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SUMMARY

P e r t u s s i s  t o x i n  (PT) and f i l a m e n t o u s  h a e m a g g l u t i n i n  (FHa) were 

e x t r a c t e d  from t h e  c u l t u r e  f l u i d  o f  B, p e r t u s s i s  grown i n  (1)  m o d i f i e d  

S t a i n e r  and S c h o l t e  l i q u i d  medium (SS-X) ,  s t a t i c ,  (2)  SS-X medium p l u s  

c y c l o d e x t r i n ,  s h a k e n ,  (3 )  c y c l o d e x t r i n - l i q u i d  (CL) medium, s h a k e n ,  by a 

s i n g l e - s t e p  p r o c e d u r e  u s i n g  d y e - l i g a n d  a f f i n i t y  ch rom a tog ra phy»  The 

a d d i t i o n  o f  c y c l o d e x t r i n  t o  SS-X medium and a e r a t i o n  g r e a t l y  enhanced  t h e  

amount  o f  PT and FHa e x t r a c t e d  w i t h  Blue  S e p h a r o s e ,  and t h e  r e s u l t i n g  PT 

and  FHA r a t i o  i n  t h e  a n t i g e n  p r e p a r a t i o n  depended  on t h e  c u l t u r a l  

c o n d i t i o n s »  With  c y c l o d e x t r i n - s u p p l e m e n t e d  m ed ia  (SS-X,  CL) and 

a e r a t i o n ,  i t  a p p e a r e d  t h a t  t h e  t o t a l  p r o t e i n  e x t r a c t e d  was a c c o u n t e d  f o r  

a s  PT and FHa, w h e r e a s  w i t h  SS-X ( s t a t i c ) ,  o n l y  a p p r o x i m a t e l y  507» (w/w) 

was a c c o u n t e d  f o r  a s  b o t h  a n t i g e n s »

C u l t u r e  o f  B. p e r t u s s i s  i n  SS-X medium s u p p le m e n te d  w i t h  c y c l o 

d e x t r i n  ( s h a k e n ) ,  y i e l d e d  t h e  m o s t  PT, w h e re as  g row th  i n  t h e  CL medium 

( s h a k e n )  y i e l d e d  t h e  m o s t  FHa»

Minor p r o t e i n  component s  were  d e t e c t e d  i n  many o f  t h e  PT-FHa 

p r e p a r a t i o n s ,  and e n d o t o x i n  was p r e s e n t  to  1-27» (w/w) o f  t o t a l  p r o t e i n  i n  

a n t i g e n  p r e p a r a t i o n s  AP-16 and AP-17»

The m i x t u r e  o f  PT and FHa was t o x o i d e d  w i t h  a w a t e r - s o l u b l e  

c a r b o d i i m i d e , 1 - e t h y 1 - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e » H C l  (EDAC)»

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

p h y s i o l o g i c a l  a c t i v i t i e s  o f  t h e  A -p ro to m e r  and B - o l ig o m e r  o f  PT were  r e a c t i o n  

o f  EDAC w i t h  p r o t e i n  a t  a  r a t i o  o f  8 0 : 1  by w e i g h t ,  a t  37°C,  pH 5»0 f o r  24 h» 

These  t o x o i d s  had  l e s s  t h a n  0»57» o f  t h e  o r i g i n a l  h i s t a m i n e - s e n s i t i z i n g  

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

h y p e r i n s u l i n a e m i a  o r  h y p o g l y c a e m i a  o r  a f f e c t  no rm a l  w e i g h t - g a i n  i n  mice»

The t o x o i d  a l s o  enha nce d  t h e  i n  v i t r o  c h e m i lu m in e s c e n c e  o f  r a b b i t  p e r i t o n e a l



n e u t r o p h i l s  i n  r e s p o n s e  t o  a c h e m o t a c t i c  p e p t i d e »  T h u s ,  i t  was demon

s t r a t e d  t h a t  a c t i v i t i e s  known t o  be a s s o c i a t e d  w i t h  PT had  b e e n  e l i m i n a t e d ,  

The c a r b o d i i m i d e - t o x o i d e d  a n t i g e n  p r e p a r a t i o n s  were  s t a b l e  a t  

4°C.  When s t o r e d  a t  37°C,  t o x o i d s  showed p a r t i a l  r e v e r s i o n  a f t e r  14-28 

d a y s :  1 »0 % o f  t h e  o r i g i n a l  h i s t a m i n e - s e n s i t i z i n g  a c t i v i t y  a s s o c i a t e d  w i t h

t h e  B - o l ig o m e r  o f  PT was d e t e c t e d ,  and t h e r e  was a p p r o x i m a t e l y  a 57» 

r e v e r s i o n  t o  h y p e r i n s u l i n a e m i a  a c t i v i t y  o f  t h e  A -p ro tom er»

E n z y m e - l in k e d  im m unosorben t  a s s a y s  (ELISA) w e r e  d e v e l o p e d  f o r  

t h e  d e t e c t i o n  and q u a n t i t a t i o n  o f  p e r t u s s i s  a n t i g e n s  and  f o r  s p e c i f i c  IgG 

a n t i b o d i e s  r a i s e d  a g a i n s t  t h e s e  a n t i g e n s »

T o x o i d in g  w i t h  c a r b o d i i m i d e  enhanced  t h e  a n t i g e n i c i t y  o f  PT and 

FHa as  d e t e c t e d  by a n t i b o d y - E L I S A s » The u n t o x o i d e d  a n t i g e n  p r e p a r a t i o n s  

d i d  n o t  s t i m u l a t e  IgG a n t i - P T  and a n t i - F H a  a n t i b o d y  r e s p o n s e s  i n  mice» 

Toxo id s  s t i m u l a t e d  h i g h l y  s i g n i f i c a n t  IgG a n t i - P T  and a n t i - F H a  a n t i b o d y  

r e s p o n s e s  i n  m ic e ,  and were  a n t i g e n i c a l l y  s t a b l e  on s t o r a g e  a t  4°C o r  

37°C»

In  a d d i t i o n  t o  en h a n ce d  a n t i g e n i c i t y ,  an  i m p o r t a n t  f i n d i n g  was 

t h e  a s s o c i a t e d  i m m u n o g e n i c i t y  o f  t h e  t o x o i d s »  Toxo id s  p r o t e c t e d  mice  

from i n t r a c e r e b r a l  c h a l l e n g e  w i t h  l i v e ,  v i r u l e n t  B» p e r t u s s i s , w i t h  

p r o t e c t i v e  d o s e ^ ^  v a l u e s  f rom 0 » 8 - l » l l  pg/mouse» The u n t o x o i d e d  

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

m ice  » The t o x o i d  a l s o  p r o t e c t e d  mice  a g a i n s t  s u b l e t h a l  i n t r a n a s a l  

i n f e c t i o n  and lung  c o l o n i z a t i o n »  Mice immunized w i t h  t o x o i d  r a p i d l y  

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

t h e  l u ngs  o f  c o n t r o l  m ice  showed e x t e n s i v e  and p e r s i s t e n t  c o l o n i z a t i o n »

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

v a c c i n e  was ( i )  e a s i l y  p r o d u c e d ,  ( i i )  s t a b l e  f o r  long  p e r i o d s  a t  4°C,



( i i i )  g r e a t l y  r e d u c e d  i n  A -p ro to m e r  and B - o l ig o m e r  p a t h o p h y s i o l o g i c a l  

a c t i v i t i e s  a s s o c i a t e d  w i t h  PT, ( i v )  n o n - t o x i c ,  h i g h l y  a n t i g e n i c  and 

h i g h l y  immunogenic  i n  m i c e .
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p r e p a r a t i o n  AP-16 and  t o x o i d  (AP-16)T37 s t o r e d  f o r  14 days

a t  4°C o r  37°C

24 .  M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d  I 7 3

p r e p a r a t i o n  AP-16 and t o x o i d  (AP-16)T37 s t o r e d  f o r  28

days  a t  4°C

25.  M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d  174

p r e p a r a t i o n  AP-16 and t o x o i d  (AP-16)T37 s t o r e d  f o r  56

days  a t  4°C

2 6 .  M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  v a r i o u s  l y o p h i l i z e d  175

sam ples  s t o r e d  f o r  24 weeks a t  4°C
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2 7 0 M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d  and 176

t o x o i d e d  p r e p a r a t i o n s  s t o r e d  f o r  14 days a t  d i f f e r e n t  

t e m p e r a t u r e s

28o M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d  and 177

t o x o i d e d  p r e p a r a t i o n s  s t o r e d  f o r  28 o r  56 days  a t  4^G 

o r  37°C

29o Compari son  o f  d i f f e r e n t  c o a t i n g  l a y e r s  i n  ELISA f o r  182

p u r i f i e d  i s l e t - a c t i v a t i n g  p r o t e i n  ( lAP-PT)

30 ,  Compari son  o f  d i f f e r e n t  c o a t i n g  l a y e r s  i n  ELISA f o r  a  183

c r u d e  p r e p a r a t i o n  o f  PT

31,  B in d in g  a f f i n i t y ,  d u r i n g  s t o r a g e ,  o f  p u r i f i e d  lAP(PT) i n  184

t h e  f e t u i n - L ^ Q  ELISA

1863 2 o Compari son  o f  p a r t i a l l y - p u r i f i e d  PT and p u r i f i e d  PT as

a n t i g e n s  i n  f e t u i n - E L I S A  f o r  a n t i - P T  IgG a n t i b o d y

33.  Compari son  o f  p u r i f i e d  FHa and a F H a - r i c h  p r e p a r a t i o n  137

(AP-15) as  a n t i g e n s  i n  ELISA f o r  a n t i - F H a  IgG a n t i b o d y

34.  IgG a n t i b o d y  r e s p o n s e  t o  PT i n  u n t o x o i d e d  and t o x o i d e d  190

a n t i g e n  p r e p a r a t i o n s  d e t e r m i n e d  by f e t u i n - E L I S A

35.  IgG a n t i b o d y  r e s p o n s e  t o  FHa i n  u n t o x o i d e d  and t o x o i d e d  1 9 1

a n t i g e n  p r e p a r a t i o n s  d e t e r m i n e d  by ELISA

3 6 a .  A n t i -P T  IgG a n t i b o d y  r e s p o n s e  s t i m u l a t e d  by w h o l e - c e l l  192

v a c c i n e  (WCV) d e t e r m i n e d  by f e t u i n - E L I S A

36b.  Ant i -FHa IgG a n t i b o d y  r e s p o n s e  s t i m u l a t e d  by w h o l e - c e l l  192

v a c c i n e  (WCV), d e t e r m i n e d  by ELISA

37.  A n t i b o d y - b i n d i n g  a f f i n i t y  o f  PT i n  a n t i g e n  p r e p a r a t i o n  194

AP-16 a f t e r  t r e a t m e n t  w i t h  v a r i o u s  amounts  o f  EDAC

38.  A n t i b o d y - b i n d i n g  a f f i n i t y  o f  PT i n  t o x o i d  p r e p a r a t i o n  195

(AP-16)T24 s t u d i e d  by ELISA
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I . 2 o  A n a l y s i s  o f  a n t i g e n  p r e p a r a t i o n s  (AP) by S D S -p o l y a c ry l a m i d e  118

g e l  e l e c t r o p h o r e s i s  

3o A n a l y s i s  o f  a n t i g e n  p r e p a r a t i o n s  (AP), b e f o r e  and  a f t e r  119

f i l t r a t i o n ,  by S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s
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SECTION 1 . Bo PERTUSSIS, THE CAUSATIVE ORGANISM OF WHOOPING COUGH

U n t i l  v e r y  r e c e n t l y ,  t h e  genus  B o r d e t e l l a  has  b e e n  a c c e p t e d  as  

c o n t a i n i n g  t h r e e  s p e c i e s ,  Bo p e r t u s s i s , Bo p a r a p e r t u s s i s  and Bo b r o n c h i -  

s e p t i c a  ( P i t t m a n  and Wardlaw,  1981)» B, p e r t u s s i s  i s  t h e  a e t i o l o g i c a l  

a g e n t  o f  whooping  cough  o r  human p e r t u s s i s  ( p e r  = s e v e r e ,  t u s s i s  = c o u g h ) ,  

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

Bo p a r a p e r t u s s i s  i s  r e s p o n s i b l e  f o r  a  m i l d  p e r t u s s i s - l i k e  d i s e a s e  i n  

humans ,  and B. b r o n c h i s e p t i c a  i s  p r i m a r i l y  an  a n im a l  p a t h o g e n  t h a t  c a u s e s  

s u c h  d i s e a s e s  a s  c a n i n e  " k e n n e l  cough"  and a t r o p h i c  r h i n i t i s  i n  s w i n e .

However ,  K e r s t e r s  e_t a l .  ( 1984)  p r o p o s e d  B. avium as  a new s p e c i e s  

r e s p o n s i b l e  f o r  c o r y z a  ( r h i n o t r a c h e i t i s )  i n  t u r k e y  p o u l t s .

Bo p e r t u s s i s  was f i r s t  i s o l a t e d  i n  1906 by B o r d e t  and Gengou on 

a  g l y c e r o l - p o t a t o - b l o o d  a g a r  medium, w h ic h  i s  s t i l l  u s e d ,  w i t h  and w i t h o u t  

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

a e r o b i c a l l y  on B o r d e t  Gengou (BG) a g a r  a t  35°C-37^C,  B, p e r t u s s i s  

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

e n t i r e  m a r g i n  and h a z y  zone  o f  h a e m o l y s i s  ( P i t t m a n ,  1 9 7 4 ) ,  The o r g a n i s m  

i s  G r a m - n e g a t i v e  and c o c c o b a c i l l a r y  i n  s t a i n e d  s m e a r s ,  and p l e o m o r p h ic  

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

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

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

pa thway  a r e  n o t  u t i l i z e d ,  and t h e  o r g a n i s m  shows a  r e q u i r e m e n t  f o r  n i c o t i n i c  

a c i d ,  c y s t e i n e  and  m e t h i o n i n e ,  B, p e r t u s s i s  a l s o  u t i l i z e s  a l a n i n e ,  

a s p a r a g i n e ,  g l u t a m i n e ,  p r o l i n e  and s e r i n e  ( J e b b  and T o m l in s o n ,  1957;

R o w a t t ,  1957;  P a r k e r ,  1 9 7 6 ) ,

I n  v i t r o ,  t y p i c a l  g r o w th  from s m a l l  i n o c u l a  c a n  be o b t a i n e d  i n



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

c y s t e i n e ,  g l u t a m a t e  a n d / o r  p r o l i n e  ( S t a i n e r  and S c h o l t e ,  1971)„

Abundan t  c i r c u m s t a n t i a l  e v i d e n c e  has  p o i n t e d  to w a rd s  B. p e r t u s s i s  

a s  t h e  c a u s a t i v e  a g e n t  o f  whoop ing cough ,  a l t h o u g h  t h e  r i g o r o u s  

a p p l i c a t i o n  o f  K o c h ' s  p o s t u l a t e s  a p p e a r s  t o  have  b e e n  made o n l y  by 

MacDonald and MacDonald ( 1 9 3 3 ) .  V i r u s e s  - e s p e c i a l l y  r e s p i r a t o r y  

s y n c h t i a l  v i r u s e s  and a d e n o v i r u s e s  - and Mycoplasma pneumoniae  ha v e  a l s o  

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

syndrome (O l so n ,  1975; L innemann,  1 9 79 ) .  C o n c u r r e n t  v i r u s  i n f e c t i o n s  

d u r i n g  p e r t u s s i s  may i n t e n s i f y  t h e  s e v e r i t y  o f  t h e  symptoms,  and t h e  

v i o l e n t  cough i n  p e r t u s s i s  may h e l p  to  s p r e a d  r e s p i r a t o r y  v i r u s e s ,  so 

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

whooping  cough c a s e s  (L innemann,  1 9 7 9 ) ,

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

c a s e ,  and t h e r e  i s  s t i l l  b e l i e v e d  to  be no n a t u r a l  r e s e r v o i r  o t h e r  t h a n  

an  i n f e c t e d  p e r s o n  w i t h  c l i n i c a l  o r  s u b c l i n i c a l  d i s e a s e  ( K e n d r i c k ,  1 9 75 ) ,  

T h e r e  i s  no good e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  c h r o n i c  c a r r i e r s ,  a l t h o u g h  

a s u g g e s t i o n  h a s  b e e n  made t h a t  t h e  r e s e r v o i r  o f  i n f e c t i o n  i n  t h e  U n i t e d  

S t a t e s  may have  s h i f t e d  from c h i l d r e n  w i t h  t y p i c a l  d i s e a s e  to  c h i l d r e n  o r  

a d u l t s  w i t h  a t y p i c a l  d i s e a s e  (L innemann,  1 9 79 ) ,  I n  a  Glasgow s t u d y  

r e p o r t e d  i n  1981 (W alker  e t  a l . ) , t h e  d i a g n o s t i c  c r i t e r i a  o f  p e r t u s s i s  

w e re  a  ' p a r o x y s m a l  c o u g h '  a s s o c i a t e d  w i t h  a t  l e a s t  one o r  more o f  t h e  

f o l l o w i n g :  ( 1 ) a 'w h o o p ' w i t h  a d u r a t i o n  o f  2 1  days  o r  m ore ,  ( 2 ) a 

'whoop '  and a p ro n o u n c e d  l y m p h o c y t o s i s ,  (3)  a p o s i t i v e  p e r n a s a l  swab f o r  

B, p e r t u s s i s  and (4 )  a f o u r - f o l d  r i s e  i n  a n t i b o d y  t i t r e  to  B. p e r t u s s i s .



SECTION 2 , PERTUSSIS WHOLE-CELL VACCINE

P e r t u s s i s  w h o l e - c e l l  v a c c i n e  i s  d e f i n e d  as  a  ' s a l i n e  s u s p e n s i o n  

o f  k i l l e d  Bo p e r t u s s i s  u s u a l l y  made from a m i x t u r e  o f  s e v e r a l  s t r a i n s  so  

as  t o  i n c l u d e  a g g l u t i n o g e n s  1,  2 and 3 '  (Wardlaw and P a r t o n ,  1 9 8 3 a ) , At 

t h e  b u l k  s t a g e  p e r t u s s i s  w h o l e - c e l l  v a c c i n e  i s  u s u a l l y  mixed w i t h  

d i p h t h e r i a  and t e t a n u s  t o x o i d s  w h ic h  ha v e  a l r e a d y  b e e n  a d s o r b e d  o n t o  

a lum in ium  h y d r o x i d e  o r  p h o s p h a t e ,  o r  c a l c i u m  p h o s p h a t e ,  a s  a d j u v a n t .  

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

(Cameron and S t a i n e r ,  1977;  G r i f f i t h ,  1978) s i n c e  w h o l e - c e l l  v a c c i n e  i s  

n o t  a d e f i n e d  s u b s t a n c e ;  and a l t h o u g h  t h e  WHO (1979)  h a s  l a i d  down 

g e n e r a l  r ec om m e nda t ions  f o r  v a c c i n e  p r o d u c t i o n ,  n a t i o n a l  c o n t r o l  

a u t h o r i t i e s  o f  i n d i v i d u a l  c o u n t r i e s  may i n t r o d u c e  m o d i f i c a t i o n s ,  A f lo w

c h a r t  f o r  t h e  p r o d u c t i o n  o f  w h o l e - c e l l  v a c c i n e  a c c o r d i n g  to  t h e  WHO (1979)  

i s  shown i n  F i g , 1,  The f i n a l  b a t c h  m a t e r i a l  i s  s u b j e c t  t o  t h e  a p p r o p r i a t e  

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

p r o t e c t i o n  t e s t  ( K e n d r i c k  e t  a l . , 1 9 4 7 )  i s  u sed  t o  a s s a y  t h e  p r o t e c t i v e  

e f f i c a c y ,  and t h e  m o u s e - w e i g h t - g a i n  t e s t  i s  u sed  t o  t e s t  f o r  a c u t e  

t o x i c i t y ,

2 , 1  T o x i c i t y  o f  p e r t u s s i s  w h o l e - c e l l  v a c c i n e

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

p e r t u s s i s  t o x i n  (P T ) ,  LPS e n d o t o x i n ,  h e a t - l a b i l e  a g g l u t i n o g e n s  and 

somet im es  a d e n y l a t e  c y c l a s e  ( H e w l e t t  ^ , 1 9 7 7 ) ,  b u t  l a c k s  h e a t - l a b i l e  

t o x i n  (HLT) and o f t e n  l a c k s  f i l a m e n t o u s  h a e m a g g l u t i n i n  (F H a ) . The 

t o x i c i t y  o f  a t  l e a s t  two o f  t h e s e  com ponen t s ,  t h e  p e r t u s s i s  t o x i n  and 

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

i t  ha s  t o  be e x p e c t e d  t h a t  t h e y  a r e  a l s o  a c t i v e  i n  t h e  i n f a n t .



F i g u r e  I : F low c h a r t  f o r  t h e  p r o d u c t i o n  o f  p e r t u s s i s  v a c c i n e  a c c o r d i n g

to  t h e  WHO (1979)  s p e c i f i c a t i o n s  (Wardlaw and  P a r t o n ,  1983a)

S t a g e  o f  
m a n u f a c t u r e

P r o c e s s i n g  s t e p s T e s t s  and r e c o r d s

Seed c u l t u r e M a i n t a i n  by f r e e z e - d r y i n g  o r  

s t o r a g e  i n  l i q u i d  N̂ , ; grow 

i n  s u i t a b l e  medium t o  

i n o c u l a t e  b u l k .

B u lk  c u l t u r e  Check f o r  n o r m a l i t y  o f

g r o w th  by o b s e r v i n g  g row th  

r a t e ,  pH and a g g l u t i n o g e n  

c o n t e n t .

K i l l e d  s u s p e n s i o n  T r e a t  w i t h  f o r m a ld e h y d e  a n d / o r

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

c o n d i t i o n s ,  o r  h e a t  a t  56°C 

f o r  30 min .

F i n a l  b u l k  Poo l  s e v e r a l  k i l l e d

s u s p e n s i o n s  so  as  to  have  a 

s u f f i c i e n t  volume o f  t h e  

r i g h t  m i x t u r e  o f  a g g l u t i n o -  

g e n i c  t y p e s :  d i l u t e  i n  pH

7 , 0  b u f f e r e d  s a l i n e  t o  t h e  

a p p r o p r i a t e  o p a c i t y ;  add 

p r e s e r v a t i v e  and a d j u v a n t  

( i f  r e q u i r e d ) .

F i n a l  c o n t a i n e r s  I n s p e c t  e a c h  c o n t a i n e r

v i s u a l l y  and d i s c a r d  t h o s e  

showing  a b n o r m a l i t i e s  such  

as  l e a k s ,  p a r t i c l e s  o r  c lu m p s .

S t r a i n s  m us t  be  o f  known 

o r i g i n  and h i s t o r y ;  

f i n a l  v a c c i n e  m us t  

c o n t a i n  a g g l u t i n o g e n s  

1,  2,  3o 

C u l t u r e  p u r i t y ;  

o p a c i t y .

K i l l i n g  checked  by 

c u l t u r i n g  a sample ,

pH, s t e r i l i t y ,  

t o x i c i t y ,  p o t e n c y  and 

( on  d e m o n s t r a t i o n  

b a t c h e s )  s h e l f  l i f e .

I d e n t i t y ,  s t e r i l i t y ,  

i n n o c u i t y ,  pH and 

p r e s e r v a t i v e  c o n t e n t ;  

a l s o  t o x i c i t y  and 

p o t e n c y  i f  n o t  a l r e a d y  

done on F i n a l  b u l k .



R e a c t i o n s  t o  p e r t u s s i s  w h o l e - c e l l  v a c c i n e  i n  t h e  c h i l d  may be 

c o n s i d e r e d  u n d e r  two h e a d i n g s ;  t h o s e  t h a t  a r e  m i l d  o r  m o d e r a t e  and 

t h o s e  w h ich  a r e  i n  some d e g r e e  s e v e r e  (Wardlaw and P a r t o n ,  1 9 8 3 a ) ,

( a )  Mild  o r  m o d e r a t e  r e a c t i o n s .

The m i n o r ,  t r a n s i e n t  r e a c t i o n s  t o  p e r t u s s i s  w h o l e - c e l l  v a c c i n e  

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

t h e  i n j e c t i o n  s i t e ,  B a r k i n  and P i c h i c h e r o  ( 1 9 7 9 ) ,  i n  a  s u r v e y  o f  1 ,232  

D T P - v a c c in a t e d  c h i l d r e n ,  r e p o r t e d  t h a t  o n l y  7% o f  t h e  p a r e n t a l  r e s p o n d e n t s  

r e p o r t e d  no r e a c t i o n  w h a t s o e v e r ,  w h e r e a s  27% a s s e s s e d  r e a c t i o n s  a s  'm i ld*  

and 59% a s  ' m o d e r a t e ' .  I n  7% o f  t h e  c a s e s ,  p a r e n t s  j u d g e d  h i g h  f e v e r  

and p e r s i s t e n t  s c r e a m i n g  as  s e v e r e  r e a c t i o n s ,  Cody e t  a l . ( 1 9 8 1 )  

r e p o r t e d  t h a t  64% o f  15 ,742  D T P - v a c c in a t e d  c h i l d r e n  had  l o c a l  r e a c t i o n s  

d u r i n g  t h e  f i r s t  48 h o u r s  p o s t - v a c c i n a t i o n ,  and 50% had m ino r  s y s t e m i c  

r e a c t i o n s ,  (T hese  r a t e s  were  h i g h e r  t h a n  t h o s e  o b s e r v e d  i n  784 c h i l d r e n  

g i v e n  DT v a c c i n e  o n l y , )  Of t h e  D T P -v a c c in a t e d  c h i l d r e n ,  9 d e v e lo p e d  

c o n v u l s i o n s  and a  f u r t h e r  9 s u f f e r e d  ' h y p o t o n i c - h y p o r e s p o n s i v e ' e p i s o d e s :  

no e v i d e n c e  o f  e n c e p h a l o p a t h y  o r  p e rm a n e n t  b r a i n  damage was r e p o r t e d  i n  

t h e  s t u d y .  I n  a  B r i t i s h  s t u d y  ( M i l l e r  _et al^, , 1974)  o f  897 v a c c i n a t e d  

c h i l d r e n ,  12% had  t r i v i a l  r e a c t i o n s ,  4% had  m o d e r a t e  r e a c t i o n s  and 2,6% 

c r i e d  e x c e s s i v e l y ,  F e e r y  e_t a l . (1985)  n o t e d  t h a t  t h e  m o s t  common 

r e a c t i o n s  to  e i t h e r  p l a i n  o r  a d s o r b e d  DTP v a c c i n e  w e re  i r r i t a b i l i t y  and 

f e v e r .  P o l l o c k  e_t a_l. (1985)  r e p o r t e d  t h e  r e s u l t s  o f  a s t u d y  o f  p o s t 

v a c c i n a t i o n  symptoms i n  two g ro u p s  o f  i n f a n t s ,  one g i v e n  a d s o r b e d  DTP 

v a c c i n e  and t h e  o t h e r  a d s o r b e d  DT v a c c i n e .  Around 1 0 ,0 0 0  c h i l d r e n  

e n t e r e d  t h e  s t u d y ,  6 , 0 0 0  r e c e i v i n g  p r i m a r y  i m m u n iz a t i o n  w i t h  DTP and

4 ,0 0 0  w i t h  DT, I t  was found  t h a t  c r y i n g ,  s c r e a m i n g  and f e v e r  were  

s l i g h t l y  more f r e q u e n t  a f t e r  a d s o r b e d  DTP t h a n  a d s o r b e d  DT, b u t  t h e



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

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

i n  b o t h  g r o u p s ,

(b)  S e v e re  r e a c t i o n s .

Wardlaw and P a r t o n  (1983a)  a s s e s s e d  t h a t  s e v e r a l  c o m p l i c a t i n g  

f a c t o r s  had  t o  b e  c o n s i d e r e d  when d i s c u s s i n g  ' s e v e r e  r e a c t i o n s '  f o l l o w i n g  

p e r t u s s i s  w h o l e - c e l l  v a c c i n e  i n j e c t i o n .  These w e re  t h a t  ( a )  ' t h e  

r e a c t i o n s  had a n  i n c i d e n c e  wh ich  were b e tw e e n  ' v e r y  uncommon* and ' v e r y  

r a r e ' ,  and t h a t  t h e  same b a t c h e s  o f  v a c c i n e  were l i k e l y  t o  have  b e e n  

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

t h e r e  was no s i n g l e  ' s e v e r e  r e a c t i o n *  syndrome a f t e r  v a c c i n a t i o n ,  ( c )  

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

ha ve  a r i s e n  from o t h e r  c a u s e s ,  and became i m p l i c a t e d  w i t h  t h e  v a c c i n e  

q u i t e  s p u r i o u s l y  b e c a u s e  o f  a c o i n c i d e n c e  o f  t i m i n g ,  and (d )  m os t  o f  t h e  

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

e p i d e m i o l o g i c a l l y  a c c e p t a b l e  d a t a ' .

A c c o r d in g  t o  G r i f f i t h  (1978)  t h e  s h o c k ,  c o l l a p s e ,  e x t r e m e  

p a l l o r  and p e r s i s t e n t  s c r e a m i n g  which  ha v e  be e n  o c c a s i o n a l l y  s e e n  as  

r a r e  r e s p o n s e s  o c c u r r i n g  b e tw e e n  2-12  h o u r s  p o s t - v a c c i n a t i o n ,  w e r e ,  w i t h  

r e a s o n a b l e  c e r t a i n t y ,  due t o  t h e  v a c c i n e .  E l e v e n  su c h  c a s e s  were 

r e p o r t e d  from 15 m i l l i o n  d o s e s  o f  Wellcome p e r t u s s i s  v a c c i n e  i n j e c t e d  

b e tw e e n  1964 and m id -1977  ( G r i f f i t h ,  1 9 7 8 ) .  P e r t u s s i s - c o n t a i n i n g  

v a c c i n e s  f rom o t h e r  s o u r c e s  ( H a i r e  e_t ,1967;  H ann ik ,  1970)  were  

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

With s p a sm s ,  c o n v u l s i o n s  and s e i z u r e s ,  t h e  p o s i t i o n  r e m a in s  

l e s s  c l e a r ,  due t o  t h e  r e l a t i v e l y  h i g h  ba c k g ro u n d  i n c i d e n c e  o f  s u c h  

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

p o p u l a t i o n  ( G r i f f i t h ,  1 9 7 8 ) ,  About  5% o f  c h i l d r e n  ha v e  a  c o n v u l s i o n  by



t h e  age  o f  5 y e a r s ,  and 2-4% ha v e  a f e b r i l e  c o n v u l s i o n ,  m o s t  commonly 

b e tw e e n  t h e  ages  o f  6 and 24 m o n th s ;  e p i l e p s y  f o l l o w s  a  f e b r i l e  

c o n v u l s i o n  i n  a b o u t  2% o f  t h e  c h i l d r e n ,  G r i f f i t h  (1974)  e s t i m a t e d  t h a t  

t h e  i n c i d e n c e  o f  f i r s t  c o n v u l s i o n s  i n  c h i l d r e n  aged  b e tw e e n  6 and 24 

months  was a r o u n d  3 p e r  1 00 ,000  c h i l d r e n  p e r  d a y .  S i n c e  m os t  c h i l d r e n  

r e c e i v e  v a c c i n a t i o n  i n  t h a t  age  g r o u p ,  t h e r e  i s  a  c h a n ce  o f  a b o u t  3 p e r

1 0 0 ,0 0 0  o f  h a v i n g  a  c o i n c i d e n t a l  c o n v u l s i o n  w i t h i n  24 h o u r s  o f  v a c c i n 

a t i o n ,  I n  t h e  MRC f i e l d  t r i a l s  o f  t h e  1950s ( R e p o r t s  1951,  1956,  1 9 5 9 ) ,  

when 5 6 ,0 0 0  d o s e s  o f  v a c c i n e  w e re  a d m i n i s t e r e d ,  6 c h i l d r e n  had c o n v u l 

s i o n s  w i t h i n  72 h o u r s  o f  v a c c i n a t i o n ,  a  r a t e  o f  a b o u t  4 p e r  100 ,000  

c h i l d r e n  p e r  d a y .  P o l l o c k  (1977)  n o t e d  5 c a s e s  o f  c o n v u l s i o n s  d u r i n g  

t h e  f i r s t  24 h o u r s  a f t e r  i n j e c t i o n  o f  79 ,807  d o s e s  o f  DTP, w h e re as  no 

c o n v u l s i o n s  o c c u r r e d  a f t e r  7 3 ,3 7 3  d o s e s  o f  DT, and G r i f f i t h  (1978)  

c i t e d  t h e  i n d i v i d u a l  c a s e  o f  a  c h i l d  who had a s e v e r e  c o n v u l s i o n  15 

m i n u t e s  b e f o r e  v a c c i n a t i o n i

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

o f  p e r t u s s i s  v a c c i n e ,  t h e  m os t  s e r i o u s  and a l a r m i n g  a r e  t h o s e  i n  wh ich  

p e r m a n e n t  b r a i n  damage o r  d e a t h  may o c c u r .  T h e re  was much v a r i a t i o n  

i n  t h e  r e p o r t e d  i n c i d e n c e  o f  t h e s e  ' s e v e r e  r e a c t i o n s ' .  StrBm (1960)  

s u g g e s t e d  t h a t  1 i n  6 , 0 0 0  c h i l d r e n  g i v e n  p e r t u s s i s - c o n t a i n i n g  v a c c i n e  

i n  Sweden was l e f t  w i t h  p e r m a n e n t  b r a i n  damage: t h i s  f i g u r e  was l a t e r

amended t o  1 i n  5 0 ,0 0 0  a f t e r  r e c a l c u l a t i o n  o f  t h e  d a t a  (Malmgren e t  a l , , 

1 9 6 0 ) ,  G r i f f i t h  (1978)  e s t i m a t e d  t h a t  Wellcome p e r t u s s i s - c o n t a i n i n g  v a c c i n e s  

w e re  i m p l i c a t e d  i n  1 ,7  i n s t a n c e s  o f  n e u r o l o g i c a l  r e a c t i o n s  p e r  1 m i l l i o n  

d o s e s  i n  B r i t a i n  d u r i n g  196 4 -1 9 7 7 ,  The a r t i c l e  o f  K u lenkam pf f  £ t  a l .

(1974)  d e s c r i b e d  t h e  c a s e s  o f  36 c h i l d r e n  who, o v e r  a n  e l e v e n - y e a r  

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



w hic h  was n o t e d  t o  h a v e  s t a r t e d  w i t h i n  28 days o f  v a c c i n a t i o n .

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

c a u s a l .  S u b s e q u e n t l y  B a s s i l i  and S t e w a r t  (1976)  and S t e w a r t  (1977)  

a r g u e d  t h a t  p e r t u s s i s  w h o l e - c e l l  v a c c i n e  was ' n e u r o t o x i c '  and e s t i m a t e d  

r a t e s  f o r  n e u r o l o g i c a l  damage r a n g i n g  from 1 i n  10 ,000  t o  1 i n  60 ,0 0 0  

v a c c i n a t e d  c h i l d r e n  ( S t e w a r t ,  1 9 7 7 ) ,  However ,  G r i s t  (1977)  i n t e r p r e t e d  

S t e w a r t ' s  d a t a  as  showing  t h a t  t h e  r i s k  o f  s e v e r e  b r a i n  damage was 1 i n

1 3 5 ,0 0 0 ,

I n  B r i t a i n ,  f rom mid-197  6 t o  m i d - 1979,  a n a t i o n w i d e  e n q u i r y  

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

c a r r i e d  o u t  ( A l d e r s  l a d e  e_t a L  , 1981;  M i l l e r  e_t a l . , 1 9 8 1 ) ,  T h i s  e n q u i r y  

by t h e  N a t i o n a l  C h i l d h o o d  E n c e p h a l o p a t h y  S tudy ,  c i t e d  1 ,1 8 0  c a s e s  o f  

s e r i o u s  n e u r o l o g i c a l  d i s o r d e r s  i n  a p o p u l a t i o n  o f  1 ,8  m i l l i o n  c h i l d r e n  

aged  from 2-36  m o n th s .  Of t h e s e  c a s e s ,  t h e  f i r s t  1 ,000  were  s u b j e c t e d  

to  d e t a i l e d  e p i d e m i o l o g i c a l  a n a l y s i s .  The m ain  p o i n t s  drawn from the  

s t u d y  w e r e ,

(1 )  o v e r  95% o f  t h e  c a s e s  o f  s e r i o u s  n e u r o l o g i c a l  d i s o r d e r s  r e p o r t e d  

were  n o t  a s s o c i a t e d  w i t h  r e c e n t  ( w i t h i n  28 d a y s )  v a c c i n a t i o n  w i t h  

p e r t u s s i s - c o n t a i n i n g  v a c c i n e s ,

(2)  t h e  o v e r a l l  modal  age  o f  o n s e t  o f  d i s e a s e  w i t h  p e rm a n en t  s e q u e l a e  

was i n  t h e  r a n g e  o f  4 -10  m o n th s ,  c o i n c i d e n t  w i t h  t h e  age  f o r  p r i m a r y  

im m u n iz a t i o n  w i t h  p e r t u s s i s  v a c c i n e ,

(3)  t h e  u s e  o f  DTP, b u t  n o t  DT v a c c i n e ,  was a s s o c i a t e d  w i t h  a g r e a t e r  

f r e q u e n c y  o f  a c u t e  n e u r o l o g i c a l  i l l n e s s  t h a n  would ha v e  b e e n  e x p e c t e d  

by  c h a n c e ,

(4 )  t h e  e s t i m a t e d  a t t r i b u t a b l e  r i s k  o f  a s e r i o u s  n e u r o l o g i c a l  d i s o r d e r  

w i t h i n  7 days a f t e r  DTP v a c c i n a t i o n  i n  p r e v i o u s l y  ' n o r m a l ' c h i l d r e n  was
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1 i n  110 ,0 00  i m m u n iz a t i o n s  (95% CL 1 i n  4 4 ,0 0 0 ,  1 i n  3 6 0 , 0 0 0 ) ,  For  

p e rm a n e n t  (one  y e a r  l a t e r )  b r a i n  damage,  t h e  f i g u r e  was 1 i n  310 ,0 00  

(95% CL 1 i n  5 4 , 0 0 0 ,  1 i n  5 , 3 1 0 , 0 0 0 )  i m m u n i z a t i o n s .

I t  h a s  t o  be s t r e s s e d  t h a t  t h e  o c c u r r e n c e  o f  s e v e r e  r e a c t i o n s  

t o  v a c c i n a t i o n  s u c h  a s  e n c e p h a l o p a t h y  and p e rm a n en t  b r a i n  damage a r e  

r a r e .  A l s o ,  t h e  J o i n t  Commit tee  on V a c c i n a t i o n  and I m m u n iz a t io n  (1977)  

s t a t e d  t h a t  s e v e r a l  c o n t r a - i n d i c a t i o n s  had to  be a s s e s s e d  b e f o r e  

i n f a n t i l e  a d m i n i s t r a t i o n  o f  p e r t u s s i s  v a c c i n e .  These  w e re :  *A h i s t o r y  

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

A f a m i l y  h i s t o r y  o f  e p i l e p s y  o r  o t h e r  d i s e a s e s  o f  t h e  CNS, C h i l d r e n  

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

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

t o  a  p r e v i o u s  d o s e . ’ The h i g h  i n c i d e n c e  o f  c o n t r a - i n d i c a t i o n  p o s i t i v e  

c a s e s  i n  t h e  s t u d i e s  o f  Ku lenkam pf f  e_t a j^ . (1974)  and S t e w a r t  (1979)  

s u p p o r t e d  t h e  i d e a  t h a t  some c h i l d r e n  were  p r e d i s p o s e d  to  h a v i n g  a 

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

I n  summary, many c o m p l i c a t i o n s  o f  i n f a n c y ,  i n c l u d i n g  ’ su d d e n  

i n f a n t  d e a t h  syndrom e ' ,  o c c u r  m os t  commonly d u r i n g  t h e  f i r s t  s i x  months 

o f  l i f e ,  a p e r i o d  c o n c o m i t a n t  w i t h  many v a c c i n a t i o n s ,  ( I t  ha s  e ven  

b e e n  s u g g e s t e d  ( B a r a f f  _et a_k , 1983;  F u l g i n i t t i  e_t ^  , 1983)  t h a t  t h e  

v a c c i n a t i o n  p r o c e d u r e  i t s e l f  may p r o v i d e  s u f f i c i e n t  s t r e s s  to  a ' p r e 

d i s p o s e d '  c h i l d  t o  p r e c i p i t a t e  a  r e a c t i o n  I ) .  There  i s  no d o u b t  t h a t  

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

o f  p e rm a n en t  n e u r o l o g i c a l  i l l n e s s  a f t e r  a d m i n i s t r a t i o n .  I t  i s  d i f f i c u l t  

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

g e n e t i c a l ,  d e v e l o p m e n t a l  o r  e n v i r o n m e n t a l  -  i n  t h e  c h i l d  which p r e 

d i s p o s e s  i t  t o  some fo rm  o f  r e a c t i o n .  What n e e d s  t o  be e s t a b l i s h e d
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i s  t h e  e x a c t  component  ( o r  com ponen t s )  o f  t h e  w h o l e - c e l l  v a c c i n e  w h ich  may

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

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

2 , 2  P r o t e c t i v e  e f f i c a c y  o f  p e r t u s s i s  w h o l e - c e l l  v a c c i n e

Numerous c l i n i c a l  t r i a l s  w i t h  p e r t u s s i s  v a c c i n e  have  b e e n  made 

and have  v a r i e d  g r e a t l y  i n  t h e i r  d e s i g n  and c o n d u c t .  I n  1933, Madsen 

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

t h e  p e r t u s s i s  e p id e m ic  o f  1923-1924 ,  I t  was c o n c lu d e d  t h a t  t h e  d i s e a s e  

was l e s s  s e v e r e  i n  t h e  v a c c i n a t e d  s u b j e c t s ,  and t h e r e  were  f ew e r  d e a t h s ,  

S a u e r  (1933 ,  1937)  o b t a i n e d  s i m i l a r  r e s u l t s  t o  Madsen ( 1 9 3 3 ) ,  R e f e r e n c e  

t o  t h e  e a r l i e s t  t r i a l s  may be found  i n  P i t t m a n  ( 1 9 7 0 ) ,  t h e  J o i n t  Commit tee  

on V a c c i n a t i o n  and Im m u n iz a t i o n  (1977)  and M i l l e r  e t  a l . ( 1 9 8 2 ) .

I n  t h e  1950s ,  t h e  MRC ( R e p o r t s  1951, 1956, 1959)  c a r r i e d  o u t  a

s e r i e s  o f  d o u b l e - b l i n d  f i e l d  t r i a l s  i n  n e a r l y  50 ,0 0 0  c h i l d r e n  i n  t h e  UK, 

The m a in  r e s u l t s  w e re ;

(1)  t h e  25 p e r t u s s i s  v a c c i n e s  t e s t e d  v a r i e d  g r e a t l y  i n  t h e i r  a b i l i t y  t o  

g i v e  p r o t e c t i o n  a g a i n s t  whooping  cough .  The b e s t  v a c c i n e s  r e d u c e d  th e  

home e x p o s u r e  r a t e  t o  a p p r o x i m a t e l y  4%, w h i l s t  t h e  l e a s t  e f f e c t i v e  

a l l o w e d  a n  a t t a c k  r a t e  o f  87%,

(2)  v a c c i n e s  c o n t a i n i n g  a lum in ium  h y d r o x i d e  o r  p h o s p h a t e  a d j u v a n t s  were 

on  a v e r a g e  no more p o t e n t  t h a n  v a c c i n e s  w i t h o u t  a d j u v a n t ,

(3 )  t h e  m os t  p o t e n t l y  p r o t e c t i v e  a n t i g e n ,  t h e  a c e l l u l a r  ' S t r o m a t a  

P r o t e c t i v e  A nt igen*  (SPA) o f  P i l l e m e r  £^t £ l  , ( 1 9 5 4 )  was t h e  m os t  r e a c t o -  

g e n i c  (MRC R e p o r t ,  1 9 59 ) ,

(4 )  t h e r e  was a good ( b u t  n o t  p e r f e c t )  d e g r e e  o f  c o r r e l a t i o n  b e tw e e n  t h e  

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

m o u s e - p r o t e c t i o n  t e s t  (ICMPT), b u t  n o t  i n  the  i n t r a n a s a l  m o u s e - p r o t e c t i o n
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t e s t  ( S t a n d f a s t ,  1 9 5 8 ) ,

As a c o n s e q u e n c e  o f  t h e s e  t r i a l s  t h e  ICMPT was a d o p te d  as  t h e  

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

v a c c i n e .  A l s o ,  a B r i t i s h  R e f e r e n c e  v a c c i n e  was e s t a b l i s h e d  from one o f  

t h e  f i e l d - t r i a l  b a t c h e s  w h ich  had  g i v e n  80% p r o t e c t i o n ;  how ever ,  when 

t h e  f i r s t  I n t e r n a t i o n a l  S t a n d a r d  P e r t u s s i s  V ac c ine  became a v a i l a b l e  i n  

1964,  t h i s  B r i t i s h  R e f e r e n c e  was found  t o  c o n t a i n  o n l y  2 , 1  I n t e r n a t i o n a l  

U n i t s  ( lU) p e r  d o s e ,  w e l l  be low t h e  recommended minimum o f  4 , 0  lU p e r  

do s e  ( P e r k i n s ,  1 9 6 9 ) ,  The c u r r e n t  r e f e r e n c e  v a c c i n e ,  e s t a b l i s h e d  i n  

1980,  i s  t h e  Second I n t e r n a t i o n a l  S t a n d a r d  f o r  P e r t u s s i s  V a c c in e ,  and 

c o n s i s t s  o f  l y o p h i l i z e d  m a t e r i a l  d i s p e r s e d  i n  a m p o u le s ,  e a c h  o f  wh ich  i s  

d e f i n e d  a s  c o n t a i n i n g  46 lU o f  p r o t e c t i v e  p o t e n c y .

A s s e s s m e n ts  o f  v a c c i n e  e f f i c a c y  s i n c e  1957 h a v e  had t o  be made

on s t a t i s t i c a l l y  much l e s s  s a t i s f a c t o r y  d a t a ,  f o r  no f u r t h e r  d o u b l e - b l i n d  

f i e l d  t r i a l s  have  b e e n  made s i n c e  t h o s e  o f  t h e  MRC, E x t e n s i v e

s u r v e i l l a n c e  o f  p e r t u s s i s  c a s e  r a t e  and s e v e r i t y ,  i n  r e l a t i o n  to  v a c c i n 

a t i o n  s t a t u s ,  h a s  b e e n  made i n  t h e  UK o v e r  t h e  p a s t  d e c a d e ,  when c o n c e r n  

a b o u t  v a c c i n e  e f f i c a c y  and t o x i c i t y  became a  m a t t e r  f o r  p u b l i c  d e b a t e  

(Noah,  1976;  M i l l e r  and  F l e t c h e r ,  1976;  Grob e t  a l .  ,1981; R e p o r t  f rom 

t h e  Swansea R e s e a r c h  U n i t  o f  t h e  Royal  C o l l e g e  o f  G e n e r a l  P r a c t i t i o n e r s ,  

1 9 8 1 ) ,  S i m i l a r  d a t a  h a v e  b e e n  r e p o r t e d  i n  t h e  USA (Broome and F r a s e r ,  

1981)  and J a p a n  ( K a n a i ,  1 9 8 0 ) ,  A l l  t h e s e  s t u d i e s  s u p p o r t e d  t h e  v iew  

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

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

t h e  e p id e m ic  o f  1977-1979 i n  t h e  UK, an  i n v e r s e  c o r r e l a t i o n  b e tw een  

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

a r e a s  o f  Eng land  was shown,  where  a t t a c k  r a t e s  p e r  10 0 ,0 0 0  c h i l d r e n
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aged  1 -4  y e a r s  d e c r e a s e d  a s  t h e  p e r c e t t  v a c c i n e  a c c e p t a n c e  r a t e  i n c r e a s e d  

( J o i n t  Commit tee  on  V a c c i n a t i o n  and I m m u n iz a t io n ,  1 9 8 1 ) .  I n  t h e  same 

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

had  r e c e i v e d  3 d o s e s  o f  DTP compared  t o  t h o s e  who had 3 d o s e s  o f  DT 

v a c c i n e  ( R e p o r t  f rom  t h e  PHLS E p i d e m i o l o g i c a l  R e s e a r c h  L a b o r a t o r y  and 

21 a r e a  h e a l t h  a u t h o r i t i e s ,  1 9 8 2 ) ,  The m ain  c o n c l u s i o n  was t h a t  t h e  

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

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

p e r t u s s i s  was a p p r o x i m a t e l y  14 t im e s  h i g h e r  i n  t h e  DT t h a n  i n  t h e  DTP 

g r o u p ,  g i v i n g  an  e f f i c a c y  o f  93% as  c a l c u l a t e d  from.

E f f i c a c y  = ( r a t e  p e r  1 , 0 0 0  i n  DT g r o u p )  -  ( r a t e  p e r  1 ,0 0 0  i n  DTP g r o u p )
X 100,

( r a t e  p e r  1 ,000  i n  DT g roup )

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

home c o n t a c t s  was u s e d ,  t h e  e f f i c a c y  r a n g e d  from 30% to  59%, The 

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

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

s e v e r e  whooping cough i n  v a c c i n a t e d  c h i l d r e n .

