A.  

F i na l  m a g n i f i c a t i o n  1 5 8 , 0 0 0 .
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F i g u r e  9 . 8 .  Neurami ni dse-M p r o t e i n  l i posomes,  a ) .  P l a i n  

l i posomes ( d e n s i t y  1 . 0 3 )  s t a i n e d  wi t h  PTA. b ) .  Neurami ni dase  

-M p r o t e i n  l iposomes s t a i n e d  wi t h  PTA: note t h a t  these do not  

d i f f e r  s i g n i f i c a n t l y  f rom p l a i n  l i posomes,  except  f o r  the f a c t  

t h a t  minisomes have a more c l e a r l y  d e f i n e d  shape,  c ) .  P l a i n  

l i posomes s t a i n e d  w i t h  uranyl  a c e t a t e ,  d ) .  neurami ni dase-M  

p r o t e i n  l iposomes s t a i n e d  w i t h  uranyl  a c e t a t e .  Note t h a t  

t h e r e  does not  appear  t o  be any s t a i n  r e l a t e d  d i f f e r e n c e  in 

t h e  morphology o f  t he  l i posomes.  Bar r e pr e s e n t s  1000A.  F i na l  

m a g n i f i c a t i o n ,  7 5 , 0 0 0 .
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CHAPTER 1 0 .  I N C OR P OR AT I ON  OF H E M A G G L U T I N I N  AND THE HAp 

P O L Y P E P T I D E  I NT O L I POSOMES

Encouraged by what we f e l t  was a mount ing body of  e v i ­

dence of  c o o p e r a t i v e  i n t e r a c t i o n  of  i n f l u e n z a  membrane a s s o c i ­

at ed p r o t e i n s  wi t h  one anot her  and the  i m p l i c a t i o n s  t h a t  t h i s  

i n f o r m a t i o n  held f o r  s e l f - a s s e m b l y ,  we under took t o  study the  

i n t e r a c t i o n  of  t he he ma gg l u t i n i n  and t he HA£ p o l y p e p t i d e  of  

he ma gg l u t i n i n  w i t h  l iposomes and wi t h  M p r o t e i n  and l i posomes.

M A T E R I A L S  AND METHODS

P r e p a r a t i o n  of  P r o t e i n s

M p r o t e i n  was i s o l a t e d  from X53a (H1N1) vacci ne s t r a i n  as 

descr i bed  in Chapter  8.  Hemaggl ut i n i n  was ob t a i ned  by l o w e r ­

ing t he  T r i t o n  X-100 c o n c e n t r a t i o n s  of  HA r i c h  f r a c t i o n s  of  

t he  NA a f f i n i t y  chromatography p r o t e i n  pool when f r e s h l y  p r e ­
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pared X-7 had been used f o r  i s o l a t i o n  of  NA. T r i t o n  X-100  

l e v e l s  were 3 -  4% - -  s l i g h t l y  h i ghe r  than those pr esent  in NA 

samples used t o pr epare  NA l i posomes.

HA2 was i s o l a t e d  by SDS gel  chromatography as p r e v i o u s l y  

descr i bed  (Bucher  et  a l . ,  1976)  and l a b e l l e d  by b r i n g i n g  the  

p u r i f i e d  HA2 sample to a c o n c e n t r a t i o n  of  6M urea and 0.01M 

d i t h i o t h r e i t o l  and i n c u b a t i n g  at  37°C f o r  two hours in sea l ed  

t ubes .  A f t e r  c o o l i n g  t o  room t e mp e r a t u r e ,  samples were a l k y ­

l a t e d  wi t h  0.025mCi  of  i o d o a c e t i c  ac i d  (New England 

Nuc l e a r )  in 0 . 050ml  f o r  f i v e  minutes f o l l o we d  by a d d i t i o n  of  

0.04M i o d o a c e t i c  a c i d .  Samples were d i a l y z e d  a g a i n s t  two 

changes of  20% a c e t i c  ac i d  to remove unreact ed i o d o a c e t i c  ac i d  

and then two changes o f  d i s t i l l e d  w a t e r .  HA2 prepared by 

such t e chn i ques  i s  h i g h l y  immunogenic in r a b b i t s  ( two ten  

microgram doses gi ven I . V .  on days 0 and 40 ,  produce an ELISA 

t i t e r  of  16 , 000  (Khan and Bucher ,  personal  communi cat i on) ,  

i n d i c a t i n g  t h a t  i t  i s aggr ega t ed .

Liposomes.  Negat i ve  l iposomes were formed as descr i bed in 

Chapters 9 and 10 using an HA: 1 i p i d r a t i o  o f  3 : 1 7 ;  an 

H A : M : l i p i d  r a t i o  of  3 : 3 . 5 : 1 7 ;  an l ^ ^ i p i d  r a t i o  of  1 : 1 7 ;  and 

an HA2 : M : l i p i d  r a t i o  of  1 : 3 . 5 : 1 7 .  Ra t i os  were a r r i v e d  at  by 

a t t e m p t i n g  to approxi mat e  the r a t i o  o f  t he  p r o t e i n s  t o  each 

o t h e r  in the  v i r i o n .
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Sucrose G r a d i e n t  C e n t r i f u g a t i o n .  Liposomal  samples were 

l a y e r e d  over  a 10 -  30% sucrose g r a d i e n t  w i t h  a l - 2ml  cushi on  

of  60% sucrose and c e n t r i f u g a t i o n  was at  3 3 , 0 0 0  rpm f o r  20 

hours a t  10°C in a Beckman SW 41 r o t o r .  For d e t a i l s  o f  the  

procedure  see Chapt er  8.

RESULTS

We a t t empt ed to form HA l iposomes using HA en r i c h e d  f r a c ­

t i o n s  t h a t  e l u t e d  i n t he  voi d volume o f  a f f i n i t y  chromat ogra ­

phy.  As seen in F i g .  10.1 we formed a dense HA l i posomal  peak 

a t  1.17gm/ml  but about  h a l f  the  p r o t e i n  on the  g r a d i e n t  stayed  

wi t h  the  l i g h t  d e n s i t y  l i posomes.  When HA and M p r o t e i n  were 

pr es ent  dur i ng  l i posomal  f o r ma t i on  heavy d e n s i t y  l iposomes  

(d. 1 . 22  gm/ml ) were formed.  The d e n s i t y  o f  HA-M p r o t e i n  l i p o ­

somes was s i g n i f i c a n t l y  g r e a t e r  than t h a t  of  e i t h e r  HA l i p o ­

somes or  M( X- 53a)  l i posomes,  both of  which had d e n s i t i e s  of

1 . 17  gm/ml i n d i c a t i n g  the  presence o f  both p r o t e i n s  in t h i s  

l i posomal  peak.  On t h i s  g r a d i e n t  as on t he  HA l i posomal  g r a ­

d i e n t  much p r o t e i n  remained as s oc i a t ed  wi t h  l i g h t  d e n s i t y  

1 i posomes.
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When we a t t empt ed t o  de t e r mi ne  HA t i t e r s  f o r  these  

f r a c t i o n s  we d i scover ed  t h a t  t h e r e  was l y s i s  across t he  g r a d i ­

e n t .  Even t he  heavy d e n s i t y  HA l iposomes and HA-M l iposomes  

were l y t i c  at  a 1 : 64  d i l u t i o n  i n d i c a t i n g  a T r i t o n  X-100 con­

c e n t r a t i o n  of  0.03%.  No h e ma g g l u t i n a t i o n  was observed.  The 

i m p l i c a t i o n s  of  t h i s  w i l l  be di scussed l a t e r .