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

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

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

v a c c i n e  e f f i c a c y .  D ur ing  t h e  MRC f i e l d  t r i a l s  o f  t h e  1950s ,  Evans and 

P e r k i n s  (1955)  showed t h a t  t h e r e  was a  good c o r r e l a t i o n  b e tw e e n  t h e  

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

to  i n d u c e  a n t i - B, p e r t u s s i s  a g g l u t i n i n s  i n  m ic e .  T h i s  l e d  t o  t h e  

s u g g e s t i o n  t h a t  a n  a g g l u t i n i n - p r o d u c t i o n  t e s t  i n  mice  c o u l d  be used  t o  

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

emerged  i n  t h a t  t h e  P i l l e m e r  v a c c i n e ,  w h ic h  was h i g h l y  e f f e c t i v e  i n  t h e
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ICMPT and i n  p r o t e c t i n g  c h i l d r e n ,  was p o o r l y  a c t i v e  i n  t h e  Evans and 

P e r k i n s  t e s t  (MRC R e p o r t ,  1 9 5 9 ) ,  L a t e r  work showed t h a t  t h e  r e a s o n  why 

t h e  P i l l e m e r  v a c c i n e  had  b e e n  a p o o r  a n t i g e n  i n  t h e  a g g l u t i n i n  t e s t  was 

b e c a u s e  t h e  B, p e r t u s s i s  s t r a i n  134 from which  i t  was made was o f  a  

d i f f e r e n t  s e r o t y p e  t o  t h e  Evans and P e r k i n s  t e s t  s t r a i n  ( P i t t m a n ,  1 9 7 0 ) ,

P r e s t o n  (1963 ,  1965)  s u g g e s t e d  t h a t  t h e  f a i l u r e  o f  some 

c h i l d r e n  to  a c q u i r e  immunity  t o  B, p e r t u s s i s  a f t e r  v a c c i n a t i o n  m i g h t  be 

due t o  a d i f f e r e n c e  i n  s e r o t y p e  b e tw e e n  t h e  p r e v a l e n t  e p id e m ic  s t r a i n s  

and t h o s e  u s e d  i n  v a c c i n e  m a n u f a c t u r e .  Th is  may n o t  n e c e s s a r i l y  have  

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

f a c t o r  t h a t  t h e  r e f e r e n c e  B r i t i s h  S t a n d a r d  P e r t u s s i s  V a c c in e  u s e d  i n  t h e  

e a r l y  1960s was low e r  i n  m o u s e - p r o t e c t i v e  p o t e n c y  t h a n  i t  s h o u l d  ha v e  

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

p r e v e n t i o n  o f  p e r t u s s i s  i s  r e f l e c t e d  i n  t h e  WHO rec o m m e n d a t io n  (1979)  

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

a n t i g e n s  1,  2 and 3,

2 . 3  Immune r e s p o n s e s  t o  v a c c i n a t i o n  and d i s e a s e

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

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

p e r t u s s i s  v a c c i n e ;  t h e s e  i n c l u d e d  a g g l u t i n a t i o n  a s s a y s  ( M a n c la r k ,  1 9 76 ) ,  

b a c t e r i c i d a l  a s s a y s  ( A f t a n d e l i a n s  and C onne r ,  1973)  and e n z y m e - l i n k e d  

immunosorbent  a s s a y  (ELISA),  U s ing  ELISA, GranstrBin e t  a l .  ( 1 9 8 2 a , b )  

r e p o r t e d  i n c r e a s e s  i n  IgG a n t i - f i l a m e n t o u s  h a e m a g g l u t i n i n  (FHa) t i t r e s  

d u r i n g  t h e  d i s e a s e .  P o s i t i v e  IgM and h i g h  IgG t i t r e s  t o  FHa i n d i c a t e d  

r e c e n t  i n f e c t i o n ,  b u t  t h e  IgM a n d / o r  IgA a n t i - F H a  r e s p o n s e  was a b s e n t  i n  

some i n d i v i d u a l s .  A l s o , Ig M  t i t r e s  w ere  h i g h e r  a f t e r  i n f e c t i o n  t h a n
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a f t e r  v a c c i n a t i o n ,  and t h e  r e v e r s e  a p p l i e d  to  IgG t i t r e s  (M a c a u le y ,

1 9 81 ) .

Us ing  whol e - c e 11s a s  t h e  a n t i g e n i c  pha se  i n  ELISA, Ruuskanen  

£ t  (1980)  r e p o r t e d  a n  IgG r e s p o n s e  a f t e r  im m u n iz a t i o n  w i t h  DTP, b u t  

low o r  u n d e t e c t a b l e  IgM and IgA t i t r e s .  V i l j a n e n  e_t al^, (1982)  u s i n g  

t h e  same ELISA and a n t i g e n ,  d e m o n s t r a t e d  IgG, IgM and IgA r e s p o n s e s  i n  

p e r t u s s i s  p a t i e n t s ,  and t h e y  p r o p o s e d  t h a t  t h e  p r e s e n c e  o f  a n  IgM a n d / o r  

IgG r e s p o n s e  was e v i d e n c e  o f  r e c e n t  d i s e a s e ,  Goodman e t  a l . ( 1 9 8 1 )  

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

i n f e c t i o n  b u t  n o t  a f t e r  v a c c i n a t i o n ,

B u r s t y n  e_t a J . ( 1983)  s t u d i e d  t h e  immune r e s p o n s e  o f  v a c c i n e e s  

and p a t i e n t s  w i t h  p e r t u s s i s  w i t h  a n  ELISA which  employed h i g h l y  p u r i f i e d  

p e r t u s s i s  t o x i n  (PT) and f i l a m e n t o u s  h a e m a g g l u t i n i n  (FHa) as  a n t i g e n s .

I n  c h i l d r e n  v a c c i n a t e d  w i t h  DTP, IgG and IgM a n t i b o d i e s  t o  b o t h  a n t i g e n s  

w e re  d e t e c t e d  b u t ,  w i t h  a  few e x c e p t i o n s ,  no se rum IgA to  e i t h e r .  An 

a n t i - F H a  IgA r e s p o n s e  was d e t e c t e d  o n l y  from p a t i e n t s  w i t h  d i s e a s e  and 

se ld om  from v a c c i n e e s .  Winsnes e_t ^ , ( 1 9 8 5 )  u s i n g  ELISA found t h a t  ( i )  

t h e  IgG r e s p o n s e s  t o  FHa and l i p o p o l y s a c c h a r i d e  (LPS) w e re  o f t e n  p e r s i s t e n t

b o t h  a f t e r  i n f e c t i o n  and v a c c i n a t i o n ,  ( i i )  IgG a n t i b o d i e s  t o  PT were

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

v a c c i n e e s ,  ( i i i )  a n  IgM r e s p o n s e  t o  FHa and LPS was p r e s e n t  t o  a l m o s t  

100% a f t e r  v a c c i n a t i o n  and d i s e a s e ,  w h e r e a s  IgM a n t i b o d i e s  t o  PT were  

d e t e c t e d  i n  23% o f  t h e  v a c c i n a t e d  and 83% o f  t h e  p a t i e n t s ,  ( i v )  none o f  

t h e  v a c c i n a t e d  c h i l d r e n ,  and o n l y  2% o f  t h e  p a t i e n t s ,  gave  a se rum IgA 

a n t i b o d y  r e s p o n s e  t o  PT, and (v )  t h e r e  w ere  no p ro n o u n ce d  d i f f e r e n c e s  i n

t h e  IgA r e s p o n s e s  t o  FHa and LPS i n  v a c c i n e e s  and p a t i e n t s .
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I t  was p r o p o s e d  t h a t  i t  c o u ld  be p o s s i b l e  t o  p r o t e c t  t h e  

newborn  i n f a n t  by e n s u r i n g  t h a t  t h e  m o t h e r  had b e e n  immunized,  and was 

a b l e  t o  t r a n s m i t  immunity  i n  u t e r o  a n d / o r  t h r o u g h  c o l o s t r u m  ( M a n c l a r k ,  

1 9 8 1 ) ,  B u r s t y n  e t  a l . (1983)  o b s e r v e d  t h a t  i n f a n t s  w i t h  h i g h  p l a c e n t a l  

c o r d - b l o o d  a n t i - P T  IgG t i t r e s  d i d  n o t  p r o d u c e  a n t i - P T  IgG a n t i b o d i e s  

when immunized w i t h  w h o l e - c e l l  v a c c i n e ,  w he re as  c h i l d r e n  w i t h  low c o rd  

t i t r e s  gave  good a n t i - P T  IgG r e s p o n s e s  when v a c c i n a t e d .
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SECTION 3 o ANTIGENIC AND BIOLOGICALLY-ACTIVE SUBSTANCES OF B. PERTUSSIS

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

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

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

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

3 ,1  A g g l u t i n o g e n s

I n  B, p e r t u s s i s , a g g l u t i n o g e n s  c a n  be o p e r a t i o n a l l y  d e f i n e d  as  

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

c a u s e  b a c t e r i a l  c e l l  a g g l u t i n a t i o n  (R o b in so n  e t  a T  , 1 9 8 5 a ) , Based on 

a g g l u t i n a t i o n  and a g g l u t i n i n  a d s o r p t i o n ,  t h e  genus  B o r d e t e l l a  was d i f f e r 

e n t i a t e d  by a g g l u t i n o g e n s  u n i q u e  t o  e a c h  s p e c i e s  ( A n d e r s o n ,  1953;

E l d e r i n g  e t  a l . , 1 9 5 7 ) .  A g g l u t i n o g e n s  1 and 7 a r e  common to  a l l  B, p e r t u s s i s  

s t r a i n s ,  w i t h  a g g l u t i n o g e n  7 b e i n g  common t o  a l l  t h e  s p e c i e s  o f  t h e  genus  

B o r d e t e l l a , A g g l u t i n o g e n s  2 t o  6 v a r y  i n  i n d i v i d u a l  B, p e r t u s s i s  

i s o l a t e s ,  and a g g l u t i n o g e n s  8 ,  9 and 10 a r e  found  i n  B, p a r a p e r t u s s i s , 

w i t h  number 14 b e i n g  s p e c i e s - s p e c i f i c  f o r  t h e  l a t t e r .  A l l  s t r a i n s  o f  

B. b r o n c h i s e p t i c a  have  a g g l u t i n o g e n  12 w i t h  i n d i v i d u a l  i s o l a t e s  

c o n t a i n i n g  8,  9 ,  10 a n d / o r  11,  I t  i s  now b e l i e v e d  t h a t  t h e r e  a r e  t h r e e  

m a j o r  a g g l u t i n o g e n s  i n  B, p e r t u s s i s  ( 1 ,  2 and 3 ) ,  w h i l s t  4 ,  5 and 6 a r e  

p r o b a b l y  m in o r  a n t i g e n s  ( P r e s t o n  ^  a l . , 1982 ) ,  Ashworth  e_t aJU (1985)  

p r o v i d e d  e v i d e n c e  t h a t  a g g l u t i n o g e n s  2 and 3 w ere  b o t h  f i m b r i a l  a n t i g e n s ,  

w h e r e a s  a g g l u t i n o g e n  1 was n o t .

The r o l e  o f  s e r o t y p e  a n t i g e n s  i n  e x p e r i m e n t a l  B, p e r t u s s i s  

i n f e c t i o n  i n  t h e  mouse h a s  b e e n  w e l l  s t u d i e d .  I n  t h e  ICMPT t h e r e  was 

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

( E l d e r i n g  e t  a l . , 1 9 6 6 ;  1 9 6 7 ) ,  A m a r g i n a l  p r o t e c t i v e  e f f e c t  o f  f a c t o r  2
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and 3 a n t i s e r a  a g a i n s t  i n t r a c e r e b r a l  c h a l l e n g e  was d e m o n s t r a t e d  ( P r e s t o n  

and G a r r i t y ,  1967)  and R o b in s o n  and I r o n s  (1983)  found  t h a t  f i m b r i a e  

( a g g l u t i n o g e n s )  were  p r o t e c t i v e  i n  t h e  ICMPT o n l y  i n  t h e  p r e s e n c e  o f  a  

t r a c e  o f  a c t i v e  PT,

3 ,2  F i l a m e n t o u s  h a e m a g g l u t i n i n  (FHa)

Bo p e r t u s s i s  p o s s e s s e s  two d i s t i n c t  h a e m a g g l u t i n i n s  w i t h  

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

h a e m a g g l u t i n i n  (FHa) a p p e a r e d  as  f i n e  f i l a m e n t s  2nm i n  d i a m e t e r  and 

40-100nm i n  l e n g t h  when v iewed i n  t h e  e l e c t r o n  m i c r o s c o p e  ( A r a i  and S a t o ,  

1 9 7 6 ) ,  FHa has  b e e n  p u r i f i e d  from b o t h  s t a t i c  l i q u i d  c u l t u r e  s u p e r -  

n a t e s  ( A r a i  and S a t o ,  1976;  A r a l  and Munoz, 1979;  Cowell  e t  a l , , 1982) 

and from c e l l  e x t r a c t s  ( I r o n s  and MacLennan, 1 9 7 9 a ,b ;  A ske lBf  e t  a l , , 

1982;  I r o n s  e ^ a _ l , , 1 9 8 3 ;  Nakase ? 1975) ,  The s e p a r a t i o n  o f  FHa

from t r a c e  amounts  o f  PT h a s  p ro v ed  d i f f i c u l t ,  b u t  h a s  b e e n  a c h i e v e d  

t h r o u g h  s e q u e n t i a l  co lumn c h ro m a to g r a p h y  (Cowel l  e_t a J . , 1 9 8 2 ;  S a to  

e t  a _ l , , 1 9 8 3 a ) ,  The m o l e c u l a r  w e i g h t  o f  FHa from B, p e r t u s s i s  Tohama 

s t r a i n  was e s t i m a t e d  a t  133 ,000  by s u c r o s e  d e n s i t y  g r a d i e n t  u l t r a 

c e n t r i f u g a t i o n  ( A r a i  and S a t o ,  1 9 7 6 ) ,  and FHa p u r i f i e d  from l i q u i d  

c u l t u r e  s u p e r n a t e s  was found  t o  be h e t e r o g e n o u s  when examined  by SDS- 

PAGE, Major  p o l y p e p t i d e s  of  m o l e c u l a r  w e i g h t  127k and 95k ( I r o n s  and 

MacLennan,  1 9 7 9 b ) ,  126k ( A r a i  and S a t o ,  1976) ,  and 160k,  115k and 90k 

( Cowel l  a t  a l ^ , , 1982)  w e re  r e v e a l e d .  These  v a r i o u s  f r a g m e n t s  p r o b a b l y  

a r o s e  from t h e  p o l y p e p t i d e  o f  t h e  h i g h e s t  m o l e c u l a r  w e i g h t ,  220k ( I r o n s  

e t  a l . , 1 9 8 3 ) ,

I t  was o r i g i n a l l y  t h o u g h t  t h a t  FHa was d e r i v e d  from b a c t e r i a l  

c e l l  s u r f a c e  f i m b r i a e  ( S a t o  e t  a l , , 1 9 7 4 ;  Morse and M orse ,  1 9 7 6 ) ,  S a to
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e t  a h  (1979)  s u g g e s t e d  t h a t  B. p e r t u s s i s  f i m b r i a e ,  o r  h a e m a g g l u t i n i n ,  

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

f o r  FHa r e a c t e d  w i t h  B. p e r t u s s i s  f i m b r i a e .  I n  c o n t r a d i c t i o n ,  Ashwor th  

e t  a l , (1982a)  c o n c l u d e d  t h a t  FHa was n o t  f i m b r i a l  i n  o r i g i n  and s u g g e s t e d  

t h a t  t h e  l a b e l l i n g  o f  f i m b r i a e  w i t h  a n t i - F H a  a n t i b o d y  was due to  the  

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

o r i g i n  o f  FHa i s  s t i l l  a  m a t t e r  o f  d i s a g r e e m e n t .  I n  t h e  s t u d y  o f  Blom 

e_t £ l , ( 1 9 8 3 ) ,  on t h e  m orpho logy  o f  B, p e r t u s s i s  c e l l s ,  f i m b r i a e  and FHa 

by e l e c t r o n  m i c r o s c o p y ,  t h e  a u t h o r s  c o n c lu d e d  t h a t  FHa was d e r i v e d  from 

c e l l  s u r f a c e  f i m b r i a e .

Whe ther  o r  n o t  FHa i s  f i m b r i a l  i n  o r i g i n  does  n o t  p r e c l u d e  i t s  

m e d i a t i n g  a t t a c h m e n t .  A n t i b o d i e s  t o  FHa i n h i b i t e d  a t t a c h m e n t  o f  

B. p e r t u s s i s  t o  mammalian c e l l s  ( S a t o  £ t  ^ , 1 9 8 1 ) ,  a l t h o u g h  a g g l u t i n i n  

c o n t a m i n a t i o n  m i g h t  a g a i n  have  b e e n  a p ro b le m ,  FHa i s  one o f  t h e  m os t  

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

b e c a u s e  o f  i t s  l a c k  o f  t o x i c i t y  and i t s  p o s s i b l e  p r o t e c t i v e  a c t i v i t y  

a g a i n s t  a n im a l  i n f e c t i o n s ,

3 ,3  L i p o p o l y s a c c h a r i d e  (LPS)

The LPS o f  Bo p e r t u s s i s  p o s s e s s e s  many p r o p e r t i e s  i n  common 

w i t h  LPS from o t h e r  G r a m - n e g a t i v e  b a c t e r i a  i n  b e i n g  h e a t - s t a b l e ,  

a n t i g e n i c ,  p y r o g e n i c  and t o x i c .  As r e v i e w e d  by Wardlaw and P a r t o n  

( 1 9 8 3 b ) ,  t h e  LPS o f  B. p e r t u s s i s  has  some u n u s u a l  c h e m i c a l  p r o p e r t i e s .

Le Dur e_t a k  (1980)  found  t h a t  B. p e r t u s s i s  e n d o t o x i n  c o n t a i n e d  two 

c h e m i c a l l y  d i s t i n c t  LPS m o i e t i e s  w h ic h  were d e s i g n a t e d  LPS-1 and LPS-2, 

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

P S -1 ,  w h ic h  c o n t a i n e d  n o n - p h o s p h o r y l a t e d  KDO ( 3 - d e o x y - 2 - o c t u l o s o n i c  a c i d ) .
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and PS-2 ,  wh ich  c o n t a i n e d  p h o s p h o r y l a t e d  KDO, These  LPS m o l e c u l e s  a l s o  

c o n t a i n e d  two l i p i d s ,  l i p i d  X and l i p i d  A,

R o b in s o n  and I r o n s  (1983)  found  t h a t  LPS was n o t  p r o t e c t i v e  i n  

m i c e ,  and no s p e c i f i c  p r o t e c t i v e  r o l e  f o r  LPS has  b e e n  e s t a b l i s h e d  i n  any 

model  o f  p e r t u s s i s  i n f e c t i o n .  The r o l e  o f  LPS i n  t h e  p a t h o g e n e s i s  o f ,  

and immunity  t o ,  B, p e r t u s s i s  r e m a in s  u n c e r t a i n ;  and w h a t e v e r  i t s  r o l e ,  

i t  a p p e a r s  u n l i k e l y  t h a t  i t  w i l l  be  found  t o  be an  i m p o r t a n t  enough 

a n t i g e n ,  i n  i t s  n a t i v e  s t a t e ,  t o  a l t e r  t h e  c u r r e n t  g o a l  to  r e d u c e  o r  

e l i m i n a t e  i t  f rom  c u r r e n t  p e r t u s s i s  v a c c i n e s  (M a n c la rk  and C o w e l l ,  1 9 84 ) ,

3 , 4  H e a t - l a b i l e  t o x i n  (HLT)

H e a t - l a b i l e  t o x i n ,  a l s o  known a s  d e r m o n e c r o t i z i n g  t o x i n  (DNT) 

o r  l i e n o t o x i n ,  was f i r s t  d e t e c t e d  by B o r d e t  and Gengou ( 1 9 0 9 ) ,  b u t  v e r y  

l i t t l e  has  been  l e a r n e d  o f  i t s  c h e m i s t r y ,  immunology and r o l e  i n  p a t h o 

g e n e s i s  (Wardlaw and P a r t o n ,  198 3 b ) ,  HLT was r e p o r t e d  t o  be i n t r a 

c e l l u l a r  (Cowel l  e t  a l . , 1 979 )  and l o s t  f rom B, p e r t u s s i s  c u l t u r e s  d u r i n g  

X- to  C-mode a n t i g e n i c  m o d u l a t i o n  ( L iv e y  e t  a l . , 1978 ) ,

HLT h a s  b e e n  n o t a b l y  d i f f i c u l t  to  p u r i f y  ( L iv e y  and Wardlaw, 

1 9 8 4 ) ,  and th e  b e s t  p r e p a r a t i o n s  have  b e e n  o b t a i n e d  by Onou.e e t  a l ,  (1963)  , 

Nakase e t  a l , ( 1 9 6 9 ) ,  l i d a  and Okonogi  (1971)  and S e k i y a  e t  a l . ( 1 9 8 2 ) ,

The p u r e  t o x i n  o r  c r u d e  c e l l  l y s a t e  was l e t h a l  f o r  m ice  and p ro d u ce d  

s i g n i f i c a n t  d e r m o n e c r o s i s , and a l l  b i o l o g i c a l  a c t i v i t i e s  were  l o s t  on 

h e a t i n g  a t  56°C f o r  30 m in .  Crude  e x t r a c t s  o f  B, p e r t u s s i s  damaged 

t i s s u e  c e l l s  i n  v i t r o  ( F e l t o n  ^  a l .  , 1 9 5 4 ;  Ange la  ejt a l . , 1 9 62 ) ,  and 

e l i c i t e d  cha nges  i n  t h e  b r o n c h i a l  e p i t h e l i u m  and p e r i b r o n c h i a l  and p e r i 

v a s c u l a r  c o n n e c t i v e  t i s s u e  o f  m ice  a f t e r  n a s a l  i n s t i l l a t i o n  (Asada ,

1 9 5 3 ) ,  S e k iy a  e t  a l . (1982)  and Nakase and Endoh (1985)  showed t h a t  

p u r i f i e d  HLT i n d u c e d  s p l e e n  a t r o p h y .
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For  many y e a r s  a f t e r  i t s  d i s c o v e r y  i n  1909,  HLT was c o n s i d e r e d  

t o  be n o n - a n t i g e n i c .  However ,  i n  t h e  1940s s e v e r a l  i n v e s t i g a t o r s  showed 

t h a t  c r u d e ,  d e t o x i f i e d - H L T  s t i m u l a t e s ,  b o t h  i n  c h i l d r e n  and e x p e r i m e n t a l  

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

a c t i v i t i e s  (Munoz, 1 9 7 1 ) ,  N a t i v e  HLT a p p e a r e d  n o t  to  f u n c t i o n  a s  a 

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

o f  mice  (Munoz, 197 1 ) ;  h o w e v e r ,  m os t  o f  t h i s  work was done w i t h  impure 

HLT and was n o t  d e f i n i t i v e .  Toxoided-HLT a p p e a r e d  t o  be n o n - a n t i g e n i c  

i n  mice  b u t  a n t i g e n i c  i n  r a b b i t s  ( L iv e y  and Wardlaw, 1 9 8 4 ) ,  However , 

Nakase e t  a l .  (1969)  r e p o r t e d  t h a t  1 ,0  mg o f  p u r i f i e d  f o r m a l i n - d e t o x i f i e d ,  

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

c h a l l e n g e  w i t h  l i v e  B, p e r t u s s i s . These  a u t h o r s  d i d  n o t  s t a t e  w h e t h e r  

t h e  s e r a  o f  immunized m ic e  had  d e t e c t a b l e  l e v e l s  o f  a n t i - H L T  a n t i b o d y :  

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

mouse m ig h t  have  b e e n  due to  t h e  a b s e n c e  o f  a n t i b o d y  p r o d u c t i o n  u n d e r  

t h e  c o n d i t i o n s  o f  i m m u n i z a t i o n .  The q u e s t i o n  o f  HLT b e i n g  a b l e  to  

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

as  unanswered  (Wardlaw and P a r t o n ,  1983b ) .

The m echan ism o f  a c t i o n  o f  HLT rem a in s  l a r g e l y  unknown,

Nakase  and Endoh (1985)  t h o u g h t  t h a t  s p l e e n  a t r o p h y  was t h e  r e s u l t  o f  

HLT a c t i n g  on t h e  smooth  m u s c l e s  o f  s p l e e n  a r t e r i o l e s  t o  c a u se  v a s o 

c o n s t r i c t i o n ,  and P a r t o n  (1986)  showed t h a t  two a n t i - i n f l a m m a t o r y  a g e n t s  

i n h i b i t e d  t h e  h a e m o r r h a g i c  e f f e c t  p ro d u ce d  by HLT i n  mouse s k i n ,

3 , 5  T r a c h e a l  c y t o t o x i n  (TCT)

T r a c h e a l  c y t o t o x i n  was i s o l a t e d  from c u l t u r e  s u p e r n a t e s  of  

B, p e r t u s s i s  a s  a  s m a l l  g l y c o p e p t i d e  c o n t a i n i n g  d i a m i n o p i m e l i c  and
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muramic a c i d s  (Goldman _ ^ ^ , , 1 9 8 2 ) ,  The p r e s e n c e  o f  t h e s e  components  

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

e n v e l o p e ,  Goldman e t  a l . (1982)  a l s o  showed t h a t  p a r t i a l l y - p u r i f i e d  TCT 

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

c e l l s ,  TCT may be r e s p o n s i b l e  f o r  t h e  p r i m a r y  l e s i o n  i n  p e r t u s s i s ,  i e :  

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

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

3 , 6  A d e n y l a t e  c y c l a s e

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

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

a c t i v a t e d  a d e n y l a t e  c y c l a s e ,  H e w l e t t  e t  a l . (1977)  found  t h e  enzyme 

p r e s e n t  i n  c u l t u r e  s u p e r n a t e s ,  and when p u r i f i e d  was a  monomeric  p r o t e i n  

o f  m o l e c u l a r  w e i g h t  a ro u n d  7 0 , 0 0 0 ,  H e w l e t t  e t  a l . (1985)  i n d i c a t e d  th e  

p r e s e n c e  o f  two forms o f  t h e  a d e n y l a t e  c y c l a s e  t o x i n :  one p o s s e s s e d

o n l y  e n z y m a t i c  a d e n y l a t e  c y c l a s e  a c t i v i t y  b u t  had no e f f e c t  on i n t a c t  

t a r g e t  c e l l s ,  and t h e  o t h e r  was b o t h  e n z y m a t i c  and i n t o x i c a t i n g  i n  i t s  

a c t i v i t y .

C o n fe r  and E a t o n  (1982)  n o t i c e d  t h a t  h i g h  l e v e l s  o f  a d e n y l a t e  

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

enzyme c o n t r i b u t e d  t o  t h e  p a t h o g e n i c i t y  o f  B. p e r t u s s i s  by i n t e r f e r i n g  

w i t h  t h e  h o s t ' s  d e f e n c e  m ec ha n ism s .  Van Heyn ingen  (1982)  s u g g e s t e d  

t h a t  t h e  enzyme e x e r t e d  n o n - s p e c i f i c  e f f e c t s  on  t h e  h o s t  so  t h a t  t h e r e  

was a d i m i n i s h e d  f e b r i l e  and i n f l a m m a t o r y  r e s p o n s e ,  w i t h  an  enhancem en t  

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

v i r a l  i n f e c t i o n s ,  H e w l e t t  e t  a l . (1985)  i n d i c a t e d  t h a t  B. p e r t u s s i s  

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

m a c r o p h a g e s ,  m o n o c y t e s ,  l y m p h o c y te s ,  lymphoma c e l l s  and p i t u i t a r y  c e l l s .
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These  w o r k e r s  c o n f i r m e d  t h e  h y p o t h e s i s  t h a t  t h e  a d e n y l a t e  c y c l a s e  was a 

t o x i n  w h ic h  p romoted  cAMP a c c u m u l a t i o n  i n  t a r g e t  c e l l s .

C on fe r  and E a t o n  (1982)  found  t h a t  t h e  enzyme e n t e r e d  phago 

c y t i c  c e l l s  t o  c a t a l y z e  t h e  f o r m a t i o n  o f  cAMP, b u t  t h e  mechanism o f  e n t r y  

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

c a l m o d u l i n - d e p e n d e n t  a d e n y l a t e  c y c l a s e  which  h a s  b e e n  t e rm ed  a n  'oedema 

f a c t o r ' .  T h i s  f a c t o r  was p o s t u l a t e d  to  r e q u i r e  s p e c i f i c  i n t e r a c t i o n  

w i t h  t h e  ' p r o t e c t i v e  a n t i g e n '  p r o t e i n  b e f o r e  i t  c o u ld  e n t e r  mammalian 

c e l l s .  L e p p la  (1982)  p r o p o s e d  t h a t  t h i s  ' p r o t e c t i v e  a n t i g e n '  o f  

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

t h e  'oedema f a c t o r ' ,  and s u g g e s t e d  t h a t  a s i m i l a r  r e c e p t o r  p r o t e i n  and 

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

h o s t  c e l l o

3 ,7  P e r t u s s i s  t o x i n  (PT)

P e r t u s s i s  t o x i n  i s  t h e  component  o f  B, p e r t u s s i s  wh ich  h a s  

b e e n  m os t  e x t e n s i v e l y  s t u d i e d  and which  a p p e a r s  u n i q u e  t o  t h i s  b a c t e r i a l  

s p e c i e s .  The n o t i o n  t h a t  t h e  H i s t a m i n e - S e n s i t i z i n g  F a c t o r  (HSF),  Mouse- 

P r o t e c t i v e  A n t i g e n  (MPA) and H e a t - L a b i l e  A d ju v a n t  (HLAd) r e p r e s e n t e d  

d i f f e r e n t  a c t i v i t i e s  o f  t h e  same component  was p r opounded  i n  t h e  

' U n i t a r i a n  H y p o t h e s i s '  o f  L e v in e  and P i e r o n i  ( 1 9 6 6 ) ,  Munoz (1976)  

p r o p o s e d  t h e  t e rm  ' p e r t u s s i g e n '  f o r  a s u b s t a n c e  from B. p e r t u s s i s  which  

s e n s i t i z e d  mice  t o  h i s t a m i n e ,  i n d u c e d  l e u c o c y t o s i s , s t i m u l a t e d  IgE 

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

(HEAE) and p r o t e c t e d  m ic e  a g a i n s t  i n t r a c e r e b r a l  c h a l l e n g e  w i t h  l i v e  

Bo p e r t u s s i s ,

P i t t m a n  ( 1 979 ,  1984)  adva nce d  t h e  h y p o t h e s i s  t h a t  p e r t u s s i s  

s h o u l d  be r e g a r d e d  a s  a n  e x o t o x i n o s i s ,  i n  which  t h e  s u b s t a n c e  w i t h
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h i s t a m i n e - s e n s i t i z i n g ,  l e u c o c y t o s i s - p r o m o t i n g  and i s l e t - a c t i v a t i n g  

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

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

T h i s  p r i m a r y  p a t h o g e n i c  component  was c a l l e d  ' p e r t u s s i s  t o x i n '  (PT) ,  and 

t h i s  d e s i g n a t i o n  w i l l  be  u s e d  t h r o u g h o u t  t h i s  r e v i e w .

3 . 7 , 1  P u r i f i c a t i o n  o f  p e r t u s s i s  t o x i n  and e l u c i d a t i o n  o f  s u b u n i t  

s t r u c t u r e

Most  methods  f o r  p u r i f y i n g  p e r t u s s i s  t o x i n  h a v e  u sed  c u l t u r e  

f l u i d  r a t h e r  t h a n  w h o l e - c e l l s  a s  s t a r t i n g  m a t e r i a l ,  and t h e r e  h a s  b e e n  no 

u n i q u e l y  f a v o u r e d  s t r a i n  o f  B, p e r t u s s i s , o r  g ro w th  medium ( w i t h  t h e  

p o s s i b l e  e x c e p t i o n  o f  t h e  l i q u i d  medium o f  S t a i n e r  and S c h o l t e  (1971)  

and t h e  CL medium o f  Imaizumi e_t a h  , 1 9 8 3 ) ,  Examples  o f  t h e  methods  

f o r  t h e  p u r i f i c a t i o n  o f  PT a r e  summarized  i n  T a b l e  1.

Tamura ^  a J . ( 1 9 8 2 ,  1983)  d e m o n s t r a t e d  t h a t  t h e  m o l e c u l a r  

s t r u c t u r e  and mode o f  c a t a l y t i c  a c t i v i t y  o f  PT was i n  a c c o r d  w i t h  t h e  

A-B model  o f  t o x i n s  ( G i l l ,  1 9 7 8 ) ,  A n a l y s i s  o f  PT by SDS-gel  e l e c t r o 

p h o r e s i s  showed t h a t  t h e  m o l e c u l e  c o n t a i n e d  as  few as  t h r e e  ( A r a i  and 

S a t o ,  1976;  K a n b a y a s h i  e_b , 1978)  and as  many as  f i v e  d i f f e r e n t  

p o l y p e p t i d e  c h a i n s  (Tamura e_t a J  , ,  1982)  , The i s l e t - a c t i v a t i n g  p r o t e i n  

( lAP-PT) o f  Ya j ima e_t a h  (1978a)  was composed o f  t h r e e  t y p e s  o f  p o l y p e p t i d e  

c h a i n  o f  m o l e c u l a r  w e i g h t  1 2 ,0 0 0 ,  30 ,0 0 0  and 2 5 ,0 0 0  ( p r e s e n t  i n  t h e  m o la r  

r a t i o  o f  1 : 2 : 1 ) ,  and S e k u ra  ^  £ h  (1983)  found o n l y  f o u r  p o l y p e p t i d e  

c h a i n s  by SDS-gel  e l e c t r o p h o r e s i s :  t h e i r  model  was o f  a t o x i n  composed

o f  s i x  s u b u n i t s  ( S I ,  S2, S3, 3 x  S 4 ) , P e r e r a  £ t  ^ , ( 1 9 8 5 )  r e p o r t e d  

t h a t  PT from B, p e r t u s s i s  s t r a i n  18334 c o n s i s t e d  o f  f i v e  s u b u n i t s ,  w h ich  

i n c l u d e d  an  a d d i t i o n a l  s u b u n i t  t e rmed  S l a ,  By p e p t i d e  mapping ,  s u b u n i t s  

S i ,  S l a  and S2 showed e x t e n s i v e  s t r u c t u r a l  homology,  i n d i c a t i n g  t h a t  t h e
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Au th o r s Method A u t h o r ' s  d e s i g n a t i o n  o f  
s u b s t a n c e ;  and m o i . w t .

S a to  and A ra i  (1972 ) C u l t u r e  f l u i d  p r e c i p i t a t e d  w i t h  

e x t r a c t e d  w i t h  IM 

NaCl ,  and p u r i f i e d  by e l e c t r o 

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

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

LPF; 108 ,000

A r a i  and S a to  (197 6) As abo ve . LPF; 1 07 ,0 0 0 ,  10 3 ,000  

and 30 ,000  ( e s t i m a t e d  by 

d i f f e r e n t  me thods )

L e h r e r  e_t a l .  (1974) S u c ro s e  g r a d i e n t  d e n s i t y  u l t r a 

c e n t r i f u g a t i o n ,  Sephadex  G-lO,  

B i o g e l - A  10% a g a r o s e  s i e v i n g  

o f  c e l l  e x t r a c t .

HSF; 90 , 0 00

Morse and Morse (1976 ) C u l t u r e  f l u i d  p r e c i p i t a t i o n ,  

CsCi g r a d i e n t  and Sephadex  

G-150 g e l  f i l t r a t i o n .

LPF; 6 7 , 0 0 0 - 7 2 , 0 0 0

Yaj ima e_t a l .  ( 1 9 7 8 a ,b ) Column ch ro m a to g r a p h y  on 

h y d r o x y a p a t i t e ,  S ep ha ro s e  CL-6B, 

con-A  S e p h a r o s e ,  B i o g e l  P - 100.

lAP; 77 ,0 00

I r o n s  and MacLennan G e l l - e x t r a c t  p r e c i p i t a t e LPF-Ha;  m o i . w t .  s i m i l a r

( 1 9 7 9 a , b ) a p p l i e d  t o  h a p t o g l o b i n -  

SepharosG 4B.

to  Morse and Morse (1976 )

Munoz e t  a l . ( 1981a) A ZnCl^ c u l t u r e  f l u i d  p r e c i  P e r t u s s i g e n ;  (m o i . w t .

p i t a t e  e x t r a c t e d  w i t h  Na^HPO^, 

sodium p y r o p h o s p h a t e ,  f o l l o w ed  

by S e p h a r o s e  CL-6B and B io ge l - A 5 .

n o t  r e p o r t e d )

Cowe l l  £ t  ( 1982) A p p l i c a t i o n  o f  h y d r o x y l a p a t i t e , LPF-Ha;  170 ,000  and

h a p t o g l o b i n - S e p h a r o s e  4B and 70 , 0 0 0  (m a jo r  and m in o r

S e p h a r o s e  CL-6B c h r o m a t o g r a p h i e s . b a n d s )

A s k e l o f  and G i l l e n i u s C e l l - e x t r a c t  p r e c i p i t a t e LPF ( m o i . w t .  n o t  r e p o r t e d )

(1982) a p p l i e d  t o  f e t u i n - S e p h a r o s e  4B.

Tamura e_t a l ,  ( 1982) A c c o rd in g  t o  t h e  method o f  

Ya jima e t  a l . (1978 a , b ) .

TAP; 117 ,000

Snkura  ^  a l . ( 1983) S e q u e n t i a l  c h ro m a to g r a p h y  o f A D P - r i b o s y l t r a n s f e r a s e ,

c u l t u r e  f l u i d  w i t h  A f f i g e l  Blue 

and f e t u i n - S e p h a r o s e  4B.

p e r t u s s i s  t o x i n ;  113 ,000

P e r e r a  e_t a l .  (1985) C y t o p l a s m i c  e x t r a c t  p a r t i a l l y  

p u r i f i e d  by f e tu  i n - S e p h a r o s e  4B 

ch r o m a to g r a p h y .

P e r t u s s i s  t o x i n ;  11 6 ,000
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l a t t e r  two m ig h t  have  a r i s e n  from p r o t e o l y t i c  c l e a v a g e  o f  t h e  l a r g e s t  

s u b u n i t ;  t h e  s u b u n i t s  S2 and a n  u n d i f f e r e n t i a t e d  S4/S5 showed no p e p t i d e  

map homology w i t h  S I .

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

Tamura e t  a l . ( 1 9 8 2 ) ,  These  a u t h o r s  deduced  t h a t  PT was composed o f  

f i v e  p o l y p e p t i d e s ;  81,  S2,  S3, S4 and S5, w i t h  m o l e c u l a r  w e i g h t s  o f

2 8 ,0 0 0 ,  2 3 ,0 0 0 ,  2 2 ,0 0 0 ,  1 1 ,700  and 9 ,3 0 0  r e s p e c t i v e l y .  The S2, S3,  S4 

and S5 combined t o  fo rm  a p e n ta m e r  ( t e r m e d  th e  b i n d i n g  o r  B - o l ig o m e r )  

w h ich  c o u l d  i n t e r a c t  w i t h  t h e  SI  s u b u n i t  ( t e rm e d  t h e  a c t i v e  o r  A -p ro to m e r )  

t o  form t h e  i n t a c t  m o l e c u l e  ( F i g ,  2 ) ,  The A -p ro to m e r  was shown t o  be a n  

A D P - r i b o s y l t r a n s f e r a s e ,  c a t a l y z i n g  t h e  t r a n s f e r  o f  A D P-r ibose  from i n t r a 

c e l l u l a r  NAD t o  a 4 1 ,0 0 0  m oI ,w t  p r o t e i n  i n  c e l l  membranes (Tamura e_t a l . ,  

1982; H i l d e r b r a n d t  eT a ^ . , 1 9 8 3 ;  Sekura  ^  a d , , 1983 ) ,  The B - o l ig o m e r  was 

r e s p o n s i b l e  f o r  b i n d i n g  t o  t h e  c e l l  s u r f a c e  (Tamura e t  a l . , 1983 ) ,

T a b le  1 summ arizes  t h e  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  f o r  PT 

by i n d e p e n d e n t  i n v e s t i g a t o r s :  t h e  marked d i s a g r e e m e n t s  may be due t o  t h e

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

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

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

1 9 7 6 ) ,  i s l e t - a c t i v a t i n g  p r o t e i n ,  lAP (Yaj im a ,1978a ;  Ui e t  a l . ,1979)

and p e r t u s s i s  t o x i n ,  PT ( S e k u r a  e_t aj^, , 1983) were  s i m i l a r ,  a l t h o u g h  

l y s i n e  was a b s e n t  f rom t h e  S i  s u b u n i t  ( N i c o s i a  e t  a l , , 1 9 8 6 ) ,

3 , 7 , 2  B i o l o g i c a l  p r o p e r t i e s  o f  p e r t u s s i s  t o x i n

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

a r e  shown i n  T a b l e  2 and d i s c u s s e d  i n  d e t a i l  be low .  A p a r t  f rom t h e s e ,  

m e n t i o n  w i l l  a l s o  be made o f  t h e  o t h e r  a c t i v i t i e s  a t t r i b u t a b l e  t o  PT,
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T a b l e  2 . B i o l o g i c a l  p r o p e r t i e s  o f  p e r t u s s i s  t o x i n

R e fe r e n c e H i s t a m i n e -
s e n s i t i z a t i o n

HSD^g,^ pg/mouse

L eu co c y t e s  i g  
p r o d u c t i o n

pg/mouse

Mouse p r o t e c t i o n ,  

PD^g,^ pg/mouse

L e h r e r  e_t a l , ( 1974) 0 .0 6 NR NR

S a to  e t  a l , (1974) NR NR 2 . 4 - 5 . 4  (F-T)

A ra l  and Sa to  (1976) 0 . 02 0 .025 NR

Morse and Morse (1976) 0 , 0 1 - 0 . 3 3 0 ,0 2 NR

Yaj ima e_t a l , ( 1978b) 0 , 8 0 .5 NR

I r o n s  and MacLennan (1979a) 0 . 0 3 - 0 , 0 5 0 .02 NR

" " " (1979b) NR NR / 8 maximum 4 pg

Munoz e t  a l . ( 1 9 8 1 a , b ) 0 ,0027 NR 1.7 (G-T)

Munoz and A ra l  (1932) 0 .0 005 0 .1 1.7 (G-T)

Cowei l  e ^  a l . ( 19 82 ) 0 .0 02 0 .04 3 9 . 4  (G-T)

R ob ins on  and I r o n s  (193 3) NR NR 1 8 maximum 1 pg

2 .9 4  (G-T)

S ew e l l  e_t a l , ( 1 9 8 3 ) 0 ,0 1 3 0 .1 4 NR

Oda ejt a l . ( 1984) NR NR 8 . 5  (G-T)

S a to  and S a to  (1984 ) NR NR 0 .9 3  (F-T)

0 ,17^  (F-T)

Watanabe (1984) 0 , 0 0 0 9 - 0 . 0 0 9 5 0 . 1 2 8 - 0 , 1 9 1 2 , 8 - 2 4 . 4  (G-T)

a ,  HSD^Q; t h e  dose  wh ich  s e n s i t i z e d  50% o f  t h e  mice  t o  t h e  l e t h a l  e f f e c t  o f  a c h a l l e n g e  

o f  h i s t a m i n e ,

b ,  d i f f e r e n t  a u t h o r s  u sed  d i f f e r e n t  c r i t e r i a  f o r  l e u c o c y t o s i s : t h e  d a t a  g i v e n  were  i n

Hg/mouse do se s  wh ich  i ndu ced  a s i g n i f i c a n t ,  o r  h i g h l y  s i g n i f i c a n t ,  e l e v a t i o n  i n  t h e  

w h i t e - c e l l  c ou n t  above b a s e l i n e .

c ,  PD^q Î t h e  dose  wh ich  p r o t e c t e d  50% o f  t h e  mice  f rom i n t r a c e r e b r a l  i n f e c t i o n ,

NR, n o t  r e p o r t e d .

F -T ,  f o r m a l d e h y d e - t o x o i d ,

G-T, g l u t a r a I d e h y d e - t o x o i d ,

d , t h e  maximum dose  o f  FT w h ich  co u ld  be  t e s t e d  i n  t h e  IG MPT be c a u s e  o f  i n l i e r e n t  t o x i c i t y .  

These  dose s  we re  n o t  p r o t e c t i v e ,

e ,  t h e  PD^g o f  p e r t u s s i s  t o x i n - t o x o i d  was improved by i n c o r p o r a t i o n  o f  FHa i n  t he

immun iz ing m i x t u r e .
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( a )  H i s t a m i n e - s e n s i t i z a t i o n .