When HA2 i s  p r es ent  dur i ng  l i posomal  f o r ma t i o n  a l l  HA2 , 

as i n d i c a t e d  by r a d i o a c t i v i t y ,  a s s o c i a t e d  wi t h  l iposomes of  

1 . 2 4  gm/ml d e n s i t y  ( F i g .  1 0 . 3 ) .

When both HA2 and M were pr esent  dur i ng  l i posomal  forma­

t i o n  a l l  of  HA2 and almost  a l l  M p r o t e i n  ( i n d i c a t e d  by pr o­

t e i n )  was pr es ent  in l iposomes of  1 . 2 3  gm/ml d e n s i t y  and no 

p r o t e i n  was a s s oc i a t e d  wi t h  t he  l i g h t  d e n s i t y  l i posomes.  The 

d e n s i t y  o f  HA2 -M p r o t e i n  l iposomes i s  e s s e n t i a l l y  the  same as 

t h a t  seen f o r  HA2 l iposomes but  i s  g r e a t e r  than t h a t  r ou­

t i n e l y  seen wi t h  M( X- 53a)  l iposomes (d.  1 . 17  gm/ ml ) ,  i n d i c a t ­

ing t h a t  both M and HA2 are  pr esent  in t he  same l i posomes.
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DISCUSSION

On both HA and HA-M p r o t e i n  l i posomal  g r a d i e n t s  much pr o ­

t e i n  remained a s s o c i a t e d  wi t h  the  l i g h t  d e n s i t y  l i posomes.

The presence of  r e l a t i v e l y  high l e v e l s  of  T r i t o n  X-100 a s s o c i ­

at ed w i t h  even the heavy d e n s i t y  l iposomes on both g r a d i e n t s ,  

made i t  i mposs i b l e  to draw f i r m  conc l us i ons  from t h i s  da t a .  

However the  HA l i posomal  exper i ment s  did demonst ra t e  t h a t  HA 

i n c o r p o r a t e d  i n t o  l i p i d  as r e p o r t e d  by ot her s  (Huang et  a l . ,  

1979;  Oxford e t  a l . ,  1 9 8 1 ) .  The h e a v i e r  d e n s i t y  of  the HA-M 

p r o t e i n  l iposomes suggested t h a t  t h e r e  was c o o p e r a t i v e  i n t e r ­

a c t i o n  between t he  HA and M p r o t e i n s  as was observed f o r  NA-M 

p r o t e i  n 1 i posomes.

The d i f f i c u l t y  in removing T r i t o n  X-100 f rom HA i n d i c a t e d  

t h a t  anot her  d e t e r g e n t  should be used f o r  exper i ment s  i n v o l v ­

ing HA. Even when HA samples in T r i t o n  X-100 were s o l u b i l i z e d  

wi t h  5% oc t y l  g l uc os i de  and c e n t r i f u g e d  a t  35 , 0 0 0  rpm in a 

Beckman SW 41 r o t o r  f o r  20 hours on a 10 -  30% sucrose g r a d i ­

ent  w i t h  60% sucrose cushi on,  we f a i l e d  t o  d i s s o c i a t e  any 

meani ngful  amount of  HA f rom the l i g h t  d e n s i t y  T r i t o n  X-100  

peak.  Using T r i t o n  X-100 t o  s o l u b i l i z e  the  envel ope g l y c o ­

p r o t e i n s  o f  Seml i k i  Forest  V i rus  Simons and co l l e a gue s  (1978)  

r e po r t e d  t h a t  some T r i t o n  remained as s oc i a t ed  wi t h  the aggr e ­

gated g l y c o p r o t e i n  s p i ke s .
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The f o r ma t i o n  of  dense HA2 l iposomes (d. 1 . 2 4  gm/ml)  and 

l i g h t  n o n - p r o t e i n  c o n t a i n i n g  l iposomes when HA2 was present  

dur i ng  l i posomal  f o r ma t i o n  suggested t h a t  t h e r e  i s  c o o p e r a t i v -  

i t y  in the  i n c o r p o r a t i o n  of  HA2 i n t o  l i p i d .

The d e n s i t y  o f  HA2~M p r o t e i n  1 iposomes( d. 1 . 23gm/ ml ) was 

s i m i l a r  t o  t h a t  o f  HA2 l i posomes.  The presence of  both pr o­

t e i n s  in t he  same l iposomes is i n d i c a t e d  by the  f a c t  t h a t  no 

l i posomal  peak was observed at  t he c h a r a c t e r i s t i c  d e n s i t y  of  M 

p r o t e i n  l iposomes ( d. 1 . 1 7gm/ml ) .  Once again t h i s  suggested  

c o o p e r a t i v e  i n t e r a c t i o n s  between the  two p r o t e i n s .

Recent  ev i dence  ( Dourmashki n, personal  communi ca t i on) ,  

i n d i c a t e s  t h a t  M l iposomes of  heavy d e n s i t y  are s o l i d  b a l l s  of  

l i p i d  and p r o t e i n  in which the  m u l t i 1amel 1ar  s t r u c t u r e  c h a r ac ­

t e r i s t i c  of  l iposomes formed by d i a l y s i s  is l o s t .  I t  w i l l  be 

most i n t e r e s t i n g  t o  look at  heavy d e n s i t y  l iposomes c o n t a i n i n g  

M and o t h e r  p r o t e i n s  t o  de t er mi ne  i f  the  l i p i d  o r g a n i z a t i o n  is  

a l s o  d i s r u p t e d  in these  s t r u c t u r e s .  Use of  l iposomes c o n t a i n ­

ing more than one p r o t e i n  and c h a r a c t e r i z a t i o n  of  the immune 

response to these  should shed l i g h t  on how the  conf ormat i on  

and process i ng of  p r o t e i n s  v a r i e s  wi t h  c o n t e x t .



-  187

F i gu r e  11 . 1  HA l i posomes:  sucrose d e n s i t y  g r a d i e n t  c e n t r i f u ­

g a t i o n .  N eg a t i v e  l iposomes were formed by mi x i ng de t e r ge n t  

s o l u b i l i z e d  HA wi t h  d e t e r g e n t  s o l u b i l i z e d  l i p i d  mi x t u r e  in a 

3: 17 r a t i o  and d i a l y s i s  f o r  one week as de scr i bed i n t he  t e x t .  

P r o t e i  n - - o - - o - - o ; l i p i d  ( A260nm^  -----------   * d e n s i t y   •
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F i g u r e  11 . 2  HA-M p r o t e i n  l i posomes:  sucrose d e n s i t y  g r a d i e n t  

c e n t r i f u g a t i o n .  Neg a t i v e  l iposomes were formed by mi x i ng  

d e t e r g e n t  s o l u b i l i z e d  HA w i t h  M p r o t e i n  and l i p i d  in a 

HA: M: 1 i p i d  r a t i o  of  3 : 3 . 5 : 1 7  and d i a l y s i s  f o r  one week as 

de s c r i be d  in t e x t .  P r o t e i n ,  0 - - 0 - - 0 ; l i p i d ,  - -  - -

d e n s i t y  _______ .