P a r f e n t j e v  and G o o d l in e  (1948)  were  t h e  f i r s t  t o  show t h a t  

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

s u b s e q u e n t  i n j e c t i o n  o f  h i s t a m i n e o  N o rm a l ly ,  m ice  a r e  r e l a t i v e l y  

i n s u s c e p t i b l e  t o  c h a l l e n g e  w i t h  h i s t a m i n e  (LD^q do s e  i n  t h e  r a n g e  o f  

344-844  mg b a s e  kg  ̂ body  w e i g h t ;  Munoz and Bergman,  1 9 6 8 ) ,  b u t  i f  t h e  

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

h i s t a m i n e  d e c r e a s e d  some f i f t y - f o l d *  The f a c t o r  i n  B* p e r t u s s i s  c e l l s  

r e s p o n s i b l e  f o r  t h i s  e f f e c t  was te rm ed  t h e  h i s t a m i n e - s e n s i t i z i n g  f a c t o r ,  

HSF ( M a i t l a n d ,  1955)*

HSF was p r e s e n t  o n l y  i n  p h a s e  I ,  X-mode B* p e r t u s s i s  and was 

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

l a t i o n  (Wardlaw e t  a l . , 1 9 7 6 ) *  H i s t a m i n e - s e n s i t i z a t i o n  i s  a  c a r d i n a l  

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

a r e  s e n s i t i z e d *  Most  o f  t h e  work has  b e e n  done w i t h  t h e  mouse whose 

s e n s i t i v i t y  t o  HSF was shown t o  be s t r a i n  d e p e n d e n t  (Munoz and Bergman,  

1968)* Age and s e x  o f  t h e  a n i m a l ,  e n v i r o n m e n t a l  s t r e s s  and r o u t e  o f  

i n j e c t i o n  may a l s o  a f f e c t  t h e  mouse r e s p o n s e  (Munoz and Bergman, 1968)*

H i s t a m i n e - s e n s i t i z a t i o n  was a l s o  i n d u c e d  by r e s p i r a t o r y  i n f e c t i o n  o f  mice  

w i t h  B* p e r t u s s i s  ( P i t t m a n ,  1951;  P i t t m a n  a ^ . , 1 9 8 0 ) ,  o r  by i n t r a 

c e r e b r a l  i n j e c t i o n  o f  v a c c i n e  (Munoz and Bergman,  1968)* PT a l s o  

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

a n o x i a ,  c o ld  s h o c k ,  X - i r r a d i a t i o n  and e n d o t o x i n  (Munoz and Bergman, 1968)* 

Munoz and  Bergman (1977)  and Munoz (1985)  c o n c lu d e d  t h a t  d e a t h  

a f t e r  h i s t a m i n e  c h a l l e n g e  was due to  l o s s  o f  b l o o d  vo lume.  I t  was 

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

(a  hormone p r o d u c e d  by t h e  a d r e n a l  m e d u l l a  wh ich  m a i n t a i n e d  b lo o d  v o lu m e ) .
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T a b l e  2 summ arizes  t h e  HSD^^ v a l u e s  f o r  PT o b t a i n e d  by v a r i o u s  

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

a  v a r i e t y  o f  mouse s t r a i n s  was u s e d  and i n  o n l y  a few i n s t a n c e s  were 

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

(b)  L e u c o c y t o s i s - p r o m o t i o n *

As e a r l y  as  1897 F r b l i c h  ( c i t e d  by Wardlaw and  P a r t o n ,  1983b) 

o b s e r v e d  t h a t  p e r t u s s i s  (whooping cough)  p a t i e n t s  f r e q u e n t l y  e x h i b i t e d  a 

marked  ly m p h o c y to s i s *  I n  e x t r e m e  c a s e s  t h e  p e r i p h e r a l  w h i t e  b l o o d  c e l l
3

c o u n t  c a n  r i s e  t o  17 5 ,0 0 0  p e r  mm , compared t o  no rm al  b a s a l  l e v e l s  o f
3

7 , 0 0 0 - 1 1 , 0 0 0  WBC/mm (Munoz and Bergman,  1977 ) ,  S a u e r  (1933)  n o t e d  

ly m p h o c y t o s i s  i n  c h i l d r e n  i n j e c t e d  w i t h  p e r t u s s i s  v a c c i n e ,  and Tu ta  (1937)  

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

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

c y t o s i s - p r o m o t i n g  f a c t o r '  (LPF) s i n c e  t h e  b lo o d  c o u n t s  o f  b o t h  lym phocy te s  

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

A r e s p o n s e  t o  LPF has  b e e n  d e m o n s t r a t e d  i n  a  b r o a d  r a n g e  o f  

v e r t e b r a t e  s p e c i e s  i n c l u d i n g  man ( O l s o n ,  1975 ) ,  and f o r  c o n v e n ie n c e  t h e  

mouse h a s  b e e n  by  f a r  t h e  m os t  e x t e n s i v e l y  u s e d  and s t u d i e d *  The marked 

e f f e c t s  o f  mouse age  and s t r a i n  s e e n  w i t h  HSF, d i d  n o t  seem t o  a f f e c t  

L P F - r e s p o n s  i v e n e s s ,

I n d u c t i o n  o f  l e u c o c y t o s i s  i n  mice  o c c u r s  m os t  r a p i d l y  and f u l l y  

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

p e r i t o n e a l  o r  s u b c u t a n e o u s  r o u t e s *  Peak  l e u c o c y t o s i s  o c c u r s  b e tw e en  

t h e  second  and f o u r t h  day  a f t e r  i n j e c t i o n  and d e c l i n e s  t o  no rm al  v a l u e s  

a f t e r  2 - 3  w eeks :  s u b - l e t h a l  pu lm onary  i n f e c t i o n  w i t h  B* p e r t u s s i s  i n d u c e d

a l e u c o c y t o s i s  t h a t  l a s t e d  f o r  5 weeks ( P i t t m a n  _et a h , 1 9 8 0 ) ,  b u t  t h i s  

p r o l o n g e d  s t i m u l u s  was a s s o c i a t e d  w i t h  c a r r i a g e  o f  t h e  o r g a n i s m s  f o r  2 - 3  

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

60-70% o f  t h e  c e l l s  were  m a t u r e ,  s m a l l  lym phocy te s  o f  b o t h  t h e  T- and B- 

c e l l  t y p e ,  w i t h  t h e  T - c e l l  t y p e  p r e d o m i n a t i n g  (Morse and Morse,  1976)*

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

r e l a t i v e  i n c r e a s e  i n  l a r g e  lym phocy te s  and monocytes* E o s i n o p h i l s  and 

b a s o p h i l s  were  r a r e ,  a l t h o u g h  a  s l i g h t  e o s i n o p h i l i a  i n  r a t s  and mice  g i v e n  

p e r t u s s i s  v a c c i n e  was r e p o r t e d  by T e r p s t r a  e t  a l  . (1979)*

Morse and R ie s  t e r  (1967)  i n v e s t i g a t e d  t h e  mechan ism o f  l e u c o -
3

c y t o s i s  by i n j e c t i n g  m ice  w i t h  H - t h y m i d i n e ,  and c o n c lu d e d  t h a t ;

( i )  d e s p i t e  t h e  t e n - f o l d  i n c r e a s e  i n  b lo o d  lymphocyte  c o u n t ,  t h e  new 

ly m phocy te s  had n o t  a r i s e n  from r e c e n t  c e l l  d i v i s i o n  b u t  had b e e n  r e l e a s e d  

i n t o  t h e  b lo o d  from e x t r a - v a s c u l a r  s i t e s  t o  w h ich  t h e y  were  u n a b l e  to  

r e t u r n *

The m echan ism o f  r e t e n t i o n  o f  ly m phocy te s  i n  t h e  b lo o d  s t r e a m  

o f  p e r t u s s i s - t r e a t e d  m ice  was i n v e s t i g a t e d  by t r a n s f u s i o n  o f  ly m phocy te s
3

l a b e l l e d  v i t r o  w i t h  H - u r i d i n e *  T h i s  showed t h a t  l y m p h o c y to s i s  was 

due t o  a b l o c k a d e  i n  t h e  no rm al  t r a f f i c  o f  t h e s e  c e l l s  b e tw e e n  b lo o d  and 

t h e  l y m p h a t i c  c o m p a r tm e n t s :  l ym phocy te s  t h a t  e n t e r e d  t h e  b lo o d  s t r e a m  had

a d i m i n i s h e d  c a p a c i t y  t o  l e a v e  t h e  p o s t - c a p i l l a r y  v e n u l e s  i n  lymph nodes*

( i i )  t h e r e  was a r e l e a s e  o f  m a t u r e  p o l y m o r p h o n u c le a r  l e u c o c y t e s  f rom 

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

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

t r i t i u m - l a b e l l e d  c e l l s ) ,

Morse and  B a r r o n  (1970)  p o s t u l a t e d  t h a t  l y m p h o c y to s i s  a p p e a r e d  

t o  be due to  a  change  i n  t h e  lymphocyte  c e l l s  r a t h e r  t h a n  i n  t h e  v a s c u l a r  

e n d o th e l iu m *  I n  s u p p o r t  o f  t h i s  h y p o t h e s i s ,  Sug imoto e t  a l . (1983)

showed t h a t  LPA a p p e a r e d  t o  r e s u l t  f rom d i r e c t  i n t e r a c t i o n  o f  PT w i t h  

lymphoid  c e l l s *  A l s o ,  when lym phocy te s  were  t r e a t e d  v i t r o  w i t h  PT,
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t h e i r  m i g r a t i o n  t o  lymph nodes  i n  v i v o  was p r e v e n t e d  (Sp a n g ru d e  e t  a l . ,

1 9 8 4 ) o T h i s  t o x i n - i n d u c e d  a l t e r a t i o n  o f  ly m phocy te s  was n o t  l o s t  a f t e r  

e x t e n d e d  c u l t i v a t i o n  o f  t h e s e  c e l l s  i n  medium f r e e  o f  PT, and t h e  t o x i n  

had no e f f e c t  on t h e  v i a b i l i t y  o r  t h e  a b i l i t y  o f  t h e  l ym phoc y te s  t o  

r e s p o n d  t o  m i t o g e n i c  a g e n t s *

The a s s a y  o f  LPF a c t i v i t y  o f  p e r t u s s i s  v a c c i n e  o r  t o x i n  

p r e p a r a t i o n s  i s  c o m p l i c a t e d  by t h e  p r e s e n c e  o f  e n d o to x i n *  Peak  l e u c o c y t o s i s  

w i t h  e n d o t o x i n  o c c u r s  24 h o u r s  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n ,  and w i t h  

e n d o t o x i n - f r e e  PT a t  3 -4  days  (Kurokawa e t  a l . , 1978)*  T h e r e f o r e ,  by 

making  w h i t e  c e l l  c o u n t s  a t  3 -4  days  p o s t - i n j e c t i o n ,  t h e  i n t e r f e r e n c e  

f rom e n d o t o x i n  c a n  be min imized*

( c )  M o u s e - p r o t e c t i o n *

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

u s i n g  t h e  i n t r a c e r e b r a l  m o u s e - p r o t e c t i o n  t e s t  (ICMPT) o f  K e n d r i c k  e_t a h  

(1947)*  The whooping cough i m m u n iz a t i o n  t r i a l s  c o n d u c te d  by t h e  MRC 

( R e p o r t s  1951,  1956,  1959)  i n  G r e a t  B r i t a i n  y i e l d e d  two i m p o r t a n t  r e s u l t s :

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

immuniz ing  p o t e n c y ,

( i i )  t h e r e  was a  s t r o n g  c o r r e l a t i o n  b e tw e e n  t h e  p r o t e c t i v e  e f f i c a c y  o f  a 

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

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

exam ples  o f  t h e  m o u s e - p r o t e c t i v e  a c t i v i t y  o f  PT p r e p a r a t i o n s  a r e  shown i n  

T a b l e  2* U n f o r t u n a t e l y ,  n o t  a l l  t h e  p u r i f i e d  p r e p a r a t i o n s  were  t e s t e d  

f o r  m o u s e - p r o t e c t i v e  a c t i v i t y ,  e g :  t h e  i s l e t - a c t i v a t i n g  p r o t e i n  ( lAP-PT) 

o f  Ya j im a e t  a l * ( 1 9 7 8 a , b ) . However ,  PT m ig h t  n o t  be  t h e  o n l y  component  

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

F o r  e xa m ple ,  FHa h a s  b e e n  found  t o  be p r o t e c t i v e  u s i n g  a  s i n g l e  ( I r o n s  

and MacLennan, 1979a; S a t o  e t  a l , , 1 9 7 9 ;  R o b in son  e t  a l , , 1 9 8 1 )  o r  d o u b l e -
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i m m u n iz a t i o n  s c h e d u l e  ( S a t o  _et , 1 9 8 2 ) ,  a l t h o u g h  FHa r i g o r o u s l y  

p u r i f i e d  o f  PT was n o t  p r o t e c t i v e  (Munoz e t  a l . , 1981a;  Oda e t  a l . , 1984)* 

P e r t u s s i s  t o x i n  was c l a i m e d  t o  be t h e  m a j o r  m o u s e - p r o t e c t i v e  

a n t i g e n ,  and a n t i s e r a  a g a i n s t  PT p a s s i v e l y  p r o t e c t e d  m ice  (Munoz e t  a l .  , 

1981a)o However ,  p u r i f i e d  n a t i v e  PT a l o n e  was n o n - p r o t e c t i v e  i n  t h e  

ICMPT u n l e s s  t o x i c i t y  was removed ( T a b le  2)* R o b in s o n  and I r o n s  (1983)  

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

ICMPT, was to  en h a n ce  t h e  p r o t e c t i v e  a c t i v i t i e s  o f  o t h e r  a n t i g e n s ,  eg ;

FHa and f i m b r i a e *  However ,  t h e  mechanism by w h ich  PT p r o d u c e s  t h i s  

s y n e r g i s t i c  e f f e c t  r e m a i n s  vague* R o b inson  e_t a l . (1985a)  c o n s i d e r e d  

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

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

p r o t e c t i v e  immune r e s p o n s e  a n d ,  s e c o n d l y ,  n a t i v e  PT to  a l l o w  t h i s  

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

a c t i v e  PT would  be t o  a l t e r  t h e  p e r m e a b i l i t y  o f  t h e  b l o o d - b r a i n  b a r r i e r  

o f  t h e  mouse a l l o w i n g  a c c e s s  o f  a n t i g e n s  a n d / o r  a n t i b o d i e s  and immune c e l l s  

i n t o  t h e  b r a i n  (Munoz e t  a l .  , 1 9 8 1 a ) * C o n s e q u e n t l y ,  t h e  good c o r r e l a t i o n  

found  be tw e en  i n t r a c e r e b r a l  p r o t e c t i o n  i n  t h e  mouse and p r o t e c t i o n  i n  t h e  

c h i l d  w i t h  w h o l e - c e l l  v a c c i n e s  was f o r t u i t o u s ,  i n  t h a t  a c t i v e  PT was 

r e q u i r e d  f o r  a s y n e r g i s t i c  e f f e c t  i n  t h e  mouse b u t  as  a m a j o r  p r o t e c t i v e  

a n t i g e n  i n  t h e  c h i l d  ( R o b i n s o n  e_t a l .  , 1 9 8 5 a ) * T h e r e f o r e ,  a t r u l y  non

t o x i c  a c e l l u l a r  p e r t u s s i s  v a c c i n e ,  d e v o id  o f  a c t i v e  PT, may n o t  p a s s  t h e  

ICMPT ( s i n c e  d e t o x i f i e d  PT has  no s y n e r g i s t i c  e f f e c t )  b u t  s t i l l  p r o t e c t  

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

PT and o t h e r  a n t i g e n s .

The d e v e lo p m e n t  o f  r e s p i r a t o r y  models  i n  m ice  was d e l a y e d  

b e c a u s e  o f  a l a c k  o f  c o r r e l a t i o n  w i t h  p r o t e c t i o n  i n  t h e  c h i l d  ( S t a n d f a s t ,  

1958)* R e c e n t  s t u d i e s  ( P i t t m a n  e t  a l . , 1 9 8 0 )  i n d i c a t e d  t h a t  s u b l e t h a l
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r e s p i r a t o r y  i n f e c t i o n  o f  m ice  m i g h t  be a  more r e l e v a n t  model  f o r  t h e  

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

i n  b o t h  h o s t s *  FHa and t o x o i d e d  PT p r o t e c t e d  m ice  a g a i n s t  r e s p i r a t o r y  

i n f e c t i o n  (Oda ^  a l . , 1 9 8 4 ) *  A l s o ,  p r e p a r a t i o n s  t h a t  were  d e v o id  o f  

a c t i v e  PT and n o n - p r o t e c t i v e  i n  t h e  ICMPT, eg ;  FHa and a g g l u t i n o g e n s ,  

d i d  p r o t e c t  a g a i n s t  i n t r a n a s a l  i n f e c t i o n  (R o b in so n  e t  a l . , 1 9 8 5 b ) *  The 

p r o t e c t i o n  a g a i n s t  r e s p i r a t o r y  i n f e c t i o n s  may depend  on a n t i - a d h e s i n  

m echan ism s ,  h ence  t h e  s t r o n g  p r o t e c t i v e  e f f e c t  o f  FHa and a g g l u t i n o g e n s *  

C o n s e q u e n t l y ,  p u r i f i e d  b a c t e r i a l  a d h e s i n s  may be e s s e n t i a l  components  i n  

a c e l l u l a r  p e r t u s s i s  v a c c i n e s *

(d)  Adjuvancy*

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

im m u n o lo g ic a l  r e s p o n s e s ,  and m os t  i n t e r e s t  has  c e n t e r e d  on a d j u v a n t  a c t i v i t y ,

W h o l e - c e l l  p e r t u s s i s  v a c c i n e  h a s  be e n  n o t e d  f o r . s e v e r a l  

d i s t i n c t  i m m u n o p o t e n t i a t i n g  a c t i v i t i e s  (T a b le  3)* Some o f  t h e  a d j u v a n t  

a c t i v i t y  was due t o  LPS and to  a h e a t - l a b i l e  component  ( L e v in e  and 

P i e r o n i ,  1966)* More d i r e c t  e v i d e n c e  t h a t  PT a c t e d  as  a n  a d j u v a n t  was 

p r o v i d e d  by s t u d i e s  w i t h  X- and C-mode B* p e r t u s s i s  v a c c i n e s ,  b o t h  of  

w h ic h  c o n t a i n e d  LPS b u t  t h e  l a t t e r  l a c k e d  PT* I n  two d i f f e r e n t  sy s te m s  - 

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

s p i n a l  c o rd  i n  Lewis  r a t s  and r e a g i n i c  IgE a n t i b o d i e s  to  o v a lb u m in  i n  

m ice  - t h e  C-mode v a c c i n e  had o n l y  s l i g h t  a d j u v a n t  a c t i v i t y  (due  t o  LPS) 

w h i l s t  t h e  X-mode v a c c i n e  had  p r onounce d  d o s e - d e p e n d e n t  a d j u v a n t  e f f e c t s  

(Wardlaw e_t a_l. , 1 9 7 9 ) .  However ,  u n d e r  c e r t a i n  c o n d i t i o n s  p e r t u s s i s  

v a c c i n e  e x e r t e d  i m m u n o s u p p re s s iv e  e f f e c t s ,  eg :  enhancem en t  o f  tumour 

g row th  i n  mice  ( H i r a n o  e_t al_., 1967)*

S in c e  t h e  a d j u v a n t i c i t y  o f  B. p e r t u s s i s  i s  n o t  o f  p r im a r y  

i m p o r t a n c e  t o  t h e  s t u d i e s  d e s c r i b e d  i n  t h i s  t h e s i s ,  f u r t h e r  i n f o r m a t i o n
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T a b l e  3 . A d j u v a n t  a c t i v i t i e s  o f  B. p e r t u s s i s  and p e r t u s s i s  t o x i n

R e f e r e n c e A c t i v i t y

A d j u v a n t  a c t i v i t y  o f  B* p e r t u s s i s  whole 

o r g a n i s m  o n * *.

Weiner  £ t  a l . ( 1959 ) p r o d u c t i o n  o f  EAE

Munoz (1963) i n c r e a s e d  se rum a n t i b o d y  p r o d u c t i o n

Chang and G o t t s h a l l  (1972) a u g m e n t a t i o n  o f  s e n s i t i z a t i o n  o f  mice  to  

i n h a l e d  a n t i g e n s

L i k h i t e  (1974) i m m u n o t h e r a p e u t i c  a p p l i c a t i o n  f o r  t h e  

t r e a t m e n t  o f  mammary tumours

A t h a n a s s i a d e s  ( 1 9 7 4 ) ,  

F i s h  £ t  a l  . ( 1 9 8 4 )

c e l l - m e d i a t e d  immunity

A d ju v a n t  a c t i v i t y  o f  p e r t u s s i s  t o x i n  on**.

L e h r e r  e_t a l . (1976) s t i m u l a t i o n  o f  IgE a n t i b o d y  to  o va lbum in  

i n  mice

Bergman e ^  a l ,  (1978) i n d u c t i o n  o f  EAE w i t h  g u i n e a  p i g  s p i n a l  

c o rd  i n  r a t s

Kohno e_t a l . ( 1 9 8 3 ) i n d u c t i o n  o f  e x p e r i m e n t a l  a l l e r g i c  o r c h i t i s  

i n  mice

Munoz e t  (1934) i n d u c t i o n  o f  EAE i n  mice

Munoz and S e w e l l  (1984) i n c r e a s e d  i n f l a m m a t o r y  r e s p o n s e  p roduce d  

by F r e u n d ' s  c o m p l e t e  o r  i n c o m p l e t e  

a d j u v a n t  i n  mouse f o o t p a d s
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c a n  be o b t a i n e d  from t h e  r e v i e w s  o f  F i n g e r  ( 1 9 7 5 ) ,  Morse (1976)  and 

Wardlaw and P a r t o n  (1983b)*

P e r t u s s i s  t o x i n  h a s  a l s o  be e n  shown t o  ha ve  a d j u v a n t  a c t i v i t y  

( T a b le  3)* A l th o u g h  many s t u d i e s  have  a t t e m p t e d  t o  u n r a v e l  t h e  

mechanism o f  a d j u v a n t  a c t i v i t y  o f  w h o l e - c e l l  v a c c i n e  ( F i n g e r ,  1975 ) ,  few 

ha v e  b e e n  done w i t h  PT, I n  t h e  i n d u c t i o n  o f  e x p e r i m e n t a l  au to- immune 

d i s e a s e s ,  eg :  EAE, PT a p p e a r e d  t o  be r e s p o n s i b l e  f o r  i n c r e a s i n g  v a s c u l a r  

p e r m e a b i l i t y  i n  t h e  CNS as  w e l l  as  h a v i n g  an  a d j u v a n t  e f f e c t  on t h e  

e n c e p h a l i t o g e n i c  a n t i g e n  (Bergman eJt a_l, ,1978 ;  L i n t h i c u m  e_t a l . ,  1982) *

I n  f a c t ,  PT was t h e  c r i t i c a l  c o n s t i t u e n t  o f  B* p e r t u s s i s  r e s p o n s i b l e  f o r  

a t y p e  o f  e n c e p h a l o p a t h y  i n  m ice  ( S t e i n m a n  e_t a l . ,  1985 ) .

( e )  O th e r  b i o l o g i c a l  . a c t i v i t i e s  o f  PT*

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

t o  p e r t u s s i s  t o x in *  These  i n c l u d e d ,

( i )  a h y p o p r o t e i n a e m i a  i n  mice  (Bergman and Munoz, 1 9 69 ) ,

( i i )  an  iri v i t r o  m i t o g e n i c i t y  f o r  mouse ly m phocy te s  (Kong and Morse,  

1 9 7 7 a ,b ;  Suzuk i  ejt , 1978)  * The t a r g e t  c e l l s  f o r  t h e  B. p e r t u s s i s  

m i t o g e n  were t h e  T - ly m p h o c y te s  o f  t h e  s p l e e n  o r  lymph n o d e ,  b u t  n o t  o f  

t h e  thymus whose c e l l s  were  u n r e s p o n s i v e *  The m i t o g e n i c  r e s p o n s e  o f  

t h e  T - c e l l s  r e q u i r e d  t h e  p r e s e n c e  o f  B - ly m p h o c y te s  i n  t h e  c u l t u r e  (Ho 

e_t ,1979)  and t h i s  r e q u i r e m e n t  was u n i q u e  and n o t  e x h i b i t e d  by o t h e r  

m i t o g e n s ,

( i i i )  a r e l e a s e  o f  g l y c e r o l  f rom i n  v i t r o  s u s p e n s i o n s  o f  a d i p o c y t e s  f rom 

r a t  e p i d i d y m a l  f a t  pads (Endoh e_t a_l, ,  1980) * T h i s  s t i m u l a t e d  r e l e a s e  

formed t h e  b a s i s -  o f  a n  v i t r o  a s s a y  f o r  PT,

( i v )  a n  a c t i v a t i o n  o f  p a n c r e a t i c  i s l e t  c e l l s *  Regan and T o l s t o o u h o v  

(1936)  o b s e r v e d  t h a t  c h i l d r e n  w i t h  p e r t u s s i s  had low er  b l o o d - g l u c o s e  

c o n c e n t r a t i o n s  t h a n  n o r m a l ,  and t h a t  t h i s  h y p o g l y c a e m i a  e x t e n d e d  i n t o
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c o n v a l e s c e n c e *  Oddy and Evans (1940)  n o t i c e d  t h a t  a  p e r t u s s i s  e x t r a c t  

i n d u c e d  h y p o g l y c a e m i a ;  and i n  1968,  G u l b e n k ia n  e t  a l . , o n  i n j e c t i n g  

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

h y p e r i n s u l i n a e m i a *  Changes s i m i l a r  t o  t h e s e  were  o b s e r v e d  w i t h  

p u r i f i e d  i s l e t - a c t i v a t i n g  p r o t e i n ,  lAP (Yaj im a a]^, , 1 9 7 8 b ) . I n  o r d e r  

t o  e l i c i t  h y p e r i n s u l i n a e m i a  i n  t h e  l A P - t r e a t e d  r a t ,  g l u c o s e  was i n j e c t e d  

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

t h i s  p r o c e d u r e  formed t h e  b a s i s  f o r  t h e  a s s a y  o f  lAP (P T ) ,  Yaj ima e t  a l , 

(1978b)  a l s o  showed t h a t  lAP, l i k e  p e r t u s s i s  v a c c i n e  ( G u l b e n k i a n  e t  a l . ,  

1 9 6 8 ) ,  a t t e n u a t e d  t h e  h y p e r g l y c a e m i a  i n d u c e d  by t h e  hormone e p i n e p h r i n e *

The c o n c l u s i o n  d rawn f rom  a n im a l  s t u d i e s  was t h a t  t h e  h y p o g l y c a e m i a  

a s s o c i a t e d  w i t h  p e r t u s s i s  i n f e c t i o n  was due t o  a P T - in d u c e d  change  i n  

t h e  p a n c r e a t i c  | 3 - c e l l s  w h ic h  l e d  to  h y p e r s e c r e t i o n  o f  i n s u l i n  i n  r e s p o n s e  

to  v a r i o u s  i n s u l i n - s e c r e t i n g  s t i m u l i *  T h i s  c o n c l u s i o n  was s t r e n g t h e n e d  

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

o r g a n s  i n  v i t r o  (K a ta d a  and Ui ,  1977)*

Nogimor i  e _ t ^ *  (1984a)  d i s s o c i a t e d  t h e  b i o l o g i c a l  a c t i v i t i e s  o f  

PT i n t o  t h o s e  d e p e n d e n t  on t h e  A D P - r i b o s y l t r a n s f e r a s e  a c t i v i t y  o f  t h e  

A -p ro to m e r  and t h o s e  d e p e n d e n t  on t h e  d i v a l e n t  a t t a c h m e n t  o f  t h e  B - o l ig o m e r  

t o  t h e  t a r g e t  c e l l  s u r f a c e *  Those a c t i v i t i e s  o f  t h e  f o r m e r ,  and 

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

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

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

Many o t h e r  i n  v i v o  and i n  v i t r o  a c t i v i t i e s  have  b e e n  a t t r i b u t e d  to  PT, 

and t h e s e  c a n  be found  i n  t h e  r e v i e w  o f  Munoz (1985)*

3 * 7 ,3  M o l e c u l a r  b a s i s  o f  a c t i v i t y  o f  PT

D e t a i l e d  i n v e s t i g a t i o n s  o f  t h e  mode o f  a c t i o n  o f  i s l e t - a c t i v a t i n g



38

p r o t e i n ,  lAP (PT) a t  t h e  m o l e c u l a r  l e v e l  have  b e e n  made by Ui and 

K a ta d a  (1978)  and K a ta d a  and Ui (1979;  1980;  1 9 8 1 a ,b )  w i t h  p a n c r e a t i c  

i s l e t s  i n  v i t r o . I n  i s l e t s  f rom l A P - t r e a t e d  r a t s ,  marked  changes  i n  

cAMP t u r n o v e r  and c a l c i u m  movements a c r o s s  t h e  c e l l  membrane and w i t h i n  

t h e  c e l l  were  d e m o n s t r a t e d *  These  a u t h o r s  p r o p o s e d  t h e  mechan ism o f  

lAP a c t i o n  on p a n c r e a t i c  ( 3 - c e l l s  w h ich  f o l l o w s :

( i )  lAP bound r a p i d l y  t o  i s  l e t  r e c e p t o r  c e l l s ,  a f t e r  w h ich  i t  was 

g r a d u a l l y  i n s e r t e d  i n t o  t h e  c e l l  membrane and was no l o n g e r  n e u t r a l i z e d  

by  a n t i b o d y ;  b i n d i n g  was e f f e c t e d  by t h e  B - o l ig o m e r  v i a  i t s  two 

c o n s t i t u e n t  d i m e r s ,  S2-S4 and S3-S4 (Fig*  2;  Ui e_t aj^. , 1985)  * I n  v i t r o  

i n s e r t i o n  o f  t h e  A - p r o to m e r  t o o k  30 -60  m in u t e s  and was n o t  a f f e c t e d  by 

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

m i c r o t u b u l a r - m i c r o f i l a m e n t  f u n c t i o n ;

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

2+t h e  i s  l e t  ( 3 - c e l l  membrane was a l t e r e d  so  t h a t  c a l c i u m  (Ca ) - f l u x  o c c u r r e d ;

( i i i )  t h e  in ward  movement  o f  Ca^*^ s t i m u l a t e d  a d e n y l a t e  c y c l a s e  t o  p ro d u ce  

more cAMP;

2’*f"( i v )  i n s u l i n  r e l e a s e  was s t i m u l a t e d  by t h e  i n c r e a s e d  l e v e l s  o f  Ca 

and cAMP*

K atada  e t  a l . (1982)  o b s e r v e d  t h a t  PT enha nce d  a d e n y l a t e  c y c l a s e  

a c t i v i t y  o f  r a t  g l i o m a  c e l l s  l e a d i n g  t o  i n c r e a s e d  cAMP l e v e l s  * Th is  

was s u b s e q u e n t l y  found  t o  be a r e s u l t  o f  t h e  A D P - r i b o s y l a t i o n  o f  a 

s p e c i f i c  membrane p r o t e i n  ( m o l .w t  4 1 ,0 0 0 )  wh ich  was d i s t i n c t  f rom t h e  

p r o t e i n  A D P - r i b o s y l a t e d  by c h o l e r a  t o x i n  (K a ta da  and U i ,  1 9 8 2 a , b ) .

Us ing  c e l l - f r e e  membrane s y s te m s  f rom g l io m a  c e l l s ,  t h e  A -p ro tom e r  was 

found  t o  be t h e  a c t i v e  A D P - r i b o s y l a t i n g  u n i t  o f  PT ( K a ta d a  e t  a l . , 1 9 8 3 ) ,  

w h ic h  r e s u l t e d  i n  en h a n ce d  GTP-dependen t  a d e n y l a t e  c y c l a s e  a c t i v i t y  

( H i l d e r b r a n d t  e t  a l . , 1 9 8 3 ) *
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A d e n y l a t e  c y c l a s e s  a r e  u n d e r  p o s i t i v e  and n e g a t i v e  c o n t r o l  by 

g u a n i n e  n u c l e o t i d e s  and  hormones* R e c e p t o r  c e l l s  c o n t a i n  a g u a n i n e -  

n u c l e o t i d e  r e g u l a t o r y  component  (Ng) w h ic h  m e d i a t e s  s t i m u l a t o r y  r e s p o n s e s *  

I n h i b i t o r y  r e s p o n s e s  w e re  h y p o t h e s i z e d  t o  be m e d i a t e d  by a n  a n a lo g o u s  

r e g u l a t o r y  component  (Nu) d i s t i n c t  f rom Ng ( H i l d e r b r a n d t  e t  a l . , 1 9 8 3 ) *

Wong e t  a l .  (1985)  s u g g e s t e d  t h a t  t h e  u n d i s s o c i a t e d ,  GDP-bound c o n f o r m a t i o n  

o f  ( t h e  i n h i b i t o r y  G T P -b in d in g  p r o t e i n  o f  a d e n y l a t e  c y c l a s e )  was t h e  

p r e f e r r e d  s u b s t r a t e  f o r  A D P - r i b o s y l a t i o n  by PT* Ui £ t  a_L (1985)  p o s t 

u l a t e d  t h a t  t h e  f u n c t i o n  o f  was l o s t  by P T - c a t a l y z e d  A D P - r i b o s y l a t i o n  

o f  i t s  n - s u b u n i t *  A c o n s e q u e n c e  o f  t h i s  l o s s  wou ld be e n h a n ce m en t  o f  

membrane a d e n y l a t e  c y c l a s e  and a n  a c c u m u l a t i o n  o f  i n t r a c e l l u l a r  cAMP*

S i n c e  cAMP i s  a ' s e c o n d  m e s s e n g e r '  o f  a  v a r i e t y  o f  c e l l  s t i m u l i ,  i t  i s  

n o t  s u r p r i s i n g  t h a t  i n t e r a c t i o n  o f  t h e  A -p ro to m e r  o f  lAP w i t h  r e s u l t e d  

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

aem ia  (N ogimor i  e t  a 1 . , 1 9 8 4 a ) .
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SECTION 4 o MECHANISM OF THE DISEASE

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

f rom c l e a r ,  i n  p a r t i c u l a r  t h e  p a t h o p h y s i o l o g i c a l  ch a n g es  t h a t  g i v e  r i s e  

t o  t h e  ' p a r o x y s m a l  c o u g h i n g '  syndrome* From t h e  c u r r e n t  knowledge  o f  

t h e  b i o l o g i c a l l y - a c t i v e  component s  o f  B* p e r t u s s i s  p r o d u c e d  v i t r o  

(SECTION 3 ) ,  a h y p o t h e t i c a l  scheme o f  e v e n t s  o c c u r r i n g  d u r i n g  i n f e c t i o n  

was c o n s t r u c t e d  (Fig* 3 ) ,

The f i r s t  s t e p  was b e l i e v e d  t o  be lodgem ent  o f  t h e  b a c t e r i a ,  

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

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

f o r  c i l i a  was i n f e r r e d  f rom  a number o f  s t u d i e s  i n v o l v i n g  human c e l l s  

(Tuomanen e^t a_l, ,  1983; Tuomanen and H e nd le y ,  1983)  and a n im a l  o r g a n  

c u l t u r e s  ( C o l l i e r  Matsuyama,  1977 ; Muse e t  a l . , 1977 ;

Opremack e t  a l . , 1 9 8 3 ) .  FHa was a l s o  b e l i e v e d  t o  be i n v o l v e d  i n  the  

a t t a c h m e n t  o f  B* p e r t u s s i s  to  a n  e p i t h e l i u m - l i k e  c e l l  l i n e  f rom a human 

i n t e s t i n a l  c a r c in o m a  ( U r i s u  e_t a_l. , 1 9 8 5 ) ,  Tuomanen e t  a l . ( 1 9 8 5 )  p o s t 

u l a t e d  t h a t  b o t h  FHa and PT w ere  c r i t i c a l  to  t h e  p r o c e s s  o f  a d h e r e n c e  

o f  B* p e r t u s s i s  t o  t h e  c i l i a  o f  r e s p i r a t o r y  e p i t h e l i a l  c e l l s *  These  

w o r k e r s  s u g g e s t e d  t h a t  PT and FHa formed a n  a s s o c i a t i o n  ( p o s s i b l y  t h r o u g h  

h y d r o p h o b i c  i n t e r a c t i o n s )  and t h e n  a c t e d  i n  a c o n c e r t e d  f a s h i o n  as  a 

m o l e c u l a r  b r i d g e ( s )  b e tw e e n  B* p e r t u s s i s  c e l l s  and mammalian c i l i a .

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

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

The HLT and TCT were  t h o u g h t  t o  c o n t r i b u t e  t o  t h e  d i s e a s e  by 

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

S t a n d f a s t  (1958)  p r o p o s e d  t h a t  ependym al  c e l l  c i l i a  were  p a r a l y z e d  by HLT, 

and Goldman e t  a l , ( 1 9 8 2 )  and Goldman and H e r w a ld t  (1985)  r e p o r t e d  t h a t
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FIGURE 3. SCHEME SHOWING A NETWORK OF POSSIBLE PATIIOPIIYSIOLOGICAL AND

IMMUNOLOGICAL FATllWAYS IN HUMAN PERTUSSIS ( WARDLAW AND PARTON,19S3a,BASED ON OLSON, 1975)
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TCT c a u s e d  c i l i o s t a s i s  and m o r p h o l o g i c a l  changes  i n  h a m s t e r  t r a c h e a l  

r i n g s o  Such a c t i v i t y  would l e a d  t o  a  r e d u c t i o n  i n  t h e  e f f e c t i v e n e s s  o f  

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

However ,  LPS m ig h t  c o n t r i b u t e  t o  t h e  i n f l a m m a t o r y  r e s p o n s e ,  and t h r o u g h  

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

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

P e r t u s s i s  t o x i n  i s  s e e n  as  t h e  f a c t o r  r e s p o n s i b l e  f o r  t h e  

c a r d i n a l  symptoms o f  t h e  d i s e a s e ,  a l t h o u g h  t h e  mechanism o f  t h i s  e x o t o x i n o s i s  

r e m a in s  u n c l e a r *  PT may be  r e s p o n s i b l e  f o r  t h e  i n i t i a l  a l t e r a t i o n  o f  

h o s t  f u n c t i o n *  Meade e t  a l . ( 1 9 8 5 )  p o s t u l a t e d  from t h e i r  s t u d i e s  t h a t  a 

p o s s i b l e  r o l e  f o r  PT i n  p a t h o g e n e s i s  was t h e  i n h i b i t i o n  o f  macrophage  

m i g r a t i o n  to  t h e  s i t e  o f  B* p e r t u s s i s  i n f e c t i o n *  A l s o ,  t h e  a d e n y l a t e  

c y c l a s e  o f  B* p e r t u s s i s  c o u ld  a f f e c t  s e v e r a l  mammalian c e l l  t y p e s  

( H e w l e t t  e t  a l . , 1 9 8 5 ) .  C o n s e q u e n t l y ,  a w o r k in g  h y p o t h e s i s  was t h a t  PT 

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

ce  1 1 - f u n c t i o n s  o f  t h e  h o s t ' s  immune s y s t e m  r e q u i r e d  t o  c l e a r  t h e  

i n f e c t i n g  organ ism* I n  e f f e c t ,  t h e  r e s p i r a t o r y  t r a c t  would be i s o l a t e d  

i m m u n o l o g i c a l l y .

I n  e x p e r i m e n t a l  a n im a l s  PT had d i v e r s e  e f f e c t s ,  some o f  which  

we re  d e m o n s t r a b l e  i n  man,  e g :  p ro n o u n ce d  l y m p h o c y to s i s  and h y p o g l y c a e m i a  

(Regan  and T o l s t o o u h o v ,  1936;  O l s o n ,  1975)  and e l e v a t e d  p l a s m a  i n s u l i n  

l e v e l s  a f t e r  v a c c i n a t i o n  (H ann ik  and Cohen, 1979)* B a d r - e l - D i n  e t  a l ,

(1976)  r e p o r t e d  a n  a t t e n u a t i o n ,  o f  t h e  h y p e r g l y c a e m i c  r e s p o n s e  t o  e p i n e 

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

m ice  i n j e c t e d  w i t h  PT (Ya j im a  e t  a l . , 1 9 7 8 b ) *
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SECTION 5 * DEVELOPMENT OF ACELLULAR PERTUSSIS VACCINES

The e a r l i e s t  a c e l l u l a r  p e r t u s s i s  v a c c i n e  was t h e  ' s t r o m a t a -  

p r o t e c t i v e  a n t i g e n ’ (SPA) o f  P i l l e m e r  ejt a l . (1947 ,  1 9 54 ) ,  w h ich  was 

p r e p a r e d  from e x t r a c t s  o f  s o n i c a l l y  d i s r u p t e d  B* p e r t u s s i s  c e l l s  a d s o r b e d  

o n t o  human e r y t h r o c y t e s *  The v a c c i n e  was p r o t e c t i v e  i n  t h e  ICMPT and 

showed c l i n i c a l  e f f i c a c y  i n  t h e  MRC f i e l d  t r i a l s  (MRC R e p o r t s  1951,  1956)  

b u t  f a i l e d  t h e  Evans and P e r k i n s  a g g l u t i n i n  t e s t  (MRC R e p o r t ,  1959)*

I t  was a l s o  t h e  m o s t  r e a c t o g e n i c  o f  a l l  t h e  v a c c i n e s  t e s t e d  and was  n o t  

l i c e n s e d  f o r  c l i n i c a l  u s e *

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

e x t r a c t  o f  B. p e r t u s s i s  c e l l s  (W eih l  e t  a l . ,1 9 6 3 )  was s o l d  from 1962-1977 

as  ' T r i - S o l g e n '  by t h e  E l i  L i l l y  company as  a component  o f  t h e i r  DTP 

v a c c i n e .  I n  t h e  i n i t i a l  i n v e s t i g a t i o n  by Weihl  e t  a l . ( 1 9 6 3 ) ,  t h e  

e x t r a c t e d  p e r t u s s i s  v a c c i n e  was a n t i g e n i c  and p r o d u c e d  a m a r k e d ly  lower  

i n c i d e n c e  o f  s y s t e m i c  and l o c a l  r e a c t i o n s  in .  c h i l d r e n ,  compared t o  a 

w h o l e - c e l l  v a c c i n e *

In  t h e  e a r l y  1 9 60s ,  M i l lm an  e_t aT* (1962)  d e v e l o p e d  a s o l u b l e  

p e r t u s s i s  e x t r a c t  which  was p o t e n t  i n  t h e  ICMPT b u t  n o t  t e s t e d  f o r  human 

e f f i c a c y *  More r e c e n t l y ,  Schwick ^  a l .  (1980)  r e p o r t e d  t h a t  a v a c c i n e  

d e v e l o p e d  a t  B e h r ingw e rke  from u r e a  e x t r a c t s  o f  B, p e r t u s s i s , was p o t e n t  

i n  t h e  ICMPT and had c l i n i c a l  u s e  i n  c h i l d r e n *  The v a c c i n e  was r e p o r t e d  

t o  i n d u c e  few e r  l o c a l  r e a c t i o n s  i n  c h i l d r e n  o f  3 -4  months o f  age*

Most  o f  t h e  r e c e n t  s t u d i e s  t o  d e v e lo p  a c e l l u l a r  v a c c i n e s  have  

c o n c e n t r a t e d  on t h e  i s o l a t i o n  and p u r i f i c a t i o n  o f  p r o t e i n s  f rom B. p e r t u s s i s  

i n c l u d i n g  PT and FHa* When t h e  i n v e s t i g a t i o n  d e s c r i b e d  i n  t h i s  t h e s i s  

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

c l i n i c a l  u se  was m a n u f a c t u r e d  and m a r k e t e d  i n  J a p a n .  T h e r e f o r e ,  a l l

p u b l i s h e d  work on a c e l l u l a r  p e r t u s s i s  v a c c i n e ( s )  s i n c e  1983 w i l l  be 

d i s c u s s e d  l a t e r .
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SECTION 6 * CHEMICAL MODIFICATION OF BACTERIAL EXOTOXINS

Many c h e m i c a l  r e a g e n t s  have  b e e n  used  to  m o d i f y  t h e  b i o l o g i c a l  

t o x i c i t y  o f  b a c t e r i a l  t o x i n s  w i t h o u t  com prom is in g  a n t i g e n i c i t y  and 

im m u n o g e n i c i t y ;  t h e s e  m o d i f i e d  p r e p a r a t i o n s  a r e  c a l l e d  ' t o x o i d s ' *

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

t e t a n u s  a n t i t o x i n s  by von B e h r in g  and K i t a s a t o  (1890 ;  c i t e d  Pa p p e n h e im er ,  

1984)  were  immunized w i t h  t o x i n s  t h a t  had been  t r e a t e d  w i t h  t r i c h l o r o -  

i o d i n e  ( I C l ^ )  so  a s  t o  r e d u c e  t h e i r  t o x i c i t y *  To t h e  p r e s e n t  d a y ,  t h e  

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

f o r m a l d e h y d e ,  a l t h o u g h  numerous o t h e r  r e a g e n t s  have  b e e n  employed f o r  

t h e  g e n e r a l  m o d i f i c a t i o n  o f  p r o t e i n s  and enzymes* I n  t h i s  m a jo r  s e c t i o n  

on t o x o i d i n g ,  em phas i s  i s  p r i m a r i l y  on d e t o x i f i c a t i o n  w i t h  f o rm a ld e h y d e  

and g l u t a r a l d e h y d e *

6*1 M o d i f i c a t i o n  o f  b a c t e r i a l  e x o t o x i n s  w i t h  f o r m a ld e h y d e  and 

g l u t a r a l d e h y d e

The r e a c t i o n  o f  f o rm a ld e h y d e  (HCHO) w i t h  p r o t e i n s  i s  complex 

and c a n  l e a d  to  a v a r i e t y  o f  h e t e r o g e n e o u s  p r o d u c t s  d e p e n d in g  on 

c o n d i t i o n s *  The g e n e r a l  s u b j e c t  o f  f o rm a ld e h y d e  r e a c t i v i t y  w i t h  amino 

a c i d s  and p r o t e i n s  was r e v i e w e d  by F r e n c h  and E d s a l l  ( 1 9 4 5 ) ,  and 

s u b s e q u e n t  s t u d i e s  by F r a e n k e l - C o n r a t  £ ^ ^ * ( 1 9 4 5 ,  1 9 4 7 ) ,  F r a e n k e l - C o n r a t  

and O l c o t t  (1946 ,  1 9 4 8 a ,b )  and F r a e n k e l - C o n r a t  and Mecham (1949)  e x t e n d e d  

t h e  i n v e s t i g a t i o n  o f  f o rm a ld e h y d e  as  a c r o s s - l i n k i n g  r e a g e n t *  The f i r s t  

s t e p  i s  p r o b a b l y  a r e a c t i o n  w i t h  t h e  f r e e ,  u n c h a rg e d  £  -amino g ro u p s  o f  

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

and l o s e  w a t e r  t o  fo rm S c h i f f  b a s e s ,  [ e q u a t i o n  l ] ,
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Lys i n e

R - ^ N H G H ^ O H  +  Hr+

jr
,+R -  ^  NH -  CH^ +  H^O 

S c h i f f  b a s e

o o o [ e q u a t i o n  ij ,

The S c h i f f  b a s e  c a n  f i n a l l y  e n t e r  i n t o  s t a b l e  c r o s s - l i n k a g e s  v i a  

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

a n  a c t i v e  h y d r o g e n  on p r i m a r y  amides  || e q u a t i o n  2 j  ,

R - 0 N H 2  +  HCHO +  NH^COr ' ------ ► R —  CH^ —  NHCOr '  +  H^O

Amide

. 0 . [ e q u a t i o n  z]

g u a n i d y l  [ e q u a t i o n  3 ]  ,

NH NH
R  -  ^ N H ^  +  HCHO +  N H ^ — ^

NHR 
G uan id y l

, -► R - £ N H -  ch^ N H - f  +  H „ 0
nhr ' ^

. o o [ e q u a t i o n  3 j .

p h e n o l i c  [ e q u a t i o n  4 j ,

R '

R - ^ N H ^  +  HCHO +

OH

P h e n o l i c

R'

R -N H -C H 2

OH

[ e q u a t i o n  4 ] .
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i n d o l e  e q u a t i o n  s ] ,

R'

R - ^ N H ^  +  HCHO +

R l

R - N H - C H

+ H2 O

H
I n d o l e

[ e q u a t i o n  s]

and i m i d a z o l e  g r o u p s   ̂ e q u a t i o n  ô j , ( B l a s s ,  1964;  B l a s s  e t  a l « ,1967)

R - g N H ^  +  HCHO +

HN

H

R - N H - C H . R '

HN N
+H,0

I m i d a z o l e

 ̂ e q u a t i o n  6 j

Form a ldehyde  t r e a t m e n t ,  u n d e r  c o n d i t i o n s  u s e d  t o  p ro d u c e  

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

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

f o r m a l d e h y d e - t r e a t e d  b o v i n e  se rum  a lb u m in ,  B l a s s  e ^  a L  (1967)  i s o l a t e d  

and i d e n t i f i e d  a compound o f  a - N - a c e t y l l y s i n e  and a - N - a c e t y l t y r o s i n e ,  

i n  which  t h e  ^ - amino g ro u p  was l i n k e d  by a m e t h y le n e  b r i d g e  t o  a
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p o s i t i o n  o r t h o  t o  t h e  p h e n o l i c  h y d r o x y l  o f  t y r o s i n e   ̂ e q u a t i o n  ,

NHCOGH
I

COOH
I

HC -  NH^ +  HCHO

NH-COCH^

a - N - a c e t y l l y s i n e

a - N - a c e t y l t y r o s i n e  

NHCOGH,

CHCOOH

OH

CH,-CHCOOH

COOH

HC-(CH„),-NH — CH

NH-COCH
OH

. .  [ e q u a t i o n

I n t r a m o l e c u l a r  bond f o r m a t i o n  b e tw e e n  l y s i n e  and t y r o s i n e  r e s i d u e s  was 

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

t o x o i d ,  o f  new a c i d - r e s i s t a n t  compounds ( B l a s s  a_l , , 1969 ) ,  and i n t e r 

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

forms o f  t e t a n u s  t o x o i d  (Raynaud e t  a l . , 1 9 7 1 ) o

V a r io u s  f a c t o r s  i n f l u e n c e d  m e t h y le n e  b r i d g e  f o r m a t i o n  and t h e  

s u b s e q u e n t  p o l y m e r i z a t i o n  o f  t o x o id s o  The c o n c e n t r a t i o n  o f  f o rm a ld e h y d e  

and t o x i n  i n  t h e  r e a c t i o n  m i x t u r e  i n f l u e n c e d  b o t h  t h e  s i z e  and number 

o f  po lym ers  o b t a i n e d  (Murphy,  1 9 6 7 ) ,  A l s o ,  c r o s s - l i n k i n g  b e tw e en  t o x i n  

m o l e c u l e s  t o  fo rm t o x o i d  po lym ers  a p p e a r e d  t o  be  random. The pH was 

i m p o r t a n t  i n  t o x o i d i n g  w i t h  f o rm a ld e h y d e  ( F re n c h  and E d s a l l ,  1 9 45 ) ,  a l t h o u g h
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m e t h y l e n e  b r i d g e  f o r m a t i o n  o c c u r r e d  o v e r  a r a n g e  o f  pH 3-9 ( F r a e n k e l -  

C o n r a t  and Mecham, 1 9 4 9 ) ,  F o rm a ldehyde  t r e a t m e n t  d i d  n o t  a p p e a r  t o  

i n d u c e  e x t e n s i v e  c o n f o r m a t i o n a l  a l t e r a t i o n s  i n  b o v i n e  se rum  a lb u m in  

(Habeeb ,  1969)  o r  t e t a n u s  t o x i n  ( R o b i n s o n  e_t a U , 1975)  , and r e n d e r e d  

p r o t e i n s  r e l a t i v e l y  i n e r t  t o  t r y p t i c  o r  o t h e r  p r o t e o l y t i c  enzyme 

d i g e s t i o n  ( F r e n c h  and E d s a l l ,  1945) and a c i d  h y d r o l y s i s  ( F r a e n k e l -  

C o n r a t  and O l c o t t ,  1 9 4 8 b ) , The i n c r e a s e d  s t a b i l i t y  o f  d i p h t h e r i a  t o x o i d  

t o  p r o t e o l y s i s  was a t t r i b u t e d  t o  t h e  c r o s s - l i n k i n g  e f f e c t  o f  fo rm a ld e h y d e  

( P a p p en h e im e r  ^  a h  , 1972 ; B a z a r a l  e_t ^ . , 1 9 7 3 ) ,

F o rm a ldehyde  t r e a t m e n t  was r e p o r t e d  t o  p r o d u c e  l i t t l e  o r  no 

change  i n  t h e  a n t i g e n i c i t y  o f  p r o t e i n s  (Habeeb ,  1 9 6 9 ) ,  b u t  h i g h  c o n c e n 

t r a t i o n s  d i d  l e a d  t o  a marked d e c r e a s e  i n  t o x o i d  a n t i g e n i c i t y  ( F re n c h  

and E d s a l l ,  1 9 4 5 ) ,  Cryz £ t  a _ l , ( 1 9 B l ,  1982)  a l s o  n o t e d  t h a t  fo rm a ld e h y d e -  

m e d i a t e d  d e t o x i f i c a t i o n  o f  Pseudomonas a e r u g i n o s a  e x o t o x i n  A was a  t im e -  

d e p e n d e n t  p r o c e s s ,  and t h a t  t h e  r a t e  and e x t e n t  o f  d e t o x i f i c a t i o n  was 

i n c r e a s e d  m a r k e d ly  by t h e  a d d i t i o n  o f  L - l y s i n e  t o  t h e  r e a c t i o n  m i x t u r e s .  

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

y i e l d e d  a t o x o i d  w h ic h  d i d  n o t  u n d e rg o  t o x i c  r e v e r s i o n  on s t o r a g e .

However ,  t h e  f o r m a l d e h y d e - l y s i n e  t o x o i d  was a poo r  immunogen, as  

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

t h e  CHO c e l l  c y t o t o x i c  a c t i v i t y  o f  n a t i v e  t o x i n  (Cryz e t  a l . , 1 9 8 2 ) .  

P o l l a c k  (1982)  and P o l l a c k  and P r e s t c o t t  (1982)  a l s o  o b s e r v e d  t h a t  a p a r t  

f rom  r e d u c i n g  t o x i c i t y  and r e t a i n i n g  good a n t i g e n i c i t y ,  t r e a t m e n t  w i t h  

f o rm a ld e h y d e  a l o n e  en h a n ce d  t h e  A D P - r i b o s y l t r a n s f e r a s e  a c t i v i t y  o f  

e x o t o x i n  A, w h e re a s  t r e a t m e n t  w i t h  f o rm a ld e h y d e  p l u s  L - l y s i n e  r e d u c e d  i t .  

The t o x o i d  was a l s o  immunogenic  i n  p r o t e c t i n g  mice  a g a i n s t  c h a l l e n g e  w i t h  

l a r g e  d o s e s  o f  e x o t o x i n  A a d m i n i s t e r e d  i n t r a v e n o u s l y  ( P o l l a c k  and 

P r e s t c o t t ,  1982)  o r  i n t r a p e r i t o n e a l l y  (Abe e t  a l , , 1 9 7 8 ) ,  P a v l o v s k i s
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e t  _ ^ , ( 1 9 8 1 )  p r e s e n t e d  d a t a  w h ic h  i n d i c a t e d  t h a t  a c t i v e  im m u n iz a t i o n  

w i t h  f o r m a l i n i z e d  e x o t o x i n  A - t o x o i d  and a d j u v a n t  s t i m u l a t e d  p r o t e c t i v e  

immunity ,  o f  v a r i o u s  d e g r e e s ,  a g a i n s t  P s .  a e r u g i n o s a  i n f e c t i o n s  i n  m ic e .  