PR
O

TE
IN

 
(m

g
/m

l)
 (

'

0.3

0.2

0.1

0

0.3 9

________________ s^=4 * d P *
I 2 3 4  5 6 7 8 9  10 II 12 13 14 15 16 17 18

FRACTION NUMBER
Top

VO
o



-  191

F i g u r e  1 1 . 3 .  HA2 l i posomes:  sucrose d e n s i t y  g r a d i e n t  c e n t r i ­

f u g a t i o n .  Nega t i v e  l iposomes were formed by mi x i ng p u r i f i e d  

l a b e l l e d  HA2 w i t h  l i p i d  in a H A g i l i p i d  r a t i o  of  1:17 and 

d i a l y s i s  f o r  one week,  as descr i bed in t e x t .  P r o t e i n  0 - - 0 - - 0 ; 

HA2 , x - - x - - x ;  l i p i d ,  A260nm, ....................; d e n s i t y  ______ .
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F i gur e  11 . 4  HA2 -M p r o t e i n  l i posomes:  sucrose d e n s i t y  g r a d i e n t  

c e n t r i f u g a t i o n .  Ne g a t i v e  l iposomes were formed by mi xi ng  

HA2 i M : l i p i d  i n a r a t i o  of  1 : 3 . 5 : 1 7  and d i a l y s i s  f o r  one week 

as de s cr i be d  in t e x t .  P r o t e i n  ( 0 - - 0 - - 0 ) ,  HA2 (cpm) x - - x - - x ,

1 i p i d ( A 260nm) ...................., d e n s i t y ,   .



D
EN

SI
TY

 
(g

m
/c

m
3

) 
(

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18
F R A C T IO N  NUMBER

Top

1000

800

600 I

400 3 

200 

0

I

194



CHAPTER 11.  SUMMARY

The work pr esent ed  in t h i s  t h e s i s  had i t s  s t a r t i n g  po i n t  

in our  i n t e r e s t  in t he  use o f  p u r i f i e d  neurami ni dase  of  t ype  A 

i n f l u e n z a  v i r u s  as an immunogen in t he  n e u r a m i n i d a s e - s p e c i f i c  

v a cc i ne  ( K i l b o u r n e  et  al  . , 1 9 7 2 ) .  I t  was our hope t h a t  a 

c a r e f u l  study c o r r e l a t i n g  i mmunogeni c i ty  wi t h  conf or mat i on  

would y i e l d  i n f o r m a t i o n  t h a t  would be of  genera l  use in the  

desi gn of  p u r i f i e d  p r o t e i n  va cc i ne s .

Si nce t h e  i n c e p t i o n  of  our  s t u d i e s ,  p a r a l l e l  s t u d i e s  wi t h  

Seml i k i  For es t  v i r u s  f rom t he  l a b o r a t o r i e s  of  H e l e n i u s ,

Simons,  Morein and o t he r s  ( More i n  et  a l . ,  1978;  Ba l car ova  e t  

a l . , 1981)  and the  hema gg l u t i n i n  o f  i n f l u e n z a  A ( Oxf ord et  

a l . ,  1981)  have been r e p o r t e d .  We b e l i e v e  our  s t ud i e s  t o  be 

unique in two ways: f i r s t l y ,  t he  enzyme a c t i v i t y  of  neur ami ­

ni dase a l l owed us t o  mon i t o r  o t her wi s e  u n d e t e c t a b l e  changes in 

c o n f o r ma t i on ;  s e condl y ,  we have compared the response of  t he  

p u r i f i e d  a n t i g e n  t o t h a t  of  the  a n t i g e n  in the  i n t a c t  v i r u s  

and shown i t  t o  be an equal  or s u p e r i o r  immunogen. We have 

shown t h a t  t he p u r i f i e d  neurami ni dase of  t ype A i n f l u e n z a
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v i r u s  i s  as immunogenic as t h a t  in i n t a c t  v i r u s  i f  i t  were 

aggr egat ed or  i n c o r p o r a t e d  i n t o  p o s i t i v e l y  charged l i posomes,  

and t h a t  the monomer form was onl y poor l y  immunogenic.

We found t h a t  neurami ni dase  a c t i v i t y  di d not c o r r e l a t e  

wi t h  i mmunogeni c i t y :  aggr egat ed neurami  ni  dase had ni n e - f o l  d 

l ower  s p e c i f i c  a c t i v i t y  than the i mmuno l og i ca l l y  e q u i v a l e n t  

l i posomal  neur ami n i dase .

Severa l  i n t e r e s t i n g  c o n f o r m a t i o n a l l y  dependent  d i f f e r ­

ences were not ed.  S p e c i f i c  a c t i v i t y  of  neur ami ni dase i n d i f -  

f e r e n t  forms v a r i e d  w i d e l y  and appeared to be c h a r a c t e r i s t i c  

of  t h a t  c o n f o r ma t i o n .  By e l e c t r o n  mi croscopy d i f f e r e n c e s  were 

a l s o  noted.  Our aggregat ed neurami ni dase had a d r a m a t i c a l l y  

d i f f e r e n t  appearance f rom t h a t  seen wi t h  SDS e l e c t r o p h o r e s i s  

p u r i f i e d  NA which is r e p o r t e d  t o  be poor l y  immunogenic (Web­

s t e r  and La ve r ,  1967;  Laver  and V a l e n t i n e ,  1 9 6 9 ) .  Our aggr e ­

gat es  appeared very s i m i l a r  t o  t hose observed wi t h  the  g l y c o ­

p r o t e i n  spi kes of  SFV: t hese  were i s o l a t e d  by methods very

s i m i l a r  t o  t hose used by us and were a l so  h i g h l y  immunogenic.

Neurami ni dase in l iposomes appeared t o  be aggregated on 

t he  s u r f a c e  of  l a r g e  l iposomes or  in s m a l l e r  v e s i c l e s  which we 

termed "NA-mi ni somes". When l iposomes were son i ca t ed  we found 

t h a t  s p e c i f i c  a c t i v i t y  dropped one t h i r d  but t h a t  t he  immune 

response was s i m i l a r  to t h a t  observed wi t h  monomer ne ur ami n i -
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dase.  I t  may be t h a t  s o n i c a t i o n  d i s s o c i a t e s  neurami ni dase  

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

An enhanced immune response to HA i n c o r p o r a t e d  i n t o  nega­

t i v e l y  charged l iposomes has been observed ( Oxf ord et  a l . ,  

1 9 8 1 ) .  Bucher and Schwar tz  ( u n p u b l i s h e d ) ,  in p r e l i m i n a r y  

exper i ment s  had shown t h a t  neurami ni dase di d not a s s o c i a t e  

wel l  w i t h  ne g a t i v e  l i posomes.  Indeed when we formed n e ga t i v e  

l i posomes in the  presence o f  neurami ni dase a s u b s t a n t i a l  po r ­

t i o n  o f  t he  p r o t e i n  was shown to m i g r a t e  on sucrose d e n s i t y  

g r a d i e n t  c e n t r i f u g a t i o n  as n o n - l i p i d  a s s oc i a t e d  neurami ni dase  

a g g r e g a t e s ,  unl ess M p r o t e i n  were p r e s e n t .  The i mmunogeni c i ty  

of  n e g a t i v e l y  charged neurami ni dase l iposomes should be i n v e s ­

t i g a t e d  t o  de t er mi ne  i f  these  l iposomes enhance the  immunogen-  

i c i t y  o f  neurami ni dase as was r e po r t e d  f o r  he ma gg l u t i n i n .

Al though i n our system,  l iposomes t u r ned  out t o  o f f e r  no 

immunologic advantage over  p r o t e i n  m i c e l l e s  our s t u d i es  of  

l i posomes made us a p p r e c i a t i v e  of  t he  profound a l t e r a t i o n s  in  

p r o t e i n  conf or mat i on  when i t  i s  l i p i d  as s oc i a t ed  as opposed to  

when i t  i s  no t .  We were a l so  t a n t a l i z e d  by the  p o s s i b i l i t i e s  

l i posomes o f f e r e d  f o r  s t udy i ng  v i r a l  morphology.

The d i s c o v e r y  t h a t  M p r o t e i n  could i n s e r t  i n t o  the l i p i d  

b i l a y e r  of  l iposomes in what appeared to be a c o o p e r a t i v e  pr o­

cess,  suggested t h a t  t he  i n f l u e n z a  v i r u s  could assemble by the
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f o r ma t i o n  of  M p r o t e i n  domains on the cy t op l asmi c  s u r f a c e  of  

t he  l i p i d  membrane of  i n f e c t e d  c e l l s  (Choppin and Compans,  

1 9 7 5 ) ,  and t h a t  t h i s  domain might  serve to r e c r u i t  o t he r  v i r a l  

p r o t e i n s .  As t he  f i r s t  st ep in i n v e s t i g a t i n g  t h i s  hypot hes i s  

we deci ded t o see i f  we could d e t e c t  ev i dence  f o r  s p e c i f i c  

p r o t e i n - p r o t e i n  i n t e r a c t i o n  between M p r o t e i n  and t he i n f l u ­

enza g l y c o p r o t e i n s .

We have been ab l e  t o  show s p e c i f i c  neurami ni dase-M p r o ­

t e i n  i n t e r a c t i o n  dur i ng  the  f o r ma t i o n  o f  l iposomes by d i a l y ­

s i s .  (We di d not  i n v e s t i g a t e  the a s s o c i a t i o n  of  M p r o t e i n  

wi t h  neurami ni dase ag gr e ga t e s ,  though t h i s  i n f o r m t i o n  would be 

most i n t e r e s t i n g . )  The ev i dence f o r  s p e c i f i c  neurmi ni dase- M  

p r o t e i n  i n t e r a c t i o n  was as f o l l o w s :

1. The presence o f  M p r o t e i n  f a c i l i t a t e d  the i n c o r p o r a ­

t i o n  of  neurami ni dase i n t o  l i p i d .  Dur i ng the  f o r ma t i o n  of  

n e g a t i v e l y  charged neurami ni dase l iposomes not a l l  ne ur a mi n i ­

dase was i n c o r p o r a t e d  i n t o  l i p i d ,  w h i l e  in the neurami ni dase-M  

p r o t e i n  l i posomal  p r e p a r a t i o n  a l l  neurami ni dase was as s oc i a t e d  

with l i p i d .

2.  In t he  presence of  M p r o t e i n  a s u b s t a n t i a l  p o r t i o n  of  

neurami ni dase  was i n c o r p o r a t e d  i n t o  l iposomes of  heavy den­

s i t y .  Thi s was a d i s c r e t e  l i posomal  p o p u l a t i o n  which showed 

ev i dence  of  neurami ni dase and M p r o t e i n  e x i s t i n g  in t he same

1 i posomes.
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3.  F u r t h e r  ev i dence o f  neurami ni dase-M p r o t e i n  i n t e r a c ­

t i o n  was the  two to t h r e e - f o l d  h i ghe r  enzyme a c t i v i t y  seen on 

t he  neurmi ni dase- M p r o t e i n  l i posomal  g r a d i e n t ,  than on the  

g r a d i e n t  c o n t a i n i n g  neurami ni dase l i posomes.

U n f o r t u n a t e l y ,  we were not ab l e  t o  use e l e c t r o n  mi c r o ­

scopi c methods f o r  e x t e n s i v e  study of  the  morphology o f  neu-  

rami ni  dase-M p r o t e i n  l i posomes.  I t  would be most i n t e r e s t i n g  

t o  see i f  M p r o t e i n  remains an int ramembranous p r o t e i n  in the  

presence of  neur ami n i dase ,  and to  observe t he  conf ormat i on of  

neur ami ni dase  in n e g a t i v e  l iposomes to de t er mi ne  i f  M-depen-  

dent  c o nf o r ma t i on a l  changes are  d e t e c t a b l e .

S t ud i es  were begun on e l u c i d a t i n g  the  i n t e r a c t i o n  of  hem­

a g g l u t i n i n  w i t h  l i posomes.  Hemaggl ut i n i n  prepared from the  

p r o t e i n  pool of  neurami ni dase a f f i n i t y  chromatography di d not  

prove an i dea l  source;  T r i t o n  X-100 l e v e l s  could not be l ow­

ered s u f f i c i e n t l y .  An i n t e r e s t i n g  p o s s i b i l i t y  i s  t h a t  hemag­

g l u t i n i n  bound hydrophobic m o i e t i e s  more t e n a c i o u s l y  than did  

neur ami n i dase .  However,  we were ab l e  t o  demonst rate  t h a t  T r i ­

ton X-100 s o l u b i l i z e d  hema gg l u t i n i n  was i n c o r p o r a t e d  i n t o  

heavy d e n s i t y ,  n e g a t i v e l y  charged l i posomes.  The presence of  

two l i p i d  p o p u l a t i o n s ,  one wi t h  l i g h t  d e n s i t y  and a low pr o­

t e i n  t o  l i p i d  r a t i o  and one wi t h  heavy d e n s i t y  wi t h  a high
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p r o t e i n  t o  l i p i d  r a t i o ,  suggested t h a t  we were seei ng coopera­

t i v e  i n t e r a c t i o n  dur i ng  i n c o r p o r a t i o n  of  he ma gg l u t i n i n  i n t o  

l i p i d  (even in the presence of  low T r i t o n  X-100 c o n c e n t r a ­

t i o n s ) .  E l e c t r o n  mi crographs of  h e ma gg l u t i n i n  l iposomes by 

Oxford e t  a l .  ( 1981)  showed the presence of  both p r o t e i n  r i c h  

and p r o t e i n  poor l iposomes ( t h e s e  were not  separ a t ed  by suc­

rose g r a d i e n t  c e n t r i f u g a t i o n ) .

In the  presence of  hemagg l u t i n i n  and M p r o t e i n ,  we formed 

a d i s c r e t e  p o p u l a t i o n  o f  heavy d e n s i t y  he maggl u t i n i n - M p r o t e i n  

l i posomes,  which were s u b s t a n t i a l l y  more dense than e i t h e r  the  

M p r o t e i n  or  he ma gg l u t i n i n  l i posomes,  i n d i c a t i n g  t h a t  t h i s  

p o p u l a t i o n  cont a i ne d  both p r o t e i n s ,  presumably in the  same 

l i posomes a l t hough t h i s  was not d i r e c t l y  demonst ra t ed .

The HA2 p o l y p e p t i d e  of  he ma gg l u t i n i n  was i n c o r p o r a t e d  

i n t o  l iposomes t o form very heavy d e n s i t y  l iposomes (d.  

1 . 2 8 g m/ ml ) .  Oxford and c o l l eg ue s  ( 1981)  have shown t h a t  br o ­

me l a i n  d e r i v e d  he ma ggl u t i n i n  di d not a s s o c i a t e  wi t h  l i posomes.  

We have conf i rmed t h a t  i t  i s  t he hydrophobic HA2 p o r t i o n  of  

t he  h ema gg l u t i n i n  mol ecul e  t h a t  i s  r e s p o n s i b l e  f o r  a t t achment  

of  h e ma gg l u t i n i n  to l i p i d .