T he re  was e v i d e n c e  t h a t  f o r m a l d e h y d e - d e t o x i f i e d  t o x i n s  r e v e r t e d  

b o t h  v i t r o  and m  v i v o . T h i s  was showm w i t h  d i p h t h e r i a  t o x i n  v i t r o  

(Wadsworth  ̂ 1937;  Linggood  e ^ £ ] ^ , , 1 9 6 3 ;  S c h e i b e l  and C h r i s t e n s e n ,

1965;  S t a i n e r ,  1968;  Akama ^  al^, , 1 9 7 1 a ) , t e t a n u s  t o x i n  i n  v i t r o  

(Akama e_t a_l . ,1971b) , P s , a e r u g i n o s a  e x o t o x i n  A im v i t r o  (Cryz ^  ^ . ,1981)  

and c h o l e r a  t o x i n  v i v o  ( N o r t h r u p  and C h i s a r i ,  1 9 7 2 ) ,  With c h o l e r a  

t o x i n ,  r e v e r s i o n  c o u ld  be  i n h i b i t e d  by h e a t i n g  and m o l e c u l e  to  form t h e  

po lymer  ' p r o c h o l e r a g e n o i d *. The r e s i d u a l  t o x i c i t y  o f  t h i s  po lymer  was 

i n a c t i v a t e d  w i t h  f o rm a ld e h y d e  and t h e  r e s u l t i n g  t o x o i d  d i d  n o t  r e v e r t  

i n  v iv o  o r  ^  v i t r o  ( G e rm a n ie r  £_t aj^. , 1 9 76 ) .  A l t e r n a t i v e l y ,  t h e  

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

m i x t u r e s ,  m a r k e d ly  improved th e  s t a b i l i t y  o f  t h e  t o x o i d  (L inggood  e t  a l . ,  

1963;  Cryz e_t a l ^ , ,1981,  1 9 82 ) ,  The r e a c t i o n  b e tw e e n  L - l y s i n e ,  

f o rm a ld e h y d e  and p r o t e i n  was b e l i e v e d  to  be e s s e n t i a l l y  i r r e v e r s i b l e ,  

t h u s  t e n d i n g  t o  s t a b i l i z e  t h e  r e a c t i o n  p r o d u c t ,  L inggood  e t  a l  . (1963)  

p o s t u l a t e d  t h a t  when f o rm a ld e h y d e  a l o n e  was added to  h i g h l y  p u r i f i e d  

d i p h t h e r i a  t o x i n  p r o t e i n  ( r e p r e s e n t e d  i n  e q u a t i o n  8 j  a s  D-H, where  H i s  

t h e  h y d r o g e n  atom o f  amino o r  o t h e r  r e a c t i v e  g r o u p s ) ,  t o x i n  c r o s s - l i n k e d  

po lym ers  were  p r o d u c e d ,

-  H 4- HCHO +  - H ----------------- ► - CH^ - +  H^O

T o x in  T o x i n  Polymer

. . ,  [ e q u a t i o n  s j ,

I f  t o x o i d i n g  was c o n d u c t e d  i n  t h e  p r e s e n c e  o f  a n  a p p r o p r i a t e  c o n c e n t r a t i o n
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o f  L - l y s i n e ,  t h e  r e a c t i o n  i n  e q u a t i o n  9 j c o u ld  o c c u r .  

- H +  HCHO +  NH^ CH(COOH)(CH^)^ NH^

T o x in Lys i n e

- CH^ -  NHCH (COOHXCH^)^ NH^ ^ 2 °

T o x in  -  L y s i n e  s i d e  c h a i n

o o o [ e q u a t i o n  9 j .

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

^ e q u a t i o n  9 j  m i g h t  be a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  s i d e - c h a i n s  d e r i v e d  

i n  t h i s  way from t h e  added  amino a c i d .

Almos t  any  r e a g e n t  t h a t  r e a c t e d  w i t h  t h e  f r e e  £ - a m i n o  g ro u p s  

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

t o x i c i t y ,  and ,  i n  a d d i t i o n  to  f o r m a l d e h y d e ,  su c h  r e a g e n t s  i n c l u d e d  ( i )  

k e t e n e  ( P a p p e n h e i m e r ,  1938)  w h ic h  r e a c t e d  w i t h  amino g r o u p s ,  s u l p h y d r y l  

g r o u p s  and p h e n o l i c  h y d r o x y l  g r o u p s ,  ( i i )  1 - f l u o r o - 2 , 4 - d i n i t r o b e n z e n e  

(Raynaud e t  a l . , 1 9 5 7 ;  e q u a t i o n  10)

NO

R-NHR-NH^+F

1 - f l u o r o - 2 , 4 “ d i n i t r o b e n z e n e

ooo [ e q u a t i o n  l o j .  

and ( i i i )  g l u t a r a l d e h y d e  ( R e l y v e l d  and B e n - E f r a im ,  1 9 8 3 ) .

G l u t a r a l d e h y d e  ( a b b r e v i a t e d  t o  GA) h a s  b e e n  employed as  a 

s u b s t i t u t e  f o r  f o r m a ld e h y d e  f o r  t o x o i d i n g  c h o l e r a  t o x i n  ( R a p p a p o r t  

e_t ^ • > 1 9 7 4 ) ,  d i p h t h e r i a  and t e t a n u s  t o x i n s  ( r e v i e w e d  by  R e l y v e l d  and 

B e n - E f r a im ,  1983)  and p e r t u s s i s  t o x i n  ( T a b l e  2 ) .  I n  f a c t ,  a t t e m p t s  

w e re  made t o  c o p o l y m e r i z e  d i p h t h e r i a  and t e t a n u s  t o x i n s  f o r  i n c o r p o r a t i o n  

i n t o  v a c c i n e s  ( R e l y v e l d  and B e n - E f ra im ,  1983)*
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The r e a c t i o n  o f  GA w i t h  p r o t e i n s  and t h e  r e s u l t i n g  p r o d u c t s  

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

R i c h a r d s  and Knowles (1968)  o b s e r v e d  t h a t  t h e  e x i s t e n c e  o f  a  I d o l -  

co n d e n se d  p o l y g l u t a r a l d e h y d e , e i t h e r  i n  a l i n e a r  o r  c y c l i c  fo rm ,  was 

p r e d o m i n a n t  i n  aqueous  s o l u t i o n s  o f  GA [ e q u a t i o n  l l ] ,

CH0(CH2)3CH0

GA

CHO

GA

CHO

OHC

CH2

i
c y c l i c  po lym er

CH0(CH2)3CH

CHO
I
G(CH2)2CH0

GA

H^O

CHO( CH^) 3 CH=C-CH^- C=( CH^) 3 CHO

CHO CHO 

l i n e a r  po lymer

o [ e q u a t i o n  l l ]  «

They p o s t u l a t e d  t h a t  t h e  po lym e rs  a r r a n g e d  w i t h  amines  by an  a d d i t i o n  

r e a c t i o n  wh ich  gave  s t a b l e  p r o d u c t s ,  r e s i s t a n t  p a r t i c u l a r l y  to  a c i d  

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

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

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

w i t h  e a c h  o t h e r  (Korn e t  a 1 . , 1 9 7 2 ;  e q u a t i o n  12)*
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H^O

CHO CHO

GA

CHCOH)^ CHO 

H e m ih y d ra te

H^O

CH(OH) CH(OH)

D i h y d r a t e

HO

O l i g o m e r s
n

0HO" “  ̂ OH

C y c l i c  h e m i a c e t a l

. 0 0   ̂ e q u a t i o n  1 2 j .

Whipple  and Ru ta  (1974)  a t t r i b u t e d  a m in im a l  r o l e  t o  t h e  o l i g o m e r s  

p o s t u l a t e d  by Korn e_t a l .  (1972)  and a p r e d o m i n a n t  r o l e  f o r  t h e  c y c l i c  

h e m i a c e t a l  wh ich  e x i s t e d  i n  e q u i l i b r i u m  w i t h  t h e  f r e e  a ld e h y d e *  Monsan 

e_t (197 5) c o n f i r m e d  t h e  r e s u l t s  o f  Korn £ t  al^. ( 1972) and Whipple  and 

R u ta  (1974)  and ,  c o n t r a r y  t o  R i c h a r d s  and Knowles ( 1 9 6 8 ) ,  found no 

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

h y d r a t e s  which  l i b e r a t e d  GA, Only an  i n c r e a s e  i n  pH l e d  t o  a l d o l  

c o n d e n s a t i o n ,  and GA d i d  n o t  r e a c t  w i t h  p r o t e i n  amino g r o u p s  when i n  

i t s  f r e e  fo rm b u t  a s  a n  u n s a t u r a t e d  po lym e r ,  g i v i n g  imino bonds 

s t a b i l i z e d  by c o n j u g a t i o n ^ e q u a t i o n  1 3 j ,
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CH0(CH2)3-CH

CHO

= C-(CH2)2-CH

CHO
I

= C-(CH2)2CH0

n

P o l y m e r

2R-NH

CH0(CH2)3“ CH

CH=N-R

C-(CH2)2-CH

CH=N-R
I

= C-(CH2)2CH0

n

C o n j u g a t e

.  ̂ e q u a t i o n  i s j .

Tomimatsu e_t a I. (1971)  r e p o r t e d  t h a t  o n l y  ^ - a m i n o  g ro u p s  o f  

l y s y l  r e s i d u e s  r e a c t e d  w i t h  GA, and i n  t h e  r e l a t i v e  amounts  o f  4 moles  o f  

GA to  one mole o f  l y s i n e  (Korn e ^ ^ , , 1 9 7 2 ) o  Cheung and Nimni (1982a)  

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

r e a c t i o n  o f  GA w i t h  a m i n e s ,  and t h a t  t h e  GA-polym er -amine  complex was 

s e l f - l i m i t i n g  i n  s i z e  and c o u ld  u n d e rg o  i n t e r n a l  r e a r r a n g e m e n t  t o  become 

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

a  c o n d e n s a t i o n - p o l y m e r i z a t i o n  by GA w h ic h  o c c u r r e d  c o n c o m i t t a n t l y  w i t h  

t h e  p r o d u c t i o n  o f  S c h i f f  b a s e - d e r i v e d  p r o d u c t s  ( F i g .  4 ) .  Hardy e t  a l . 

( 1 9 7 6 ) ,  i n  s t u d y i n g  t h e  i n t e r a c t i o n  o f  GA w i t h  6 - a m i n o h e x a n o i c  a c i d  and 

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

g r o u p s  i n t o  q u a t e r n a r y  p y r i d i n i u m  g ro u p s  as  t h e  m a j o r  t y p e  o f  c r o s s - l i n k  

( F i g .  4)„
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E x p l a n a t i o n  o f  F i g u r e  4

Compound A was a S c h i f f  b a s e  fo rmed b e tw e e n  GA and a n  a m ine .

Compound B was t h e  a , f 3 - u n s a t u r a t e d  ( c o n j u g a t e d )  S c h i f f  b a s e .

Compound C was t h e  s u b s e q u e n t  a d d i t i o n  p r o d u c t  o f  Compound B.

Compound D was d e r i v e d  from t h e  r e a c t i o n  b e tw e e n  Compound B and a n o t h e r  

a m i n e .

Compounds E and F r e p r e s e n t e d  t h e  G A-polymer  a d d u c t s  o r  c r o s s - l i n k s  wh ich  

were  a l s o  d e r i v e d  from Compound B v i a  S c h i f f  b a s e - c a t a l y z e d  p o l y m e r i z a t i o n .  

Compounds G and H may be s t r u c t u r e s  s i m i l a r  t o  E and F e x c e p t  t h r o u g h  some 

o t h e r  unkno\yn r e a c t i o n  m echan ism s .

Compounds I  and J  were  p o s s i b l e  d e a d -e n d  d i h y d r o p y r i d i n e  o r  d i h y d r o -  

p y r i d i n i u m  p r o d u c t s  wh ich  f o l l o w e d  t h e  r i n g  c l o s u r e  o f  an  i n t e r m e d i a t e .  

Compound K was t h e  c r o s s - l i n k  p r o p o s e d  by Hardy e t  a l  . ( 1 9 7 6 ) ,

Only s t r u c t u r e s  C, D, F and G r e p r e s e n t  a c t u a l  c r o s s - l i n k s  

formed b e tw e e n  p e p t i d e  c h a i n s .



F i g u r e  4 . S c h e m a t ic  r e p r e s e n t a t i o n  o f  p o s s i b l e  r e a c t i o n s  g ro u p s  of

p e p t i d e  bound l y s y l  r e s i d u e s  w i t h  g l u t a r a l d e h y d e  ( a f t e r  Cheung and 

Nimni, 1982a)

R H N C  =  N R

C H O C H O
R - N

C H O

R - N
C - I ( C H p ) J  =  N R  
I n

H  

F

R - N

i T i
'— C H O

VI — C H 0 \

— C H OR - N

R - N H R -
O H C  C H O

B

/ \
H

c - [ ( c h . L ]2^3Jn

R - N
H

 > R-N = [(CH2yn —  ̂ R-N=[(CHgy=N-R

O HH O

/
1 Y

R R

1 J

( C H „ )

I
R

K
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Habeeb and H i ram o to  (1968)  found  t h a t  GA r e a c t e d  w i t h  t h e  

a - a m in o  g r oups  o f  amino a c i d s ,  t h e  N - t e r m i n a l  amino g r o u p s  o f  some 

p e p t i d e s  and t h e  s u l p h y d r y l  g ro u p  o f  c y s t e i n e *  The p h e n o l i c  and 

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

A l s o ,  w i t h  p r o t e i n s  s u c h  as  BSA, human gamma g l o b u l i n  and  o v a lbum in ,

GA r e a c t e d  p r e d o m i n a n t l y  w i t h  l y s i n e  amino g r oups  t o  fo rm  m a i n l y  i n t e r -  

m o l e c u l a r  c r o s s - l i n k a g e s o  When d i l u t e  c o n c e n t r a t i o n s  o f  c o l l a g e n  were  

r e a c t e d  w i t h  low c o n c e n t r a t i o n s  o f  GA, i n t r a m o l e c u l a r  c r o s s - l i n k s  were 

fo rm ed ,  and as  t h e  c o n c e n t r a t i o n  o f  t h e  r e a g e n t  was i n c r e a s e d ,  i n t e r -  

m o l e c u l a r  c r o s s - l i n k s  w e re  formed as  c o l l a g e n  became more i n s o l u b l e  

(Cheung and Nimni ,  1 9 8 2 b ) * G l u t a r a l d e h y d e  was a l s o  c a p a b l e  o f  c r o s s -  

l i n k i n g  BSA and BSA t o  o v a lb u m in ,  b o t h  o f  which  were a n t i g e n i c  i n  

r a b b i t s  (Habeeb ,  1969)*

The e f f i c i e n c y  o f  GA as  a t o x o i d i n g  a g e n t  h a s  b e e n  a t t r i b u t e d  

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

p r e p a r e d  w i t h  GA were n o n - t o x i c  and a n t i g e n i c  i n  r a b b i t s ,  whe reas  

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

( S a l e t t i  and R i c c i ,  1974)* P a v l o v s k i s  e t  a l . (1981)  found  t h a t  a GA- 

t o x o i d  o f  Pso a e r u g i n o s a  e x o t o x i n  A was n o t  as  e f f i c a c i o u s  as  a 

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

i n f e c t i o n *  Walker  e_t a l . (1979)  a l s o  d e m o n s t r a t e d  no s i g n i f i c a n t  

p r o t e c t i o n  w i t h  G A -toxo id  a g a i n s t  Pseudomonas i n f e c t i o n s *

V a c c in e s  p r e p a r e d  by t h e  i n a c t i v a t i o n  o f  t e t a n u s  and d i p h t h e r i a  

t o x i n s  w i t h  f o rm a ld e h y d e  ha v e  p r o v e d  t o  be s a f e  and e f f e c t i v e  immunogens 

i n  humans,  and i m m u n iz a t i o n  w i t h  t h e s e  two t o x o i d s  i s  a l m o s t  u n i v e r s a l  

i n  e v e r y  d e v e lo p e d  c o u n t r y *  The e f f e c t i v e n e s s  o f  d i p h t h e r i a  t o x o i d  i n  

e r a d i c a t i n g  d i s e a s e  was r e v i e w e d  by Pappenhe im er  (1984)  and t h e  p e r f o r m 



56

a n c e  o f  t e t a n u s  t o x o i d  by B f z z i n i  (1984)*

6 0 2 M o d i f i c a t i o n  o f  b a c t e r i a l  e x o t o x i n s  w i t h  o t h e r  r e a g e n t s

O t h e r  r e a g e n t s  have  b e e n  u s e d  f o r  t o x o i d i n g  some b a c t e r i a l

exo t o x i n s  :

lo C a r b a m y l a t i o n  o f  l y s y l  r e s i d u e s  w i t h  p o t a s s i u m  c y a n a t e   ̂ e q u a t i o n  1 4 j

c o m p l e t e l y  d e s t r o y e d  t h e  t o x i c i t y  o f  t e t a n u s  t o x i n  ( R o b i n s o n  e t  a l . , 1 9 7 5 ) .

0
II

NCO' + RNH^ -----------► R -  NHC -

Cyanate D e r iv a t iv e

. 0 0  e q u a t i o n  14j*

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

i n  r a b b i t s *

2 .  B i z z i n i  e t  a l ,  (1973a)  r e p o r t e d  t h a t  r e a c t i o n  o f  t h e  l y s y l  r e s i d u e s  

i n  t e t a n u s  t o x i n  w i t h  m a l e i c  a n h y d r i d e   ̂ e q u a t i o n  15 j p ro d u ce d  an  a t o x i c ,  

non- im munogen ic  d e r i v a t i v e *

0
/ /

HC ----  C 0

RNHo +

HC  C
2 II ^ 0   ^  RNH-C-CH=CH-COO'

^ 0
M a l e i c  a n h y d r i d e  L y s i n e - d e r i v a t i v e

. 0 *  ̂ e q u a t i o n  1 5 j .

3* B i z z i n i  e ^  ^ . ( 1 9 7 3 b )  m o d i f i e d  t h e  t y r o s y l  r e s i d u e s  o f  t e t a n u s  

t o x i n  by h i g h l y  s e l e c t i v e  n i t r a t i o n  w i t h  t e t r a n i t r o m e t h a n e  e q u a t i o n  l ô j
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R-CH

R - T y r o s i n e

CfNOz)^
R-CH

NO

3 - N i t r o t y r o s I n e

o e q u a t i o n  16j «

The p r o p e r t i e s  o f  t h e  p r o d u c t  o f  t h i s  r e a c t i o n  were  d e p e n d e n t  on t h e  

e x t e n t  o f  n i t r a t i o n .  When o n l y  a  few n i t r o  g r oups  w ere  i n t r o d u c e d ,  t h e  

m o l e c u l e  was r e n d e r e d  a t o x i c  b u t  r e m a in e d  a n t i g e n i c .  With s u f f i c i e n t  

n i t r a t i o n ,  i e :  t h e  i n t r o d u c t i o n  o f  more t h a n  33 n i t r o  g r o u p s  p e r  m o l e c u l e ,  

a n t i g e n i c i t y  was compromized.

4 .  R o b in s o n  ^  a_l. ( 1 9 7 5 )  u s e d  r e d u c t i v e  m é t h y l a t i o n  o f  t e t a n u s  t o x i n  

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

l y s i n e  e q u a t i o n  l ? j  .

NaBH,

RNH^ 4- HCHO 

Lys i n e

*>■ R — N = CH,  ► RNHCHj

M o n o m e t h y l l y s  i n e  

RN(CHg)2 

D i m e t h y 1 l y s i n e

. oo [ e q u a t i o n  17j .

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

t h u s  n e g a t i n g  an  e x a m i n a t i o n  o f  t h e  a n t i g e n i c i t y  o f  t h e  t o x o i d .

5.  B e u g n i e r  and Zanen  (1977)  a l s o  m e t h y l a t e d  d i p h t h e r i a  t o x i n  to  

p r o d u c e  a  t o x o i d  w i t h  r e d u c e d  A D P - r i b o s y l t r a n s f e r a s e  a c t i v i t y .  

I n t e r e s t i n g l y ,  b o t h  r e d u c t i v e  m é t h y l a t i o n  o r  n i t r a t i o n  m o d i f i e d  o n l y  t h e
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A - f r a g m e n t ,  l e a v i n g  t h e  m e m b r a n e - b in d i n g  a c t i v i t y  o f  t h e  B - f r a g m e n t  

i n t a c t .

6 . M a tu h a s i  ^  a l .  (1981)  and M i t a n i  e_t a j^ , (1982)  d e t o x i f i e d  t e t a n u s  

t o x i n  by m o d i f i c a t i o n  and c o n j u g a t i o n  w i t h  p u l l u l a n  ( a  l i n e a r  copo lym er  

o f  m a l t o t r i o s e )  w i t h  c y a n u r i c  a c i d .  The c o n j u g a t e  was a good a n t i g e n  

f o r  IgG p r o d u c t i o n  i n  m i c e .  These  a u t h o r s  c o n s i d e r e d  t h a t  when th e  

t o x i n  was bound t o  p u l l u l a n  i t  c o u ld  n o t  m a n i f e s t  i t s  t o x i c i t y ,  s i n c e

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

h i n d e r e d .

7 .  A new a p p r o a c h  t o  t h e  d e t o x i f i c a t i o n  o f  P s .  a e r u g i n o s a  e x o t o x i n  A by 

C a l l a h a n  e_t a l^ , (1984)  i n v o l v e d  t h e  i n a c t i v a t i o n  o f  t h e  e n z y m a t i c  r e g i o n  

by t h e  s p e c i f i c  p r o c e s s  o f  p h o t o - a f f i n i t y  l a b e l l i n g .  The e n z y m a t i c  

a c t i v i t y  and t o x i c i t y  w ere  i r r e v e r s i b l y  i n a c t i v a t e d  by t h e  s p e c i f i c  

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

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

t o x o i d s  w ere  s i m i l a r  t o  t h o s e  o f  n a t i v e  t o x i n .
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SECTION 7 . CARBODIIMIDES IN BIOLOGICAL CHEMISTRY

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

compounds ( t h e  h e t e r o c u m u l e n e s ) b a s e d  on t h e  a l l e n e  s t r u c t u r e  -C=C=C-, 

and t h e i r  g e n e r a l  f o r m u l a  i s  R-N = C = N-R*, where  R and R̂  a r e  e i t h e r  

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

was g e n e r a t e d  by K h o r a n a ' s  p i o n e e r i n g  i n v e s t i g a t i o n s  (1953)  o f  t h e i r  

a c t i o n  i n  p e p t i d e  and n u c l e o t i d e  s y n t h e s i s .  At t h e  t im e  of  t h e  s econd  

c o m p r e h e n s iv e  r e v i e w  ( K u r z e r  and D o u r a g h i - Z a d e h ,  1967)  t h e  o n l y  m a j o r  u s e  

o f  c a r b o d i i m i d e s  was i n  p e p t i d e  and n u c l e o t i d e  c o u p l i n g  r e a c t i o n s .  S in c e  

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

e x t e n s i v e l y  s t u d i e d .  These  g e n e r a l  p r o p e r t i e s  c a n  be  found i n  t h e

e x c e l l e n t  r e v i e w s  o f  IChorana ( 1 9 5 3 ) ,  K u r z e r  and D o u ra g h i - Z a d e h  (1967)  and

W i l l i a m s  and I b r a h i m  ( 1 9 8 1 ) .

7 . 1  C a r b o d i i m i d e - m o d i f i c a t i o n  o f  c a r b o x y l  g roups  i n  p r o t e i n s

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

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

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

i s  b e l i e v e d  to  be i n i t i a t e d  by t h e  p r o t o n a t i o n  o f  t h e  c a r b o d i i m i d e , t h e  

c a t i o n  n e x t  b e i n g  a t t a c k e d  by t h e  a c i d  a n i o n  to  form t h e  0 - a c y l i s o u r e a  

(Hoare  and K o s h l a n d ,  1967;  F i g .  5 ) .  T h i s  c a n  e i t h e r ,

(1)  r e a r r a n g e  by way o f  a c y c l i c  e l e c t r o n i c  d i s p l a c e m e n t  t o  t h e  s t a b l e  

N - a c y l u r e a  ( F i g .  5 ) ,  o r

(2 )  be  p r o t o n a t e d  to  t h e  c a t i o n ,  w h ich  i s  s u b s e q u e n t l y  c o n v e r t e d  by 

a t t a c k  o f  a  s e cond  a n i o n  i n t o  t h e  N , N ^ - d i s u b s t i t u t e d  u r e a  and th e  a c i d  

a n h y d r i d e  ( F i g .  5 ) .
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F i g u r e  5 . Mechanism o f  c a r b o x y l  g roup  m o d i f i c a t i o n  by c a r b o d i i m i d e

R - N = C = N - R
CARBODIIMIDE

H

RH N=C=NR

RCOO*  

RHN=C=NR

4 )
R C=0

O-ACYLISOUREA

H

R H N - C = N  HR 
O  

r ' c = o

R C OO

O

RHN—C “ NHR + R— C C— R

( 0 “ ^N) . R H N - C - 0------------------- ^ I

R NCOR'

N,N*-DISUBSTITUTED 
UREA

o o
ACID ANHYDRIDE

N-ACYLUREA
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However,  t h e  p r o d u c t s  o f  t h e  r e a c t i o n  depended  on t h e  n a t u r e  

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

1953 ) 0  I n  g e n e r a l ,  c a r b o x y l  g r o u p s  were  u n r e a c t i v e  w i t h  c a r b o d i i m i d e  

d e r i v a t i v e s  a t  a l k a l i n e  pH (Riehm and S c h e r e g a ,  1966;  Hoare and K o s h la n d ,  

1967;  Addy e ^ ^ , , 1 9 7 3 ) o  A f u r t h e r  c o m p l i c a t i o n  i n  t h e  s e q u e n c e  was 

t h e  f o r m a t i o n  o f  an  i s o c y a n a t e  f rom t h e  0 - a c y l i s o u r e a  ( A l e x a n d r e  and 

R o u e s s a c ,  1 9 70 ) ,  p r o b a b l y  v i a  t h e  mechan ism shown i n  e q u a t i o n  i s j  .

R CO - 0 
b r \

C = NR R

5“
R - N

/

\

NHR +  RNCO

I s o c y a n a t e

0 - a c y l i s o u r e a

. o 0 e q u a t i o n  i s j  .

A l s o ,  i ra ide f o r m a t i o n  c o u l d  r e s u l t  f rom r e a r r a n g e m e n t  o f  t h e  u n s t a b l e  

0 - a c y l i s o u r e a  (Riehm and S c h e r e g a ,  1966;  e q u a t i o n  1 9 ) ,

R-N=C=N-R'

C a r b o d i i m i d e

0
II

+  -NH-CH-C-NH-
I
CH

A s p a r t i c  a c i d

0
II

■NH-CH-C-NH-
I
CH
I
C=0
I
0
I

RNC-NHR'

H 0
I "

-NH-C-C-N-
I /

H C-C 
II
0

Imide

0 - a c y l i s o u r e a

0
II

R-NH-C-NHR'

N , N * - d i s u b s t i t u t e d  u r e a  

. . .  [ e q u a t i o n  Ip]  .
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and F r a n z b l a u  e_t . ( 1963 )  a l s o  r e p o r t e d  r i n g  f o r m a t i o n  w i t h  some 

compounds„

C a rboxy l  g r o u p s  c o u ld  be  m o d i f i e d  u s i n g  a c a r b o d i i m i d e  and an  

exogenous  n u c l e o p h i l e  s u c h  as  a n  a m ine .  Fo r  e xa m p le ,  g l y c i n e  e t h y l  e s t e r  

o r  N - ( 2 , 4 - d i n i t r o p h e n y l ) d i a m i n o e t h a n e  w ere  c o u p le d  to  c a r b o x y l  g r o u p s  i n  

r a b b i t  m usc le  p h o s p h o r y l a s e  ( A r i k i  and F u k u i ,  1 9 7 8 ) .  The c a r b o x y l  g ro u p s  

o f  lysozyme were  m o d i f i e d  w i t h  g l y c i n e  ( H a ya sh i  e_t _a^, ,1972)  and 

s u l p h a n i l i c  a c i d  (Kramer and R u p le y ,  1 9 73 ) .  The a c t i o n  o f  y e a s t  

h e x o k i n a s e  w i t h  n i t r o t y r o s y l e t h y l e s t e r  and c a r b o d i i m i d e  gave a n  i n a c t i v e  

p r o t e i n  when o n l y  two c a r b o x y l  g ro u p s  had  b e e n  m o d i f i e d  (Pho e_t a l .  , 1 9 74 ) .  

Exposed a s p a r t y l  and g l u t a m y l  r e s i d u e s  i n  p r o t e i n s  were  c o n v e r t e d  to  

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

and S h a f e r ,  1973,  e q u a t i o n  2 0 ) .

NH3

R/CH2 COOH +  RNCNR ---------------   ^ R/CH2 CONH2

A s p a r t y l , g l u t a m y l  M o d i f i e d  r e s i d u e

. . .  [ e q u a t i o n  2 o j .

A n o th e r  m o d i f i c a t i o n  was t h e  r e a c t i o n  o f  y e a s t  e n o l a s e  c a r b o x y l  

g r o u p s  w i t h  w a t e r - s o l u b l e  c a r b o d i i m i d e s  (George  and B o r d e r s ,  1 9 7 9 ) .  The 

o b s e r v a t i o n  was made t h a t  n o n - i n h i b i t o r s  o r  n o n - s u b s t r a t e s  such  as  

p h o s p h a t e  o r  g l u c o s e - 6 - p h o s p h a t e  p r o t e c t e d  t h e  enzyme a g a i n s t  i n a c t i v a t i o n ;  

t h e s e  s p e c i e s  - i n  e f f e c t  t h e  p h o s p h a t e  m o i e t y  -  were  assumed t o  r e a c t  

w i t h  t h e  c a r b o d i i m i d e  i n  c o m p e t i t i o n  w i t h  t h e  p r o t e i n ,  A c t i v e - s i t e  

c a r b o x y l  g ro u p s  w e re  a l s o  p r o t e c t e d  by s u b s t r a t e s  o r  i n h i b i t o r s  a t  

s a t u r a t i n g  c o n c e n t r a t i o n s  (Lin and K o s h la n d ,  1969;  Eyl and I n a g a m i ,  1970;  

R i e n s c h  and D u n l a p , 1 9 8 0 ) .  I n  m os t  c a s e s ,  s u b s t r a t e  o r  s u b s t r a t e  

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

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

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

c a r b o d i i m i d e s  a r e  g i v e n  i n  T a b l e  4 .

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

c a r b o d i i m i d e  and a n  exogenous  n u c l e o p h i l e ,  the  r e a g e n t s  c o u ld  i n t r o d u c e  

b o t h  i n t e r -  and i n t r a m o l e c u l a r  c r o s s - l i n k s .  F o r  e x a m p le ,  L Ü ts c h e r  

e t  (1984a)  found  t h a t  one o f  t h e  t h r e e  p - s u b u n i t s  o f  E. c o l i  ATPase F̂  ̂

complex was c r o s s - l i n k e d  t o  t h e  g - s u b u n i t  by 1 - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o -  

p r o p y l ) c a r b o d i i m i d e  (EDAC); and t h a t  a n o t h e r  c a r b o d i i m i d e ,  d i c y c l o h e x y l -  

c a r b o d i i m i d e  (DCCD), i n h i b i t e d  ATPase a c t i v i t y  o f  Fj  ̂ by c o v a l e n t  m o d i f i c a t i o n  

o f  a s i n g l e  g l u t a m i c  a c i d  r e s i d u e  i n  t h e  p - s u b u n i t  ( L Ü t s c h e r  and C a p a l d i ,  

1 9 8 4 ) .  L B t s c h e r  ^  aT . ( 1984b)  a l s o  found  t h a t  EDAC promoted  a c r o s s - l i n k  

b e tw e e n  t h e  C - t e r m i n a l  c a r b o x y l  g roup  ( A l a - 7 9 )  i n  s u b u n i t  C o f  t h e  Fo 

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

t h i s  r e s u l t e d  i n  a n  i n h i b i t i o n  o f  F^-Fo  ATPase a c t i v i t y  wh ich  was 

p o s t u l a t e d  as  due t o  c o n f o r m a t i o n a l  c o n s t r a i n t  imposed by c r o s s - l i n k i n g .  

Pedemonte and K a p la n  (1985)  found  t h a t  EDAC i n h i b i t e d  f u n c t i o n  o f  the  

Na, K-ATPase s y s t e m  i s o l a t e d  from dog k i d n e y ,  p r e s u m a b ly  by r e a c t i o n  o f  

t h e  r e a g e n t  b e tw e e n  a c a r b o x y l  g ro u p  and an  endogenous  n u c l e o p h i l e  ( a  

s i d e - c h a i n  a m i n e ) .  T h e r e f o r e ,  t h e  f o r m a t i o n  o f  an  i n t r a m o l e c u l a r  c r o s s 

l i n k  r e s u l t e d  i n  t h e  enzyme b e i n g  f r o z e n  i n  a n o n - f u n c t i o n a l  c o n f o r m a t i o n .

I n  a n o t h e r  s t u d y ,  m o d i f i c a t i o n  o f  b e e f - h e a r t  cy toc h rom e  C o x i d a s e  

w i t h  EDAC o r  l - e t h y l ~ 3 - ( 3 - t r i m e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e  s i g n i f i c a n t l y  

i n h i b i t e d  r e a c t i o n  o f  t h e  enzyme w i t h  i t s  s u b s t r a t e ,  c y toch rom e  C ( M i l l e t t  

e t  a l . , 1 9 8 2 ) .  The l o s s  i n  a c t i v i t y  was accom pan ied  by m o d i f i c a t i o n  o f  

one ( o r  more)  p a r t i a l l y  b u r i e d  c a r b o x y l  g roups  on s u b u n i t  I I  o f  t h e  

enzyme t o  form a p o s i t i v e l y  c h a r g e d  N - a c y l u r e a  w h ich  i n h i b i t e d  cy toch rom e  C 

b i n d i n g .  I n  t h e  p r e s e n c e  o f  c y toc h rom e  C, EDAC prom oted  t h e  f o r m a t i o n  

o f  amide c r o s s - l i n k s  b e tw e e n  l y s i n e  amino g roups  on c y toc h rom e  C and
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R e fe r e n c e P r o t e i n N u c le o p h i l e M o d ify in g
R e a g e n t

Riehm and S c h e ra g a  (1966) R ib o n u c l e a s e - CMC

H oare and K osh land  (1967) I n s u l i n g l y c i n e  m e th y l  e s t e r BDC

A rm stron g  and McKenzie (1967) j 3 - l a c t o g l o b i n  A - CMC

C arraw ay e_t a l .  ( 1969) c h y m o t r y p s i n /  
ch ym o try ps  in o g e n

g l y c i n e  m e th y l  e s t e r EDAC

F e r s h t  and S p e r l i n g  (197 3) g l y c i n a m i d e /
s e m ic a r b a z id e

EDAC

F r a t e r  (1971) b o v in e  se rum  a lb u m in g l y c i n e  m e th y l  e s t e r EDAC

R o u f o g a l i s  and Wickson (19 73 ) a c e t y l  c h o l i n e s t e r a s e g ly c in a m id e EDAC ; DCCD

Kaminogawa e t  a l . (197 3) c a s e i n g l y c i n e  m e th y l  e s t e r EMC

G o r o d e t s k i i  e t  a l . (1976) A cid  p r o t e i n a s e  from 
A s p e r g i l l u s  awamori

- DCCD

T e r r a  e_t a l .  (1979) I n s e c t  m id g u t  t r e h a l a s e g l y c i n e  m e th y l  e s t e r EDAC

R e in s c h  and Dunlap (1980) D i h y d r o f o l a t e  r e d u c t a s e - EDAC

K ozik  (1982) R i b o f l a v i n - b i n d i n g  
p r o t e i n

g lu c o s a m in e EDAC ; CMC

D e l f i n o  e_t a l .  (1983) B ovine  g ro w th  
hormone

g l y c i n e  m e th y l  e s t e r EDAC

e l  K ebbaj ejt a l .  ( 1984) (3-hydroxybu t y r a t e  
d e h y d ro g e n a s e

g l y c i n e  e t h y l  e s t e r EDAC ; DCCD

Taka t a  e_t a l .  (1935) S -aden osy Iho m o - 
cys t e i n a s e

~ CMC

L Ü nnroth  and H olmgren (1975) c h o l e r a  t o x i n g l y c i n e  m e th y l  e s t e r EDAC

CMC: L ~c y c lo h ex y l -3 - ( 2 - t n o rp h o l in y l  ( 4 ) - e th y l ) c a r b o d i i m i d G -m e th o -p ~ t o lu e n e  suLphonate .

BDC: 1 -b e n z y l -  ( 3 - d itne th y l a m in o p ro p y l ) c ar b o d i im i d e .

EDAC: 1 - e t h y l - 3 - ( 3-d im e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e .

DCCD; d i c y c l o h e x y l c a r b o d i i m i d e .

EMC: 1 - e t h y l - 3 - ( 3 - [ 4 -m o r p h o l i n y l j  p r o p y l ) c a r b o d i i m i d e .
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t h e i r  c om p le m e n ta ry  c a r b o x y l  g r o u p s  on cy toc h rom e  C o x i d a s e .  EDAC a l s o  

p romoted  t h e  f o r m a t i o n  o f  i n t e r m o l e c u l a r  amide c r o s s - l i n k s  b e tw e e n  t h e  

c a r b o x y l  g ro u p s  o f  c y toch rom e  C and t h e  l y s i n e  amino g r o u p s  o f  c h l o r o -  

p l a s t i d  p l a s t o c y a n i n  ( G e re n  e t  a j^ , ,1 9 8 3 ) .  The s a l t  b r i d g e  be tw e en
_L

L y s i n e - 1 3  ) and L e u c in e - 1 2 9  (a-COO ) i n  lysozyme was c o n v e r t e d  t o

an  amide bo.nd by EDAC i n  t h e  p r e s e n c e  o f  i m i d a z o l e .  Absence  o f  

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

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

m o l e c u l a r l y  c r o s s - l i n k e d  lysozyme o l i g o m e r s  (Yamada _ ^ ^ . , 1 9 8 3 ) .  The 

s t u d y  o f  C r a i k  and R e i t h m e i e r  ( 1 9 8 4 ) ,  on c a r b o d i i m i d e - i n h i b i t e d  p h o s p h a t e  

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

i n h i b i t i o n  was n o t  a t t a c k  by t h e  c a r b o d i i m i d e  on c a r b o x y l i c  a c i d  g r o u p s ,  

b u t  t h e  r e a r r a n g e m e n t  o f  t h e  r e s u l t i n g  0 - a c y l i s o u r e a  t o  N - a c y l u r e a ,  o r  

t o  i n t r a m o l e c u l a r  o r  i n t e r m o l e c u l a r  a t t a c k  by amino g r o u p s  ( n u c l e o p h i l e s )  

l e a d i n g  to  p r o t e i n  c r o s s - l i n k i n g .  Weare and R e i c h e r t  ( 1 9 7 9 a ,b )  found 

t h a t  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  EDAC i n c r e a s e d  t h e  e x t e n t  o f  

c o v a l e n t  c r o s s - l i n k i n g  b e tw e e n  a -  and p - s u b u n i t s  o f  b o v i n e  l u t r o p i n ,  

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

c o n j u g a t e d  p r o t e i n .

When lysozyme o r  a - c h y m o t r y p s i n  were  t r e a t e d  w i t h  t h e  w a t e r -  

s o l u b l e  c a r b o d i i m i d e  l - e t h y l - 3 - ( 3 - m o r p h o l i n o p r o p y l ) c a r b o d i i m i d e ,  b o t h  

u n d e rw e n t  i n t e r m o l e c u l a r  c r o s s - l i n k i n g  t o  form t h e r m o s t a b l e  p r o t e i n s  

( H a t t o r i , 1 9 7 0 ) o A s i m i l a r  s t a b i l i t y  was i n d u c e d  i n  b l o o d  h a e m o g lo b in  

by c r o s s - l i n k i n g  w i t h  EDAC (L ab rude  e t  a l . , 1 9 7 9 ) .

C a r b o d i i m i d e s  have  b e e n  u s e d  i n  a few i n s t a n c e s  f o r  t h e  

m o d i f i c a t i o n  o f  b a c t e r i a l  t o x i n s ,  i e :  c h o l e r a  t o x i n  ( L b n n r o t h  and

Holmgren,  1975;  T a b le  4) and e s p e c i a l l y  t h e  e n t e r o t o x i n s  o f  E. c o l i . 

K l i p s t e i n  e t  a l , (1981)  o b t a i n e d  e n c o u r a g i n g  r e s u l t s  by imm uniz ing r a t s
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w i t h  Eo c o l i  h e a t - s t a b l e  e n t e r o t o x i n  (ST) c o n j u g a t e d  w i t h  EDAC t o  p o r c i n e  

IgG: t h e s e  a n im a l s  w e re  p r o t e c t e d  a g a i n s t  c h a l l e n g e  w i t h  s e m i p u r i f i e d  

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

Based  on t h e s e  o b s e r v a t i o n s ,  K l i p s t e i n  £ t  aj^. (1982)  p r e p a r e d  a b i v a l e n t  

t o x o i d  by c r o s s - l i n k i n g  h e a t - s t a b l e  (ST) and h e a t - l a b i l e  ( IT )  e n t e r o t o x i n s  

w i t h  EDAC. The r e s u l t a n t  t o x o i d  r e t a i n e d  l e s s  t h a n  0.157. o f  t h e  

b i o l o g i c a l l y - a c t i v e  t o x i g e n i c i t y  o f  t h e  p a r e n t  ST and LT com ponen t s .

R a t s  immunized w i t h  t h i s  t o x o i d  were  s i g n i f i c a n t l y  p r o t e c t e d  a g a i n s t  

c h a l l e n g e  w i t h  e i t h e r  t h e  LT o r  ST t o x i n ,  o r  w i t h  v i a b l e  h e t e r o l o g o u s  

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

i n d i c a t e d  t h a t  c o n j u g a t i o n  o f  ST t o  LT r e s u l t e d  i n  a  u n i q u e  new immunogen 

i n  t h a t  ST a c q u i r e d  i m m u n o g e n ic i t y  as  a f u n c t i o n  o f  t h e  r e a c t i o n ,  LT 

r e t a i n e d  m os t  o f  i t s  a n t i g e n i c i t y  and t h e  t o x i c i t y  o f  b o t h  components  was 

g r e a t l y  r e d u c e d .  K l i p s t e i n  e_t a l , ( 1 9 8 2 b )  a l s o  found  t h a t  an  EDAC-LT- 

t 0 X 0 id  s t i m u l a t e d  s p e c i f i c  se rum IgG and m ucosa l  IgA a n t i t o x i n  t i t r e s  i n  

m i c e .

More r e c e n t l y ,  t h e s e  w o r k e r s  c o n j u g a t e d  s y n t h e t i c a l l y - p r o d u c e d  

ST t o  t h e  n o n - t o x i c  B s u b u n i t  o f  LT w i t h  EDAC. T o x i c i t y  o f  t h e  ST

component  was r e d u c e d  by g r e a t e r  t h a n  6 0 0 - f o l d .  The v a c c i n e  s t i m u l a t e d

s i g n i f i c a n t  serum IgG and m ucosa l  s IgA  a n t i b o d i e s  t o  e a c h  component ,  and 

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

E. c o l i  ( K l i p s t e i n  e_t a j ^ . , 1 9 8 3 a , b , c ) .  However ,  Moon e_t a l . (1983)  

immunized p r e g n a n t  sows w i t h  t h e  EDAC-mediated c o n j u g a t e  o f  ST and b o v i n e  

im m u n o g lo b u l in  G o f  G i a n e l l a  e t̂ a l .  ( 1 9 8 1 ) ,  and found  t h a t  p i g l e t s  s u c k l e d  

on immunized m o th e r s  had a l m o s t  i d e n t i c a l  r a t e s  f o r  d i a r r h o e a  a s  p i g l e t s  

s u c k l e d  on unimmunized sows .  However ,  t h e r e  was some s u g g e s t i o n  o f  a 

d e c r e a s e  i n  m o r t a l i t y  f rom  c h a l l e n g e  w i t h  e n t e r o t o x i g e n i c  E. c o l i  i n  

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

p r e p a r a t i o n  o f  t h e s e  c o n j u g a t e  t o x o i d s  ( K l i p s t e i n  ^  ^ . , 1 9 8 4 ) .  However ,  

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

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

(H ough ten  e ^ ^ . , 1 9 8 5 ) ,  t h e  immunodet e r m i n a n t  r e g i o n  o f  t h e  LT B s u b u n i t  

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

p e p t i d e s  c o r r e s p o n d i n g  t o  v a r i o u s  segmen ts  o f  i t s  124 amino a c i d  

s e q u e n c e .  T h i s  immunodet e r m i n a n t  r e g i o n  -  t h e  26 amino a c i d s  o f  B 

s u b u n i t ,  s e q u e n c e  58 t o  83 - was c h e m i c a l l y  l i n k e d ,  u s i n g  EDAC, t o  t h e  

s y n t h e t i c  ST t o x i n  ( c o n s i s t i n g  o f  o n l y  18 amino a c i d s ) .  T h i s  c o n j u g a t e  

was c o m p l e t e l y  n o n - t o x i c  i n  s e v e r a l  ijn v i t r o  and v i v o  a s s a y s ,  a n t i g e n i c  

i n  s t i m u l a t i n g  i n t e s t i n a l  m ucosa l  s e c r e t o r y  IgA a n t i t o x i n  t i t r e s  to  

b o t h  com ponen t s ,  and immunogenic  i n  p r o t e c t i n g  r a t s  a g a i n s t  c h a l l e n g e  

w i t h  e n t e r o t o x i g e n i c  E. c o l i  (Hough ten  e_t a_l, ,1985;  K l i p s t e i n ,  1 9 85 ) .

7 . 2  O t h e r  c a r b o d i i m i d e - m o d i f l e d  p r o t e i n  r e s i d u e s

A p a r t  f rom r e a c t i o n  w i t h  c a r b o x y l  g r o u p s  and t h e  s u b s e q u e n t  

r e a r r a n g e m e n t s ,  c a r b o d i i m i d e s  were  shown t o  m od i fy  t y r o s i n e  r e s i d u e s  

(Ca r raw ay  and K o s h l a n d ,  1 9 68 ) ,  s u l p h y d r y l  r e s i d u e s  (C a r raw ay  and T r i p l e t t ,  

19 7 0 ) ,  to  m e d i a t e  s u l p h a t i o n  o f  h y d ro x y -a m in o  a c i d s ,  p e p t i d e s  and p r o t e i n s  

(P ongor  £ t  £l_, ,1985)  and a l s o  to  r e a c t  w i t h  p h o s p h a t e  g r o u p s  ( R e in s c h  

and D un lap ,  1980 ) .  a - c h y m o t r y p s i n  was i n a c t i v a t e d  w i t h  a w a t e r - s o l u b l e  

c a r b o d i i m i d e  which  r e a c t e d  w i t h  t h e  a c t i v e - s i t e  s e r i n e  ( r e s i d u e  195) to  

y i e l d  an  0 - a c y l i s o u r e a  d e r i v a t i v e  (Banks e t  a l . , 1 9 6 9 ) .

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

d i i m i d e s ;  p a p a i n  was m o d i f i e d  a t  r e s i d u e  c y s t e i n e - 2 5  ( P e r f e t t i  £jt a l . , 

1976)  and th e  f r e e  t h i o l  g roup  o f  buc kw he a t  c c - g l u c o s i d a s e  was p a r t i a l l y  

r e a c t i v e  (Kanaya e t  a l , , 1 9 7 9 ) .  I n  t h i s  l a t t e r  c a s e ,  i n t r o d u c t i o n  o f  a
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b u l k y  g roup  by r e a c t i o n  o f  t h e  s u l p h y d r y l  m o i e t y  w i t h  c a r b o d i i m i d e  was 

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

ch a n g e ,  r e s u l t i n g  i n  a r e d u c t i o n  i n  enzyme a c t i v i t y *

The a c c e s s i b l e  t y r o s i n e  r e s i d u e  o f  y e a s t  h e x o k i n a s e  was 

m o d i f i e d  a t  pH 8*0 u s i n g  EDAC, and t h e  r e s u l t i n g  i n a c t i v a t i o n  was 

r e v e r s e d  by h y d r o x y l a m i n e , w h ich  p r e s u m a b ly  formed t h e  N - h y d r o x y g u a n i d i n e  

( G r o u s e l l e  and P u d l e s ,  1977;  e q u a t i o n  21)*

OH + RN=C=NR

T y r o s i n e  r e s i d u e

/ 7 — ^  N"̂ HR

\   /  \ nhr

0 - a c y l i s o u r e a

H ydroxylam in e

RHN,
C =  N-OH

RHî/"

N - H y d ro x y g u a n id in e

e q u a t i o n  2 l j  *

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

a t  h i g h  pH y i e l d e d  s u b s t i t u t e d  g u a n i d i n e s  ( T a k a t a  e t  a l . , 1 9 8 5 ) *

7*3 Use o f  c a r b o d i i m i d e s  i n  t h e  p r e p a r a t i o n  o f  immuniz ing  c o n j u g a t e s

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

" m e t h o d " ,  which  was i n t r o d u c e d  by Sheehan  and Hess  (1935)  w i t h  t h e  use  

o f  DCCD to  a f f e c t  d e h y d r a t i o n  and p e p t i d e  bond f o r m a t i o n *  The p r o c e d u r e  

o f  a d d i n g  c a r b o d i i m i d e  t o  a s o l u t i o n  o f  N - p r o t e c t e d  amino a c i d  and amino 

a c i d  o r  p e p t i d e  e s t e r  won wide  a c c e p t a n c e  b e c a u s e  o f  i t s  s i m p l i c i t y .
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s p e e d  and c o m p a t a b i l i t y  w i t h  w a te r*

The c a r b o d i i m i d e  "m e thod"  i s  r e p r e s e n t e d  by t h e  f l o w  se q u e n c e  

i n  Fig* 6.  T h e re  a p p e a r s  to  be e s s e n t i a l l y  two c o m p e t in g  r e a c t i o n s ,

i e :  t h e  0  ►N a c y l  s h i f t  to  fo rm  t h e  N - a c y l u r e a ,  and t h e  r e a c t i o n  o f

t h e  l a b i l e  0 - a c y l i s o u r e a  w i t h  a n  amino g roup  t o  g i v e  t h e  p e p t i d e  l i n k .  

A l t e r n a t i v e l y ,  t h e  a c i d  a n h y d r i d e ,  r e s u l t i n g  from r e a c t i o n  o f  t h e  0 -  

a c y l i s o u r e a  w i t h  a  s e c o n d  c a r b o x y l a t e ,  may r e a c t  w i t h  a n  amino g roup  to  

r e g e n e r a t e  t h e  f i r s t  c a r b o x y l  g ro u p  and y i e l d  a p e p t i d e  l in k *

However ,  a m i n o l y s i s  c a n  be accompanied  by co m p e t in g  r e a c t i o n s  

from o t h e r  n u c l e o p h i l e s  p r o x i m a t e  to  t h e  0 - a c y l i s o u r e a ,  e g :  i n t r a m o l e c u l a r  

amide g ro u p s  g i v i n g  r i s e  t o  5 ( 4 H ) - o x a z o l o n e s  e q u a t i o n  22 j ,

0 N R ' ' '

R ' -CH-C-O-C 
I

NHR'

0
II

+ R'  "NH-C-NHR'

D i s u b s t i t u t e d  u r e a

R' '

5 (4H)-O xazo lone

I n t r a m o l e c u l a r  amide g roup

.** e q u a t i o n  2 2 j* 

s e c o n d a r y  c a r b o x y l a t e s  fo rm in g  a c i d  a n h y d r i d e s  ( F i g .  6 ) ,  and a l s o  

a c t i v a t i o n  o f  g l u t a m i n e  o r  a s p a r a g i n e  c a r b o x y l  g r oups  may c a u s e  p a r t i a l  

d e h y d r a t i o n  to  fo rm t h e  n i t r i l e  ( R ic h  and S ingh ,  1979;  e q u a t i o n  23)*
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0 NR' 
n ^ i i

-NH-CH-C-O-C

CH, NHR'

NH,

M o d i f i e d  a s p a r a g i n e

•NHCHCOOH

CH2C=N

N i t r i l e

-NH

NH

o o , [ e q u a t i o n  2 3 j .

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

a t t a c k  on t h e  0 - a c y l i s o u r e a  l e d  t o  f e w e r  s i d e  r e a c t i o n s  and to  c l e a n e r  

p r o d u c t s ,  b e c a u s e  5 ( 4 H ) - o x a z o l o n e  and N - a c y l u r e a  f o r m a t i o n  were 

s u p p r e s s e d *

The N - a c y l u r e a s  were  t h e  m a in  s i d e - p r o d u c t s  a t  e l e v a t e d  

t e m p e r a t u r e s ,  a n d ,  i n  o r d e r  t o  s h i f t  t h e  r e a c t i o n  to w a rd s  p e p t i d e  bond 

f o r m a t i o n ,  t e m p e r a t u r e s  a round  O^C w ere  recommended (Bauminger  and 

W i lc h e k ,  1980)* A l t e r n a t i v e l y ,  t h e  f o r m a t i o n  o f  N - a c y l u r e a  was 

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

e t  a l . ,1 9 7 7 ) *  P r e s e n c e  o f  an  amino g r o u p ,  e i t h e r  exogenous  o r  e n d o 

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

A d d i t i v e s  such  as  N - h y d r o x y s u c c i n i m i d e  o r  1 - h y d r o x y b e n z o t r i a z o l e  were 

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

( R ich  and S in g h ,  1979)*

I n  t h e  f i e l d  o f  im m u n o lo g y ,  t h e  m a in  u s e  o f  c a r b o d i i m i d e s  h a s  

b e e n  i n  t h e  c o n j u g a t i o n  o f  w e a k l y  im m u n o g e n ic  o r  n o n - im m u n o g e n ic  

com pounds t o  l a r g e r  c a r r i e r  p r o t e i n s  o r  t o  s y n t h e t i c  a n t i g e n s .  The
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c o n j u g a t i o n  o f  two compounds by t h i s  method r e q u i r e s  t h e  p r e s e n c e  o f  a n  

amino g roup  and a  c a r b o x y l  g r o u p .  I n  some c a s e s ,  t h e  amino g ro u p s  

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

( G o o d f r i e n d  ^  aT . ,1964;  McGuire e_t a l ^ , , 1 9 6 5 ;  Koch e_t a l . ,1973;

Bauminger  e_t a l^ . ,1974)  o r  l y s y l  and a l a n y l  r e s i d u e s  o f  s y n t h e t i c  

p o l y p e p t i d e  c a r r i e r s  (Arnon  and S e l a ,  1969;  Bauminger  e t  a l . , 1 9 6 9 ) *

The c a r b o x y l  g r o u p s  w e re  o f t e n  c o n t r i b u t e d  by t h e  h a p t e n :  i f  t h e y  w ere

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

c h e m i c a l  p r o c e d u r e s  (Bauminge r  and W i l c h e k ,  1980)*

The s p e c i f i c i t y  o f  t h e  a n t i b o d i e s  p ro d u c e d  t o  t h e  h a p t e n  was 

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

c a r r i e r  * Due t o  t h e  s t a b l e  n a t u r e  o f  t h e  N - a c y l u r e a - c a r b o d i i m i d e -

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

i m m u n iz a t i o n  w i t h  c a r b o d i i m i d e - c o u p l e d  h a p t e n - c a r r i e r  c o n j u g a t e s  a l l o w e d  

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

b u t  p o s s i b l y  a l s o  to  t h e  c a r b o d i i m i d e - a d d u c t s  o f  e i t h e r  ( G o o d f r i e n d  

e t  ^  , ,1964) * Davis  e_t a j^ , (1984)  showed t h a t  when EDAC was used  a s  a  

c o u p l i n g  a g e n t ,  a n t i b o d y  was p r o d u c e d  t o  N - a c y l u r e a - E D A C - c a r r i e r , t h e  

a n b t i b o d y  b e i n g  d i r e c t e d  p r i m a r i l y  to  t h e  3 - d i m e t h y l a m i n o p r o p y l  end o f  

t h e  r e a g e n t *  T h e r e f o r e ,  t h e  c a r b o d i i m i d e  i n t r o d u c e d  a  new a n t i g e n i c  

d e t e r m i n a n t .

A n t i b o d i e s  to  n a t u r a l l y  o c c u r r i n g  com pounds w e r e  p r o d u c e d  b y  

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

( E r l a n g e r ,  19 8 0 ) ,  F o r  e x a m p l e ,  p r o t e i n - h e p a r i n  c o m p l e x e s ,  p r e p a r e d  

w i t h  a n  EDAC c o u p l i n g  t e c h n i q u e ,  w e r e  u s e d  t o  p r o d u c e  a n t i - h e p a r i n

a n t i b o d i e s  i n  r a b b i t s  ( G i t e l  £ t  al^, , 1985)* A n t i s e r a  w h ic h  r e c o g n i z e d

c a r b o d i i m i d e - t r e a t e d  h e p a r i n ,  b u t  n o t  u n t r e a t e d  h e p a r i n ,  w e r e  o b t a i n e d :  

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



73

c h a n g e s  due to  e i t h e r  i n t e r -  o r  i n t r a m o l e c u l a r  c r o s s - l i n k i n g *  Examples 

o f  o t h e r  c a r b o d i i m i d e - m e d i a t e d  c o n j u g a t i o n s  a r e  l i s t e d  i n  T a b le  5*

EDAC h a s  b e e n  u s e d  t o  c o n j u g a t e  t h e  s y n t h e t i c  a d j u v a n t  

muramyl  d i p e p t i d e  (MDP) -  t h e  minimum a d j u v a n t - a c t i v e  s t r u c t u r e  t h a t  

s u b s t i t u t e d  f o r  M y c o b a c t e r i a  i n  FCA - t o  a s y n t h e t i c  p o l y p e p t i d e  c a r r i e r *  

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

t h e  a d j u v a n t  (Ched id  e_t a ^  . ,1979) .  R e i c h e r t  aj^. (1980)  d e s c r i b e d  t h e  

EDAC-mediated s y n t h e s i s  o f  M D P - p r o te in  c o n j u g a t e s  which  s t i m u l a t e d  an  

immune r e s p o n s e  t o  t h e  MDP-hapten*

The a l k a l i n e - d e t o x i f i e d  l i p o p o l y s a c c h a r i d e  from Pseudomonas 

a e r u g i n o s a  was r e n d e r e d  a n t i g e n i c  by c o u p l i n g  t o  s e v e r a l  c a r r i e r  p r o t e i n s  

i n c l u d i n g  t e t a n u s  t o x o i d  ( S e id  and  S a d o f f ,  1 9 81 ) .  C o u p l i n g  o f  EPS was 

p rom oted  by t h e  f o r m a t i o n  o f  a c t i v e  e s t e r s  w i t h  c a r b o x y l  g r oups  o f  KDO 

r e s i d u e s ,  i n  t h e  p r e s e n c e  o f  EDAC and h y d r o x y lam ine  ; s u c h  a c t i v a t e d  

p r o d u c t s  c o u ld  t h e n  r e a c t  w i t h  t h e  amino g roups  o f  p r o t e i n  c a r r i e r s  

(F ig*  7)*

W a t e r - s o l u b l e  c a r b o d i i m i d e s  have  be e n  used  t o  c o u p le  n u c l e o t i d e s  

d i r e c t l y  t o  p r o t e i n s ,  p r e s u m a b ly  by f o r m a t i o n  o f  N-P bonds  as  the  

p r i n c i p l e  t y p e  o f  l i n k a g e  ( H a l l o r a n  and P a r k e r ,  1 9 6 6 a ) * The r e s u l t s  o f  

im m u n o lo g ic a l  s t u d i e s  i n d i c a t e d  t h a t  n u c l e o t i d e - ,  o l i g o n u c l e o t i d e -  and 

D N A -p ro te in  c o n j u g a t e s  i n d u c e d  t h e  f o r m a t i o n  o f  a n t i b o d i e s  w i t h  n u c l e o t i d e  

s p e c i f i c i t y  ( H a l l o r a n  and P a r k e r ,  1966b)*
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T a b le  5 . Use o f  c a r b o d i i m i d e s  i n  th e  p r e p a r a t i o n  o f  im m u n o lo g ica l  c o n j u g a t e s

R e fe re n c e H ap ten P r o t e i n  c a r r i e r C o n ju g a t in g
R e a g e n t

G o o d f r ie n d  e_t a l . ( 1 96 4 ,19 66 ) B r a d y k i n i n / a n g i o t e n s i n RSA EDAC;CMC

McGuire e_t a l . (1965) a-MSH/ACTH RSA EDAC

A rnon and S e la  (1969) lysozym e f r a g m e n t s y n t h e t i c  p o l y p e p t i d e EDAC

S t e i n e r  e_t a l . (1969) S u c c in y l  cAMP HSA EDAC

B aum inger e_t a l . ( 1969) G e n i s t e i n S y n t h e t i c  p o l y p e p t i d e EDAC

Fuchs and Fuchs (1969) I n d o l e  a c e t i c  a c i d /  
g i b b e r e l l i c  a c id

BSA DCCD

L e v in e  and van  V unakis  (1970) P ro s  t a g l a n d i n s P o l y l y s i n e EDAC

va n  V unakis  e_t a l * ( I 9 7 1 ) D - l y s e r g i c  a c i d P o ly l y s  in e EDAC

Lewis £ t  a l . ( 1 9 7 2 ) G e n ta m ic in BSA, HSA, KLH, PT* EDAC

v a n  V unakis  ^  a l . ( 1 9 7 2 ) M orphine P o ly ly s  in e EDAC

B auminger e t  a l . ( 1 9 7 3 ) P r o s t a g l a n d i n BSA DCCD

Koch e_t a l . ( 1 9 7 3 ) Gonadot r o p i n - r e l e a s i n g  
hormone

BSA EDAC

B aum inger e_t a l .  (1974) Gonadol s t e r o i d s BSA, t h y r o g l o b u l i n EDAC

Arnon _et a l .  (1976) C a rc in o e rn b ry o n ic  
a n t i g e n  

( c a n c e r  t i s s u e  p r o t e i n )

P o l y a l a n i n e EDAC

Kaul et_ a l .  (1976) C o ca in e  m e t a b o l i t e Sheep gamma g l o b u l i n EDAC

Kopp e_t a l .  (1977) a - m e l a n o t r o p i n HSA EDAC

Kohen e_t a l .  (1979) P ro g e s  t e r o n e BSA n o t  i d e n t i f i e d

S h i r o u z u  e t  a l . (1983) T h y r o t r o p i n - r e l e a s  ing  
hormone

BSA n o t  i d e n t i f i e d

B eu very  e_t a l .  (1983) N, m e n i n g i t i d i s  g roup  C 
p o l y s a c c h a r i d e

T e ta n u s  t o x o i d EDAC

C lough e_t a l .  (1985) S y n t h e t i c  p e p t i d e  
r e p r e s e n t i n g  th e  
immunodominant e p i t o p e  
o f  P lasm odium  k n o w le s i

T e ta n u s  t o x o id EDAC

P e t r o v  ^  a l . (1985) I s o l a t e d  i n f l u e n z a  
v i r u s  a n t i g e n s

P o l y e l e c t r o l y t e CMC

J a c o b  e_t a l .  (1986) S y n t h e t i c  c h o l e r a  
t o x i n  B - s u b u n i t  
p e p t i d e  s e q u e n c e s

T e ta n u s  to x o i d EDAC

BSA: B ovine  serum  a lb u m in .  RSA: r a b b i t  serum  a lbum in*  HSA: h o r s e  serum  a lb u m in .

a-MSH: a - tn e la n o c y te  s t i m u l a t i n g  hormone* ACTH: a d r e n o c o r t i c o t r o p h i c  horm one.

KLH: k e y h o le  l i m p e t  h a e m o c y a n in ,  *PT : p o r c i n e  t h y r o g lo b u l in *
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SECTION 8 0 TOXOIDING OF PERTUSSIS TOXIN

The component  now d e s i g n a t e d  a s  PT h a s  b e e n  d e t o x i f i e d  most  

f r e q u e n t l y  w i t h  t h e  ' c l a s s i c '  r e a g e n t  fo rm a ldehydeo  M a t s u i  and Kuwajima 

(1959)  u s e d  f o r m a l i n  t o  d e t o x i f y  t h e  h i s t a m i n e - s e n s i t i z i n g  f a c t o r  p r e s e n t  

i n  c u l t u r e  f l u i d s  Munoz and H e s t e k i n  (1966)  found  t h a t  h i s t a m i n e -  

s e n s i t i z i n g  a c t i v i t y  o f  a  Bo p e r t u s s i s  s a l i n e  e x t r a c t  d e c r e a s e d  i n  t h e  

p r e s e n c e  o f  f o r m a l i n  a t  37°C a t  a f a s t e r  r a t e  t h a n  m o u s e - p r o t e c t i v e  

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

w e re  a c t u a l l y  p a r t  o f  t h e  same m o l e c u l e ,  t h e  a c t i o n  o f  f o rm a ld e h y d e  was 

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

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

The p u r i f i c a t i o n  o f  PT t o  h o m o g e n e i ty  l e d  t o  more s t u d i e s  on 

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

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

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

I n  t h e  s t u d y  o f  Nogimori  £ ^ ^ . ( ^ 9 8 4 a ) ,  t h e  l y s i n e  r e s i d u e s  o f  

PT were  m o d i f i e d  u s i n g  e t h y l  a c e t i m i d a t e  [ e q u a t i o n  2 4 ] .

NH NH
II

R -  NH„ +  H_C -  C -------—  R — NH— C
\  \

OCH^CH  ̂ CĤ

P T - l y s i n e  E t h y l  a c e t i m i d a t e  P T - d e r i v a t i v e

, * * e q u a t i o n  24j  *

The i n t e r e s t i n g  outcome from t h i s  was a s e p a r a t i o n  o f  t h e  b i o l o g i c a l  

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

a c e t a m i d i n a t i o n ,  and t h o s e  m a r k e d ly  s u p p r e s s e d  by a c e t a m i d i n a t i o n  o f  

i n t r a p e p t i d e  l y s i n e  r e s i d u e s *
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P e r t u s s i s  t o x i n  was a l s o  t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  

e q u a t i o n  25j ,

0

R  NH^ +  H ^C

H3 C

0

0

L y s i n e  A c e t i c
r e s  i d u e  a n h y d r i d e

-► R — NH — COCH,

L y s i n e  d e r i v a t i v e

0 0 0  e q u a t i o n  2 5 j .

m a l e i c  a n h y d r i d e  j| e q u a t i o n  1^,  and s u c c i n i c  a n h y d r i d e  (Nogimor i  £ t  aj^. , 

1984b;  e q u a t i o n  2 6 ) ,

R -  NH^ +  H^C

H^C

/

\ c
/
\

Lys in e  
r e s  idue

S u c c i n i c
a n h y d r i d e

R -  NH -  C -  (CH^)2C00

L y s i n e  d e r i v a t i v e

0 0 0  II e q u a t i o n  26j  *

These  m o d i f i e d  p r o t e i n s  e x h i b i t e d  no b i o l o g i c a l  a c t i v i t y  m  v i v o  b e c a u s e  

o f  d e s t r u c t i o n  o f  t h e  q u a t e r n a r y  s t r u c t u r e ,  when more t h a n  90% o f  t h e  

f r e e  amino g ro u p s  were  a c y l a t e d *

I n  f a c t ,  r e d u c t i v e  m é t h y l a t i o n  w i t h  f o rm a ld e h y d e ,  i n  t h e  

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

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

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

t o x i n  (Ui  e t  a l .  , 1985)*
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F i s h  a l^ . (1984)  m o d i f i e d  PT w i t h  t r i n i t r o b e n z e n e s u l p h o n i c  

a c i d  (TNBS) - a n g - a m i n e  m o d i f y i n g  r e a g e n t  [ e q u a t i o n  27 j - o r  p o t a s s i u m  

i o d i d e  ( i o d i n a t i o n ) .

NO

RNH^ +  NO

Lys i n e

TNBS

SO.

NO

NH-R +  SO2

NO2

T N B S -D e r iva t ive

[ e q u a t i o n  27 j

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

F i s h  e t  a l . ( 1984)  o r  t h e  a c e t a m i d i n a t e d ,  a c y l a t e d  o r  m e t h y l a t e d  

d e r i v a t i v e s  m e n t io n e d  above  w ere  n o t  r e p o r t e d o
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OBJECT OF RESEARCH

The p r i m a r y  o b j e c t i v e  o f  t h i s  r e s e a r c h  i s  t o  d e v e l o p  a 

t o x o i d e d  p e r t u s s i s  a n t i g e n  p r e p a r a t i o n  w i t h  s a t i s f a c t o r y  im m u n o g en ic i t y  

w h ic h  c a n  be  c o n s i d e r e d  as  a r e p l a c e m e n t  f o r  c o n v e n t i o n a l  w h o l e - c e l l  

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

The aims a r e  t o

(1 )  c u l t u r e  B o r d e t e l l a  p e r t u s s i s  t o  o b t a i n  opt imum y i e l d s  o f  e x t r a c e l l u l a r  

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

r a t i o ,

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

(3 )  d e t e r m i n e  t h e  optimum c o n d i t i o n s  o f  t o x o i d i n g  w i t h  a c a r b o d i i m i d e  

w h ic h  r e n d e r  t h e  a n t i g e n  p r e p a r a t i o n  n o n - t o x i c *  A c a r b o d i i m i d e  was 

c h o s e n  from a v a r i e t y  o f  c h e m i c a l  r e a g e n t s ,  i n c l u d i n g  f o rm a ld e h y d e  and 

g l u t a r a l d e h y d e ,  w h ich  w ere  i n i t i a l l y  c o n s i d e r e d  f o r  t o x o i d i n g  s t u d i e s .

T h e r e a f t e r ,  t h e  o b j e c t i v e  i s  t o  d e m o n s t r a t e  t h e  low t o x i c i t y ,  

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

v a c c i n e  i n  s e v e r a l  i n  v i v o  and i n  v i t r o  a s s a y s .
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MATERIALS AND METHODS
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SECTION l o STRAINS, MEDIA AND CULTURE CONDITIONS

l o i  S t r a i n s

Three  p h a s e  I  s t r a i n s  and one m u ta n t  s t r a i n  o f  Bo p e r t u s s i s

w e re  u s e d .

B. p e r t u s s i s  s t r a i n  18334 was a  p h a s e  I  v a c c i n e  s t r a i n  o b t a i n e d  

o r i g i n a l l y  f rom t h e  Connaugh t  L a b o r a t o r i e s  L td * ,  T o r o n t o ,  Canada .

B. p e r t u s s i s  s t r a i n  77 /18319  was a  p h a s e  I  f r e s h  i s o l a t e  k i n d l y  

p r o v i d e d  by Dr. F .  F a l l o n ,  R u c h i l l  H o s p i t a l ,  Glasgow*

Bo p e r t u s s i s  s t r a i n  NCTG 10739 (18323)  was a pha se  I  o r g a n i s m ,  

h i g h l y  v i r u l e n t  i n  t h e  ICMPT, and k i n d l y  p r o v i d e d  by Dr .  F,  S h e f f i e l d  o f  

t h e  N a t i o n a l  I n s t i t u t e  f o r  B i o l o g i c a l  S t a n d a r d s  and C o n t r o l s  (NIBSC), 

H o l l y  H i l l ,  H am ps tead ,  London,  NW3 6RB,

The m u t a n t  o r g a n i s m  was B. p e r t u s s i s  s t r a i n  357,  wh ich  was 

d e f i c i e n t  i n  t h e  p r o d u c t i o n  o f  PT (Weiss  ,1 9 8 4 ) ,  and was k i n d l y

p r o v i d e d  by Dr.  A.A* W e i s s ,  U n i v e r s i t y  o f  V i r g i n i a  S c h o o l  o f  M e d ic i n e ,  

C h a r l o t t e s v i l l e ,  V i r g i n i a ,  USA*

A l l  t h e  s t r a i n s  were k e p t  f r o z e n  a t  -70°G i n  Casamino a c i d s  

(1% w/v )  c o n t a i n i n g  g l y c e r o l  (10% v / v ) ,  (Appendix  1 ) ,

1 .2  Media

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

B o r d e t  Gengou (BG) ag a r*  The a g a r  b a s e  and d e f i b r i n a t e d  h o r s e  

b l o o d  ( f i n a l  c o n c e n t r a t i o n ,  17% v / v )  were  o b t a i n e d  from Gibco B i o - c u l t  

D i a g n o s t i c s  L t d . ,  P a i s l e y ,  S c o t l a n d .

A S t a i n e r  and  S c h o l t e  l i q u i d  medium m o d i f i e d  from t h e  o r i g i n a l  

( S t a i n e r  and S c h o l t e  , 1 9 7 1 )  and d e s i g n a t e d  SS-X.

The c y c l o d e x t r i n  l i q u i d  (CL) medium o f  Imaizumi e t  a l . (1983)  

c o n t a i n i n g  m e t h y l a t e d - ( 3 - c y c l o d e x t r i n  (MepCD).
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SS-X medium p l u s  Me|3CD ( loOg L MepCD ( h e p t a k i s  ( 2 , 6 - 0 -  

dime t h y  l ) p - c y c l o d e x t r i n )  was a  g i f t  f rom Dr.  Sh im iz u ,  M e d ic a l  and 

P h a r m a c e u t i c a l s  D i v i s i o n ,  T e i j i n  L t d . ,  C h iyoda -ku  Tokyo ,  Japan*

The c o m p o s i t i o n s  and p r e p a r a t i o n  o f  t h e s e  m e d ia  a r e  g i v e n  i n  

Appendix  1.

1 . 3  Growth o f  c u l t u r e s  f rom f r o z e n  s u s p e n s i o n s

C u l t u r e s  m a i n t a i n e d  a t  -70°C  w ere  thawed a t  room t e m p e r a t u r e  

and grown on BG a g a r .  The p l a t e s  w ere  i n c u b a t e d  i n  a  h u m i d i f i e d  p l a s t i c  

box  a t  37°C f o r  48h* The o r g a n i s m s  w ere  t h e n  s u b c u l t u r e d  o n t o  f r e s h  BG

a g a r  and i n c u b a t e d  f o r  a  f u r t h e r  48h a t  37^C*

Thawed s u s p e n s i o n s  o f  t h e  c h a l l e n g e  s t r a i n ,  B„ p e r t u s s i s  18323,  

w e re  p l a t e d  o n t o  BG a g a r  and i n c u b a t e d  a t  37°C f o r  24h .  These  were t h e n  

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

24h a t  37°C.

1 . 4  Growth o f  b a t c h  c u l t u r e s

( i )  S t a t i c  c u l t u r e s

The s o l i d  b a c t e r i a l  g ro w th  f rom BG a g a r  was removed w i t h  a 

s t e r i l e  loop  and t r a n s f e r r e d  i n t o  l .OL F e r n b a c h  a n d / o r  C a r r e l l  f l a s k s ,  

e a c h  c o n t a i n i n g  500 ml SS-X medium. These  were i n c u b a t e d  s t a t i c a l l y  f o r

5 days a t  37^C, t h e  c u l t u r e s  b e i n g  s w i r l e d  once e a ch  d a y .

( i i )  Shaken  c u l t u r e s

The s o l i d  b a c t e r i a l  g r o w th  from BG a g a r  p l a t e s  was t r a n s f e r r e d  

d i r e c t l y  i n t o  2 .CL E r le n m ey e r  f l a s k s ,  e a c h  c o n t a i n i n g  e i t h e r  l .O L o f  

SS-X medium, w i t h  o r  w i t h o u t  MepCD, o r  l .O L o f  t h e  CL medium. These 

w e re  i n c u b a t e d  f o r  36 -48h  a t  37°C on a  r o t a r y  s h a k e r  (L .H .  E n g i n e e r i n g  

Co. L t d . ,  B e l l ' s  H i l l ,  S to k e s  P o g e s ,  B u c k s . ,  E ng land)  s e t  a t  60 -100  rpm.
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( i i i )  F e r m e n t e r  Growth

Growth o f  a B. p e r t u s s i s  b a t c h  c u l t u r e  was a t t e m p t e d  i n  a Type 

LHE 1 /1000  l a b o r a t o r y  f e r m e n t e r  (L.Ho E n g i n e e r i n g  Co, L t d . ,  B e l l ' s  H i l l ,  

S t o k e s  P o g e s ,  Bucks* ,  E n g l a n d ) .  The f e r m e n t e r  v e s s e l  was f i l l e d  w i t h  

15 l i t r e s  o f  SS-X medium; t h i s ,  a l o n g  w i t h  t h e  a t t e n d a n t  t u b i n g ,  a i r  

f i l t e r s  and in o cu lu m  f l a s k ,  was a u t o c l a v e d  f o r  I h  a t  121°C,  103*4kPa,  t o  

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

An o v e r n i g h t  s h a k e - f l a s k  c u l t u r e  o f  B. p e r t u s s i s  77 /18319  i n  

500 ml o f  SS-X medium, was che cke d  f o r  p u r i t y  by Gram s t a i n i n g  and u s e d  

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

o v e r n i g h t  a t  450 rpm and t h e n  f o r  o n l y  1 min  a  day f o r  t h e  n e x t  f o u r  days 

S t a t i c  g row th  c o n d i t i o n s  were  n e c e s s a r y  f o r  e f f i c i e n t  p r o d u c t i o n  o f  FHa 

i n  SS-X medium. The v e s s e l  was c o n t i n u o u s l y  a e r a t e d  by a s t e a d y  s t r e a m  

o f  s t e r i l e  a i r ,  m a i n t a i n e d  a t  37°C,  and was n o t  s u b j e c t  t o  pH m o n i t o r i n g  

o r  a n t i f o a m  a d d i t i o n s .  A f t e r  i n c u b a t i o n ,  t h i m e r o s a l  (0 .01% (w/v)  f i n a l  

c o n c e n t r a t i o n :  Sigma Chem ica l  C o . ,  Fancy  Road, P o o l e ,  D o r s e t )  was added 

b e f o r e  r em o v a l  o f  t h e  c u l t u r e  f rom t h e  f e r m e n t e r  v e s s e l .

A l l  b a t c h  c u l t u r e s  o f  B. p e r t u s s i s  w ere  c he cke d  f o r  p u r i t y  by 

Gram s t a i n i n g  and t h e  b a c t e r i a l  c e l l s  removed by c e n t r i f u g a t i o n ,  t w i c e  

a t  10 ,000  rpm ( 1 3 , 3 0 0  x  g) f o r  30 m in  a t  4°C.  C u l t u r e  f l u i d  was s t o r e d  

a t  4°C w i t h  t h i m e r o s a l  (0 .01% (w/v)  f i n a l  c o n c e n t r a t i o n )  a c t i n g  as  a 

p r e s e r v a t i v e .  The c e l l  p e l l e t  was s t o r e d  e i t h e r  a t  -20°C  o r  p r o c e s s e d  

t o  make a v a c c i n e .

( i v )  C u l t u r e  f l u i d  f r a c t i o n a t i o n

C u l t u r e  f l u i d  was f r a c t i o n a t e d  u s i n g  a  Ho l low F i b r e  d i a l y s i s /  

c o n c e n t r a t i o n  s y s t e m ,  model  DC2 (Amicon C o r p o r a t i o n ,  D a n v e r s ,  Ma. ,  USA), 

a  s e l f - c o n t a i n e d  u n i t  w i t h  r e s e r v o i r ,  a d j u s t a b l e  pump, w i t h d r a w a l  p o r t s .
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p r e f i l t e r  and i n t e r c h a n g e a b l e  D i a f l o  Hol low F i b r e  c a r t r i d g e s  (Amicon 

C o r p o r a t i o n ,  USA).

C u l t u r e  f l u i d  was c i r c u l a t e d  t h r o u g h  a  HIPlOO-20 c a r t r i d g e  

(moloWt c u t  o f f  1 0 0 ,0 0 0 )  and s e p a r a t e d  i n t o  a c o n c e n t r a t e d  r e t e n t a t e  and 

a  f i l t r a t e *  The f i l t r a t e  was c i r c u l a t e d  t h r o u g h  a HIPlO-20  c a r t r i d g e  

(moloWt c u t  o f f  1 0 ,0 0 0 )  t o  g i v e  a  c o n c e n t r a t e  and a  f i l t r a t e *  Th is  

f i l t r a t e  was d i s c a r d e d  and b o t h  r e t e n t â t e s  ( 1 0 ,0 0 0  m o l .w t  and 100 ,0 00  

moloWt) s t o r e d  a t  -20°C w i t h  t h i m e r o s a l  (0*01% (w/v)  f i n a l  c o n c e n t r a t i o n )

SECTION 2 * PREPARATION OF A STANDARD B* PERTUSSIS WHOLE-CELL VACCINE (WCV)

B. p e r t u s s i s  s t r a i n  18334 was u s e d  f o r  t h e  p r o d u c t i o n  o f  a 

s t a n d a r d  w h o l e - c e l l  v a c c i n e *  From f r o z e n  s t o c k s ,  c u l t u r e s  o f  t h e  

o r g a n i s m  were  grown on BG a g a r  as  p r e v i o u s l y  d e s c r i b e d  (p* 82 ) and t h e i r

p u r i t y  che cke d  by Gram s t a i n i n g .  Shaken c u l t u r e s  o f  t h e  o r g a n i s m  i n  SS-X 

medium were  p r o d u c e d  as  d e s c r i b e d  (p* 82 ) ,  c hecked  f o r  p u r i t y  and

h a r v e s t e d *  C u l t u r e  was p o u red  i n r o  500 ml s c r e w - c a p  c e n t r i f u g e  b o t t l e s  

(which  had b e e n  s t e a m - s t e r i l i z e d  f o r  30 min)  and t h e  b a c t e r i a l  c e l l s  

removed by c e n t r i f u g a t i o n  a t  10 ,0 0 0  rpm ( 1 3 ,3 0 0  x  g) f o r  30 min a t  4°C*

The c e l l  p e l l e t  was r e s u s p e n d e d  i n  s t e r i l e  S o r e n s e n ' s  p h o s p h a t e  b u f f e r ,  

pH 7 ,2  (Appendix  2) and t h e  c e n t r i f u g a t i o n  r e p e a t e d *  A b a c t e r i a l  c e l l  

s u s p e n s i o n  was f i n a l l y  made i n  s t e r i l e  S o r e n s e n ' s  p h o s p h a t e  b u f f e r  and 

t h e  c o n c e n t r a t i o n  a d j u s t e d  t o  100 o p a c i t y  u n i t s  (ou)*  T h i s  was done by 

c o m p a r i s o n  w i t h  t h e  I n t e r n a t i o n a l  R e f e r e n c e  P r e p a r a t i o n  o f  O p a c i t y  f rom 

t h e  World H e a l t h  O r g a n i z a t i o n  I n t e r n a t i o n a l  L a b o r a t o r y  f o r  B i o l o g i c a l  

S t a n d a r d s  (NIBSC, H o l l y  H i l l ,  Hampstead ,  London) .  T h i s  s t a n d a r d  was 

d e f i n e d  a s  10 ou,  and c o n s i s t e d  o f  a p l a s t i c  r o d  mounted i n  a 6" x  ^ / g "  

t e s t  t u b e .  The s t a n d a r d  and v a c c i n e  s u s p e n s i o n  were  m a tc hed  by v i e w in g
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a p r i n t e d  c a r d  t h r o u g h  b o t h  t u b e s ,  and t h e  s u s p e n s i o n  d i l u t e d  u n t i l  i t s  

o p a c i t y  e q u a l l e d  t h a t  o f  t h e  o p a c i t y  ro d  ( P e r k i n s  e t  a l . ,1973)*  The 

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

s u s p e n s i o n  w i t h  t h e  r e f e r e n c e  was c a l c u l a t e d  and m u l t i p l i e d  by 10, to  

g i v e  t h e  c o n c e n t r a t i o n  o f  t h e  u n d i l u t e d  s u s p e n s i o n  i n  ou .  Th i s  was 

a d j u s t e d  t o  100 ou a c c o r d i n g l y *

A sam ple  o f  t h e  f i n a l  s u s p e n s i o n  was removed f o r  e s t i m a t i o n  o f  

p r o t e i n  c o n t e n t  ( p .  99 ) and t h e  r e m a i n d e r  h e a t e d  f o r  30 min i n  a w a t e r

b a t h  a t  56°G, t o  d e s t r o y  h e a t - l a b i l e  t o x i n  a c t i v i t y *  T h i m e r o s a l  (0.017* 

(w/v)  f i n a l  c o n c e n t r a t i o n )  was added  as  a p r e s e r v a t i v e  and s t e r i l i t y  

che cke d  by p l a t i n g  0*1 ml a l i q u o t s  o f  t h e  v a c c i n e  o n t o  n u t r i e n t  a g a r  and 

BG a g a r  p l a t e s *  The v a c c i n e  was t h e n  t e s t e d  f o r  t o x i c i t y  and h i s t a m i n e -  

s e n s i t i z i n g  a c t i v i t y  i n  mice  as  d e s c r i b e d  (p .  87 )*

G la s s  am poules  ( J e n c o n s  ( S c i e n t i f i c )  L t d * ,  B e d f o r d s h i r e ,  

E ng la n d )  c o n t a i n i n g  v a c c i n e  (2 ml)  were  s h e l l - f r o z e n  i n  a d r y  i c e - a c e t o n e  

m i x t u r e  and l y o p h i l i z e d  i n  a M u l t i - D r y  F r e e z e - D r y e r  (FTS Systems I n c * ,  

S tone  R i d g e ,  NY, USA) a t  -50°G u n d e r  vacuum* The ampoules  were  h e a t -  

s e a l e d  and t h e  vacuum ch e ck e d  w i t h  a ' s p a r k '  gun*

A f t e r  l y o p h i l i z a t i o n ,  t h e  c o n t e n t s  o f  s e v e r a l  ampoules  were 

r e s u s p e n d e d  i n  s t e r i l e  PBS, pH 7*4,  and t e s t e d  f o r  h i s t a m i n e - s e n s i t i z i n g  

a c t i v i t y  and s t e r i l i t y *  The ampoules  were  s t o r e d  a t  4°G*

SEGTIQN 3* EXTRACTION OF PT AND FHA FROM GULTURE FLUID

A m i x t u r e  o f  PT and FHa was p r e p a r e d  by d y e - l i g a n d  a f f i n i t y  

ch rom a tog raphy*  The pH o f  c u l t u r e  f l u i d  was a d j u s t e d  t o  6*0 w i t h  2*5N 

HGl and Blue  S e p h a r o s e  GL-6B ( P h a r m a c i a ,  U p p s a l a ,  Sw eden) ,  10 ml packed
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g e l  L ^ , added* (B lue  S e p h a r o s e  CL-6B c o n s i s t e d  o f  t h e  dye C i b a c r o n  

Blue  F3G-A c o v a l e n t l y  a t t a c h e d  t o  t h e  a g a r o s e  g e l  S e p h a r o s e  CL-6B.)

The s u s p e n s i o n  was g e n t l y  s t i r r e d  o v e r n i g h t  a t  4°C* The g e l  was 

c o l l e c t e d  by p a s s i n g  t h e  s u s p e n s i o n  t h r o u g h  a  G1 s i n t e r e d  g l a s s  f i l t e r  

( G a l l enkam p ,  L oughborough ,  L e i c e s t e r s h i r e ,  E ng la nd )  c o n n e c t e d  t o  a 

vacuum f l a s k *  I t  was packed  i n t o  a column (3 cm x 34 cm, LICB-Produkter  AB, 

S tockho lm ,  Sweden) and washed  w i t h  0*05M T r i s - H C l  b u f f e r ,  pH 8*0* A f t e r  

w a s h i n g ,  t o t a l  h a e m a g g l u t i n a t i n g  a c t i v i t y  was e l u t e d  w i t h  0.05M T r i s - H C l  

b u f f e r ,  pH 8*0 c o n t a i n i n g  1*0M NaCl* Column f r a c t i o n s  o f  10 ml were  

c o l l e c t e d  w i t h  a n  U l t r o r a c  F r a c t i o n  C o l l e c t o r  (L K B -Produk te r  AB, S tockho lm ,  

Sweden) and t h e  e l u t i o n  p r o f i l e  m o n i t o r e d  w i t h  a  U v ic o rd  II-UV a b s o r p t i o -  

m e t e r  ( L K B -P r o d u k te r  AB, Stoclcholm,  Sw eden)* The p r o t e i n  c o n t e n t  o f  

column f r a c t i o n s  was a l s o  m o n i t o r e d  by r e c o r d i n g  t h e  a b s o r b a n c e  a t  A 280 ^̂ ^̂  

i n  a Pye Unicam SP6-550 UV/VIS s p e c t r o p h o t o m e t e r ,  u s i n g  1*0 cm q u a r t z  

c e l l s o

A f t e r  e l u t i o n ,  t h e  g e l  was r e g e n e r a t e d  by w a s h in g  w i t h  0*1M 

T r i s - H C l  b u f f e r ,  pH 8 , 0  c o n t a i n i n g  0*5M NaCl, 6M u r e a ,  t o  remove any 

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

low pH, i e :  w i t h  10 co lumn volumes  o f  0*1M T r i s - H C l  b u f f e r ,  pH 8*5

c o n t a i n i n g  0.5M NaCl and 10 column volumes o f  0*1M sod ium a c e t a t e  b u f f e r ,  

pH 4*5 c o n t a i n i n g  0*5M NaCl* The g e l  was f i n a l l y  washed  w i t h  0.05M 

T r i s - H C l  b u f f e r ,  pH 8*0 and s t o r e d  a t  4°C w i t h  t h i m e r o s a l  (0,017* (w/v)  

f i n a l  c o n c e n t r a t i o n )  as  p r e s e r v a t i v e .

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

-2  -1g e l  were  done a t  room t e m p e r a t u r e ,  w i t h  a b u f f e r  f l o w  r a t e  o f  80 ml cm h 

m a i n t a i n e d  by a p e r i s t a l t i c  pump (LK B -Produk te r  AB, S tockho lm ,  Sweden) ,

Column f r a c t i o n s  c o n t a i n i n g  h a e m a g g l u t i n a t i n g  a c t i v i t y  (p* 98 )

were  p o o l e d  and s t o r e d  a t  -20°C u n t i l  n e e d e d .  I f  n e c e s s a r y ,  t h e  e l u a t e
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p o o l  was c o n c e n t r a t e d  by p l a c i n g  i n  d i a l y s i s  t u b i n g  ( M e d i c e l l  I n t e r 

n a t i o n a l ,  L i v e r p o o l  Rd*, London)  and c o v e r i n g  t h e  s e a l e d  t u b i n g  w i t h  

C a lb ioc he m  A quac ide  I I - A  (mol*wt 5 0 0 ,0 0 0 ;  B e h r in g  D i a g n o s t i c s ,  La J o l l a ,  

C a l i f o r n i a ,  USA)* A f t e r  a  5 -10  f o l d  c o n c e n t r a t i o n ,  t h e  A quac ide  was 

removed from t h e  o u t s i d e  o f  t h e  d i a l y s i s  t u b i n g ,  t h e  t u b i n g  washed 

t h o r o u g h l y  w i t h  d i s t i l l e d  w a t e r  and t h e  c o n t e n t s  em pt ied*  A l t e r n a t i v e l y ,  

t h e  e l u a t e  poo l  was c o n c e n t r a t e d  by p r e s s u r e  d i a l y s i s  on  a 43 mm YM30 

D i a f l o  u l t r a f i l t r a t i o n  membrane (Amicon C o r p o r a t i o n ,  USA) i n  a s t i r r e d  

u l t r a f i l t r a t i o n  c e l l ,  model  52 (Amicon C o r p o r a t i o n ,  USA),

Samples  f rom e a c h  e l u a t e  p o o l  p roduce d  were  removed f o r  a n a l y s i s  

by SDS-PAGE (p* 1 0 0 ) ,  and f o r  e s t i m a t i o n  o f  p r o t e i n  (p* 99 ) ,  PT and

FHa (p*96-97 )*

SECTION 4 * ANIMALS AND ANIMAL PROCEDURES

4*1 Mice

Male m ice  were  from a r a n d o m l y - b r e d ,  c l o s e d  c o lo n y  o r i g i n a l l y  

d e r i v e d  from t h e  HaM/ICR s t r a i n  ( C h a r l e s  R i v e r  (UK) L t d * ,  Manston  Rd*, 

M a r g a t e ,  K e n t ) * They were  k e p t  i n  a t h e r m o s t a t i c a l l y - c o n t r o l l e d  room a t  

22 -23°C w i t h  a 12h l i g h t - d a r k  c y c l e ,  and a l l o w e d  f r e e  a c c e s s  to  food  and 

w a t e r*

4*2 H i s t a m i n e - s e n s i t i z i n g  a c t i v i t y  (HSA)

Mice o f  7-8  weeks o f  age  were  i n j e c t e d  i n t r a p e r i t o n e a l l y  ( i p ) ,  

i n  g ro u p s  o f  5 ,  w i t h  0 ,5 m l  vo lumes o f  g r a d e d  d o s e s  o f  t e s t  s a m p le s  i n  

s t e r i l e  PBS, I n j e c t i o n s  were  a d m i n i s t e r e d  i n  2 ml p l a s t i c  s y r i n g e s
5

( B e c to n ,  D i c k i n s o n  and Co* L t d * ,  I r e l a n d )  w i t h  26 g a u g e ,  / g "  n e e d l e s  

( B e c t o n ,  D i c k i n s o n  and Co* L t d * ,  I r e l a n d ) *  F i v e  days  l a t e r ,  e a c h  mouse



was i n j e c t e d  i p  w i t h  3 mg o f  h i s t a m i n e  d i h y d r o c h l o r i d e  (S igma)  i n  0 , 5  ml 

o f  PBS, pH 7,4o  The s u r v i v o r s  w ere  c o u n t e d  2 - 4 h  a f t e r  c h a l l e n g e  w i t h  

h i s t a m i n e *  The s t a n d a r d  w h o l e - c e l l  v a c c i n e  (WCV) was t i t r a t e d  i n  e ach  

e x p e r i m e n t  a s  a r e f e r e n c e  p r e p a r a t i o n *

The r e s u l t s  o f  t h e  a s s a y  w ere  e x p r e s s e d  as  t h e  HSD^q v a l u e  - 

t h e  dos e /m o u s e  w h ic h  s e n s i t i z e d  50% o f  t h e  mice t o  t h e  l e t h a l  e f f e c t  o f  

a  c h a l l e n g e  o f  h i s t a m i n e  -  w i t h  95% c o n f i d e n c e  l i m i t s ,  a s  c a l c u l a t e d  by 

t h e  p r o b i t  method (Wardlaw,  1985)*

4*3 L e u c o c y t o s i s - p r o m o t i n g  a c t i v i t y  (LPA)

Groups o f  f i v e  mice  o f  3 -4  weeks o f  age were  i n j e c t e d  e i t h e r  

i n t r a v e n o u s l y  ( i v )  v i a  t h e  t a i l  v e i n  w i t h  0 .2  m l ,  o r  i p  w i t h  0*5 ml 

volumes o f  g r a d e d  d o s e s  o f  t e s t  s a m p le s  i n  s t e r i l e  PBS, C o n t r o l  mice  

w e re  i n j e c t e d  w i t h  s t e r i l e  PBS only* F i v e  days  a f t e r  i n j e c t i o n ,  mice  

w e re  a n a e s t h e t i z e d  ( i n  a g l a s s  j a r  f i t t e d  w i t h  an  e t h e r - s o a k e d  pad i n  

t h e  l i d )  and b l e d  from t h e  r e t r o - o r b i t a l  p l e x u s  w i t h  h e p a r i n i z e d  

c a p i l l a r y  t u b e s  (Harshaw Chem ica ls  L t d * ,  D a v e n t r y ,  N o r t h a n t s . , E n g l a n d ) *  

The b l o o d  sample  (40 p i )  was i m m e d i a t e l y  t r a n s f e r r e d  w i t h  a C o u l t e r  

p i p e t t e  t o  p l a s t i c  v i a l s  c o n t a i n i n g  20 ml I s o t o n  I I  d i l u e n t  ( C o u l t e r  

E l e c t r o n i c s  L td * ,  H a rp e n d en ,  H e r t s , ,  Eng land)  t o  g i v e  a f i n a l  b lo o d  

c o n c e n t r a t i o n  o f  1 i n  501 ( v o l : v o l ) .