In the  presence o f  HA2 and M a l l  p r o t e i n  was i n c o r p o r a t e d  

i n t o  a d i s c r e t e  p o p u l a t i o n  o f  very heavy d e n s i t y  l i posomes,  

suggest i ng t h a t  HA2 and M were s e l e c t i v e l y  i n t e r a c t i n g .
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The term " c o o p e r a t i v e  i n t e r a c t i o n "  i s  used by us to  

de s c r i b e  the f o l l o w i n g  phenomenon. When p o s i t i v e l y  charged NA 

l i posomes were formed,  sucrose g r a d i e n t  c e n t r i f u g a t i o n  showed 

them to be a heterogeneous p o p u l a t i o n  wi t h  a d e n s i t y  range of  

1 . 1 8  -  1 . 03gm/ ml .  In t h i s  case i n c o r p o r a t i o n  o f  neurami ni dase  

i n t o  l iposomes would appear  t o  have occur red by random a s s o c i a ­

t i o n  of  neurami ni dase  wi t h  l i p i d ,  even though l i p o s o m a l l y  

as s oc i a t e d  neur ami ni dase  in smal l  aggr ega t i o ns  was observed by 

e l e c t r o n  mi croscopy.  However ,  when we observed the  f o r ma t i on  

of  two very d i s t i n c t  l i posomal  p o p u l a t i o n s ,  one wi t h  heavy 

d e n s i t y ,  one wi t h  l i g h t ,  we were l ed to s p e c u l a t e  t h a t  dur i ng  

t h e  process of  p r o t e i n  a s s o c i a t i n g  wi t h  l i p i d  t h e r e  was a 

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

m i c e l l e  t h a t  a l r e a d y  cont a i ned  p r o t e i n  than wi t h  m i c e l l e  con­

t a i n i n g  no p r o t e i n ,  and t h a t  t h i s  i n t e r a c t i o n  is due t o  

p r o t e i n - p r o t e i n  i n t e r a c t i o n .  We appl y  the term " c o o p e r a t i v e  

i n t e r a c t i o n "  to d e s c r i b e  t h i s  phenomenon and would suggest  

t h a t  i t  i s the  a b i l i t y  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  to  

s e l e c t i v e l y  i n t e r a c t  w i t h  each o t h e r  in a l i p i d  envi ronment  

t h a t  may be t he  process by which v i r u s  assembles on t he  s u r ­

f a ce  of  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 .  C o n f i r ma t i o n  of  the  

s e l e c t i v e  i n t e r a c t i o n  of  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  w i l l  

have t o  be obt a i ned  using l i posomal  systems t h a t  c o n t a i n  both 

c e l l u l a r  membrane a s so c i a t e d  p r o t e i n s  as wel l  as v i r a l  

p r o t e i  ns .
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Most of  t he  steps in 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  in host  

c e l l s  u t i l i z e  host  c e l l u l a r  machi nery and hence agents t h a t  

a f f e c t  these  steps in v i r a l  r e p l i c a t i o n  a l so a f f e c t  the  host .  

The i n d i c a t i o n  t h a t  i n f l u e n z a  v i r u s  may s e l f - a s s e m b l e  at  the  

membrane of  i n f e c t e d  c e l l s  i s o f  p o t e n t i a l  i n t e r e s t  in the  

devel opment  of  a n t i v i r a l  agent s .  I t  i n d i c a t e s  t h a t  t h e r e  may 

be a st ep in v i r a l  r e p l i c a t i o n  t h a t  could be i n t e r f e r e d  w i t h ,  

wi t h  minimal  damage t o the  hos t .  Liposomal  systems may prove  

a usef u l  t o o l  in the  de s i gn i ng  and t e s t i n g  of  such agent s .
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APPENDIX I .  PURIFICATION OF NEURAMINIDASE BY AFFINITY  

CHROMATOGRAPHY

( Cuat r ecasas  and I l l i a n o ,  1971;  Bucher ,  1977)

P r e p a r a t i o n  o f  t he  Neurami ni dase A f f i n i t y  Column. (Bucher  lab  

o r a t o r y  pr ocedur e ,  unpubl i shed)

1.  Wash 200ml of  Sepharose 4B w i t h  2 l i t e r s  of  bor a t e  b u f f e r  

(0 . 2M b o r i c  a c i d ,  0.15M NaCl , a d j us t ed  t o  pH 8 . 0  w i t h  NaOH).  

C e n t r i f u g e  a t  lOOOrpm f o r  10 minutes Repeat  two a d d i t i o n a l  

t imes.

2.  Suspend Sepharose in 400ml of  b o r a t e  b u f f e r  i n a 2 l i t e r  

f l a s k  and add CNBr (16 gm in 320 ml of  d i s t i l l e d  w a t e r ,  

a d j u s t e d  t o  pH 11 w i t h  6M NaOH - -  do t h i s  in hood) .  S t i r  f o r  

20 minutes m a i n t a i n i n g  mi x t u r e  at  pH 10 . 9  by a d d i t i o n  o f  1M 

NaOH.

3.  Ter mi na t e  r e a c t i o n  by r a p i d  washing of  CNBr Sepharose in 

Buchner funnel  w i t h  1 l i t e r  o f  col d d i s t i l l e d  wat e r  and then  

500 -  1000 ml of  cold b o r a t e  b u f f e r .
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4.  Pl ace a c t i v a t e d  Sepharose 4B in 200 ml bor a t e  b u f f e r  wi t h  

4 gm of  g l y c y l - g l y c y l - t y r o s i n e  and s t i r  o v e r n i g h t  a t  4°C.

5.  P l ace washed,  a c t i v a t e d  Sepharose in column and wash wi t h  

8 l i t e r s  of  0.1N NaCl .

6.  Wash column wi t h  400 ml o f  pH 8 . 9 ,  0.5M sodium b i c a r b o ­

na t e .

7.  Remove sepharose from column and d i s s o l v e  in 200ml ,  of

0.5M sodium b i c a r b o n a t e  (pH 8 . 9 ) ,  in beaker .

8.  D i s s o l v e  540 mg AMP0X ( p r e p a r a t i o n  gi ven i mmedi a t e l y  f o l r  

l owi ng)  in 200 ml i ce  co l d  0.4N HC1 by s o n i c a t i o n .  Then add 

500 mg sodium n i t r i t e  in 2.2ml  cold d i s t i l l e d  wat er  over  a one 

mi nute p e r i o d .  Wai t  5 minutes and then add the  prepared aga­

rose.

9.  Ad j ust  pH t o  8 . 8  wi t h  1.0N NaOH and s t i r  8 hours at  room 

t e mp e r a t u r e .

10.  Pour in column and wash wi t h  6 l i t e r s  of  0.1N NaCl.
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PREPARATION OF P-AMINOPHENYLOXAMIC ACID ( AMPOX)

(Chemische B e r i c h t e ,  1903,  3 6 : 4 1 3 ) .  Bucher l a b o r a t o r y  pr oce­

dur e ,  unpubl i shed.

1.  D i s s o l v e  5 gm p- pheny l ened i a mi ne  and 20 gm o x a l i c  ac i d  in 

500 ml hot d i s t i l l e d  w a t e r .  Cover beaker  and use s t i r r i n g  rod 

and ma i n t a i n  at  a low b o i l  f o r  3 - 4  hours ( c o l o r  changes from 

orange to deep p i n k ) .

2.  Al l ow t o cool :  a very  heavy AMPOX p r e c i p i t a t e  forms.

3.  C e n t r i f u g e  f o r  20 mi nutes at  8 , 0 0 0  rpm and d i s c a r d  super ­

n a t a n t .  Wash p r e c i p i t a t e ,  in 500 ml i ce  cold d i s t i l l e d  wa t e r .  