I m m e d ia te l y  b e f o r e  c o u n t i n g ,  6 d rops  o f  Z a p - O g l o b in  ( C o u l t e r  

E l e c t r o n i c s  L t d * ,  Eng land )  were  added  t o  e a c h  v i a l  t o  l y s e  t h e  r e d  b lo o d  

c e l l s .  The l e u c o c y t e s  w ere  c o u n te d  i n  a C o u l t e r  C o u n t e r ,  model  FN 

( C o u l t e r  E l e c t r o n i c s  L t d * ,  Eng land )  w i t h  a t t e n u a t i o n  s e t  a t  0*707 ,  

a p e r t u r e  a t  8*0 and t h r e s h o l d  a t  14*0* To c o r r e c t  f o r  c o i n c i d e n c e
3

l o s s e s  d u r i n g  c o u n t i n g ,  c o u n t s  above  10 ,000  WBC/mm w ere  a d j u s t e d  w i t h  

a  c o i n c i d e n c e  c o r r e c t i o n  c h a r t  and ba c kg round  c o u n t s  f rom d i l u e n t  a l o n e  

w ere  t h e n  s u b t r a c t e d *
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The g e o m e t r i c  mean and  95% c o n f i d e n c e  l i m i t s  (Wardlaw,  1985) 

w e re  c a l c u l a t e d  from t h e  c o r r e c t e d  l e u c o c y t e  c o u n t s  o b t a i n e d  f rom  e a ch  

g ro u p  o f  mice  i n j e c t e d  w i t h  a t e s t  sample*

4 . 4  T o x i c i t y  a s  d e t e r m i n e d  by a  m o u s e - w e i g h t - g a i n  t e s t  (MWGT)

Groups o f  5 m ice  o f  3 -4  weeks o f  age  and a p p r o x i m a t e l y  t h e  

same w e i g h t ,  were  i n j e c t e d  ip  w i t h  0*5 ml volumes o f  g r a d e d  d o s e s  o f  

t e s t  s a m p le s  i n  s t e r i l e  PBS, pH 7*4.  C o n t r o l  mice  were  i n j e c t e d  w i t h  

t h e  d i l u e n t  a lo n e *  Mice were  we ighed  j u s t  b e f o r e  i n j e c t i o n  and a t  t h e  

same t im e  ea ch  day f o r  t h e  n e x t  s e v e n  d a y s ,  and d e a t h s  r e c o r d e d ,

4*5 I n t r a c e r e b r a l  m o u s e - p r o t e c t i o n  t e s t  (ICMPT)

( i )  C h a l l e n g e  s u s p e n s i o n

The g row th  f rom  24h BG a g a r  p l a t e s  o f  B. p e r t u s s i s  18323 was 

s u s p e n d e d  i n  Casamino a c i d s  (Append ix  1) and m atched  a g a i n s t  t h e

I n t e r n a t i o n a l  R e f e r e n c e  P r e p a r a t i o n  o f  O pac i ty*  The m atched  10 ou

9 -1s u s p e n s i o n  ( a p p r o x i m a t e l y  2 ,7  x 10 c o l o n y  f o rm in g  u n i t s  ( c f u )  ml )

was d i l u t e d  a s  shown i n  F ig*  8* The c h a l l e n g e  s u s p e n s i o n  c o n t a i n e d

4 - 1a p p r o x i m a t e l y  6*75 x 10 c f u  ml and e a c h  mouse r e c e i v e d  0 ,0 3  ml o r  

a p p r o x i m a t e l y  2025 cfu* The v i a b l e  c o u n t  o f  e a c h  c h a l l e n g e  s u s p e n s i o n  

was d e t e r m i n e d  by s p r e a d i n g  0*05 ml o f  s u i t a b l e  d i l u t i o n s  on ea ch  o f  two 

BG a g a r  p l a t e s  w h ic h  were  i n c u b a t e d  a t  37°C f o r  3 -4  days*

( i i )  I n t r a c e r e b r a l  a d m i n i s t r a t i o n  o f  c h a l l e n g e

Randomized g r o u p s  o f  10 m ice  o f  3 -4  weeks o f  age  were  

immunized ip  w i t h  0*5 ml volumes  o f  g r a d e d  d o s e s  o f  t e s t  p r e p a r a t i o n s  i n  

s t e r i l e  PBS, A f t e r  14 d a y s ,  t h e  mice  were  a n a e s t h e t i z e d  and c h a l l e n g e d  

i n t r a c e r e b r a l l y  w i t h  0*03 ml o f  c h a l l e n g e  s u s p e n s i o n  c o n t a i n i n g  

a p p r o x i m a t e l y  2025 c f u  o f  B* p e r t u s s i s  18323* The c h a l l e n g e  was g i v e n  

a t  r i g h t  a n g l e s  t o  t h e  s k u l l ,  t h r o u g h  t h e  p a r i e t a l  bone and u s i n g  a 1*0 ml
3

s y r i n g e  ( B e c to n ,  D i c k i n s o n  and Co* L t d * ,  I r e l a n d )  w i t h  a 26 gauge ,  /  "
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F ig u r e  8 . P r e p a r a t i o n  o f  c h a l l e n g e  s u s p e n s i o n  o f  B. p e r t u s s i s  f o r  

m o u s e - p r o t e c t i o n  t e s t s

OPACITY
STANDARD

S uspended  i n

C asamino a c i d s
B. p e r t u s s i s  18323 
on BG a g a r  (24h)

DILUTION 01 / 1 0

1 /10 1 / 1 0 1 / 1 0

I
CHALLENGE

DILUTION
( a p p r o x .  2025 c fu  
p e r  0 .0 3  ml)

1 /5

1 /5 1 /5 1 /5

f o r  v i a b l e  
c o u n ts

c h a l l e n g e  c o n t r o l s

BG a g a r  p l a t e s
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n e e d l e  ( B e c t o n ,  D i c k i n s o n  and COo L t d * ,  I r e l a n d ) o  The v i r u l e n c e  o f  t h e  

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

w i t h  0 , 0 3  ml/mouse  o f  d i l u t i o n s  5,  6,  7 ,  8 o r  9 r e s p e c t i v e l y .  S u r v i v i n g  

m ice  were  c o u n te d  d a i l y  f o r  f o u r t e e n  days  and t h o s e  d y i n g  w i t h i n  3 days  

o f  c h a l l e n g e  were  e x c l u d e d  from t h e  r e s u l t s .  Dea ths  i n  t h e  l a t t e r  c a s e  

w e re  c o n s i d e r e d  t o  be due t o  m e c h a n i c a l  i n j u r y  t o  c e r e b r a l  t i s s u e .

I n  some c a s e s ,  m or ibund  mice  w ere  k i l l e d  by c e r v i c a l  d i s l o c a t i o n  

and sam ples  o f  b r a i n  t i s s u e  p l a t e d  o n t o  BG a g a r  i n  o r d e r  t o  d e m o n s t r a t e  

t h a t  t h e  i n f e c t i o n  was due t o  B, p e r t u s s i s .

4 , 6  I n t r a n a s a l  i n f e c t i o n

( i )  C h a l l e n g e  s u s p e n s i o n

A 10 ou s u s p e n s i o n  o f  B, p e r t u s s i s  18323 was p r e p a r e d  as

d e s c r i b e d  (p ,  89 ) and s u i t a b l e  1 0 - f o l d  d i l u t i o n s  made i n  Casamino a c i d s

(A ppendix  1 ) ,  The c h a l l e n g e  s u s p e n s i o n  ( d i l u t i o n  2) c o n t a i n e d  a p p r o x i -  

7 -1m a t e l y  2 ,7  x 10 c fu  ml , The v i a b l e  c o u n t  o f  e a c h  c h a l l e n g e  s u s p e n s i o n  

was d e t e r m i n e d  by making  f u r t h e r  1 0 - f o l d  d i l u t i o n s  i n  Casamino a c i d s  and 

s p r e a d i n g  0 ,0 5  ml on e a c h  o f  two BG p l a t e s ,  and i n c u b a t i n g  a t  37°C u n t i l  

t h e  c o l o n i e s  were  v i s i b l e ,

( i i )  I n t r a n a s a l  a d m i n i s t r a t i o n  o f  c h a l l e n g e

Randomized g r o u p s  o f  10 mice  o f  3 -4  weeks o f  age  were  immunized 

i p  w i t h  0 , 5  ml volumes o f  g r a d e d  d o s e s  o f  t e s t  p r e p a r a t i o n s  i n  s t e r i l e  

PBS, A f t e r  14 d a y s ,  t h e  mice  w ere  a n a e s t h e t i z e d  w i t h  e t h e r  u n t i l  

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

a d m i n i s t e r e d  by p l a c i n g  two d r o p s  o f  0 , 0 2 5  ml volume ( a p p r o x i m a t e l y

1 , 4  X  10^ c f u )  f rom a d r o p p i n g  p i p e t t e  o n to  t h e  n a r e s .  The d r o p s  were  

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

n a s a l  a e r o s o l s  o r  sw a l low ed  t h e  s u s p e n s i o n .
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The m ice  w e re  we ighed  e v e r y  o t h e r  day  a f t e r  i n f e c t i o n  and any 

d e a t h s  r e c o r d e d .  Blood s a m p le s  were  a l s o  t a k e n  from t h e  r e t r o - o r b i t a l  

p l e x u s  d u r i n g  t h e  i n f e c t i o n  f o r  e s t i m a t i o n  o f  l e u c o c y t o s i s  ( p ,  88 ) ,

( i i i )  Autopsy

I n d i v i d u a l  m ic e  were  k i l l e d  by c e r v i c a l  d i s l o c a t i o n  and p i n n e d  

o u t  on a  d i s s e c t i o n  b o a r d .  Us ing  s c i s s o r s  and f o r c e p s  s t e r i l i z e d  by 

d i p p i n g  i n  a l c o h o l  and f l a m i n g ,  t h e  t h o r a x  was opened  and t h e  l ungs  

e x c i s e d .  These  were  hom ogenized  i n  10 ml s t e r i l e  Casamino a c i d s  and 

d i l u t i o n s  from t h i s  s p r e a d  as  0 . 1  ml on e a c h  o f  two BG a g a r  p l a t e s .

A f t e r  i n c u b a t i o n  a t  37°C f o r  4 - 5  d a y s ,  t h e  p l a t e s  were  che cke d  f o r  any  

b a c t e r i a l  g r o w t h .  Any o r g a n i s m s  on t h e  p l a t e s  were  c he cke d  by Gram 

s t a i n i n g  and s l i d e  a g g l u t i n a t i o n  w i t h  a n t i - B, p e r t u s s i s  a n t i s e r u m ,

4 , 7  R a i s i n g  o f  a n t i s e r a

( i )  I m m u n iz a t i o n  s c h e d u l e

Groups o f  5 o r  10 m ice  o f  3 -4  weeks o f  a g e ,  w e re  immunized ip  

w i t h  0 , 5  ml volumes o f  t e s t  p r e p a r a t i o n s  i n  s t e r i l e  PBS, The mice  were 

k e p t  f o r  21 days and on  e a ch  o f  t h e  f i r s t  7 days  body w e i g h t s  were 

r e c o r d e d  as  a m a t t e r  o f  r o u t i n e .  On t h e  t w e n t y - f i r s t  day  p o s t - i m m u n i z a t i o n ,  

t h e  mice  were  k i l l e d  and b lo o d  c o l l e c t e d  as  d e s c r i b e d  be low ,

( i i )  R a i s i n g  o f  a  s t a n d a r d  a n t i s e r u m ,  RA

A r e f e r e n c e  a n t i s e r u m  f o r  t h e  e n z y m e - l i n k e d  im m unosorben t  

a s s a y s  f o r  a n t i - P T  IgG and a n t i - F H a  IgG a n t i b o d i e s ,  was r a i s e d  a g a i n s t  a 

c a r b o d i i m i d e - t o x o i d e d  a n t i g e n  p r e p a r a t i o n  ( (AP-17)  T33) a c c o r d i n g  t o  t h e  

im m u n iz a t i o n  s c h e d u l e  o f  Evans and P e r k i n s  ( 1 9 5 3 ) ,  A g roup  o f  50 mice 

o f  3 -4  weeks o f  age  was i n j e c t e d  i p  w i t h  t h e  t o x o i d  u s i n g  a tw o -d o se  

i m m u n iz a t i o n  s c h e d u l e .  Each i m m u n i s a t i o n  w i t h  20 pg o f  t o x o i d / m o u s e  was 

s e p a r a t e d  by a n  i n t e r v a l  o f  14 d a y s ,  and mice were  b l e d  10 days  a f t e r  

t h e  s eco n d  d o s e .  S e r a  were  s e p a r a t e d  as  d e s c r i b e d  b e lo w  and p o o l e d .
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The a n t i - P T  IgG and a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  o f  t h e  poo led  

r e f e r e n c e  a n t i s e r u m ,  RA, w e re  d e t e r m i n e d  by ELISA ( p , 9 7 - 9 8 ) .

( i i i )  P r e p a r a t i o n  o f  s e r a

Mice w e re  a n a e s t h e t i z e d  i n d i v i d u a l l y  i n  a n  e t h e r  j a r ,  t h e n  

s e c u r e d  t o  a d i s s e c t i o n  b o a r d  and k e p t  u n d e r  a n a e s t h e s i a  ( w i t h  t h e  a i d  

o f  a  s m a l l  b e a k e r ,  c o n t a i n i n g  c o t t o n  wool  s oa ked  i n  e t h e r ,  h e l d  o v e r  

t h e  a n i m a l ' s  h e a d ) ,  A 2 ml s y r i n g e  w i t h  a 26 ga u g e ,  ^ / g "  n e e d l e  was 

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

A l t e r n a t i v e l y ,  m ice  w e re  a n a e s t h e t i z e d  and b l o o d  c o l l e c t e d  from t h e  t r u n k  

a f t e r  c e r v i c a l  d i s l o c a t i o n  f o l l o w e d  by d e c a p i t a t i o n .  The volume o f  

b l o o d  c o l l e c t e d  by e i t h e r  p r o c e d u r e  was u s u a l l y  1 , 0  t o  1 , 5  m l /m ouse .  

I n d i v i d u a l  s a m p l e s  w ere  s t o r e d  o v e r n i g h t  a t  4°C i n  p l a s t i c  

m i c r o - c e n t r i f u g e  t u b e s  ( T r e f f  AG, D e ge r she im ,  S w i t z e r l a n d )  t o  a l l o w  

c l o t t i n g .  Serum was s e p a r a t e d  by r a p i d  c e n t r i f u g a t i o n  (Wifug Lab 

C e n t r i f u g e s ,  B r a d f o r d ,  E ng la n d )  and i n d i v i d u a l  s a m p le s  were  p l a c e d  i n  

f r e s h  m i c r o - c e n t r i f u g e  t u b e s  and s t o r e d  a t  - 2 0 ^ 0 ,

4 . 8  E n d o t o x in  a s s a y  i n  mice

Assay o f  e n d o t o x i n  by t h e  m easu rem en t  o f  f l u c t u a t i o n  o f  mouse

r e c t a l  t e m p e r a t u r e  was b a s e d  on t h e  method o f  P r a s h k e r  and Wardlaw (1971)

and Wardlaw a_l .( 1 9 7 1 ) ,  The p r e p a r a t i o n  o f  p y r o g e n - f r e e  s a l i n e  (PFS) 

and g l a s s w a r e  i s  g i v e n  i n  A ppendix  3,  B, p e r t u s s i s  l i p o p o l y s a c c h a r i d e  

was o b t a i n e d  from L i s t  B i o l o g i c a l  L a b o r a t o r i e s  I n c . ,  Cam pbe l l ,  C a l i f o r n i a ,  

USA, Mice o f  3 - 4  weeks and 7-8 weeks o f  age were  u s e d ;  t h e y  were  k e p t  

i n  a t h e r m o s t a t i c a l l y - c o n t r o l l e d  room a t  22-23°C u n d e r  a r t i f i c i a l  l i g h t  

f o r  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t .

Groups o f  5 m ice  were  i n j e c t e d  ip  w i t h  0 , 5  ml volumes o f

g r a d e d  d o s e s  o f  t e s t  s a m p le s  o r  B, p e r t u s s i s  LPS as  a  s t a n d a r d

p r e p a r a t i o n .  D i l u t i o n s  o f  t e s t  s a m p le s  and t h e  s t a n d a r d  p r e p a r a t i o n  

we re  made i n  s t e r i l e  PFS, and c o n t r o l  m ice  were  i n j e c t e d  w i t h  0 , 5  ml o f
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s t e r i l e  PFS a l o n e .  P y r o g e n - f r e e ,  2 ml d i s p o s a b l e  p l a s t i c  s y r i n g e s  

( B e c t o n ,  D i c k i n s o n  and Go, L t d , ,  I r e l a n d )  w i t h  26 g a u g e ,  / g "  n e e d l e s  

w e re  u s e d  f o r  t h e  i n j e c t i o n s .  R e c t a l  t e m p e r a t u r e s  w e re  m easu red  a t  

l , 5 h  and 3h p o s t - i n j e c t i o n  w i t h  a n  e l e c t r i c  th e r m o m e te r  ( G r a n t  I n s t r u m e n t s ,  

London,  E n g l a n d ) .  The p r o b e  was l u b r i c a t e d  w i t h  m i n e r a l  o i l ,  i n s e r t e d  

i n t o  t h e  r e c t u m  t o  a d e p t h  o f  2 cm and t e m p e r a t u r e  r e a d  a f t e r  1 , 0  m in ,

4 , 9  Assays  f o r  h y p o g l y c a e m i a  and h y p e r i n s u l i n a e m i a

Groups o f  5 m ice  o f  7 -8  weeks o f  age were  i n j e c t e d  ip  w i t h  

0 , 5  ml volumes o f  g r a d e d  d o s e s  o f  t e s t  p r e p a r a t i o n s  i n  s t e r i l e  PBS,

C o n t r o l  mice  were  i n j e c t e d  w i t h  s t e r i l e  PBS o n l y .  F i v e  days  a f t e r  

i n j e c t i o n ,  b l o o d  was c o l l e c t e d  by t h e  f o l l o w i n g  m e thod .  The mice  were  

i n d i v i d u a l l y  a n a e s t h e t i z e d  i n  a n  e t h e r  j a r  f o r  e x a c t l y  90 s e c o n d s ,  

removed and a l l o w e d  to  r e c o v e r  f o r  30 s e c o n d s .  Blood was c o l l e c t e d  

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

s e p a r a t e d  as d e s c r i b e d  ( p ,  93 ) ,

( i )  Hypoglycaem ia

G luc ose  (mMol L ^) was m easu red  e n z y m a t i c a l l y  by t h e  g l u c o s e  

o x i d a s e  method u s i n g  a Beckman G lu -2  g l u c o s e  a n a l y z e r  (Beckman,  P a l o  A l t o ,  

C a l i f o r n i a ,  USA),

( i i )  H y p e r i n s u l i n a e m i a

Serum i m m u n o re a c t i v e  i n s u l i n  ( I R I )  l e v e l s  w ere  m easu red  by

t h e  d o u b l e - a n t i b o d y  method o f  H a le s  and R and le  (1963)  u s i n g  a n t i b o d i e s  

125and I - l a b e l l e d  i n s u l i n  (Amersham, UK), membrane f i l t e r s  (N25/N45/UP,

Oxo id)  and a c r y s t a l l i n e  r a t  i n s u l i n  s t a n d a r d  (Novo,  Denmark) ,  B r i e f l y ,

t h e  r a d io im m u n o a s s a y  depended  on t h e  c o m p e t i t i o n  b e tw e e n  i n s u l i n  and 

125
I - l a b e l l e d  i n s u l i n  f o r  a l i m i t e d  number o f  b i n d i n g  s i t e s  on an  

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

combined w i t h  a s e co n d  a n t i b o d y  t o  g i v e  a n  ' i n s u l i n - b i n d i n g  r e a g e n t ' .
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The p r o p o r t i o n  o f  t h e  r a d i o a c t i v e  i n s u l i n  bound t o  t h e  ' i n s u 1i n - b i n d i n g

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

125t h e  se rum sample  u n d e r  i n v e s t i g a t i o n .  T h e r e f o r e ,  t h e  I - c o u n t  was 

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

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

(cpm) v e r s u s  r a t  i n s u l i n  c o n c e n t r a t i o n  (ng ml ^ ) , i m m u n o re a c t iv e

i n s u l i n  f o r  t e s t  s a m p le s  was c a l c u l a t e d  by i n t e r p o l a t i o n  on to  t h a t  c u r v e .

SECTION 5 . ENZYME-LINICED IMMUNOSORBENT ASSAY (ELISA)

5 , 1  R e a g e n t s

P u r i f i e d  PT was o b t a i n e d  from P r o f e s s o r  M, U i ,  D e p a r tm en t  o f  

P h y s i o l o g i c a l  C h e m i s t r y ,  Hokkaido  U n i v e r s i t y ,  S a p p o ro ,  J a p a n  o r  L i s t  

B i o l o g i c a l  L a b o r a t o r i e s  I n c , ,  C a l i f o r n i a ,  USA, F e t u i n ,  Tween-20 and 

0 - p h e n y l e n e d i a m i n e  (O-PD) were  o b t a i n e d  from Sigma Chem ica l  C o , ,  Fancy 

R d , ,  P o o l e ,  D o r s e t ,  Hydrogen  p e r o x i d e  (H^O^) and s u l p h u r i c  a c i d  (H^SO^) 

w e re  o b t a i n e d  f rom  May and  Bake r  L t d , ,  Dagenham, E n g la n d ,  and t h e  a n t i 

mouse I g G - h o r s e r a d i s h  p e r o x i d a s e  (HRP) c o n j u g a t e  f rom t h e  S c o t t i s h  

A n t ib o d y  P r o d u c t i o n  U n i t ,  Law H o s p i t a l ,  C a r l u k e ,  L a n a r k s h i r e ,  S c o t l a n d ,

P u r i f i e d  FHa, IgG a n t i - F H a  c a p t u r e  a n t i b o d y ,  F^ IgG a n t i -  

FHa-HRP c o n j u g a t e  and  mouse a n t i - P T  m o n o c lo n a l  a n t i b o d i e s  L^, L^,  L^ and 

L i o  were  k i n d l y  d o n a t e d  by Dr.  L ,A ,E ,  Ashworth and Dr,  A, R o b in s o n ,  PHLS, 

C e n t r e  f o r  A p p l i e d  M i c r o b i o l o g i c a l  R e s e a r c h ,  P o r t o n  Down, S a l i s b u r y ,  

W i l t s h i r e ,  E ng la n d ,  Human h a p t o g l o b i n  t y p e  2-2 was k i n d l y  s u p p l i e d  by 

Dr ,  JoB,  H e r t z ,  D e p a r tm e n t  o f  C l i n i c a l  M i c r o b i o l o g y ,  H v id o v re  H o s p i t a l ,  

Copenhagen ,  Denmark, R a b b i t  a n t i - P T  p o l y c l o n a l  a n t i b o d y  was a g i f t  

f rom  P r o f e s s o r  A.C,  Wardlaw,  D e p a r tm en t  o f  M i c r o b i o l o g y ,  U n i v e r s i t y  o f  

Glasgow,
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5 ,2  D e t e c t i o n  o f  PT a n t i g e n  by F e t u in - E L I S A

The w e l l s  o f  f l a t - b o t t o m e d ,  Nunc - Im munopla te  1-96F ELISA

p l a t e s  ( a/ s Nunc, K a m s t ru p ,  R o s k i l d e ,  Denmark) were  e a c h  c o a t e d  w i t h

200 p i  o f  f e t u i n  a t  2 , 0  pg ml  ̂ i n  0,05M c a r b o n a t e  b u f f e r ,  pH 9 , 6 ,  The

p l a t e s  were  k e p t  a t  4°C o v e r n i g h t  i n  a  h u m i d i f i e d  bo x .  They were  washed

t h r e e  t im e s  w i t h  PBS, pH 7 . 4  c o n t a i n i n g  Tween-20 (0,05% v / v )  w i t h  e a ch

wash b e i n g  l e f t  a t  room t e m p e r a t u r e  f o r  3 min .  A f t e r  w a s h i n g ,  t h e

p l a t e s  were  i n v e r t e d  and t a p p e d  v i g o r o u s l y  o n to  a b s o r b e n t  t i s s u e  to

remove any r e m a i n i n g  b u f f e r  f rom  t h e  w e l l s .  T e s t  s a m p le s  were  s e r i a l l y

d i l u t e d  i n  PBS-Tween (PBST) and 200 p i  added to  t h e  w e l l s .  As a

r e f e r e n c e ,  p u r i f i e d  PT was u s e d .  The sam ples  and  r e f e r e n c e  t o x i n  were

t i t r a t e d  i n  d u p l i c a t e .  The p l a t e s  were i n c u b a t e d  f o r  I h  a t  37°G i n

a h u m i d i f i e d  box and washed and d r i e d  as  d e s c r i b e d  a b o v e .  To e a c h  w e l l

was added mouse a n t i - P T  m o n o c l o n a l  a n t i b o d y  L^q (200 p i  o f  a 1 i n  200

d i l u t i o n  i n  PBST),  The p l a t e s  were  i n c u b a t e d  f o r  Ih  a t  37^0 i n  a

h u m i d i f i e d  box and w a s h e d .  A n t i -m o u s e  IgG-HRP-enzyme c o n j u g a t e  (200 p i

o f  a 1 i n  3000 d i l u t i o n  i n  PBST) was added  to  e a c h  w e l l  and t h e  p l a t e s

i n c u b a t e d  f o r  I h  a t  37^C and washed  as  d e s c r i b e d  a b o v e .

The enzyme r e a c t i o n  was i n i t i a t e d  by t h e  a d d i t i o n  to  e a ch  w e l l

o f  200 p i  o f  a s o l u t i o n  o f  0 - p h e n y l e n e d i a m i n e  (34 mg ml ^) and H2 O2

( 2 0  p i  o f  a 2 0  v o l s ,  s o l u t i o n )  i n  1 0 0  ml o f  c i t r a t e - p h o s p h a t e  b u f f e r ,

pH 5 , 0 ,  The r e a c t i o n  o c c u r r e d  f o r  30 m in  i n  t h e  d a r k  a t  room t e m p e r a t u r e

and was t e r m i n a t e d  by a d d i t i o n  t o  e a ch  w e l l  o f  50 p i  o f  H^SO^ (12,57, v / v ) .

A bsorbance  was m e a s u r e d  a t  492 nm i n  a T i t e r t e k  M u l t i s c a n  MG ELISA r e a d e r

(Flow L a b o r a t o r i e s ,  H e r t f o r d s h i r e ,  Eng land )  u s i n g  s u b s t r a t e  a l o n e  as  a

b l a n k  f o r  t h e  c o l o u r  r e a c t i o n ,  A g r a p h  o f  a b s o r b a n c e  a t  492 nm v e r s u s  
_ 2

l o g  PT (ng  w e l l  ) was d raw n ,  and t h e  PT c o n t e n t  o f  t h e  t e s t  samples  

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

5o3 D e t e c t i o n  o f  FHa a n t i g e n  by ELISA

FHa was d e t e c t e d  by m o d i f i c a t i o n  o f  t h e  method o f  Dr,  LcA,E.

Ashworth  ( p e r s o n a l  c o m m u n ic a t io n ) .  The w e l l s  o f  f l a t - b o t t o m e d  Nunc-

Immunopla tes  were  e a c h  c o a t e d  w i t h  200 p i  o f  F^ IgG a n t i - F H a  a n t i b o d y  a t  
-1

1 , 0  pg ml i n  0,05M c a r b o n a t e  b u f f e r ,  pH 9 , 6 ,  The p l a t e s  were k e p t  

o v e r n i g h t  a t  4°C and washed as  d e s c r i b e d  a bove .  T e s t  s am p les  were 

s e r i a l l y  d i l u t e d  i n  PBST and 200 p i  added  t o  t h e  w e l l s ;  p u r i f i e d  FHa was 

u s e d  a s  a r e f e r e n c e  p r e p a r a t i o n .  The p l a t e s  were  i n c u b a t e d  f o r  2h a t  37°C, 

w a s h e d , a n d  200 p i  o f  F^ IgG an t i -FHa-HRP c o n j u g a t e  ( 0 , 5  pg ml  ̂ i n  PBST) 

added  to  e a c h  w e l l .  A f t e r  i n c u b a t i o n  f o r  2h a t  37°C and w a s h i n g ,  t h e  

enzyme r e a c t i o n  was i n i t i a t e d  and t e r m i n a t e d  as  d e s c r i b e d  above and 

a b s o r b a n c e  m ea s u red  a t  492 nm,

A g r a p h  o f  a b s o r b a n c e  a t  492 nm v e r s u s  log  FHa (ng w e l l  ^) 

was d rawn,  and t h e  FHa c o n t e n t  o f  t h e  t e s t  s a m p le s  c a l c u l a t e d  w i t h  a 

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

t e s t  and r e f e r e n c e  p r e p a r a t i o n s ,

5 , 4  D e t e c t i o n  o f  a n t i - P T  IgG a n t i b o d i e s  by F e t u in - E L I S A

The w e l l s  o f  Nunc- Im m unop la te s  were e a c h  c o a t e d  w i t h  200 p i  

o f  f e t u i n  (2 pg ml ^) i n  0,05M c a r b o n a t e  b u f f e r ,  pH 9 , 6 ,  The p l a t e s  

w ere  k e p t  o v e r n i g h t  a t  4^C, washed ,  and 200 p i  o f  PT ( 1 , 0  pg ml  ̂ i n  

PBST) was added to  e a c h  w e l l .  The p l a t e s  were i n c u b a t e d  f o r  Ih  a t  37°C

and w a she d .  D i l u t i o n s  o f  t e s t  and r e f e r e n c e  s e r a  were  p r e p a r e d  i n  PBST

and 200 p i  volumes added  to  d u p l i c a t e  w e l l s .  The p l a t e s  were i n c u b a t e d  

f o r  Ih  a t  37°C, w a s h e d ,  and a n t i - m o u s e  IgG-HRP c o n j u g a t e  (200 p i  o f  a 

1 i n  3000 d i l u t i o n  i n  PBST) added t o  e a c h  w e l l .  A f t e r  i n c u b a t i o n  f o r  

I h  a t  37°C and w a s h i n g ,  t h e  enzyme r e a c t i o n  was i n i t i a t e d  and t e r m i n a t e d ,

and a b s o r b a n c e  m e a s u r e d  a t  492 nm, as  d e s c r i b e d  a bove .
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5 . 5  D e t e c t i o n  o f  a n t i - F H a  IgG a n t i b o d i e s  by ELISA

A n t ib o d y  t o  FHa was d e t e c t e d  by ELISA u s i n g  FHa as  t h e  s o l i d  

p h a s e .  The w e l l s  o f  N unc- Im m unopla te s  were  e a ch  c o a t e d  w i t h  200 p i  o f  

FHa ( 1 , 0  pg ml i n  c o a t i n g  b u f f e r .  The p l a t e s  were  k e p t  a t  4°C 

o v e r n i g h t  and were  washed w i t h  PBST, D i l u t i o n s  o f  t e s t  and r e f e r e n c e  

s e r a  were  p r e p a r e d  i n  PBST and 200 p i  volumes added to  d u p l i c a t e  w e l l s .

The p l a t e s  were  i n c u b a t e d  f o r  I h  a t  37°C and w a she d .  A n t i -m ouse  IgG-HRP 

c o n j u g a t e  (200 p i  o f  a 1 i n  3000 d i l u t i o n  i n  PBST) was added to  e a c h  w e l l  

and t h e  p l a t e s  i n c u b a t e d  f o r  Ih  a t  37°C.  A f t e r  w a s h i n g ,  t h e  enzyme 

r e a c t i o n  was i n i t i a t e d  and t e r m i n a t e d  and a b s o r b a n c e  m ea su red  a t  492 nm 

as  d e s c r i b e d  a b o v e .

The a n t i b o d y  a c t i v i t y  o f  t e s t  s e r a ,  compared t o  t h e  r e f e r e n c e

a n t i s e r u m  RA, was e x p r e s s e d  i n  t h e o r e t i c a l  A n t ib o d y  U n i t s  ml  ̂ mouse se rum ,  
_ 1

Abu ml (A ppend ix  9) o r  a c t u a l  a n t i b o d y  t i t r e s  (Append ix  1 0 ) ,

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

Appendix  4 ,

SECTION 6 , MISCELLANEOUS PROCEDURES

6 .1  H a e m a g g l u t i n a t i o n  a s s a y

H a e m a g g l u t i n a t i o n  a s s a y s  w ere  done i n  p l a s t i c  r o u n d - b o t to m e d  

m i c r o t i t r e  p l a t e s  ( S t e r i l i n  L t d . , S u s s e x ,  England)  w i t h  T i t e r t e k  m i c r o 

d r o p p e r s  and m i c r o d i l u t e r s  (Flow L a b o r a t o r i e s ,  H e r t f o r d s h i r e ,  E n g l a n d ) ,  

Horse  e r y t h r o c y t e s  were  washed f o u r  t im es  i n  s t e r i l e  s a l i n e  (0.145M NaCl) 

and t h e  packed  c e l l  s u s p e n s i o n  d i l u t e d  t o  g i v e  a 0,5% ( v / v )  s u s p e n s i o n ,  

w h ic h  was s t o r e d  a t  4°C,
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T e s t  s a m p le s  w e re  s e r i a l l y  d i l u t e d  i n  s a l i n e  (50 p i )  i n  t h e  

m i c r o t i t r e  w e l l s  and two d r o p s  (50 p i )  o f  t h e  h o r s e  e r y t h r o c y t e  

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

i n  d u p l i c a t e ,  was s t e r i l e  s a l i n e  t o  wh ich  h o r s e  e r y t h r o c y t e s  were  

a d d e d .  The p l a t e s  were  k e p t  a t  room t e m p e r a t u r e  f o r  4 -6 h  o r  a t  4°C 

o v e r n i g h t .  The h a e m a g g l u t i n a t i o n  t i t r e  was t h e  r e c i p r o c a l  o f  t h e  

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

6 .2  E s t i m a t i o n  o f  t o t a l  p r o t e i n

P r o t e i n  was e s t i m a t e d  by t h e  method o f  H e r b e r t ,  Ph ipps  and 

S t r a n g e  ( 1 9 7 2 ) ,  u s i n g  b o v i n e  se rum  a lb u m in  (Sigma) as  a s t a n d a r d .  The

c o m p o s i t i o n s  o f  t h e  r e a g e n t s  u s e d  a r e  shown i n  Append ix 5.

( i )  0 , 5  ml volumes o f  d i s t i l l e d  w a t e r  ( o r  b u f f e r )  were  p i p e t t e d  i n t o

d u p l i c a t e  t e s t  t u b e s  a s  r e a g e n t  b l a n k s ;

( i i )  0 , 5  ml volumes o f  s am ples  were  d i s p e n s e d  i n t o  d u p l i c a t e  t e s t  t u b e s ;

( i i i )  t h e  b o v i n e  se rum a lb u m in  p r o t e i n  was d i l u t e d  i n  d i s t i l l e d  w a t e r  

( o r  b u f f e r )  to  c o n c e n t r a t i o n s  o f  500,  400 ,  300,  200,  100 and 50 pg ml ^ , 

and 0 , 5  ml volumes p i p e t t e d  i n t o  d u p l i c a t e  t u b e s ;

( i v )  0 , 5  ml o f  loON NaOH was added  t o  e ach  t e s t  t u b e .  They were

p l a c e d  i n  a b o i l i n g  w a t e r  b a t h  f o r  5 m in ,  removed and a l l o w e d  t o  c o o l ;

(v )  2 , 5  ml o f  R e a g e n t  C was added  t o  e ach  t e s t  t u b e  and th e  m i x t u r e s

i n c u b a t e d  a t  room t e m p e r a t u r e  f o r  1 0  min;

( v i )  0 , 5  ml o f  R e a g e n t  D was added  t o  e a ch  t u b e ,  t h e  c o n t e n t s  

i m m e d i a t e l y  mixed and l e f t  a t  room t e m p e r a t u r e  f o r  a t  l e a s t  30 m in  f o r  

f u l l  c o l o u r  t o  d e v e l o p ;

( v i i )  a b s o r b a n c e  was m ea su red  a t  750 nm i n  1 ,0  cm p l a s t i c  c u v e t t e s  i n  a 

Pye Unicam SP6-550 UV/VIS s p e c t r o p h o t o m e t e r ,  A s t a n d a r d  c u r v e  o f  

a b s o r b a n c e  (750 nm) v e r s u s  BSA c o n c e n t r a t i o n  (pg ml ^  was p l o t t e d  and 

t h e  p r o t e i n  c o n c e n t r a t i o n s  d e t e r m i n e d  by i n t e r p o l a t i o n  on to  t h e  c u r v e .
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6 . 3  D e t e c t i o n  o f  C i b a c r o n  Blue  F3G-A i n  Blue S e p h a ro s e  e l u a t e s

A 0,01% (w/v)  s o l u t i o n  o f  t h e  dye ( C i b a - G e i g y ,  P a i s l e y ,

S c o t l a n d )  was made i n  0,05M T r i s - H C l  b u f f e r ,  pH 8 . 0  c o n t a i n i n g  l.OM NaCl,  

and t h e  a b s o r p t i o n  s p e c t r u m  s c a n n e d  i n  2 , 0  cm s i l i c a  c u v e t t e s  (Pye 

Unicam, Cambridge ,  UK) i n  a  Pye Unicam SP8-100 UV s p e c t r o p h o t o m e t e r  w i t h  

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

The s o l u t i o n  was d i l u t e d  i n  t w o - f o l d  s t e p s  i n  0.05M T r i s - H C l  

b u f f e r ,  pH 8 , 0  c o n t a i n i n g  l.OM NaCl and a b s o r b a n c e  m ea su red  a t  A 291 nm

and A 613 nm ( i e ;  t h e  a b s o r p t i o n  maxima o f  t h e  d y e ) .  E l u a t e  s am ples

w ere  a l s o  a s s a y e d  a t  t h e s e  w a v e l e n g t h s .

S t a n d a r d  c u r v e s  o f  a b s o r b a n c e  291 nm and 613 nm v e r s u s

c o n c e n t r a t i o n  o f  dye (pg ml ^) w e re  p l o t t e d ,  and e s t i m a t i o n s  o f  t h e  

c o n t e n t  o f  C i b a c r o n  B lue  F3G-A i n  Blue  S e p h a ro s e  e l u a t e s  d e t e r m i n e d  by 

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

6 . 4  SDS-PAGE

SDS-PAGE, i e ; p o l y a c r y l a m i d e  s l a b  g e l  e l e c t r o p h o r e s i s  i n  t h e  

p r e s e n c e  o f  sod ium d o d e c y l  s u l p h a t e ,  was done u s i n g  a d i s c o n t i n u o u s  

b u f f e r  s y s t e m  b a s e d  on t h e  methods  o f  Ames (1974)  and Laemmli  ( 1 9 7 0 ) .

S e p a r a t i n g  and s t a c k i n g  g e l s  c o n t a i n e d  11% and 5% (w/v)  

a c r y l a m i d e  (BDH L t d . ,  P o o l e ,  E ng la nd )  r e s p e c t i v e l y .  Both  t h e  g e l s  and 

b u f f e r s  c o n t a i n e d  SDS (0.1% w /v ;  S ig m a ) .  The d i m e n s io n s  o f  t h e  g l a s s  

moulds  w ere  8 . 0  cm x 7 . 0  cm x  0 . 3  cm; t h e  b o t to m  6 cm c o n s i s t e d  o f  

s e p a r a t i n g  g e l  w h i l s t  t h e  r e m a i n i n g  2 cm was s t a c k i n g  g e l .  Samples  f o r  

SDS-PAGE were  p r e p a r e d  by t h e  a d d i t i o n  o f  0 . 5  ml s o l u b i l i z i n g  b u f f e r  to  

0 . 5  ml s a m p le .  The m i x t u r e  was h e a t e d  a t  100°C f o r  5 min  p r i o r  to  

e l e c t r o p h o r e s  i s .

E l e c t r o p h o r e s i s  was done i n  a U n i s c i l  s l a b  g e l  e l e c t r o p h o r e s i s  

u n i t  ( U n i v e r s a l  S c i e n t i f i c  L t d . ,  London) a t  a c o n s t a n t  c u r r e n t  o f  15 mA/gel
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f o r  a p p r o x i m a t e l y  2 - 4 h ,  o r  u n t i l  t h e  t r a c k i n g  dye r e a c h e d  th e  l i m i t  o f  

t h e  g e l „  The g e l s  w e re  c a r e f u l l y  removed from t h e  p l a t e s  and immersed 

i n  f i x i n g - s t a i n i n g  s o l u t i o n  f o r  60 -90  min^ D e s t a i n i n g  was done by 

s o a k i n g  i n  s e v e r a l  changes  o f  d e s t a i n i n g  s o l u t i o n *

The c o m p o s i t i o n s  o f  r e a g e n t s  u s e d  a r e  g i v e n  i n  Append ix  6 *

6 o 5 C he m i lum ine sce nc e

( i )  N e u t r o p h i l  i s o l a t i o n

R a b b i t  p e r i t o n e a l  e x u d a t e  n e u t r o p h i l s  w ere  o b t a i n e d  as  f o l l o w s *  

B r i e f l y ,  500 ml o f  0*85% (w/v) s a l i n e  c o n t a i n i n g  g l y c o g e n  (0.1% (w/v)  o y s t e r  

g l y c o g e n ;  Sigma) was i n j e c t e d  i p  i n t o  a New Z e a la n d  w h i t e  f e m a le  r a b b i t *  

P e r i t o n e a l  e x u d a t e  was removed 4h l a t e r  and s t o r e d  a t  4°C u n t i l  u s e d ,  

u s u a l l y  w i t h i n  2 days  o f  i s o l a t i o n *  B e f o re  u s e ,  t h e  c e l l s  were  washed 

once  i n  d i v a l e n t  c a t i o n - f r e e  HBS-EDTA (Append ix  7) and t h e n  i n  HBS* 

C o n t a m i n a t i n g  e r y t h r o c y t e s  were removed from a l l  n e u t r o p h i l  p r e p a r a t i o n s  

a f t e r  t h e  f i r s t  wash by h y p o t o n i c  l y s i s *  To o b t a i n  a m o n o d i s p e r s e d  

p o p u l a t i o n  o f  c e l l s ,  t h e  s u s p e n s i o n  was p a s s e d  t h r o u g h  a 10 pM N i t e x  

f i l t e r  ( P l a s t o k  A s s o c i a t e s ,  B i r k e n h e a d ,  England)*  C e l l  s u s p e n s i o n s  

c o n t a i n e d  g r e a t e r  t h a n  95% n e u t r o p h i l s  and c e l l  v i a b i l i t y  was g r e a t e r  

t h a n  95% as j u d g e d  by T rypa n  Blue e x c l u s i o n *  These  s u s p e n s i o n s  were  

u s e d  w i t h i n  2 h o f  p r e p a r a t i o n *

( i i )  Assay

The a s s a y  was done u s i n g  a  LKB 1251 Luminomete r  u s e d  i n  

automode and c o n t r o l l e d  w i t h  an  Acorn BBC’B m ic r o c o m p u te r ;  b o t h  were  

c o n n e c t e d  v i a  t h e  RS232C i n t e r f a c e *  The number o f  n e u t r o p h i l s  p e r  

a s s a y  tu b e  was 1*0 x  10^ and l u m i n o l  (Sigma) was u s e d  a s  a l i g h t - e n h a n c i n g
_5

r e a g e n t  a t  a f i n a l  c o n c e n t r a t i o n  o f  1 , 0  x  10 M* The s y n t h e t i c  

c h e m o t a c t i c  p e p t i d e  N - fo rm y l  m e t h i o n y l - l e u c y l - p h e n y l a l a n i n e  (fMLP;

Sigma) was u sed  as  t h e  s t i m u l u s  a t  a f i n a l  c o n c e n t r a t i o n  o f  1*0 x  10 ^M*
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The f i n a l  a s s a y  volume p e r  a s s a y  t u b e  was 700 pi* B e f o r e  s i m u l t a n e o u s  

a d d i t i o n  o f  l u m i n o l  and  fMLP, n e u t r o p h i l s  were  p r e ~ i n c u b a t e d  i n  t h e  

p r e s e n c e  o f  t h e  t e s t  a g e n t ( s )  f o r  Ih  a t  37^C w i t h  o c c a s i o n a l  m i x i n g .

A f t e r  s t i m u l a t i o n ,  s a m p le s  were  c o u n te d  f o r  0*5 sec*

The r e s u l t s  w e re  r e p r e s e n t e d  as  g r a p h s  o f  m i l l i v o l t s  (mV) 

v e r s u s  t im e  (min) f o r  e a c h  sa m p le  a s s a y e d  i n  t r i p l i c a t e *

6 * 6  LAL a s s a y  f o r  e n d o t o x i n

The Limulus  am oebocy te  l y s a t e  (LAL) t e s t  was u s e d  f o r  t h e  

d e t e c t i o n  o f  e n d o t o x i n *  E n d o t o x i n - f r e e  g l a s s w a r e  was p r e p a r e d  as

d e s c r i b e d  i n  A ppendix  3* P y r o g e n - f r e e  w a t e r  and t h e  amoebocyte  l y s a t e

w ere  o b t a i n e d  f rom  Sigma,  and B. p e r t u s s i s  LPS from L i s t  B i o l o g i c a l  

L a b o r a t o r i e s  I n c * ,  C a l i f o r n i a ,  USA. A l l  a s s a y s  were  done  i n  e n d o t o x i n -  

f r e e  g l a s s  tu b es *

D i l u t i o n  s e r i e s  o f  t h e  s am ples  were  made i n  p y r o g e n - f r e e  w a te r*  

To 0*1 ml o f  e a c h  sa m p le  was added  0 , 1  ml o f  E -T o x a te  amoebocyte  l y s a t e *

To r e d u c e  p o s s i b l e  c r o s s - c o n t a m i n a t i o n ,  l y s a t e  was added  to  t u b e s  

c o n t a i n i n g  t h e  l e a s t  e n d o t o x i n  f i r s t *  The t u b e  c o n t e n t s  were mixed 

g e n t l y  and i n c u b a t e d  f o r  Ih  a t  37°C u n d i s t u r b e d .

A f t e r  i n c u b a t i o n ,  t h e  t u b e s  w ere  g e n t l y  removed from t h e  w a t e r  

b a t h  and s l o w l y  i n v e r t e d  t h r o u g h  180^ w h i l s t  o b s e r v i n g  f o r  g e l a t i o n *  A

p o s i t i v e  t e s t  was t h e  f o r m a t i o n  o f  a h a r d  g e l  wh ich  p e r m i t t e d  t h e  

c o m p l e t e  i n v e r s i o n  o f  t h e  t u b e  w i t h o u t  d i s r u p t i o n  o f  t h e  ge l*  A l l  o t h e r  

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

l i q u i d  were  c o n s i d e r e d  t o  be n e g a t i v e *  The f o l l o w i n g  c o n t r o l s  were  used:

( i )  a n e g a t i v e  c o n t r o l ,  b e i n g  0 * 1  ml o f  e n d o t o x i n - f r e e  w a t e r  and 0 * 1  ml 

o f  E - T o x a te  w o r k i n g  s o l u t i o n ;

( i i )  a  s e r i e s  o f  p o s i t i v e  c o n t r o l s ,  i * e :  d i l u t i o n s  o f  t h e  e n d o t o x i n

r e f e r e n c e  p r e p a r a t i o n  w i t h  E - T o x a te  s o l u t i o n .
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SECTION 7 * TOXOIDINC OF ANTIGEN PREPARATION

The a n t i g e n  p r e p a r a t i o n  was d i a l y z e d  o v e r n i g h t  a t  4°C a g a i n s t  

20 mM sod ium p h o s p h a t e  b u f f e r ,  pH 5*0 c o n t a i n i n g  0*5M NaCl* A s o l u t i o n  

o f  t h e  r e a g e n t  l - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e , H C l  (EDAC; 

Sigma) was made i n  t h e  same b u f f e r  and added to  t h e  b u f f e r e d  a n t i g e n  

p r e p a r a t i o n  so  t h a t  t h e  f i n a l  c o n c e n t r a t i o n  o f  p r o t e i n  i n  t h e  m i x t u r e  

was 50 pg ml  ̂ and o f  EDAC 4 ,0 0 0  pg ml T h i s  was i n c u b a t e d  a t  37°C

f o r  24h w i t h o u t  a g i t a t i o n .  The m i x t u r e  was d i a l y z e d  a t  4°C f o r  t h r e e  

days  a g a i n s t  d a i l y  c ha nges  o f  20 mM sodium p h o s p h a t e  b u f f e r ,  pH 7*6 

c o n t a i n i n g  0*5M NaCl and t h i m e r o s a l  (0*01% (w/v)  f i n a l  c o n c e n t r a t i o n )  as 

a p r e s e r v a t i v e *  The t o x o i d  was s t o r e d  a t  4°C,

As a c o n t r o l ,  t h e  a n t i g e n  p r e p a r a t i o n  was i n c u b a t e d  a t  37°C 

f o r  24h w i t h o u t  EDAC and d i a l y z e d *

Many t o x o i d s  w ere  p r e p a r e d  by v a r i a t i o n s  on t h i s  g e n e r a l  

p r o c e d u r e  and t h e s e  a r e  m e n t io n e d  i n  t h e  R e s u l t s  s e c t i o n *
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SECTION 1 , EXTRACTION OF ANTIGEN PREPARATION (AP) CONTAINING PT AND FHA

1*1 P r e l i m i n a r y  e x p e r i m e n t s :  a c o m p a r i s o n  o f  b l u e  and r e d  d y e - I i g a n d

m ed ia

A s e r i e s  o f  e x p e r i m e n t s  was done t o  compare t h e  a f f i n i t y  o f  

r e d  and b l u e  d y e - l i g a n d  m edia  f o r  t h e  h a e m a g g l u t i n a t i n g  (HA) a c t i v i t y  i n  

c u l t u r e  f l u i d  f r a c t i o n s *  S e v e r a l  a f f i n i t y  c h ro m a to g r a p h y  d y e - l i g a n d  

m ed ia  were  compared :  Blue  S e p h a r o s e  CL-6 B, R e a c t i v e  Red-120 c r o s s -

l i n k e d  a g a r o s e  (Sigma)  and a Blue  S e p h a r o s e  m a t r i x  p r e p a r e d  and s u p p l i e d  

by  Dr* R* P a r to n *

M i n i - c o l u m n s ,  made from t h e  b a r r e l s  o f  5 ml p l a s t i c  s y r i n g e s  

(B e c to n  D i c k i n s o n ,  I r e l a n d )  and p l u g g e d  w i t h  g l a s s  wool  to  p r e v e n t  

l e a k a g e ,  w ere  f i l l e d  w i t h  3 ml o f  g e l  and e q u i l i b r a t e d  w i t h  0.05M T r i s -  

HCl b u f f e r ,  pH 8*0* Samples o f  a n  Amicon 100 kDal  c u l t u r e  f l u i d  

r e t e n t a t e ,  w i t h  d e t e c t a b l e  HA a c t i v i t y ,  were p a s s e d  t h r o u g h  t h e  co lumns 

and e l u t e d  w i t h  d i f f e r e n t  b u f f e r s *

A l l  t h r e e  g e l s  bound HA a c t i v i t y ,  as  shown by t h e  a b s e n c e  o f  

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

e l u t e d  from b o t h  Blue S e p h a r o s e  m a t r i c e s  w i t h  0.05M T r i s - H C l  b u f f e r ,  

pH 6 , 5  c o n t a i n i n g  0*75M MgCl^j b u t  t h e  R e a c t i v e  Red-120  a g a r o s e  g e l  

r e q u i r e d  a b u f f e r  c o n t a i n i n g  a t  l e a s t  2*0M MgCl^, b e f o r e  a c t i v i t y  was 

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

Blue  S e p h a r o s e  CL-6 B c o n t a i n s  t h e  dye C i b a c r o n  Blue F3G-A 

w h ic h  h a s  an  a f f i n i t y  f o r  enzymes w h ic h  r e q u i r e  a d e n y l y l - c o n t a i n i n g  

c o f a c t o r s ,  i n c l u d i n g  NAD, S i n c e  PT c a t a l y z e s  t h e  t r a n s f e r  o f  A D P-r ibose  

from i n t r a c e l l u l a r  NAD t o  a  membrane-bound 41 kDal  p r o t e i n  (Tamura e t  a l . ,  

1 9 8 2 ) ,  an  e x p e r i m e n t  was done t o  t e s t  w h e t h e r  NAD (Sigma)  c o u ld  

s p e c i f i c a l l y  e l u t e  PT f rom  t h e  g e l  m a t r i c e s *  A f t e r  t h e  Amicon r e t e n t a t e
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was p a s s e d  t h r o u g h  t h e  g e l  c o lum ns ,  t h e s e  were  washed w i t h  0.05M T r i s - H C l  

b u f f e r ,  pH 8 , 0  c o n t a i n i n g  e i t h e r  10 mM NAD o r  20 mM NAD* Th is  e x p e r i m e n t  

was r e p e a t e d  and no HA a c t i v i t y  was e l u t e d  w i t h  e i t h e r  b u f f e r *

As a r e s u l t  o f  s e v e r a l  p r e l i m i n a r y  e x p e r i m e n t s ,  i t  was found  

t h a t  0,05M T r i s - H C l  b u f f e r ,  pH 8*0 c o n t a i n i n g  1,0M NaCl e l u t e d  HA a c t i v i t y  

f rom  a l l  3 m a t r i c e s *  However ,  f o r  r o u t i n e  u s e .  Blue  S e p h a ro s e  CL-6 B was 

c h o s e n  f o r  t h e  e x t r a c t i o n  o f  HA a c t i v i t y  f rom c u l t u r e  f l u i d *

1 0 2 C h a r a c t e r i s t i c s  o f  c u l t u r e  f l u i d  b e f o r e  and a f t e r  e x t r a c t i o n  w i t h  

Blue S e p h a ro s e

From two e x p e r i m e n t s  ( T a b le  7; e x p e r i m e n t  2 , 3 ) ,  s am ples  o f  

c u l t u r e  f l u i d  b e f o r e  and a f t e r  e x t r a c t i o n  w i t h  Blue  S e p h a ro s e  were  

r e t a i n e d  f o r  a n a l y s i s *  There  w ere  d e t e c t a b l e  l e v e l s  o f  PT and FHa i n  

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

by a n t i g e n - E L I S A  ( 0 . 2 - 1 * 2  pg PT ml  ̂ and 0*1-1*0  pg FHa ml  ̂ r e s p e c t i v e l y ) ,  

The c u l t u r e  f l u i d  a f t e r  e x t r a c t i o n  c o n t a i n e d  no HA a c t i v i t y  o r  PT and FHa 

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

components  *

Samples  o f  c u l t u r e  f l u i d  ( T a b l e  7; e x p e r i m e n t  2 , 3 )  b e f o r e  and 

a f t e r  e x t r a c t i o n ,  were  h e a t e d  a t  56°C i n  a  w a t e r  b a t h  f o r  30 min* The 

l e u c o c y t o s i s - p r o m o t i n g  a c t i v i t y  (LPA) o f  t h e  u n h e a t e d  and h e a t e d  c u l t u r e  

f l u i d  s am ples  was d e t e r m i n e d  (p* 8 8  ) ,  and t h e  t e s t  a n i m a l s  were a l s o

w e ighe d  d a i l y *

( a )  LPA; u n d i l u t e d  c u l t u r e  f l u i d  b e f o r e  e x t r a c t i o n  i n d u c e d  a h i g h l y  

s i g n i f i c a n t  l e u c o c y t o s i s  i n  m ice  compared  t o  mice  i n j e c t e d  w i t h  PBS as  

c o n t r o l s ( T a b l e  6 )* A f t e r  h e a t i n g ,  t h e r e  was a s l i g h t  b u t  s i g n i f i c a n t  

r e d u c t i o n  i n  LPA*

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

mean WBC/mm^ c o u n t  o f  8 , 8 4 3  (957* c o n f i d e n c e  l i m i t s  (CL) 7 , 3 7 1 ,  10 ,610 )*
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F i g u r e  9 . M ou s e -w e ig h t  g a i n  t e s t  w i t h  B, ^ e r t u s s j j ^  c u l t u r e  

f l u i d  b e f o r e  and a f t e r  e x t r a c t i o n  w i t h  Blue  

S e p h a r o s e

Groups o f  5 mice  were  i n j e c t e d  i v  w i t h  PBS, o r  s am p les  o f  

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

w i t h  Blue  S e p h a r o s e .  Mice were  w e ighed  d a i l y  f o r  5 days*

Sample i n j

B ------------ B C u l t u r e  f l u i d  b e f o r e  Blue S e p h a ro s e  -  u n h e a t e d

A. A " *' " - h e a t e d  a t  56°C f o r  3 min

□ — —□  C u l t u r e  f l u i d  a f t e r  Blue S e p h a r o s e  - u n h e a t e d

O  o  " " " - h e a t e d  a t  56°C f o r  30 min.
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3
H e a t e d  c u l t u r e  f l u i d  a f t e r  e x t r a c t i o n  i n d u c e d  a g e o m e t r i c  mean WBC/mm 

c o u n t  o f  6 ,8 9 1  (95% CL 5 , 6 9 0 ,  8 , 3 4 7 ) ,  w h ic h  was n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f rom t h e  mean r e s p o n s e  i n  m ice  i n j e c t e d  w i t h  u n h e a t e d  c u l t u r e  

f l u i d  o r  PBS ( T a b le  6 ) o

( b )  M o u s e - w e i g h t - g a i n  t e s t ;  t h e r e  was no d i f f e r e n c e  i n  t h e  p a t t e r n  o f  

w e i g h t  change  w i t h  a l l  f o u r  s a m p le s  t e s t e d  (F ig» 9 ) « The u n d i l u t e d  

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

l o s s  i n  miceo A l l  t h e  m ice  r e g a i n e d  no rm a l  w e i g h t  by day  2,  and no 

d e a t h s  were  o b s e r v e d  i n  any o f  t h e  t e s t  a n im a lso

The r e s u l t s  f o r  LPA and m o u s e - t o x i c i t y  f o r  t h e  c u l t u r e  f l u i d  

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

1 , 3  P r e s e n c e  o f  C i b a c r o n  Blue F3G-A i n  a n t i g e n  p r e p a r a t i o n s  (AP)

I t  was e s s e n t i a l  t o  d e t e r m i n e  i f  t h e  Blue  S e p h a ro s e  d y e ,

C i b a c r o n  Blue F3G-A, was p r e s e n t  i n  t h e  a n t i g e n  p r e p a r a t i o n s  (AP)o 

I n i t i a l l y ,  t h e  a b s o r p t i o n  s p e c t r u m  f o r  a 0^01% (w/v)  s o l u t i o n  o f  t h e  dye 

was scannedo  The dye showed two a b s o r p t i o n  maxima a t  w a v e l e n g t h s  ( A )
613 nm and 291 nm ( F i g .  1 0 a ) ,  At t h e s e  two maxima, s t a n d a r d  c u r v e s  o f  

a b s o r b a n c e  v e r s u s  c o n c e n t r a t i o n  o f  dye (pg ml ^) were  c o n s t r u c t e d  ( F ig o lO b )  

S e v e r a l  AP sa m p le s  were  a s s a y e d  f o r  t h e  dye ;  t h e s e  were  AP-12,

AP-13 and AP-16 ( T a b le  8 )„ At A 291 nm t h e r e  was i n t e r f e r e n c e  from

p r o t e i n  i n  t h e  e s t i m a t i o n s ,  b u t  a t  A 613 nm a l l  t h r e e  u n d i l u t e d  sam ples  

gave  a b s o r b a n c e  v a l u e s  l e s s  t h a n  o r  e q u a l  t o  0o05o T h e r e f o r e ,  t h e r e  

was no d e t e c t a b l e  d y e ,  i e :  l e s s  t h a n  3*125 pg ml  ̂ i n  t h e  e l u a t e s *

1*4 E f f e c t  o f  c u l t u r a l  c o n d i t i o n s  on y i e l d  o f  a n t i g e n  p r e p a r a t i o n  (AP)

T a b l e  7 summ arizes  t h e  e f f e c t  o f  c u l t u r a l  c o n d i t i o n s  on  t h e  

y i e l d  o f  a n t i g e n  p r e p a r a t i o n  ( AP) e x t r a c t e d  from c u l t u r e  f l u i d *

B, p e r t u s s i s  was grown i n  d i f f e r e n t  m e d i a ,  and t h e  a n t i g e n s  e x t r a c t e d
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F i g u r e  l O a * A b s o r p t i o n  s p e c t r u m  f o r  C i b a c r o n  Blue  F3G-A

The a b s o r p t i o n  s p e c t r u m  f o r  a  0*01% (w/v)  s o l u t i o n  o f  t h e  dye 

was s c a n n e d  i n  2 , 0  cm s i l i c a  c u v e t t e s  i n  a  Pye Unicam SP8-100 UV 

s p e c t r o p h o t o m e t e r  (p* 1 0 0 )*

F i g u r e  lO b* S t a n d a r d  c u r v e s  f o r  C i b a c r o n  B lue  F3G-A

S t a n d a r d  c u r v e s  o f  a b s o r b a n c e  v e r s u s  dye c o n c e n t r a t i o n

(pg ml ^) a t  t h e  two a b s o r p t i o n  maxima were c o n s t r u c t e d  (p* 1 0 0 ) ,

A -- - - - - - - - A  S t a n d a r d  c u r v e  a t  A 291 nm

A — ......... A  S t a n d a r d  c u r v e  a t  A 613 nm
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I l l

w i t h  Blue  S e p h a r o s e  (po 85 )o R e p r e s e n t a t i v e  e l u t i o n  p r o f i l e s  o f  HA 

a c t i v i t y  f rom Blue  S e p h a r o s e  a r e  shown i n  F i g .  11 f o r  two g rowth  

e x p e r i m e n t s  ( T a b l e  7;  e x p e r i m e n t  6 , 1 2 ) .  E l u t i o n  o f  HA a c t i v i t y  w i t h  

0o05M T r i s - H C l  b u f f e r ,  pH 8 . 0  c o n t a i n i n g  l.OM NaCl c o r r e s p o n d e d  w i t h  t h e  

i n c r e a s e  i n  a b s o r b a n c e  m ea s u red  a t  A 280 nm. A f t e r  e l u t i o n ,  t h e  g e l  was 

washed  w i t h  O.lM T r i s - H C l  b u f f e r ,  pH 8 . 0  c o n t a i n i n g  0.5M NaCl, 6.0M u r e a ,  

w h i c h  r e s u l t e d  i n  a  s e c o n d  a b s o r b a n c e  p e a k  i n  w h ich  no HA a c t i v i t y  was 

d e t e c t e d .

The a d d i t i o n  o f  c y c l o d e x t r i n  and a e r a t i o n  g r e a t l y  enhanced  t h e  

amount  o f  p r o t e i n  e x t r a c t e d  from c u l t u r e  f l u i d  w i t h  B lue  S e p h a r o s e .  The 

y i e l d  o f  p r o t e i n  from s t a t i c  c u l t u r e s  o f  B. p e r t u s s i s  i n  SS-X medium 

v a r i e d  f rom  0 , 4 7 - 1 . 4 5  mg L ^ o f  c u l t u r e  f l u i d  (mean 0 . 7 9  mg L ^ ) ,  and 

0 . 9 3  mg L were  o b t a i n e d  from t h e  f e r m e n t e r  s t a t i c  c u l t u r e .  I n  one 

e x p e r i m e n t  ( T a b le  7; e x p e r i m e n t  2 ) ,  B. p e r t u s s i s  v a c c i n e  s t r a i n  18334 

was c u l t u r e d  i n  SS-X medium, s t a t i c ,  and was shown t o  p r o d u c e  e x t r a c e l l u l a r

p r o t e i n ,  PT and FHa. When c y c l o d e x t r i n  was added  t o  SS-X medium and

t h e  c u l t u r e s  s h a k e n  f o r  36h,  2 . 3 5  mg and 3 .22 mg p r o t e i n  p e r  l i t r e  were

e x t r a c t e d  (mean 2 .7 8  mg L ^ ) .  With  t h e  CL medium s h a k e n  f o r  36h,

2 . 8 0 - 5 , 5 4  mg p r o t e i n  p e r  l i t r e  w e re  e x t r a c t e d  (mean 4 . 1 6  mg L ^ ) ,  b u t  i f  

t h e  o r g a n i s m s  w ere  c u l t u r e d  f o r  48h ,  o n l y  1 .22 mg and 1 .4 5  mg p e r  l i t r e  

w e re  e x t r a c t e d  (mean 1 . 3 4  mg L . By c o m p a r i s o n  o f  t h e  mean y i e l d s ,  

t h e  CL medium p ro d u ce d  ( i )  5 t i m e s  more p r o t e i n  p e r  l i t r e  t h a n  SS-X 

medium ( s t a t i c ,  i n  C a r r e l l  and F e r n b a c h  f l a s k s  o r  t h e  f e r m e n t e r  v e s s e l )  

and  ( i i )  1 .5  t im e s  more p r o t e i n  p e r  l i t r e  t h a n  SS-X medium s u p p le m e n te d  

w i t h  c y c l o d e x t r i n  ( s h a k e n ,  3 6 h ) .  However ,  i f  t h e  CL medium was s h a k e n  

f o r  48h i n s t e a d  o f  36h,  t h e r e  was a  t h r e e - f o l d  r e d u c t i o n  i n  t h e  y i e l d  

o f  p r o t e i n  p e r  l i t r e  o f  c u l t u r e  f l u i d ,  wh ich  was e x t r a c t e d  w i t h  Blue  

S e p h a r o s e .
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From s t a t i c  c u l t u r e s  o f  B. p e r t u s s i s  i n  SS-X medium, 0 . 1 2 -

-1l o i s  mg PT p e r  l i t r e  were  e x t r a c t e d  (mean 0o45 mg L ) and o n l y  0*08 mg 

p e r  l i t r e  were  o b t a i n e d  from f e r m e n t e r  g row th  o f  t h e  o r g a n i s m  ( T a b le  7 ) ,  

W ith  SS-X medium s u p p le m e n te d  w i t h  c y c l o d e x t r i n  ( s h a k e n ) ,  2 .0 8  mg and 

2o83 mg PT p e r  l i t r e  w e re  e x t r a c t e d  (mean 2o45 mg L ^)o The CL medium 

( s h a k e n ,  36h) y i e l d e d  0o36-0o91  mg PT p e r  l i t r e  (mean 0*55 mg L and 

when s h a k e n  f o r  48h ,  0 ,3 8  mg and 0*96 mg PT p e r  l i t r e  (mean 0o67 mg L ^)o 

Only OoOl mg PT p e r  l i t r e  were  e x t r a c t e d  from t h e  c u l t u r e  f l u i d  o f  

B. p e r t u s s i s  s t r a i n  357 (PT , FHa ) grown i n  t h e  CL medium* T h e r e f o r e ,  

t h e  b e s t  y i e l d s  o f  PT were  o b t a i n e d  f rom  SS-X medium s u p p le m e n te d  w i t h  

c y c l o d e x t r i n  and s h a k e n  w i t h  a e r a t i o n  f o r  36h* Th is  medium y i e l d e d  

a p p r o x i m a t e l y ,

( i )  5 t im e s  and 31 t im e s  more PT t h a n  SS-X medium, s t a t i c  ( i n  C a r r e l l  

and F e r n b a c h  f l a s k s )  and SS-X medium, s t a t i c  i n  a f e r m e n t e r  v e s s e l ,  

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

( i i )  4 -5  t im es  more PT t h a n  t h e  CL medium s h a k e n  f o r  e i t h e r  36 o r  48 h* 

T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  y i e l d s  o f  PT from t h e  CL 

medium s h a k e n  f o r  e i t h e r  36 o r  48h*

F i l a m e n t o u s  h a e m a g g l u t i n i n  (FHa) was a l s o  p ro d u c e d  by

B. p e r t u s s i s  i n  a l l  o f  t h e s e  m ed ia  ( T a b l e  7)* From s t a t i c  c u l t u r e s  i n

- 1SS-X medium, 0*03-0*91  mg FHa p e r  l i t r e  (mean 0*25 mg L ) were 

e x t r a c t e d ,  and f e r m e n t e r  g row th  o f  t h e  o r g a n i s m  y i e l d e d  0 .2 1  mg FHa p e r  

l i t r e *  With SS-X medium p l u s  c y c l o d e x t r i n ,  0*94 mg and 1*0 mg FHa p e r  

l i t r e  w ere  e x t r a c t e d  (mean 0 .9 7  mg L ^ ) * The CL medium, s h a k e n  f o r  

36h ,  y i e l d e d  2*74-3*96  rag FHa p e r  l i t r e  (mean 3*51 mg L ^ ) ;  h ow e ve r ,  i f  

s h a k e n  f o r  48h,  o n l y  0*19 mg and 0*36 mg FHa p e r  l i t r e  (mean 0*28 mg L ^) 

w e re  e x t r a c t e d *  By c om par ing  t h e  mean y i e l d s  o f  FHa p e r  l i t r e  o f  

c u l t u r e  f l u i d ,  t h e  CL medium ( s h a k e n ,  36h)  y i e l d e d  a p p r o x i m a t e l y
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( i )  14 t im e s  more FHa t h a n  SS-X medium, s t a t i c ,

( i i )  17 t im es  more FHa t h a n  SS-X medium, s t a t i c ,  f e r m e n t e r ,

( i i i )  4 t im e s  more FHa t h a n  SS-X medium p l u s  c y c l o d e x t r i n ,  shaken*

However ,  t h e r e  was a p p r o x i m a t e l y  a  1 3 - f o l d  r e d u c t i o n  i n  t h e  

y i e l d  o f  FHa i f  t h e  CL medium was s h a k e n  f o r  48h i n s t e a d  o f  36h,

T h e r e f o r e ,  m os t  PT was p r o d u c e d  by o r g a n i s m s  grown i n  SS-X 

medium s u p p le m e n te d  w i t h  c y c l o d e x t r i n  ( s h a k e n ,  3 6 h ) ,  w h e r e a s  m os t  FHa 

was p ro d u ce d  i n  t h e  CL medium ( s h a k e n ,  36h)*

1*5 C h a r a c t e r i s t i c s  o f  a n t i g e n  p r e p a r a t i o n s  (AP)

Dur ing  t h i s  i n v e s t i g a t i o n ,  f i f t e e n  i n d e p e n d e n t  a n t i g e n  

p r e p a r a t i o n s  (AP) were  p r o c e s s e d  and c h a r a c t e r i z e d  ( T a b l e  8 ) ,  These

p r e p a r a t i o n s ,  AP-1 t o  AP-15, a r e  t h e  c o r r e s p o n d i n g  Blue  S e p h a ro s e

e x t r a c t s  f rom t h e  numbered e x p e r i m e n t s  shown i n  T a b l e  7 ,  The d i f f e r e n c e s  

i n  e l u a t e  volumes (ml) i n  T a b l e  8  were  due to  t h e  d e g r e e  t o  wh ich  th e  

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

Amicon u l t r a f i l t r a t i o n  o r  Aquac ide  ( p .  87 )*

The m ost  i m p o r t a n t  d a t a  a r e  summarized  i n  t h e  l a s t  two columns 

o f  T a b l e  8 * Fo r  c o n v e n i e n c e ,  PT and FHa a s  a  p e r c e n t a g e  o f  t h e  t o t a l  

p r o t e i n  (w/w) was c a l c u l a t e d  f o r  e a c h  AP* (However ,  e s t i m a t i o n  o f  

p r o t e i n  by th e  method o f  H e r b e r t  e_  ̂ (1971)  u s e d  b o v i n e  se rum a lb u m in

as  t h e  s t a n d a r d  and t h u s  c a n n o t  s t r i c t l y  be  c o r r e l a t e d  w i t h  t h e  e s t i m a t i o n  

o f  PT and FHa by ELISA, s i n c e  t h e s e  p r o c e d u r e s  u s e  p u r i f i e d  a n t i g e n s  as  

s t a n d a r d s * )  N e v e r t h e l e s s ,  f rom t h e  c u l t u r e  f l u i d s  o f  B* p e r t u s s i s  grown 

i n  s t a t i c  SS-X medium ( T a b le  7; e x p e r i m e n t s  1 - 7 ) ,  f o u r  a n t i g e n  p r e p a r a 

t i o n s  (AP-1,  AP-4 t o  AP-6 ) c o n t a i n e d  a p p r o x i m a t e l y  507* (w/w) as  PT and 

FHa: i n  a n o t h e r  two (AP-2 ,  A P -3 ) ,  a p p r o x i m a t e l y  100% (w/w) o f  t h e  t o t a l

p r o t e i n  was a c c o u n t e d  f o r  a s  b o t h  a n t i g e n s *  Only 31% o f  p r o t e i n  i n  t h e
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p r e p a r a t i o n  e x t r a c t e d  f rom  t h e  c u l t u r e  f l u i d  o f  f e r m e n t e r - grown 

Bo p e r t u s s i s  (AP-7)  was a c c o u n t e d  f o r  a s  PT and FHa* With a n t i g e n  

p r e p a r a t i o n s  from SS-X medium p l u s  c y c l o d e x t r i n ,  s h a k e n ,  (AP-8 , A P-9 ) ,  

a p p r o x i m a t e l y  1 0 0 % (w/w) o f  t h e  t o t a l  p r o t e i n  was a c c o u n t e d  f o r  a s  b o t h  

PT and FHao The a n t i g e n  p r e p a r a t i o n s  from CL medium, s h a k e n  f o r  e i t h e r  

36 o r  48h (AP-10 t o  AP-1 5 ) ,  c o n t a i n e d  PT and FHa from 60-129% (w/w) o f  

t h e  t o t a l  p r o t e i n .

The l a s t  co lumn o f  T a b l e  8  summarizes  t h e  d a t a  a s  a PT/FHa 

r a t i o .  Four  p r e p a r a t i o n s  e x t r a c t e d  f rom  c u l t u r e  f l u i d  o f  B* p e r t u s s i s  

grown i n  SS-X medium, s t a t i c ,  (AP-1,  AP-2,  AP-4,  AP-5 ) ,  had  a PT/FHa 

r a t i o  o f  a p p r o x i m a t e l y  1 , 0 ,  I n  p r e p a r a t i o n s  AP-3 and AP- 6  t h e  r a t i o s  

w ere  a p p r o x i m a t e l y  18*0 and 5*0 r e s p e c t i v e l y *  I n  AP-7, t h e  PT/FHa r a t i o  

was a p p r o x i m a t e l y  0,4* A n t i g e n  p r e p a r a t i o n s  AP- 8  and AP-9 had PT/FHa 

r a t i o s  o f  a p p r o x i m a t e l y  2*5 ,  Those  p r e p a r a t i o n s  e x t r a c t e d  from t h e  

c u l t u r e  f l u i d  o f  CL medium s h a k e n  f o r  36h (AP-10 t o  AP-12)  had PT/FHa 

r a t i o s  o f  a p p r o x i m a t e l y  0 *1 - 0 *3: b u t  when c u l t u r e d  w i t h  s h a k i n g  f o r  48h ,

t h e  o b s e r v e d  r a t i o s  w e r e  a p p r o x i m a t e l y  6  (AP-13)  and 1*1 ( A P - 1 4 ) ,

A n t i g e n  p r e p a r a t i o n  AP-15,  e x t r a c t e d  f rom  t h e  c u l t u r e  f l u i d  o f  B, p e r t u s s i s  

s t r a i n  357 (PT , FHa^) grown i n  CL medium ( T a b le  7; e x p e r i m e n t  15) had  a  

PT/FHa r a t i o  o f  a p p r o x i m a t e l y  0*003*

S e v e r a l  o f  t h e  a n t i g e n  p r e p a r a t i o n s  were  a n a l y z e d  by SDS- 

p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  ( P l a t e s  1 , 2 ) *  The g e l  p r o f i l e s  were  

s i m i l a r  f o r  a l l  o f  t h e  p r e p a r a t i o n s ,  w i t h  a s e r i e s  o f  h i g h  mol*wt bands  

( p o s s i b l y  FHa) and a c o l l e c t i o n  o f  5 bands  o f  low er  m ol* w t,  w h ic h ,  when 

r u n  i n  p a r a l l e l  w i t h  m a r k e r  p r o t e i n s  had m o l .w t s  s i m i l a r  to  t h o s e  

r e p o r t e d  f o r  PT* The d i f f e r e n c e s  i n  t h e  i n t e n s i t i e s  o f  t h e  p r o f i l e s  

were  p r e s u m a b ly  due t o  t h e  amount  o f  p r o t e i n  i n  t h e  samples*  I n  some 

c a s e s ,  t h e  SDS-PAGE p r o f i l e s  i n d i c a t e d  t h e  p r e s e n c e  o f  o t h e r  m ino r  

p r o t e i n s  *
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P l a t e  1 q A n a l y s i s  o f  a n t i g e n  p r e p a r a t i o n s  (AP) by 

S D S -p o ly a c ry l a m id e  g e l  e l e c t r o p h o r e s i s

Lane P r e p a r a t i o n

1 AP-1 9 AP-7

2 AP-2 1 0 AP-12

3 AP-3 1 1 AP-11

4 AP-4 1 2 AP-10

5 AP-5 13 AP-9

6 AP- 6 14 ,15 AP- 8

7 ,8 AP-13

P l a t e  2 * A n a l y s i s  o f  a n t i g e n  p r e p a r a t i o n s  (AP) by 

S D S -p o l y a c ry l a m i d e  g e l  e l e c t r o p h o r e s i s

Lane P r e p a r a t i o n

1 AP- 8

2 AP-9

3 AP-10

4 AP-11

5 AP-12

6  An a n t i g e n  p r e p a r a t i o n  p r e p a r e d  and 

s u p p l i e d  by Dr* R* P a r t o n ,  b u t  n o t  

c h a r a c t e r i z e d  i n  t h i s  i n v e s t i g a t i o n .



I I 13 15
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P l a t e  3 . A n a l y s i s  o f  a n t i g e n  p r e p a r a t i o n s  (AP), b e f o r e  and 

a f t e r  f i l t r a t i o n , b y  S D S -p o l y a c ry l a m i d e  g e l  

e l e c t r o o h o r e s  i s

Lane P r e p a r a t i o n

1 AP-9 b e f o r e  f i l t r a t i o n

2 AP-9 a f t e r  '*

3 AP-11 b e f o r e  "

4 AP-11 a f t e r  ’*

5 An a n t i g e n  p r e p a r a t i o n  p r e p a r e d  and

s u p p l i e d  by Dr. R. P a r t o n  - b e f o r e  f i l t r a t i o n ,

6  An a n t i g e n  p r e p a r a t i o n  p r e p a r e d  and s u p p l i e d

by Dr. R. P a r t o n  - a f t e r  f i l t r a t i o n .

Samples  were  p a s s e d  t h r o u g h  0 . 4 5  pm f i l t e r s  ( M i l l i p o r e )  and a n a ly z e d .
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S e v e r a l  a n t i g e n  p r e p a r a t i o n s  w ere  f i l t e r e d  t h r o u g h  0o45 pM 

f i l t e r s  ( M i l l i p o r e  (UK) L t d » ,  Har row,  M id d l e s e x )  and a n a l y z e d  by SDS-PAGE 

( P l a t e  3 ) 0  T he re  w ere  no a p p a r e n t  d i f f e r e n c e s  i n  t h e  i n t e n s i t i e s  o f  

any  o f  t h e  bands  i n  t h e  g e l  p r o f i l e s  f o r  e a c h  p r e p a r a t i o n  b e f o r e  and 

a f t e r  f i l t r a t i o n .

For  t h e  t o x o i d i n g  s t u d i e s  t o  be d e s c r i b e d ,  two m i x t u r e s  o f  

a n t i g e n  p r e p a r a t i o n s  w ere  made and c h a r a c t e r i z e d  ( T a b le  8 ) 0  P r e p a r a t i o n  

AP-16 was made by p o o l i n g  s a m p le s  AP-1 t o  AP- 6 0  T h i s  m i x t u r e  c o n t a i n e d  

PT and FHa t o  o n l y  a p p r o x i m a t e l y  55% (w/w) o f  t h e  t o t a l  p r o t e i n  and had 

a  PT/FHa r a t i o  o f  a p p r o x i m a t e l y  2o25 ,  P r e p a r a t i o n  AP-17 was made by 

m ix i n g  d i f f e r e n t  vo lumes  o f  s a m p le s  AP- 8  t o  AP-11;  t h i s  m i x t u r e  c o n t a i n e d  

PT and FHa to  a p p r o x i m a t e l y  94% (w/w) o f  t h e  t o t a l  p r o t e i n  and had  a 

PT/FHa r a t i o  o f  a p p r o x i m a t e l y  0 . 6 4  ( T a b le  8 ) ,

1 o 6 D e t e c t i o n  o f  e n d o t o x i n  i n  a n t i g e n  p r e p a r a t i o n s  (AP)

( a )  E n d o t o x in  a s s a y  i n  m i c e .

I n  p r e l i m i n a r y  e x p e r i m e n t s ,  male  mice o f  3 -4  weeks o f  age  were 

i n j e c t e d  ip  w i t h  g r a d e d  d o s e s  o f  B. p e r t u s s i s  LPS ( L i s t  B i o l o g i c a l  

L a b o r a t o r i e s ,  I nCo) ,  AP-17 o r  WCV, o r  PBS (as  a c o n t r o l ) ,  and r e c t a l  

t e m p e r a t u r e s  m ea su red  ( p .  93 ) ,  No change  i n  r e c t a l  t e m p e r a t u r e  war 

o b s e r v e d  i n  mice  a t  1 . 5 h  o r  3h p o s t - i n j e c t i o n  w i t h  any o f  t h e  t e s t  

p r e p a r a t i o n s ,  when compared t o  m ice  i n j e c t e d  w i t h  PBS. To d e t e r m i n e  

w h e t h e r  age  o f  t h e  mouse was a s i g n i f i c a n t  f a c t o r ,  t h e  e x p e r i m e n t  was 

r e p e a t e d  i n  a d u l t  m i c e .  A g a in ,  t h e r e  was no d e t e c t a b l e  hypo-  o r  

h y p e r t h e r m i c  r e s p o n s e  t o  any  o f  t h e  t e s t  p r e p a r a t i o n s  « T h e r e f o r e ,  t h e  

HaM/ICR mouse s t r a i n  was n o t  s e n s i t i v e  f o r  an  i ^  v i v o  a s s a y ,  and e n d o 

t o x i n  was s u b s e q u e n t l y  d e t e c t e d  w i t h  t h e  Limulus  a s s a y .

(b )  L imulus  a s s a y .
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Samples  AP-16 ,  AP-17,  c u l t u r e  f l u i d  b e f o r e  and a f t e r

e x t r a c t i o n  w i t h  Blue  S e p h a r o s e ,  and t h e  e l u t i o n  b u f f e r  (O.OSM T r i s - H C l ,

pH 8 , 0  c o n t a i n i n g  l.GM NaCl) were  t e s t e d  f o r  e n d o t o x i n  by t h e  L imulus

a s s a y .  The minimum d e t e c t a b l e  amount  o f  e n d o t o x i n  i n  t h e  a s s a y  was

0o5 ng ml  ̂ ( T a b le  9 ) ,  No g e l a t i o n  o f  t h e  amoebocyte  l y s a t e  was

o b s e r v e d  beyond 1 i n  1 0 ,0 0 0  o f  AP-16 o r  AP-17,  o r  beyond 1 i n  1 0 0 ,000  o f

c u l t u r e  f l u i d  b e f o r e  and a f t e r  B lue  S e p h a r o s e ,  C u l t u r e  f l u i d  s am ples

t e s t e d  u n d i l u t e d ,  a t  d i l u t i o n s  o f  1 i n  10 o r  1 i n  100,  d i d  n o t  c a u s e

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

Assuming t h a t  a t  a 1 i n  1 0 ,0 0 0  d i l u t i o n  o f  AP-16 o r  AP-17 t h e r e  

- 1was a p p r o x i m a t e l y  0 . 5  ng ml o f  e n d o t o x i n ,  t h e r e f o r e ,  i n  t h e  u n d i l u t e d  

s am p les  t h e r e  was a p p r o x i m a t e l y  5 pg ml  ̂ o f  e n d o t o x i n .  R e l a t i v e  to  

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

( i )  AP-16 c o n t a i n e d  a p p r o x i m a t e l y  5 pg ml  ̂ e n d o t o x i n  and 240 pg ml ^

p r o t e i n ,  i e :  27. (w/w) e n d o t o x i n ,

( i i )  AP-17 c o n t a i n e d  a p p r o x i m a t e l y  5 pg ml  ̂ e n d o t o x i n  and 500 pg ml  ̂

p r o t e i n ,  i e  : 17. (w/w) e n d o t o x i n .

C u l t u r e  f l u i d  b e f o r e  and a f t e r  e x t r a c t i o n  w i t h  Blue  S e p h a ro s e  

c o n t a i n e d  a p p r o x i m a t e l y  50 pg ml  ̂ e n d o t o x i n ,  b u t  a n  e s t i m a t i o n  o f  t o t a l  

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

i n s u f f i c i e n t  p r o t e i n  to  be d e t e c t e d  by t h e  method o f  H e r b e r t  e t  a l .  (1971)
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SECTION 2 o TOXOIDING STUDIES WITH I-ETHYL-3 - ( 3-DIMETHYLAMINOPROPYL) 

CARBODIIMIDEoHCL (EDAC)

EDAC was u s e d  I n  t h i s  i n v e s t i g a t i o n  t o  d e t o x i f y  a n t i g e n  

p r e p a r a t i o n s  (AP) c o n t a i n i n g  p r e d o m i n a n t l y  PT and FHa* I n  t h i s  s e c t i o n ,  

e x p e r i m e n t s  w ere  done t o  d e t e r m i n e  t h e  opt imum c o n d i t i o n s  o f  EDAC- 

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

s e n s i t i z i n g  and l e u c o c y t o s i s - p r o m o t i n g  a c t i v i t i e s »

2 o l  HISTAMINE-SENSITIZING ACTIVITY (HSA)

( i )  P r e l i m i n a r y  e x p e r i m e n t »

A n t i g e n  p r e p a r a t i o n  AP-1 ( T a b l e  10) was t r e a t e d  w i t h  v a r i o u s  

amounts  o f  EDAC and a t  d i f f e r e n t  t e m p e r a t u r e s »  The u n t o x o i d e d  

p r e p a r a t i o n ,  t o x o i d s  and w h o l e - c e l l  v a c c i n e  (WCV) were  t e s t e d  f o r  t h e i r  

a b i l i t y  t o  s e n s i t i z e  m ice  t o  t h e  l e t h a l  e f f e c t  o f  a h i s t a m i n e  c h a l l e n g e  

( i e i  one o f  t h e  a c t i v i t i e s  a s s o c i a t e d  w i t h  p e r t u s s i s  t o x i n ;  T a b l e  2 ) » 

U n toxo ided  a n t i g e n  p r e p a r a t i o n  AP-1 k e p t  a t  4°C o v e r n i g h t ,  

had  a HSD^^ v a l u e  o f  a p p r o x i m a t e l y  0»189 p g /m ouse ,  b u t  95% c o n f i d e n c e  

l i m i t s  (CL) c o u l d  n o t  be  c a l c u l a t e d  from t h e  d a t a .  When k e p t  a t  25°C 

o r  37°C o v e r n i g h t ,  AP-1 had  a p p r o x i m a t e l y  64% and 53% r e s p e c t i v e l y  o f  

t h e  HSA o f  t h e  p r e p a r a t i o n  k e p t  a t  4°C»

T oxo ids  ( A P - l ) T l ,  ( AP-1 ) T2 and (AP-1)T3 e ach  s e n s i t i z e d  one 

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

immunized w i t h  p r e p a r a t i o n  (AP-1)T4 s u r v i v e d  ( T a b l e  10)» A l l  t h e s e  

t o x o i d s  had  l e s s  t h a n  o r  e q u a l  t o  5% o f  t h e  HSA o f  u n t o x o i d e d  p r e p a r a t i o n  

AP-1 k e p t  a t  4°C.

The w h o l e - c e l l  v a c c i n e  (WCV) had  a HSD^q v a l u e  o f  a p p r o x i m a t e l y  

0»189 ou»ml/mouse ( T a b le  10) and was i n c l u d e d  i n  t h e  HSF a s s a y  a s  a  

c o n t r o l »  S u b s e q u e n t l y ,  e a c h  t im e  a n  a s s a y  was done ,  a s e a l e d  ampoule
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T a b l e  1 0 . E f f e c t  o f  t o x o î d i n g  w i t h  d i f f e r e n t  amounts  o f  EDAC and a t  
d i f f e r e n t  t e m p e r a t u r e s  on t h e  HSA o f  AP

Sample code 
( E D A C ;p ro te in  r a t i o  
and t e m p e r a t u r e  o f  
t r e a t m e n t  )

Dose Mice

( d e a d / c h a l l e n g e d )
HSDjo 
(95% CL)

AP-1 (4°C)

"  (25°C) 

(37°C)

pg /mouse
.270"

1 .0
0o5
0 .2 5
2»0
1 . 0
0 . 5
0 .2 5
2 .0
1 .0
0 . 5
0 ,2 5

5 /5  n
5 /5
4 / 5
3 / 5  J  
5 / 5  ~1 
5 /5  
4 /5
2 / 5  J  
5 / 5  “ 1 
4 / 5  
3 /5
1 /5  _

0 .1 8 9  pg

0 .2 9 4  pg 
( 0 . 2 3 ,  0 . 3 3 )

0 .3 5 5  pg 
( 0 . 2 2 ,  0 . 5 7 )

( A P -1 )T 1 o( 4 0 : 1 ,  25°C) 4 . 0 1 /5 ) > 4  pg

" T 2 . ( 8 0 : l ,  25°C) 4 . 0 1 /5 » 4 pg

” T 3 . ( 4 0 : l ,  37°C) 4 . 0 1 /5 II 4 pg

” T 4 o ( 8 0 : l ,  37°C) 4 . 0  

o u . ml/mouse

0 / 5 > 4  pg

W h o l e - c e l l  v a c c i n e 0 . 7 5 5 / 5  “

(WCV) 0 .3 7 4 / 5 0 .1 8 9  o u . ml

0 .1 9 3 /5 ( 0 . 1 4 ,  0 . 2 4 )

0 .0 9 1 /5  -

T o xo id s  were p r e p a r e d  by t r e a t m e n t  o f AP-1 w i t h  EDAC o v e r n i g h t ,  w i t h

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

above»



125

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

t e s t e d »

( i i )  D e t e r m i n a t i o n  o f  ED A C :p ro te in  r a t i o  r e q u i r e d  t o  remove t h e  HSA 

o f  APo

A n t i g e n  p r e p a r a t i o n  AP-2 ( T a b le  8) had a HSD^^ v a l u e  o f  

a p p r o x i m a t e l y  0»069 pg/raouse (95% CL 0»04,  0»125;  T a b le  11)» I n c r e a s i n g  

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

i n  t h e  HSA o f  p r e p a r a t i o n  AP-2 » Toxo id s  (AP-2)T9 and (AP-2)T10 d i d  n o t  

s e n s i t i z e  mice  t o  t h e  l e t h a l  e f f e c t  o f  h i s t a m i n e  c h a l l e n g e  ( T a b le  11)» 

These  t o x o i d s ,  t h e r e f o r e ,  had l e s s  t h a n  1% o f  t h e  o r i g i n a l  HSA o f  

p r e p a r a t i o n  AP-2.

The d a t a  i n  T a b l e  11 i n d i c a t e d  t h a t  a n  EDAC t o  p r o t e i n  r a t i o  

o f  a t  l e a s t  4 0 :1  by w e i g h t  was r e q u i r e d  t o  c o m p l e t e l y  remove t h e  HSA o f  

AP a t  t h e  dose  t e s t e d  (10 pg /mouse)»

( i i i )  D e t e r m i n a t i o n  o f  t im e  o f  EDAC-t rea tm ent  r e q u i r e d  to  remove t h e  

HSA o f  AP»

E x p e r im e n t s  w e re  done t o  d e t e r m i n e  t h e  t im e  o f  ED AC-t rea tm ent  

r e q u i r e d  to  remove HSA, u s i n g  e i t h e r  a s i n g l e  a d d i t i o n  o f  r e a g e n t  o r  a 

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

p r e p a r a t i o n  o f  AP-2 and w h o l e - c e l l  v a c c i n e  (WCV) w ere  u s e d  as  c o n t r o l s  

( T a b l e s  12,  13)»

U n to x o id ed  a n t i g e n  p r e p a r a t i o n  AP-2 had  a HSUy^ v a l u e  o f  

a p p r o x i m a t e l y  0»093 pg/mouse (95% CL 0»06 ,  0»15;  T a b l e s  12, 13)» 

P r e p a r a t i o n  (AP-2)T11 ,  p r e p a r e d  by t r e a t m e n t  and i n c u b a t i o n  o f  AP-2 

w i t h  EDAC f o r  30 m in ,  s e n s i t i z e d  4 / 5  m ic e  t o  t h e  l e t h a l  e f f e c t  o f  a 

h i s t a m i n e  c h a l l e n g e  ( T a b l e  12)» Complete  r em ova l  o f  HSA was o b s e r v e d  

a f t e r  t r e a t m e n t  and i n c u b a t i o n  o f  AP-2 w i t h  EDAC f o r  a t  l e a s t  60 min 

f o l l o w e d  by e x h a u s t i v e  d i a l y s i s  ( T a b le  12)» Toxo ids  ( A P -2 )T 12- (A P -2 )T 16 ,



126

T a b l e  1 1 . D e t e r m i n a t i o n  o f  E D A C ;p ro te in  r a t i o  r e q u i r e d  to  remove 

t h e  HSA o f  AP

Sample code
(and  EDAC;prot e i n
r a t i o )

Dose Mice
( d e a d / c h a l l e n g e d )

HSD3 0  

(957. CL)

pg /mouse

AP-2 1 .0 5 /5

0 . 3 3 4 / 5 0 .0 6 9  pg

O o l l 3 /5 ( 0 . 0 4 ,  0 .1 2 5 )

0 . 0 3 0 /5

(AP-2)T5 ( 1 : 1 ) 10 .0 5 /5 < 1 0  pg

" T6 ( 5 : 1 ) 10 ,0 5 /5 <  10 pg

" T7 ( 1 0 : 1 ) 10»0 3 /5 4 10 (-ig
"  T8 ( 2 0 : 1 ) 1 0 .0 2 / 5 ^ 1 0  pg

“ T9 ( 4 0 : 1 ) 1 0 .0 0 /5 > 1 0  pg

" TIO ( 8 0 : 1 ) lOoO 0 / 5 > 1 0  pg

o u . ml/mouse

W h o l e - c e l l  v a c c i n e 0 . 7 5 5 / 5

(WCV) 0 .3 7 4 / 5 0 ,2 5 9  ou.m

0 .1 9 1 /5 ( 0 . 2 1 7 ,  0 . 3 1 )

0 .0 9 0 / 5

T o xo ids  (AP-2)T5 t o  (AP-2)T10 were  p r e p a r e d  by t r e a t m e n t  o f  AP-2 w i t h  

EDAC as d e s c r i b e d  ( p .  1 0 3 ) ,  e x c e p t  t h a t  t h e  ED AC:pro te in  r a t i o  was

v a r i e d »
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T a b l e  1 2 . D e t e r m i n a t i o n  o f  t im e  o f  ED AC-t rea tm ent  r e q u i r e d  to  
remove t h e  HSA o f  AP

Sample code
(and t im e  o f  EDAC-
t r e a t m e n t ,  min)

Dose Mice

( d e a d / c h a l l e n g e d )

HSD3 0  

( 9 5 7 . CL)

pg /mouse

AP-2 0 . 5 5 /5 —

0 . 2 5 5 /5 0 .0 9 3  pg

0 . 1 2 3/5 ( 0 . 0 6 ,  0 . 1 5 )

0 . 0 6 2 / 5 —

(AP-2)T11 (30) 1 0 . 0 4 / 5 <  1 0  4S
" T12 (60) 1 0 . 0 0 / 5 > 1 0  Ug

" T13 (120) 1 0 . 0 0 / 5 u

'* T14 (240) 1 0 . 0 0 /5 II

" T15 (480) 1 0 . 0 0 / 5 I I

" T16 (720) 1 0 . 0 0 / 5 II

o u . m l/mouse

W h o l e - c e l l  v a c c i n e 0 . 7 5 5 /5

(WCV) 0 .37 4 / 5 0 .2 1 6  o u . ml

0 .1 9 3 /5 ( 0 . 1 7 ,  0 . 2 7 )

0 .0 9 1/5

T o x o ids  (AP-2)T11 - (AP-2)T16 w ere  p r e p a r e d  by t r e a t m e n t o f  AP-2 as

d e s c r i b e d  ( p .  103 ) , b u t  w i t h  a n  EDAC : p r o t e i n  r a t i o o f 40 : 1 by w e i g h t .

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

EDAC f o r  720 min  and d i a l y z e d ,  a s  a  c o n t r o l .
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T a b l e  13 .  E f f e c t  o f  m u l t i p l e  a d d i t i o n s  o f  EDAC d u r i n g  I n c u b a t i o n  t ime  
on r em o v a l  o f  t h e  HSA o f  AP

Sample code 
(and  i n c u b a t i o n  
t i m e ,  min)

Dose
Mice

d e a d / c h a l l e n g e d
HSDjo 
(95% CL)

pg/mouse

AP-2 0 . 5 5 /5

0 .2 5 5 / 5 0 .0 9 3  pg

0 .1 2 3 /5 ( 0 . 0 6 ,  0 . 1 5 )

0 .0 6 2 / 5

(AP-2)T17 (60) 1 0 .0 0 / 5 > 1 0  pg

" T18 (120) 1 0 ,0 0 / 5 I t

" T19 (240) 10 .0 0 / 5 t l

" T20 (360) 1 0 .0 0 / 5 It

o u .m l /m ouse

W h o l e - c e l l  v a c c i n e 0 .7 5 5 / 5 —

(WCV) 0 .3 7 4 / 5 0 .2 1 6  o u . ml

0 .1 9 3 /5 ( 0 . 1 7 ,  0 . 2 7 )

0 .0 9 1 /5

T o x o id s  (AP-2)T17 - (AP-2)T20 w e re  p r e p a r e d  by t r e a t m e n t  o f  AP-2 w i t h  a 

r e a g e n t  t o  p r o t e i n  r a t i o  o f  4 0 : 1  by w e i g h t ,  a c h i e v e d  by t h e  s t e p w i s e  

a d d i t i o n  o f  f o u r  e q u a l  amounts  o f  EDAC w i t h i n  t h e  i n c u b a t i o n  t i m e s .
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w h i c h  showed no d e t e c t a b l e  HSA i n  m ice  a t  t h e  d o s e  t e s t e d  (10 p g / m o u s e ) ,  

had  l e s s  t h a n  1% o f  t h e  o r i g i n a l  HSA o f  u n t o x o i d e d  p r e p a r a t i o n  AP-2»

S i m i l a r l y ,  t o x o i d s  p r e p a r e d  by m u l t i p l e  a d d i t i o n s  o f  EDAC 

d u r i n g  i n c u b a t i o n  d i d  n o t  i n d u c e  h i s t a m i n e - s e n s i t i z a t i o n  i n  mice  a t  

t h e  dose  t e s t e d  (T a b le  1 3 ) .  T hese  p r e p a r a t i o n s  ( (AP-2)T 17-(AP-2)T20)  

a l s o  had l e s s  t h a n  1% o f  t h e  o r i g i n a l  HSA o f  AP-2,

( i v )  E f f e c t  o f  EDAC c o n c e n t r a t i o n  on r em o v a l  o f  t h e  HSA o f  AP.

A n t i g e n  p r e p a r a t i o n  AP-16 ( T a b l e  8)  was t r e a t e d  w i t h  v a r i o u s  

amounts  o f  EDAC and t e s t e d  f o r  HSA i n . m i c e  ( T a b le  1 4 ) .  The u n t o x o i d e d  

p r e p a r a t i o n ,  AP-16,  had  a HSD^q v a l u e  o f  a p p r o x i m a t e l y  0 .0 6 3  pg/mouse  

(95% CL 0 . 0 5 ,  0 . 0 7 5 ) .  T oxo ids  (AP-16)T23 and (AP-16)T24 had HSD^q 

v a l u e s  o f  g r e a t e r  t h a n  27 pg/mouse  and t h e r e f o r e  r e t a i n e d  l e s s  t h a n  0.2% 

o f  t h e  o r i g i n a l  HSA o f  t h e  u n t o x o i d e d  p r e p a r a t i o n .  However ,  w h e re as  

m ic e  immunized w i t h  27 pg/mouse  o f  t o x o i d  (AP-16)T24 s u r v i v e d  h i s t a m i n e  

c h a l l e n g e ,  one mouse d i e d  i n  t h e  g roup  immunized w i t h  27 pg/mouse  o f  

t o x o i d  (AP” 16)T23,  p o s s i b l y  i n d i c a t i n g  t h e  p r e s e n c e  o f  a  t r a c e  o f  HSA i n  

t h i s  p r e p a r a t i o n .

Toxoid (AP-16)T22 had  a HSDy^ v a l u e  o f  a p p r o x i m a t e l y  1 2 .6  pg/mouse,  

and t h e r e f o r e  r e t a i n e d  a p p r o x i m a t e l y  0.5% of  t h e  o r i g i n a l  HSA o f  AP-16.

Toxoid  p r e p a r a t i o n  (AP-16)T21 was t h e  m os t  a c t i v e ,  as  j u d g e d  

by i t s  a b i l i t y  t o  s e n s i t i z e  mice  t o  t h e  l e t h a l  e f f e c t  o f  a h i s t a m i n e  

c h a l l e n g e ,  w i t h  a  HSD^q v a l u e  o f  a p p r o x i m a t e l y  1 .7 3  pg /mouse  (95% CL 

1 . 1 4 ,  2 . 6 5 ;  T a b le  1 4 ) .  Th is  p r e p a r a t i o n  had a p p r o x i m a t e l y  3,6% o f  t h e  

o r i g i n a l  HSA o f  u n t o x o i d e d  p r e p a r a t i o n  AP-16.

Th is  e x p e r i m e n t  i n d i c a t e d  t h a t  t r e a t m e n t  w i t h  EDAC a t  a r a t i o  

o f  8 0 : 1  r e a g e n t  t o  p r o t e i n  by wt  was n e c e s s a r y  t o  remove a l l  d e t e c t a b l e  

( i e :  >  99.8%) HSA o f  AP.