C e n t r i f u g e  as be f or e  and save p r e c i p i t a t e .

4.  Red i sso l ve  p r e c i p i t a t e  in 15 ml ,  4N NaOH.

5. F i l t e r ,  save f i l t r a t e .  R e p r e c i p i t a t e  AMPOX wi t h  4N H2 SO4 .

6 . Wash p r e c i p i t a t e  w i t h  100 -  200 ml i ce  cold d i s t i l l e d  

wat e r .  C e n t r i f u g e  and save p r e c i p i t a t e .

7.  Dry i n dr y i ng  oven w i t h  no he a t .
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AFFINITY COLUMN CHROMATOGRAPHY. 

( Bucher ,  1977)

COLUMN PREPARATION

1. Gent l y  s t i r  prepared column m a t e r i a l  in 3 volumes o f  0.1M 

pH 9 . 1 ,  0.1M sodium b i c a r b o n a t e ,  0.1% T r i t o n  X - l 0 0 ( T X - 1 0 0 ) .

2.  Al l ow column m a t e r i a l  t o  s e t t l e  and decant  s u pe r na t a n t .

3.  Pour column m a t e r i a l  i n t o  column and wash wi t h  3 bed v o l ­

umes of  b i c a r b o n a t e  b u f f e r .

4.  Wash column wi t h  adsorbi ng b u f f e r , ( p H  5,  0.05M sodium ace­

t a t e ,  ImM C a C ^  and O.lmM EDTA, 0.1% TX- 100)  u n t i l  e l u a n t  is  

pH 5. Shake column and wash wi t h  anot her  2 - 3  volumes of  

absorbi ng b u f f e r .
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PREPARATION OF VIRUS

1. D i l u t e  v i r u s  t o  Img/ml  (Lowry assay)  wi t h  pH7, 0.05M sodium 

a c e t a t e ,  2mM C a C ^ *

2.  I ncubat e  v i r a l  p r o t e i n  wi t h  1% SDS a t  3 7 0 C f o r  15 minutes  

Use s y r i nge  w i t h  l a r g e  gauge needl e  to f a c i l i t a t e  d i s r u p t i o n  

( f o r  N1 s t r a i n s  d i s r u p t  at  room t e mp . ) *

3.  C e n t r i f u g e  a t  20, 000rpm in Beckman JA 21 f o r  one hour .  

S o l u b i l i z e d  NA i s  in t he  s u p e r n a t a n t .

APPLICATION OF SAMPLE TO COLUMN

1.  Apply 1 column volume of  sample to column.  Stop t he  c o l ­

umn f o r  15 mi nutes Repeat  these two steps u n t i l  a l l  of  sample 

■i s appl  i ed t o  col  umn.

2 . Wash column w i t h  3 - 4  volumes of  absorbi ng b u f f e r
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ELUTION OF NA FROM COLUMN

1. E l u t e  NA by s wi t c h i n g  to pH 9 . 1 ,  b i c a r b o n a t e  b u f f e r .

2.  C o l l e c t  samples in 1 -  2 ml a l i q u o t s  and as soon as p o s s i ­

b l e  a d j u s t  pH o f  a l i q u o t s  t o  pH 6 or  7 w i t h  IN HC1.

DETERMINATION OF PURITY

1.  Assay a l l  column f r a c t i o n s  and s t a r t e r  v i r u s  p r e p a r a t i o n s  

f o r  NA a c t i v i t y  (use 25jul ) .

2.  Run 5 O j u l  1  a l i q u o t s  o f  the  f o l l o w i n g  on 10% page ge l s  v i r u s ;  

s u p e r n a t a n t ,  p e l l e t ;  p r o t e i n  pool ;  enzyme pool f r a c t i o n s .

HANDLING OF THE NEURAMINIDASE.

1.  Pool and c o n c e n t r a t e  enzyme pool f r a c t i o n s  t h a t  appear  

pure by PAGE. NA can be s t or ed  in the  Revco at  - 70°C f o r  at  

l e a s t  one y e a r  wi t h  no n o t i c e a b l e  loss of  a c t i v i t y .



2.  Neurami ni dase can be d i a l y z e d  be f or e  s t o r i n g  i f  t h i s  

d e s i r a b l e .  Sodium a z i d e  can be added i f  sample is not  

i n t ended f o r  b i o l o g i c a l  use.
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F i g u r e  A .  1 .  C h e m ic a l  S t r u c t u r e s  f o r  N e u r a m in id a s e  A f f i n i t y  

C olum n.

A///- C~ CO OH

N - a c e t y l  n e u r a m i n i c  a c i d  N - ( p - a m i n o p h e n y l ) o x a m i c  a c i d

/ /
O COOhli

-  a / -  /V-

0
-A /- C -C O O H

A f f i n i t y  Colum n. The d i a z o n i u m  d e r i v a t i v e  o f  N - ( p - a m i n o ­

p h e n y l )  o x a m ic  a c i d  i s  c o u p l e d  v i a  an a z o  l i n k a g e  t o  

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

c a s a s  an d  I l l i a n o ,  1 9 7 1 ) .
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APPENDIX I I .  NEURAMINIDASE ASSAYS

THE NEURAMINIDASE ASSAY

( War ren,  1959,  1963;  A mi n o f f ,  1959,  1961)

( T h i s  l a b o r a t o r y  procedure adapted from the  l a b o r a t o r y  pr oce­

dure of  Barbara Pokorny by Bucher ,  unpubl i shed)

1.  10 t o  50jj1 of  sample to be t e s t e d  is brought  to 150pl  wi t h  

pH6, 0.05M sodium a c e t a t e ,  2mM C a C ^ .

2. To t h i s  add 50jul of  f e t u i n  ( p r o t e i n  c o n c e n t r a t i o n  - -  

25mg/ml ) .

3.  I ncubat e  at  37°C f o r  15 mi nutes ( l o n g e r  t i mes may be used) .

4.  Cool and add 50pl  of  p e r i o d a t e  s o l u t i o n  (0 . 2M sodium meta­

p e r i o d a t e  in 62% phosphor i c  a c i d )  and i ncubat e  at  room t emper ­

a t u r e  f o r  20 mi nut es .
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5. Add 0.5ml  of  a r s e n i t e  reagent ( 10% sodium a r s e n i t e  in 0.5M 

sodium s u l pha t e  wi t h  0.3% s u l p h u r i c  a c i d ) ,  and shake u n t i l  the  

brown c o l o r  d i s a p p ea r s .

6.  Add 1.5ml  of  TBA s o l u t i o n  (0 . 6M 2 - t h i o b a r b i t u r i c  ac i d  in

0.5M sodium s u l p h a t e )  and shake t he  t ubes .  P l ace in b o i l i n g  

w a t e r  bath f o r  15 mi nut es .

7.  Add 2ml of  Wa r r e no f f  Reagent  (5% HC1 in b u t a n o l )  and v o r ­

t e x .  C l a r i f y  by c e n t r i f u g a t i o n  at  1000 rpm f o r  5 mi nut es .

8.  Co l or  i s  e x t r a c t e d  i n t o  t he  ac i d b u t a n o l ( t o p )  phase and 

t h i s  s o l u t i o n  is read a t  549mu.

9.  The number of  pM/min/ml  i s  c a l c u l a t e d  from the equat i on

juM/min/ml = O . D . ^ g  x 0 . 0 3 4  x t i me in min~* x l O O O / ^ p l  used

P e r i o d a t e  c l eaves  f r e e  neur ami ni c  ac i d to y i e l d  fi formyl  py r u­

v i c  ac i d ( carbon atoms 1 -  4 ) .  Excess p e r i o d a t e  is reduced by 

a r s e n i t e .  £ - f o r m y l  p y r u v i c  ac i d  r e a c t s  wi t h  2 - t h i o b a r b i t u r i c  

ac i d  t o  y i e l d  a red chromophore wi t h  an aborbance peak at  

550mu.
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THE NI ASSAY

( Aymard-Henry e t  a l . ,  1973)

( T h i s  l a b o r a t o r y  procedure  adapted f rom t he  l a b o r a t o r y  pr oc e ­

dure of  Barbara Pokorny by Bucher ,  unpubl i shed)

1.  A s t andar d  v i r u s  p r e p a r a t i o n  is t i t e r e d  so t h a t  in the  NA 

assay ,  50jj1 of  v i r u s  on 16 hour i n c u b a t i o n  at  37°C wi t h  5Oju 1 

of  f e t u i n  y i e l d s  an O . D . ^ g  of  between 0 . 4 0 0  and 0 . 8 0 0 .

2.  Serum i s  heat  i n a c t i v a t e d  a t  56°C f o r  30 minutes to  

dest r oy  serum neurami ni dase a c t i v i t y .  Serum i s  d i l u t e d  in  

f o u r - f o l d  steps using ca l c i um a c e t a t e  b u f f e r .

3.  50jul of  an a p p r o p r i a t e  d i l u t i o n  o f  v i r u s  and 5 Oju 1 -of  the  

serum d i l u t i o n s  ( 1 : 1 6  -  1 : 1028  are s t a n d a r d l y  used) are mixed 

and a l l owed to stand a t  room t e mp e r a t u r e  f o r  30 minutes.  The 

s o l u t i o n s  are brought  t o  0.2ml  wi t h  ca l c i um a c e t a t e  b u f f e r  and 

5Oju 1 of  f e t u i n  are added.  Cont r o l s  c o n t a i n i n g  onl y  v i r u s  or  

only serum are run.  A l l  samples are assayed in d u p l i c a t e  or  t r i ­
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p l i c a t e .  Samples are  i ncubat ed a t  37°C f o r  16 hours and then  

t aken t hrough t he  s t andar d  NA assay and read at  549mu.

4.  C a l c u l a t i o n  of  the  NI t i t e r .  NA a c t i v i t y  i s  expressed as 

a p e r c e n t a ge ,  i . e .  NA a c t i v i t y  o f  a gi ven d i l u t i o n  o f  s e r a / v i ­

rus c o n t r o l .  The % a c t i v i t y  i s  p l o t t e d  on semi l og paper ,  % 

a c t i v i t y  vs d i l u t i o n ,  and a b e s t - f i t  l i n e  i s  drawn.  The 

i n v e r s e  of  t he  d i l u t i o n  at  which 50% i n h i b i t i o n  is expect ed is  

used as the  NI t i t e r .  (Aymard-Henry e t  a l . ,  1 9 7 3 ) .
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APPENDIX I I I .  ASSAYS FOR HEMAGLUTINAT10 N

THE HEMAGGLUTINATION TEST 

( S e v e r ,  1962)

( T h i s  l a b o r a t o r y  procedure adapted from the l a b o r a t o r y  pr oce­

dure of  Barbara Pokorny by Bucher ,  unpubl i shed)

1. Add 25jul of  l x  PBS t o a l l  w e l l s  o f  a m i c r o t i t e r  p l a t e  

except  w e l 1 &  1.

2.  Add 25pl  of  v i r u s  s o l u t i o n  t o  be t e s t e d  to w e l l s # l  and 

#2 .

3. D i l u t e  out  s t a r t i n g  wi t h  w e l 1 # 2  and c o n t i n u i n g  through  

wel 1 -5^24.
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4.  Add 2 5 j j 1 of  0.5% human type "0" red blood c e l l s  t o  a l l  

w e l 1s .

5.  R e f r i g e r a t e  f o r  one hour .  V i r a l  neurami ni dase can cause 

v i r u s  t o  e l u t e  from red blood c e l l s  but  i t  i s  not  a c t i v e  at  

4°C

6.  Score HA. He mag g l u t i na t i on  appears as a f i n e  pink s e d i ­

ment on the  bot tom of  t he  w e l l .  Where t h e r e  is no he ma gg l u t i ­

n a t i o n ,  a smal l  compact red but t on is seen on the  bottom of  

t he  p l a t e .  An HA p a t t e r n  in wel l  1 r e pr e s e n t s  an HA t i t e r  of  

2 ( t h e  i n ve r s e  o f  the v i r u s  d i l u t i o n ) ,  wel l  2 ,  a t i t e r  o f  4;  

wel l  3 ,  a t i t e r  of  8 ,  e t c .
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DETERMINATION OF H i  TITER 

( H i e r h o l z e r  and Sugg,  1969)

( T h i s  l a b o r a t o r y  procedure adapted from the  l a b o r a t o r y  pr oce­

dure of  Barbara Pokorny by Bucher ,  unpubl i shed)

RDE t r e a t  a n t i s e r a  ( a . s . )  t o  remove s i a l i c  ac i d res i dues  

on serum p r o t e i n s  which could i n t e r f e r e  wi t h  the  HA r e a c t i o n .

1. To 1 p a r t  a n t i s e r a  add 4 p a r t s  RDE worki ng s o l u t i o n .  Stock 

s o l u t i o n  is 5mg of  commercial  RDE ( r e c e p t o r  d e s t r o y i n g  enzyme 

of  V i b r i o  c h o l e r a e )  in 5ml d i s t i l l e d  wa t e r .  Working s o l u t i o n

i s  prepared by d i l u t i n g  stock 1: 10  wi t h  ca l c i um s a l i n e  immedi ­

a t e l y  b e f o r e  use.  I ncubat e  o v e r n i g h t  a t  37°C.

2.  Add 3 p a r t s  2.5% sodium c i t r a t e  and i ncubat e  o v e r n i g h t  at  

56°C f o r  30 mi nut es .  Thi s i n a c t i v a t e s  serum neur ami ni dase .

3.  Add two pa r t s  I x  PBS. Serum is now at  1: 10 d i l u t i o n .
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TI TER VIRUS

1.  D i l u t e  v i r u s  1 : 1 0 ,  1 : 1 0 0 ,  1 : 5 0 0 ,  e t c .  Add 25pl  of  each 

d i l u t i o n  t o  w e l l s  1 and 2 of  m i c r o t i t e r  p l a t e .

2.  Add 2 5/j 1 of  PBS-alb ( l x  PBS, 0.1% albumen)  to we l l s  two 

though 8 and d i l u t e  out s t a r t i n g  a t  wel l  2.

3.  Add 25jul PBS-alb to a l l  w e l l s .

4.  Add 5Oju 1 0.25% human type "0" red blood c e l l s  t o  a l l  

w e l 1s .

5.  R e f r i g e r a t e  f o r  1 - 2  hours.

6.  S e l e c t  a s t a r t i n g  d i l u t i o n  of  v i r u s  g i v i n g  2 - 3  w e l l s  of  

h e m a g g l u t i n a t i o n .  Conf i rm t h i s  b e f o r e  doing HI .  N.B.  As 

ANAb may i n t e r f e r e  wi t h  the  HA e s p e c i a l l y  at  high t i t e r s  use 

both the  v i r u s  t o  which the  a n t i s e r a  has been made and a v i r us  

c a r r y i n g  an i r r e l e v a n t  NA.
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DETERMINATION OF HI TITER.

1. Add 25jul o f  PBS-alb t o  a l l  w e l l s  of  a m i c r o t i t e r  p l a t e

except  we l l  2.

2 . Add 2 5j j  1 of  RDE t r e a t e d  a n t i s e r a  To w e l l s  1 , 2  and 3 . and

d i l u t e  out  f rom wel l  3 .

3.  Add 25/ul of  v i r u s  d i l u t i o n  i n d i c a t e d  by HA t i t e r i n g  in a l l

w e l 1s but  w e l 1 1.

4.  I n cuba t e  at  room t e mp e r a t u r e  f o r  one hour .

5.  Add 50jul o f  0.25% red blood c e l l s  ( i n  PBS- a l b)  t o  a l l  

w e l l s  and r e f r i g e r a t e  f o r  1 - 2  hours.

6.  Score HI in the  f o l l o w i n g  way.  F i r s t  we l l  should not  show

HA as i t  r e c e i v e d  no v i r u s .  I f  t h e r e  is no i n h i b i t i o n  HA 

should be seen in a l l  o t h e r  w e l l s .  HI w i l l  appear  as a p a t ­

t e r n  l i k e  t h a t  in wel l  1.  I f  t h i s  occurs in wel l  2 the  HI 

t i t e r  i s  40;  i n  we l l  3,  80 e t c .
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APPENDIX I V .  GROWTH AND PURIFICATION OF INFLUENZA A VIRUS

( T h i s  l a b o r a t o r y  procedure  adapted f rom the  l a b o r a t o r y  pr oce­

dure of  Barbara Pokorny by Bucher ,  unpubl i shed)

1. Seed v i r u s  ( i n  a l l a n t o i c  f l u i d )  i s  d i l u t e d  t o  10"^ w i t h  

s t e r i l e  PBS, 1% p e n i c i l l i n  and s t r e p t o my c i n .

2.  Candle ten day eggs and mark wi t h  pe nc i l  where i n j e c t i o n  

should be made t o  h i t  a l l a n t o i c  c a v i t y  and avoi d maj or  blood  

v e s s e l s ,  t ap  t h i s  spot  w i t h  diamond p e n c i l .  Make smal l  open­

ing a t  t he  top o f  t he  egg.

3.  I n j e c t  each egg w i t h  0.1ml  of  seed v i r u s  d i l u t i o n .  Seal  

up i n j e c t i o n  s i t e  w i t h  warm l i q u i d  p a r a f f i n .

4.  I ncubat e  at  37°C f o r  24 -  40 hours.

5.  Har vest  a l l a n t o i c  f l u i d .

6.  F i l t e r  crude a l l a n t o i c  f l u i d  through cheese c l o t h  to  

remove l a r g e  d e b r i s .
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7. Spin a t  10 , 000  rpm f o r  10 minutes to p e l l e t  out red blood  

c e l l s  and o t h e r  c e l l u l a r  d e b r i s .  D i scar d  p e l l e t .

8.  P e l l e t  v i r u s  from a l l a n t o i c  f l u i d  by sp i nni ng at  20 , 00 0  

rpm in Beckman JA 20 f o r  1 hour .  Di scar d super na t an t  and 

resuspend v i r u s  in pH 7 PBS or  pH 7 ca l c i um a c e t a t e  b u f f e r .

9.  Layer  over  a d i sc ont i n uous  sucrose g r a d i e n t  ( i n  a 40ml 

c e l l u l o s e  a c e t a t e  c e n t r i f u g e  t u b e ,  p l ace  6ml of  60% and over  

t h i s  6ml of  30% sucrose d i l u t e d  in a p p r o p r i a t e  b u f f e r ) ,  spin  

in SW 27 r o t o r  at  25 , 000  rpm f o r  1 hour at  4°C.

10.  C o l l e c t  the  dense band t h a t  forms at  t he  30 -  60% i n t e r ­

f a c e .  i t  has a d e n s i t y  o f  about  1 . 22gm/ ml .  The l i g h t e r  band 

i s  a l s o  c o l l e c t e d  i t  has l ower  i n f e c t i v i t y  than the more dense 

band but can be used f o r  pr i mi ng runs f o r  a f f i n i t y  chromatog­

raphy.

11.  D i l u t e  out  heavy and l i g h t  bands 1: 5 in a p p r o p r i a t e  b u f f e r  

and spin at  20, 000rpm as be f o r e  to p e l l e t  v i r u s .  Resuspend 

v i r u s  in a p p r o p r i a t e  b u f f e r .

12.  C h a r a c t e r i z e  t he  v i r u s  from both bands by HAU, NA, and 

Lowry.  Heavy band p r o t e i n  c ont ent  should equal  a ha r v es t  of  

about  O. l mg/ egg used.  There should be about  25% of  t h i s  

amount in l i g h t  band f r a c t i o n .  Do not r e c l a i m  v i r u s  i f  

h e a v i l y  cont ami nat ed wi t h  y o l k .



13.  Use i mme di a t e l y  or  quick f r e e z e  and s t o r e  at  

Check HA and NA a c t i v i t y  when d e f r o s t i n g .
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APPENDIX

1 9 8 0 )

Cur r e nt

V. CLASSIFICATION OF INFLUENZA A VIRUSES (W.H.O.  ,

subtype d e s i g n a t i o n  Prev i ous subtype d e s i g n a t i o n *

HI HO, H I ,  Hswl
H2 H2
H3 H3, Heq2,  Hav7
H4 Hav4
H5 Ha v5
H6 Hav6
H7 H e q l , Havl
H8 Hav8
H9 Hav9
H10 Ha v2
HI 1 Ha v3
HI 2 HavlO

NI NI
N2 N2
N3 Nav2,  Nav3
N4 Nav4
N5 Nav5
N6 Navi
N7 Neql
N8 Neq2
N9 Na v6

*  sw, swi ne;  eq,  equ i ne ;  av ,  a v i a n ;  no speci es  de s i g na t i on ,  
human
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BACKGROUND ON INFLUENZA A VIRUS STRAINS USED I N  THESE STUDIES.

( A l l  seed v i r u s  were t he  g i f t  of  Dr .  E.D.  Ki . lbourne)

X-31B (H3N2) .  A recombi nant  of  A / A i c h i / 2 / 6 8  (H3N2) and 

A / P R / 8 / 3 4  ( H1N1) .  Used as vacci ne s t r a i n .

X-7 ( H1N2) .  A recombi nant  of  R I / 5+ ( H2 N2 )  and NWS (H1N1) .

X-53a ( H1N1) .  A recombi nant  o f  A/New J e r s e y / 1 1 / 7 6  (H1N1) and 

A / P R / 8 / 3 4  (H1N1) .  Thi s v i r u s  was from out dat ed vacc i ne  and was 

t he  g i f t  of  t he  Canadian Bureau of  B i o l o g i e s .

X-38 (H7N2) .  A recombi nant  r e s u l t i n g  from the  t r i p a r e n t a l  

cross of  A / E n g / 4 2 / 7 2  (MRC-11) (H3N2) , A / P R / 8 / 3 4  (H1N1) (Ann 

Arbor  v a r i a n t ) ,  and A / e q u i n e / P r a g u e / 1 / 5 6  ( H7N7) .  This v i r u s  

was from out dat ed vacc i ne  and was t he  g i f t  of  L e d e r l e  Labora­

t o r i e s .
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