(v)  Removal  o f  t h e  HSA o f  AP w i t h  ED AC-t rea tm ent  a t  d i f f e r e n t  r e a c t i o n  

t e m p e r a t u r e s .
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T a b l e  14, E f f e c t  o f  EDAC c o n c e n t r a t i o n  on r em ova l  o f  t h e  HSA o f  AP

Sample code
(and  EDAC:prot e i n
r a t i o )

Dose Mice

( d e a d / c h a l l e n g e d )

HSDjq

(95% CL)

pg/mouse
AP-16 0 .1 8 5 /5

0 .0 9 4 / 5 0 .0 6 3  pg
0 .0 4 1 /5 ( 0 . 0 5 ,  0 . 0 7 5 )
0 .0 2 0 /5 —

(AP-16)T21 ( 1 0 : 1 ) 2 7 .0 5 /5
9 .0 5 / 5 1 .7 3  pg
3 . 0 4 / 5 ( 1 . 1 4 ,  2 . 6 5 )
1 .0 1 /5

T22 ( 2 0 : 1 ) 2 7 . 0 5 / 5 —
9 . 0 2 / 5 12 .6  pg*
3 .0 0 /5 -

" T23 ( 4 0 : 1 ) 2 7 .0 1 /5 -1

9 . 0 0 / 5 — > 2 7  Hg
3 .0 0 / 5 -

T24 ( 8 0 : 1 ) 2 7 . 0 0 /5
9 .0 0 /5 — > 2 7  Hg
3 . 0 0 / 5

o u . ml/mouse
W h o l e - c e l l  v a c c i n e 0 .7 5 5 /5
(WCV) 0 .37 3 /5 0 .258  o u . ml

0 .1 9 2 / 5 ( 0 . 1 7 6 ,  0 .377
0 .0 9 1/5 —

VfThe d a t a  c o u ld  n o t  be a n a l y z e d  d i r e c t l y  by th e  p r o b i t  method ,  and t h i s  

HSD^q v a l u e  was e s t i m a t e d  by d r a w in g  a d o s e - r e s p o n s e  c u r v e  p a r a l l e l  t o  

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

Toxoids  w ere  p r e p a r e d  by t r e a t m e n t  o f  AP-16 w i t h  EDAC as 

d e s c r i b e d  ( p .  103 ) e x c e p t  t h a t  t h e  EDAC t o  p r o t e i n  r a t i o s  w ere  v a r i e d ,
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U n to x o id e d  a n t i g e n  p r e p a r a t i o n  AP-16 had  a HSD^^ v a l u e  o f  

a p p r o x i m a t e l y  0 ,0 3 9  pg/mouse  (95% CL 0 . 0 3 ,  0 . 0 5 4 ;  T a b l e  1 5 ) .  The re  

was no s i g n i f i c a n t  r e d u c t i o n  i n  t h e  HSA o f  AP-16 i n c u b a t e d  a t  25^C o r  

37°C by c o m p a r i s o n  o f  t h e  c o n f i d e n c e  l i m i t s  f o r  a l l  t h r e e  c o n t r o l  

p r e p a r a t i o n s  ( T a b l e  1 5 ) .

Removal  o f  t h e  HSA o f  AP-16 w i t h  ED AC-t rea tm ent  was n o t  

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

( (A P-16 )T 25-(A P -16 )T27)  d i d  n o t  s e n s i t i z e  mice  t o  t h e  l e t h a l  e f f e c t  o f  

a h i s t a m i n e  c h a l l e n g e  a t  t h e  d o s e  t e s t e d  (10 pg /m ouse )  and t h e r e f o r e  

had  l e s s  t h a n  0.4% o f  t h e  HSA o f  AP-16 k e p t  a t  4°C.

( v i )  E f f e c t  o f  r e a c t i o n  pH on r em o v a l  o f  t h e  HSA o f  AP w i t h  E D A C - t rea tm en t .

An e x p e r i m e n t  was done t o  d e t e r m i n e  t h e  e f f e c t  o f  r e a c t i o n  pH

on t h e  t o x o i d i n g  o f  a n t i g e n  p r e p a r a t i o n  AP-16 w i t h  EDAC. The re  was a

marked d i f f e r e n c e  i n  t h e  HSA o f  t o x o i d s ,  wh ich  was d e p e n d e n t  on t h e  

c o n d i t i o n s  o f  t h e i r  p r e p a r a t i o n  ( T a b l e  1 6 ) .  Toxo id s  (AP-16) T 2 9 - ( A P -16 )T 31 , 

p r e p a r e d  i n  20 mM sod ium  p h o s p h a t e  b u f f e r  o f  d i f f e r e n t  pH, had no 

d e t e c t a b l e  HSA a t  t h e  d o s e  t e s t e d  (10 p g / m o u s e ) .  These  t o x o i d s  had l e s s  

t h a n  0.7% o f  t h e  HSA o f  u n t o x o i d e d  p r e p a r a t i o n  AP-16 k e p t  a t  4°C i n  t h e  

d i a l y s i s  b u f f e r ,  pH 7 . 6 ,  T h e r e f o r e ,  t h e  t o x o i d i n g  r e a c t i o n  was n o t  

p H - d e p e n d e n t  o v e r  t h e  r a n g e  o f  pH 5 - 9 .  However ,  t o x o i d  (AP-16)T28 

p r e p a r e d  i n  t h e  c i t r a t e - p h o s p h a t e  b u f f e r ,  pH 3 . 5 ,  s e n s i t i z e d  a l l  10 m ice  

t o  t h e  l e t h a l  e f f e c t  o f  a  h i s t a m i n e  c h a l l e n g e  ( T a b le  1 6 ) .  T h i s  was

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

c i t r i c  a c i d  f o r  t h e  c a r b o d i i m i d e .

The u n t o x o i d e d  p r e p a r a t i o n  k e p t  a t  4°C i n  t h e  d i a l y s i s  b u f f e r ,  

pH 7 . 6  (AP-16,  7 . 6 ) ,  ha d  a  HSD^Q v a l u e  o f  0 . 0 7 3  pg /mouse  (95% CL 0 . 0 4 ,

0 . 1 2 4 ;  T a b l e  1 6 ) .  By c o m p a r i s o n  o f  t h e  c o n f i d e n c e  l i m i t s ,  t h e  HSA o f  

AP-16 was f a i r l y  s t a b l e  f rom pH 3 . 5 - 7 . 0 .  However ,  t h e r e  was a s i g n i f i c a n t

r e d u c t i o n  i n  t h e  HSA o f  t h e  p r e p a r a t i o n  a t  pH 9 . 0  ( T a b l e  1 6 ) .
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Removal  o f  t h e  HSA o f  AP w i t h  EDAC-trea tment  a t  d i f f e r e n t
r e a c t i o n  t e m p e r a t u r e s

Sample code 
(and  r e a c t i o n  
t e m p e r a t u r e )

Dose Mice

( d e a d / c h a l l e n g e d )
"SD5 0
(95% CL)

pg/mouse

AP-16 (4°C) 0 .2 5 /5
0 .0 8 4 /5 0 . 0 3  pg
0 . 0 3 2 / 5 ( 0 . 0 3 ,  0 . 0 5 4 )
0 .0 1 0 / 5 *"

(25°C) 0 .2 5 /5 -|

0 .0 8 3 /5 0 .0 6 3  pg
0 . 0 3 1/5 ( 0 . 0 4 7 ,  0 .0 8 5
0 .0 1 0 /5

(37°C) 0 .2 5 /5
0 .0 8 4 / 5 0 .0 5  pg
0 .0 3 1 /5 ( 0 . 0 4 ,  0 . 0 6 3 )
0 .0 1 0 / 5

(AP-16)T25 (4°C) 1 0 .0 0 / 5 > 1 0  pg
T26 (253c) 1 0 .0 0 / 5 I t

" T27 (37°C) 10 .0 0 /5 u

o u . ml/mouse

W h o l e - c e l l  v a c c i n e 0 . 7 5 5 /5
(WCV) 0 .37 3 / 5 0 .2 6 5  o u . ml

0 .1 9 2 /5 ( 0 . 1 7 6 ,  0 . 4 0 )
0 .0 9 0 / 5

Toxoids  were  p r e p a r e d  by t r e a t m e n t  o f  AP-16 w i t h  EDAC as  d e s c r i b e d  ( p .  103 ) 

e x c e p t  t h a t  d i f f e r e n t  r e a c t i o n  t e m p e r a t u r e s  were  u s e d .  As c o n t r o l s ,  

s a m p le s  o f  AP-16 were  i n c u b a t e d  a t  t h e s e  t e m p e r a t u r e s  w i t h o u t  EDAC.
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T a b l e  16 . E f f e c t  o f  r e a c t i o n  pH on  r em ova l  o f  t h e  HSA of  AP w i t h
EDAC-t rea tm ent

Sample code 
(and  r e a c t i o n  pH)

Dose Mice HSD^ 0  

( d e a d / c h a l l e n g e d )  (95% CL)

pg/mouse

AP-16 ( 7 . 6 ) 0 .1 1 6 3 / 5  - |
0 .0 4 6 2 /5 0 .0 7 3  pg
0 .0 1 8 1 /5 ( 0 . 0 4 ,  0 . 1 2 4 )
0 .007 0 / 5  J

“ ( 3 . 5 ) 0 . 5 4 / 5
0 . 1 2 / 5 — 0 .117  pg
0 . 0 2 1 /5  J ( 0 . 0 6 ,  0 . 2 3 )

( 5 . 0 ) 0 . 5 5 /5  -|
0 . 1 2 / 5 0 .1 7  pg
0 . 0 2 1 /5  J ( 0 . 0 7 ,  0 . 4 0 )

" ( 7 . 0 ) 0 . 5 5 / 5  1
0 . 1 2 / 5 — 0 .1 7  pg
0 . 0 2 1 /5  J ( 0 . 0 7 ,  0 . 4 0 )

( 9 . 0 ) 0 .5 4 / 5
0 . 1 1 /5 0 .2 2 4  pg
0 . 0 2 0 / 5  J ( 0 . 1 5 ,  0 . 3 4 )

(AP-16)T28 ( 3 . 5 ) 1 0 . 0 1 0 / 1 0 <  1 0  pg

T29 ( 5 . 0 ) 1 0 . 0 0 / 1 0 > 1 0  pg

T30 ( 7 . 0 ) 1 0 . 0 0 / 1 0 It

*' T31 ( 9 . 0 ) 1 0 , 0 0 / 1 0 It

o u , ml/mouse

Who l e - c e 11 v a c c i n e 0 .7 5 5 /5

(WCV) 0.37 4 / 5 0 . 2 1 2  o u . ml

0 .19 3 /5 ( 0 . 1 6 9 ,  0 . 2 6 6 )

0 .0 9 0 /5  _

T oxo ids  were  p r e p a r e d  by t r e a t m e n t  o f  AP-16 w i t h  EDAC as  d e s c r i b e d  ( p ,  103 ) ,

b u t  i n  t o x o i d i n g  b u f f e r s  o f  d i f f e r e n t  pH, i e :  0,1M c i t r a t e - 0 . 2 M  p h o s p h a t e  

b u f f e r ,  pH 3 .5  o r  20 mM sodium  p h o s p h a t e  b u f f e r s ,  pH 5 . 0 - 9 . 0 ,  A l l  

t o x o i d i n g  b u f f e r s  c o n t a i n e d  0.5M NaCl. Samples  o f  AP-16 were  a l s o  

i n c u b a t e d  a t  t h e s e  pH w i t h o u t  EDAC as  c o n t r o l s .  A sample  was a l s o  k e p t  

a t  4°C i n  t h e  d i a l y s i s  b u f f e r ,  pH 7 . 6 ,  f o r  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t .
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The e x p e r i m e n t  was r e p e a t e d  and  t h e  d a t a  o b t a i n e d  were  s i m i l a r .

( v i i )  D e t e r m i n a t i o n  o f  HSA a t  5 and 12 days  a f t e r  i n j e c t i o n  o f  v a r i o u s  

s a m p l e s .

The r a t i o n a l e  i n  t h i s  e x p e r i m e n t  was t o  d e t e r m i n e  i f  t h e  

t o x o i d  p r e p a r a t i o n  m a n i f e s t e d  ' l a t e  HSA' ( I s a w a  e t  a l . , 1985 ) .

The HSD^Q v a l u e  o f  t h e  u n t o x o i d e d  p r e p a r a t i o n  a t  day 5 o r  day 

12 was l e s s  t h a n  0 .1 1  pg/mouse  ( T a b le  1 7 ) .  The t o x o i d  (AP-16)T32 d i d  

n o t  s e n s i t i z e  any  o f  t h e  mice  t o  t h e  l e t h a l  e f f e c t  o f  a h i s t a m i n e  

c h a l l e n g e  on day 5 o r  day  12 p o s t - i n j e c t i o n .  T h e r e f o r e ,  t h e  p r e p a r a t i o n  

had  l e s s  t h a n  17. o f  t h e  o r i g i n a l  HSA o f  t h e  u n t o x o i d e d  m a t e r i a l .

The d a t a  i n d i c a t e d  t h a t  t h e  t o x o i d  m a n i f e s t e d  no ' l a t e  HSA' , 

and t h e  h i s t a m i n e - s e n s i t i z i n g  a c t i v i t i e s  o f  t h e  w h o l e - c e l l  v a c c i n e  (WCV) 

o r  u n t o x o i d e d  p r e p a r a t i o n  (AP-16)  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  

day  5 and day 12.

( v i i i )  Removal o f  t h e  HSA o f  a n t i g e n  p r e p a r a t i o n  AP-17 w i t h  EDAC- 

t r e a t m e n t .

Toxoids  w ere  i n d e p e n d e n t l y  p r e p a r e d  by t r e a t m e n t  o f  a n t i g e n  

p r e p a r a t i o n  AP-17 ( T a b l e  8)  w i t h  EDAC. I n  t h e  f i r s t  e x p e r i m e n t ,  t h e  

u n t o x o i d e d  p r e p a r a t i o n  had  a HSD^^ v a l u e  o f  a p p r o x i m a t e l y  0 .039  pg/mouse 

( T a b le  18;  1 ) .  Toxo id  (AP-17)T33 had  a HSD^^ v a l u e  o f  g r e a t e r  t h a n  

25 pg/mouse  (T a b le  18;  1 , 2 )  and t h e r e f o r e  had l e s s  t h a n  0.167. o f  t h e  

o r i g i n a l  HSA o f  u n t o x o i d e d  AP-17.

I n  a p r e l i m i n a r y  t i t r a t i o n  ( d a t a  n o t  shown) ,  5 mice  immunized 

w i t h  25 pg/mouse o f  t o x o i d  (AP-17)T34 d i e d  a f t e r  h i s t a m i n e  c h a l l e n g e .

When r e t i t r a t e d ,  t h e  p r e p a r a t i o n  had  a HSD^q o f  a p p r o x i m a t e l y  16 ,6  pg /mouse  

(957. CL 1 4 . 8 ,  1 8 . 6 ;  T a b l e  18;  I ) ,  i e ;  r e t a i n e d  0.247. o f  t h e  o r i g i n a l  

HSA o f  u n t o x o i d e d  AP-17.  Th i s  t o x o i d  p r e p a r a t i o n  was t r e a t e d  w i t h  

EDAC t o  g i v e  p r e p a r a t i o n  (AP-17)T35 ( T a b le  18;  2 ) .
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T a b l e  1 7 . D e t e r m i n a t i o n  o f  HSA a t  5 and 12 days  a f t e r  i n j e c t i o n  o f  

v a r i o u s  sam ples

C h a l l e n g e

day

Sample code Dose Mice HSD50
( d e a d / c h a l l e n g e d )  (957. CL)

AP-16

(AP-16)  T32

W h o l e - c e l l
v a c c i n e

(WCV)

pg/mouse

1 . 0

0 . 3 3

0 . 1 1  

10.0

o u . ml/mouse

0 .7 5
0 .37

0 .1 9

5 /5

5 /5

5 /5

0 /1 0

5 / 5
4 / 5

2 / 5

< 0 . 1 1  p g *

> 1 0  HS

0 .1 9 5  o u . ml 

( 0 . 1 3 3 , 0 . 2 8 5 )

12

AP-16

(AP-16)  T32

Who l e - c e l l
v a c c i n e
(WCV)

pg/mouse

1 . 0

0 . 3 3

0 . 11  

10 .0

o u . ml/mouse

0 .7 5
0 .3 7
0 .19

5 /5

5 /5

5 /5

0/10

5 / 5
3 /5
2 / 5

< 0 . 1 1  Hg: 

> 1 0  Hg

0 .265  o u . ml 
( 0 . 1 2 4 , 0 . 5 6 6 )

* C o n f i d e n c e  l i m i t s  n o t  c a l c u l a b l e  f rom t h e  d a t a .

Toxoid  (AP-16)  T32 was p r e p a r e d  by t r e a t m e n t  o f  AP-16 

w i t h  EDAC as  d e s c r i b e d  ( p .  103 )o
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T a b l e  18. Removal  o f  t h e  HSA o f a n t i g e n  p r e p a r a t i o n AP-17 w i t h
EDAC-trea tment

Sample code Dose Mice HSD
(d e a d / c h a 1l e n g e d )

(95% CL)

pg/mouse

AP-17 0 . 7 5 5 / 5
0 .3 7 4 / 5 0 .0 3 9  pg*
0 .1 9 4 / 5
0 .0 9 3 /5

(AP-17)  T33 2 5 .0 5 /5 > 2 5  pg

" T34 2 5 . 0 9 / 1 0 ■L 16 .6  pg
12 .5 2 /1 0 _ T ( 1 4 . 8 ,  1 8 .6 )

o u . ml/mouse

W h o l e - c e l l 0 .7 5 5 / 5
v a c c i n e  (WCV) 0 .3 7 4 / 5 0 .1 7 4  o u . ml

0 .1 9 3 /5 ( 0 . 1 3 ,  0 . 2 6 )
0 .0 9 1 /5

pg /mouse

AP-17 0 .1 7 5 / 5
0 . 0 9 3 /5 0 ,0 7 5  pg
0 . 0 4 1 /5 ( 0 . 0 6 ,  0 . 0 9 )
0 .0 2 0 / 5

(AP-17)  T33 5 0 .0 3 /5 > 2 5  pg
2 5 .0 0 /5 «P»

" T35 5 0 .0 0 /5
2 5 .0 0 / 5 > 5 0  pg
1 2 .5 0 / 5 -

o u . ml/mouse

W h o l e - c e l l 0 .7 5 4 / 5
v a c c i n e  (WCV) 0 .3 7 3 / 5 0 .2 6 3  o u . ml

0 .1 9 1 /5 ( 0 . 1 8 ,  0 . 3 8 )
0 .0 9 0 /5

^ C o n f i d e n c e  l i m i t s  n o t  c a l c u l a b l e  f rom  t h e  d a t a ,

T oxo ids  (AP-17)T33 and (AP-17)T34 w ere  p r e p a r e d  as  d e s c r i b e d  ( p .  103 )„ 

Toxo id  (AP-17)T35 was p r e p a r e d  by a s e c o n d  t r e a t m e n t  o f  t o x o i d  (AP-17)  T34 

a s  d e s c r i b e d  ( p .  103 ) .
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I n  t h e  s e co n d  e x p e r i m e n t ,  t h e  u n t o x o i d e d  p r e p a r a t i o n  had  a 

HSD^q v a l u e  o f  0 . 0 7 5  pg/mouse  (95% CL 0 . 0 6 ,  0 , 0 9 ) .  Toxoid  (AP-17)T35 

d i d  n o t  s e n s i t i z e  mice  a t  t h e  h i g h e s t  do s e  t e s t e d  (50 pg/mouse)  and 

t h e r e f o r e  had l e s s  t h a n  0.15% o f  t h e  o r i g i n a l  HSA o f  t h e  u n t o x o i d e d  

p r e p a r a t i o n .  When t o x o i d  (AP-17)T33 was r e t e s t e d ,  3 /5  mice  immunized 

w i t h  50 pg/mouse  o f  t h e  p r e p a r a t i o n  d i e d  a f t e r  h i s t a m i n e  c h a l l e n g e  

( T a b le  18; 2 ) .  However ,  a l l  5 m ice  immunized w i t h  25 pg /mouse o f  

(AP-17)T33 s u r v i v e d .

2 . 2  LEUCOCYTOSIS-PROMOTING ACTIVITY (LPA)

Data f o r  t h e  l e u c o c y t e  r e s p o n s e  to  a n t i g e n  p r e p a r a t i o n  AP-16 

t r e a t e d  w i t h  v a r i o u s  amounts  o f  EDAC a r e  shown i n  T a b l e  19.
3

Mice i n j e c t e d  w i t h  PBS had  a g e o m e t r i c  mean WBC/mm c o u n t  o f  

7 , 0 0 0  (95% CL 4 , 0 0 0 ,  1 0 , 0 0 0 ) .  The l o w e s t  dose  o f  u n t o x o i d e d  p r e p a r a t i o n ,  

AP-16 ( 1 , 5  p g / m o u s e ) ,  i n d u c e d  a  s i g n i f i c a n t  i n c r e a s e  i n  l e u c o c y t o s i s  

when compared to  t h e  no rm a l  r e s p o n s e  o f  mice  i n j e c t e d  w i t h  PBS ( T a b le  1 9 ) .
3

At t h e  h i g h e s t  do s e  o f  AP-16 t e s t e d  (12 p g / m o u s e ) ,  WBC/ram c o u n t s  o f  t h e  

o r d e r  o f  121 ,000  (95% CL 9 7 ,0 0 0 ,  1 5 1 ,0 0 0 )  were  o b s e r v e d .  The w h o l e 

c e l l  v a c c i n e  (WCV) a l s o  i n d u c e d  a  h i g h l y  s i g n i f i c a n t  l e u c o c y t o s i s  i n  

m ice  ( T a b le  1 9 ) .

Toxoids  (AP-16)T23 and (AP-16)T 24,  w h ich  had no d e t e c t a b l e  HSA 

( T a b l e  1 4 ) ,  a l s o  had no d e t e c t a b l e  LPA a t  t h e  d o s e s  t e s t e d  (T a b le  1 9 ) .  

However ,  t h e  two p r e p a r a t i o n s  w h ic h  had  HSA, i e :  (AP-16)T21 and (AP-16)T22 

( T a b le  1 4 ) ,  a l s o  d e m o n s t r a t e d  s i g n i f i c a n t  LPA. Toxo id  (AP-16)T22
3

i n d u c e d  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  g e o m e t r i c  mean WBC/mm c o u n t  o n l y  

a t  a dose  o f  27 p g /m o u s e ,  w h e r e a s  t o x o i d  (AP-16)T21 was more a c t i v e ,  

i n d u c i n g  a s i g n i f i c a n t  i n c r e a s e  (compared  t o  t h e  no rm a l  r e s p o n s e  i n  mice  

i n j e c t e d  w i t h  PBS) a t  a d o s e  o f  9 pg /mouse  ( T a b le  1 9 ) .
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T a b l e  1 9 . L e u c o c y t e  r e s p o n s e  t o  PT-FHa p r e p a r a t i o n  AP-16 t r e a t e d

w i t h  v a r i o u s  amounts  o f  EDAC

Sample code
(and  EDAC:prot e i n
r a t i o )

NOo o f  m ice  
Dose t e s t e d

3
L e u c o c y t e  c o u n t s  (WBC/mm xlO 
G e o m e t r i c  mean (95% CL)

AP-16

pg/mouse

12 .0 2 121 (9 7 ,  151)
6 .0 4 80 (69 ,  93)
3 .0 4 37 (3 2 ,  43)
1 .5 5 18 (14 ,  23)

( A P - 1 6 )T 2 1 (1 0 :1 ) 2 7 .0 5 22 (15 ,  31)
9 .0 5 16 (11 ,  24)
3 .0 5 9 (7 ,  12)

( A P - 1 6 )T 2 2 (2 0 :1 ) 2 7 . 0 5 16 (13 ,  20)
9 . 0 5 10 (9 ,  11)
3 . 0 5 7 ( 6 ,  9)

(A P -1 6 )T 2 3 (4 0 :1 ) 2 7 . 0 5 9 (7 ,  11)
9 . 0 5 6 (4 ,  8)
3 . 0 5 6 (5 ,  7)

( A P -1 6 )T 2 4 (8 0 :1 ) 2 7 .0 5 8 (7 ,  10)
9 . 0 5 6 ( 5 ,  8)
3 .0 5 5 ( 4 ,  8)

W h o l e - c e l l  v a c c i n e

o u . ml/mouse  

5 . 0 5 38 (26 ,  53)
(WCV)

PBS

ml/mouse

0 .5 5 7 ( 4 ,  10)

T o x o ids  (AP“ 16)T2I  - (AP-16)T24 were  p r e p a r e d  as  d e s c r i b e d  i n  T a b l e  14,



139

2 . 3  MOUSE-WEIGHT-GAIN TEST (MWGT.)

( i )  M o u s e - t o x i c i t y  o f  a n t i g e n  p r e p a r a t i o n s  AP-16 and AP-17 a f t e r

ED A C- t rea tm en t .

The u n t o x o i d e d  p r e p a r a t i o n s  AP-16 and AP-17 w ere  l e t h a l  f o r  

m i c e .  P r e p a r a t i o n  AP-16,  a t  a do s e  o f  6 o r  12 pg /mouse  ( F i g .  1 2 a ) ,  

and AP-17 a t  5 pg/mouse  ( F i g .  1 3 ) ,  s i g n i f i c a n t l y  r e t a r d e d  a v e r a g e  mouse-  

w e i g h t - g a i n .  From t h e  d a t a  i n  F i g .  12a ,  t h e  l e t h a l  d o s e ^ ^  (LD^q ) o f

AP-16 was c a l c u l a t e d  by t h e  p r o b i t  method as  8 , 4  pg /mouse  (95% CL 5 . 8 ,

1 2 . 1 ) .  The dose  o f  u n t o x o i d e d  p r e p a r a t i o n  AP-17 was 5 pg/mouse

( F i g ,  1 3 ) .

The t o x o i d s  w ere  n o n - l e t h a l  f o r  mice  ( F i g .  1 2 b , c ;  1 3 ) ,  However ,  

t o x o i d  (AP-16)T21 w h ic h  had r e s i d u a l  HSA (T a b le  14) and LPA ( T a b l e  1 9 ) ,  

m a n i f e s t e d  some m o u s e - t o x i c i t y  a t  t h e  h i g h e s t  do s e  t e s t e d  ( F i g ,  12b ) ,  

a l t h o u g h  w i t h  t h e  low e r  d o s e s  w e i g h t - g a i n  was normal  ( F i g .  1 2 c ) .  Mice 

i n j e c t e d  w i t h  any o f  t h e  o t h e r  t o x o i d s ,  i e :  ( A P -1 6 ) T 2 2 - ( AP-16)T24 ( F i g .

1 2 b , c ) ,  (A P-1 7 )T 3 3 - (A P -17 )T35 ( F i g .  13 ) ,  g a i n e d  w e i g h t  n o r m a l l y .

Mice i n j e c t e d  w i t h  t h e  w h o l e - c e l l  v a c c i n e  (WCV) g a i n e d  w e i g h t  

n o r m a l l y  a f t e r  a n  i n i t i a l  w e i g h t - l o s s  ( F i g ,  13) o r  no w e i g h t - g a i n  ( F i g .

12a)  on t h e  f i r s t  d a y .

( i i )  Acute  t o x i c i t y  o f  EDAC.

An e x p e r i m e n t  was done  t o  d e t e r m i n e  w h e t h e r  EDAC a l o n e  was 

t o x i c  f o r  mice  ( F i g .  1 4 ) ,

EDAC was n o n - l e t h a l  f o r  mice a t  t h e  d o s e s  t e s t e d  ( 0 , 0 0 1 - 1 , Omg/ 

m o u s e ) .  However ,  m ice  showed l e t h a r g y ,  u n s t e a d i n e s s  and e x a g g e r a t e d  

body movements w i t h i n  0 , 5 h  o f  i n j e c t i o n  o f  EDAC ( 0 , 1 - 1 . 0  mg/mouse) .

These  r e a c t i o n s  p e r s i s t e d  f o r  s e v e r a l  h o u r s  b u t  t h e r e  was no p e rm a n e n t  

p a r a l y s i s ,  o r  d e a t h .  Mice i n j e c t e d  w i t h  1 .0  mg/mouse o f  EDAC d i d  n o t  

g a i n  body-welght  u n t i l  day 6 ( F i g .  1 4 ) .  Those  i n j e c t e d  w i t h  0 , 1  mg/mouse
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F i g u r e  1 3 o T o x i c i t y  o f  u n t o x o i d e d  a n t i g e n  p r e p a r a t i o n  AP-17 and 

v a r i o u s  t o x o i d s  i n  a m o u s e - w e i g h t - g a i n  t e s t

Groups o f  10 mice  w e re  i n j e c t e d  ip  w i t h  5 fig/mouse o f  

u n t o x o i d e d  p r e p a r a t i o n  AP-17 o r  t o x o i d s  (AP-17)T33 ,  (AP-17)T34 or  

(AP-17)T35 o A l s o ,  g r oups  o f  5 m ice  w e re  i n j e c t e d  w i t h  25 | ig/mouse 

o f  t o x o i d  o r  w h o l e - c e l l  v a c c i n e ,  o r  PBS ( a s  c o n t r o l s ) »  Mice were  

we ighed  d a i l y  f o r  7 days  and any d e a t h s  r e c o r d e d »

Sample i n j e c t e d  d ose /m ouse

——A. PBS Go 5 ml

□  — AP- 17 5 [ig*

O ———O (AP-17)T33 25 pg

zx-------zx " T34 "

V ------- V  " T35 "

E3 — Î3 W h o l e - c e l l  v a c c i n e  (WCV) 5 ou^m!

* 5 / 1 0  mice  d i e d  w i t h  t h i s  p r e p a r a t i o n  w i t h i n  7 d a y s .  No d e a t h s  

w e re  o b s e r v e d  i n  mice  i n j e c t e d  w i t h  whol e - c e l l  v a c c i n e  o r  any o f  t h e  

t o x o i d s .  The a v e r a g e  w e i g h t - g a i n s  o f  m ice  i n j e c t e d  w i t h  5 pg/mouse 

o f  any o f  t h e  t o x o i d s  were  c o m p a r a b le  t o  t h o s e  s e e n  w i t h  t h e  h i g h e r  

d o s e  t e s t e d  (25 p g / m o u s e ) .
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F i g u r e  1 4 o Acute  t o x i c i t y  o f  EDAC i n  a  m o u s e - w e i g h t  g a i n  t e s t

Groups o f  3 mice  o f  3 -4  weeks o f  age  w ere  i n j e c t e d  i p  w i t h  

g r a d e d  d o s e s  o f  EDAC i n  20 mM sodium p h o s p h a t e  b u f f e r ,  pH 7 .6  

c o n t a i n i n g  0*5M NaClo A l s o ,  a  s o l u t i o n  o f  EDAC (4 mg ml ^ , 

i e :  t h e  amount  p r e s e n t  i n  t h e  t o x o i d i n g  m i x t u r e ,  po 103 ) was 

d i a l y z e d  a g a i n s t  20 mM sod ium p h o s p h a t e  b u f f e r ,  pH 7o6,  c o n t a i n i n g  

Oo5M NaCl, and m ice  were  i n j e c t e d  w i t h  0o5 ml volumes o f  t h i s  

sample* O t h e r  mice  w ere  i n j e c t e d  w i t h  PBS o r  t h e  d i a l y s i s  

b u f f e r ,  pH 7*6,  a s  c o n t r o l s *

Mice were  we ighed  d a i l y  f o r  7 days and any  d e a t h s  r e c o r d e d *

Sample i n j e c t e d  Dose/mouse

O — —  o EDAC loO mg

A.— II Oo 1 mg

A*--- -----A II 0*01 o r

-------- PBS 0*5 ml

n — --- □ 20 mM sodium p h o s p h a t e

b u f f e r ,  pH 7*6,  +

0*5M NaCl 0*5 ml

T — -----▼ Sample a f t e r d i a l y s i s 0*5 ml

No d e a t h s  w ere  o b s e r v e d  i n  any o f  t h e  g r o u p s  o f  mice  

i n j e c t e d  w i t h  EDAC o r  t h e  c o n t r o l s .
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1 4 3

o f  EDAC g a i n e d  no b o d y - w e l g h t  on day  1 b u t  g a i n e d  w e i g h t  n o r m a l l y  t h e r e 

a f t e r *  The o t h e r  mice  I n j e c t e d  w i t h  OoOOl-OoOl mg/mouse o f  EDAC o r  

0 , 5  ml/mouse  o f  t h e  d i a l y z e d  sa m p le  showed no s i g n s  o f  I n t o x i c a t i o n  

and g a i n e d  w e i g h t  n o r m a l l y  (F ig*  1 4 ) o

2 . 4  EFFECT OF. UNTOXOIDED AND CARBODIIMIDE-TOXOIDED PREPARATIONS ON-. THE- 

CHEMILUMINESCENCE OF RABBIT NEUTROPHILS IN RESPONSE TO A CHEMO- 

TACT1C PEPTIDE

I n  a s e r i e s  o f  I n  v i t r o  e x p e r i m e n t s ,  r a b b i t  p e r i t o n e a l  n e u t r o 

p h i l s  were  p r e - t r e a t e d  w i t h  v a r i o u s  s a m p le s  and s t i m u l a t e d  w i t h  t h e  

c h e m o t a c t l c  p e p t i d e  N - fo rm y l  m e t h l o n y l - l e u c y l - p h e n y l a l a n l n e  (fMLP) and 

t h e  c h e m l l u m l n e s c e n c e - e n h a n c i n g  r e a g e n t  l u m l n o l  ( p .  1 0 1 ) *  The f o l l o w i n g

sa m p le s  were  a s s a y e d :  (1 )  u n t o x o i d e d  p r e p a r a t i o n  AP-16 (T a b le  8)  and

t o x o i d  (AP-16)T29 ( T a b l e  1 6 ) ,  (11)  p u r i f i e d  FHa ( P o r t o n )  and EDAC- 

t r e a t e d  p u r i f i e d  FHa* The r a t i o n a l e  was to  d e v e l o p  a p o s s i b l e  v i t r o  

a s s a y  f o r  t o x o i d s  I n  t h e  knowledge  t h a t  t h e  p r e s e n c e  o f  a c t i v e  PT 

I n h i b i t s  t h e  c h e m l lu m ln e s c e n c e  r e s p o n s e .

(1 )  E f f e c t  o f  u n t o x o i d e d  p r e p a r a t i o n  AP-16 on t h e  c h e m l lu m ln e s c e n c e  

r e s p o n s e .

The no rm a l  r e s p o n s e  o f  r a b b i t  n e u t r o p h i l s  t o  fMLP I s  shown I n  

F i g .  15 as  a p r i m a r y  p e a k  r e s p o n s e  f o l l o w e d  by a  s e c o n d a r y  peak  r e s p o n s e  

w h ic h  g r a d u a l l y  f a l l s  to w a rd s  b a c k g ro u n d  ( 0 . 8 - 1 * 0  mV), R a b b i t  n e u t r o p h i l s  

w i t h o u t  t h e  s t i m u l u s  d i d  n o t  r e s p o n d  and gave a c o n s t a n t  ba c k g ro u n d  o f  

0 . 8 - 1 * 0  mV.

The u n t o x o i d e d  p r e p a r a t i o n  c a u s e d  a  d o s e - d e p e n d e n t  s u p p r e s s i o n  

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

50 n g / a s s a y  t u b e  o f  AP-16 (Fig*  1 5 ) .  A dose  o f  10 n g / a s s a y  t u b e  c a u s e d  

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

p e a k ,  w he re as  2 n g / a s s a y  tu b e  o f  AP-16 d i d  n o t  a f f e c t  t h e  c h e m l lu m ln e s c e n c e  

r e s p o n s e  (F ig*  1 5 ) .
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The e x p e r i m e n t  was r e p e a t e d  t w i c e  and s i m i l a r  r e s u l t s  o b t a i n e d *

( i i )  E f f e c t  o f  t o x o i d  on t h e  c h e m i lu m in e s c e n c e  r e s p o n s e *

Toxoid  p r e p a r a t i o n  (AP-16)T 29 ,  which  had  l e s s  t h a n  0*7% o f  t h e  

HSA o f  u n t o x o i d e d  p r e p a r a t i o n  AP-16 ( T a b l e  1 6 ) ,  m a r k e d ly  enha nce d  t h e  

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

( F i g ,  1 6 ) ,  Doses o f  10 pg o r  1 p g / a s s a y  t u b e  s i g n i f i c a n t l y  enha nce d  t h e  

p r i m a r y  p e a k  r e s p o n s e ,  b u t  no s e c o n d a r y  pe a k  r e s p o n s e  was o b s e r v e d  a t  

t h e  maximum dose  t e s t e d ,  A d o s e  o f  0*1 pg o f  (AP-16)T29 p e r  a s s a y  t u b e  

g ave  a  r e s p o n s e  c o m p a r a b le  t o  t h e  c o n t r o l ,  w h e re as  0*1 pg o f  t h e  

u n t o x o i d e d  p r e p a r a t i o n  c o m p l e t e l y  s u p p r e s s e d  th e  r e s p o n s e  ( F i g ,  16)*

Toxoid  (AP-16)T29 was h e a t e d  a t  80°C f o r  30 min  i n  a w a t e r  b a t h  

and a s s a y e d *  A do s e  o f  1*0 p g / a s s a y  t u b e  o f  u n h e a t e d  t o x o i d  s i g n i f i c a n t l y  

e n h a n c e d  b o t h  p r i m a r y  and s e c o n d a r y  peaks  o f  t h e  b im oda l  r e s p o n s e  ( F i g ,  17 ) ,  

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

n e u t r o p h i l s  w i t h o u t  p r e - t r e a t m e n t *

Both  t h e s e  e x p e r i m e n t s  ( F i g ,  16,  17) were  r e p e a t e d  and s i m i l a r  

r e s u l t s  o b t a i n e d *

( i i i )  E f f e c t  o f  p u r i f i e d  FHa and  EDAG-trea ted  FHa on t h e  c h e m i lu m in e s c e n c e  

r e s p o n s e .

S in c e  t h e  u n t o x o i d e d  p r e p a r a t i o n  s u p p r e s s e d  t h e  c h e m i lu m in e s c e n c e  

r e s p o n s e  and t h e  t o x o i d  e n h a n ce d  i t ,  e x p e r i m e n t s  were  done t o  d e t e r m i n e  

w h ic h  c o m p o n e n t ( s )  o f  t h e  t o x o i d  was r e s p o n s i b l e  f o r  t h e  e n h a n c e m e n t .

The m os t  l i k e l y  c a n d i d a t e  was FHa*

Doses o f  10 o r  50 n g / a s s a y  t u b e  o f  p u r i f i e d  FHa s i g n i f i c a n t l y  

e n h a n c e d  t h e  p r i m a r y  and s e c o n d a r y  pe a ks  o f  t h e  c h e m i lu m in e s c e n c e  

r e s p o n s e  ( F i g .  1 8 ) ,  w h e r e a s  a  d o s e  o f  2 n g / a s s a y  t u b e  gave  a  r e s p o n s e  

c o m p a r a b le  to  t h e  c o n t r o l *  F i l a m e n t o u s  h a e m a g g l u t i n i n  (50 n g / a s s a y  t u b e )  

d i d  n o t  enha nce  t h e  c h e m i l u m i n e s c e n c e  r e s p o n s e  above  b a c k g ro u n d  i n  t h e
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F i g u r e  1 6 * E f f e c t  o f  d i f f e r e n t  amounts  o f  t o x o i d  on t h e  chemi-  

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

fMLP and l u m i n o l

R a b b i t  p e r i t o n e a l  n e u t r o p h i l s  w e re  p r e - t r e a t e d  f o r  I h  a t  37°C w i t h  

g r a d e d  d o s e s  o f  t o x o i d  (AP-16)T29 ( T a b l e  16) o r  0* 1 pg o f  u n t o x o i d e d  

p r e p a r a t i o n  AP-16 b e f o r e  s t i m u l a t i o n  w i t h  fMLP and l u m i n o l .  The 

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

i m p o r t a n t  f e a t u r e s  o c c u r r i n g  w i t h  30 m in  a r e  shown,

a ,  p r e - t r e a t m e n t  w i t h  (AP-16)T 29 ,  10 pg

b,  " " " 1 Hg

c ,  c o n t r o l :  no p r e - t r e a t m e n t

d ,  p r e - t r e a t m e n t  w i t h  (AP-16)T 29,  0 , 1  pg

- - ,  p r e - t r e a t m e n t  w i t h  AP-16 ( 0 . 1  p g ) ,  o r  r a b b i t  n e u t r o p h i l s  n o t  

s t i m u l a t e d  by fMLP . 

mV, t h e  m easu rem en t  o f  l i g h t - e n h a n c e m e n t  i n  m i l l i v o l t s .
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a b s e n c e  o f  t h e  s t i m u l u s  fMLP ( F i g ,  1 8 ) ,  T h i s  was a l s o  o b s e r v e d  when 

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

fMLPo

P u r i f i e d  FHa was t r e a t e d  w i t h  EDAC and a s s a y e d .  W i th o u t  

t r e a t m e n t ,  0o05 p g / a s s a y  t u b e  o f  FHa s i g n i f i c a n t l y  enl i anced  t h e  chem i -  

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

c a r b o d i i m i d e - t r e a t e d  FHa o n l y  p r o d u c e d  a  s l i g h t  enhancem en t  compared  t o  

t h e  c o n t r o l  r e s p o n s e  (F igo  1 9 ) .  A d o s e  o f  2 , 5  p g / a s s a y  t u b e  o f  

c a r b o d i i m i d e - t r e a t e d  FHa was r e q u i r e d  t o  enha nce  t h e  c h e m i lu m in e s c e n c e  

r e s p o n s e  t o  t h e  l e v e l  o b s e r v e d  w i t h  0o05 pg o f  u n m o d i f i e d  FHa ( F i g .  19) ,

Both t h e s e  e x p e r i m e n t s  u s i n g  t r e a t e d  and u n t r e a t e d  FHa 

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

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

summarized  i n  T a b le  20 ,
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SECTION 3 . STABILITY OF TOXOIDS

Dur ing  t h i s  i n v e s t i g a t i o n ,  t h e  s t a b i l i t y  o f  t h r e e  i n d e p e n d e n t l y -  

p ro d u c e d  b a t c h e s  o f  t o x o i d  was s t u d i e d *  The t o x o i d s  w e re  t e s t e d  

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

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

The s t a b i l i t y  o f  t h e  f o l l o w i n g  t o x o i d s  was s t u d i e d :  (AP-17)T33;

(AP-2)T 36 ,  p r e p a r e d  by t r e a t m e n t  o f  a n t i g e n  p r e p a r a t i o n  AP-2 w i t h  a n  

EDAC t o  p r o t e i n  r a t i o  o f  4 0 : 1 ,  w i t h  i n c u b a t i o n  f o r  2h a t  37°C;  and 

(AP-16)T37 ,  p r e p a r e d  by t r e a t m e n t  o f  a n t i g e n  p r e p a r a t i o n  AP-16 w i t h  a n  

ED A C :pro te in  r a t i o  o f  8 0 : 1  f o r  24h a t  37°Co

3 .1  HISTAMINE-SENSITIZING ACTIVITY (HSA)

I n  t h e  f i r s t  s t u d y ,  t o x o i d  (AP-2)T36 had  r e s i d u a l  HSA when 

t e s t e d  on day 0 ( T a b l e  2 1 ) .  Only 3 /5  m ice  c h a l l e n g e d  w i t h  h i s t a m i n e  

s u r v i v e d ,  and t h e  t o x o i d  had  a p p r o x i m a t e l y  0*6% o f  t h e  o r i g i n a l  HSA o f  

u n t o x o i d e d  p r e p a r a t i o n  AP-2* I n  t h e  se c o n d  s t u d y ,  t o x o i d  (AP-16)T37 

d i d  n o t  s e n s i t i z e  any  o f  t h e  m ice  a t  a do s e  o f  10 pg /mouse  ( T a b le  2 2 ) ,  

and t h e r e f o r e  had  l e s s  t h a n  0.4% o f  t h e  o r i g i n a l  HSA o f  u n t o x o i d e d  

p r e p a r a t i o n  AP-IS*

I n  t h e  t h i r d  s t u d y ,  t o x o i d  (AP-17)T33 was s t o r e d  a t  -20°C f o r  

14 d a y s ,  and was t h e r e f o r e  e s s e n t i a l l y  e q u i v a l e n t  t o  a  p r e p a r a t i o n  t e s t e d  

o n  day 0* A l l  t h e  m ice  immunized w i t h  20 pg /mouse  o f  t h i s  t o x o i d  

s u r v i v e d  c h a l l e n g e  w i t h  h i s t a m i n e  ( T a b l e  2 3 ) ;  t h i s  t o x o i d  had l e s s  

t h a n  0.35% o f  t h e  o r i g i n a l  HSA o f  u n t o x o i d e d  p r e p a r a t i o n  AP-17,

T oxo ids  s t o r e d  a t  4°C f o r  up t o  56 days  w ere  s t a b l e .  A f t e r  14 

da y s  a t  4°C,  t h e  r e s i d u a l  HSA o f  t o x o i d  (AP-2)T36 was l o s t ,  s i n c e  a l l  

t h e  m ice  immunized w i t h  t h i s  p r e p a r a t i o n  s u r v i v e d  h i s t a m i n e  c h a l l e n g e
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( T a b l e  2 1 ) ,  Toxo id  (AP-16)T37 showed no HSA a f t e r  14 ,  28 o r  56 days  a t  

4°C,  when t e s t e d  a t  a do s e  o f  10 pg /mouse  ( T a b le  22)* S i m i l a r l y ,  

t o x o i d  (AP"17)T33 was s t a b l e  a t  4°C f o r  up t o  56 d a y s ,  w i t h  no d e t e c t a b l e  

HSA when t e s t e d  a t  a  d o s e  o f  20 pg /mouse  ( T a b le  2 3 ) ,  Both  t h e s e  

p r e p a r a t i o n s  s t i l l  had l e s s  t h a n  0*35-0*4% o f  t h e  o r i g i n a l  HSA o f  t h e i r  

r e s p e c t i v e  u n t o x o i d e d  p r e p a r a t i o n s *

Toxoid  (AP-16)T 37 ,  l y o p h i l i z e d  and s t o r e d  f o r  24 w e e ks ,  was 

a l s o  s t a b l e ,  w i t h  no HSA d e t e c t a b l e  a t  a  dose  o f  10 pg /mouse  ( T a b l e  2 4 ) .

The t o x o i d s  w e re  a l s o  s t o r e d  a t  37°C f o r  up t o  56 days* Under  

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

r e v e r s i o n  t o  HSA* A f t e r  14 d a y s ,  t o x o i d  (AP-2)T36 r e t a i n e d  t h e  HSA 

w h i c h  was d e t e c t e d  on day  0 ,  b u t  l o s t  a t  4^C ( T a b le  21)* P r e p a r a t i o n  

(AP-16)T37 s e n s i t i z e d  9 / 1 0  mice  t o  t h e  l e t h a l  e f f e c t  o f  a c h a l l e n g e  o f  

h i s t a m i n e  when t e s t e d  a t  a do s e  o f  10 pg/mouse  ( T a b le  22) i n d i c a t i n g  

r e v e r s i o n  to  t o x i c i t y *

I n  t h e  p r e l i m i n a r y  s t u d i e s ,  t o x o i d s  (AP-2)T36 ( T a b le  21) o r  

(AP-16)T37 ( T a b le  22)  w e re  n o t  s t o r e d  f o r  more t h a n  14 days  a t  37^C*

B u t ,  w i t h  t h e  knowledge  t h a t  p a r t i a l  r e v e r s i o n  o c c u r r e d  w i t h  t h e s e  

p r e p a r a t i o n s ,  t o x o i d  (AP-17)T33 was k e p t  a t  37°C f o r  up t o  56 days  

( T a b le  23)* When t e s t e d  a f t e r  14 d a y s ,  (AP-17)T33 a t  a  dose  o f  10 pg /m ouse ,  

s e n s i t i z e d  o n l y  1 /5  mice  t o  t h e  l e t h a l  e f f e c t  o f  a h i s t a m i n e  c h a l l e n g e *

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

Toxoid  (AP-17)  showed r e v e r s i o n  t o  d e t e c t a b l e  HSA a f t e r  28 days  

a t  37^C ( T a b le  23)* The p r e p a r a t i o n  had  a HSD^q v a l u e  o f  6*68 pg/mouse  

(95% CL 4*63 ,  9 , 6 4 )  w h ic h  was a p p r o x i m a t e l y  a r e v e r s i o n  t o  1% o f  t h e  

o r i g i n a l  HSA o f  u n t o x o i d e d  p r e p a r a t i o n ,  AP-17* T h i s  a c t i v i t y  was 

m a i n t a i n e d  a t  56 days  a t  37°C.
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T a b l e  21* HSA o f  i n c o m p l e t e l y  t o x o i d e d a n t i g e n  p r é p a r â t i o n ,  (AP-2)T 36,

on s t o r a g e

Sample code S t o r a g e Dose Mice HSD5 0
c o n d i t i o n s ( d e a d / c h a 1 l e n g e d ) (95% CL)

pg /mouse

AP-2 day  0 0*5 5 / 5  - |
0*25 5 /5 <(0o06 pg*
0 . 1 2 4 /5
0*06 4 / 5  J

(AP-2)T36 II 1 0 * 0 2 /5 ^ 1 0  4g
ou*ml/mouse

W h o l e - c e l l II 0*75 5 / 5  n
v a c c i n e 0 .3 7 4 / 5 0 * 2 2  ou*ml
(WCV) 0 .1 9 2 /5 ( 0 . 1 ,  0*49)

0*09 0 / 5  J

pg/mouse

AP-2 14 days  a t  4°C 4*0 5 /5  -
2 * 0 5 / 5 ^ 0 * 5  pg*
1 * 0 5 /5
0 . 5 3 /5  _

11 37°C 4*0 5 /5  ”
2 . 0 5 /5 ^ 0 * 5  pg*
1 * 0 5 /5
0*5 3 /5  J

(AP-2)T36 4°C 1 0 * 0 0 / 5 > 1 0  pg
M 37°C 1 0 * 0 2 /5 ^ 1 0  pg

o u , ml/mouse

W h o l e - c e l l " 4°C 0*75 4 / 5  -
v a c c i n e 0*37 3 /5 0*35 ou*ml
(WCV) 0*19 1/5 (0*27 ,  0*46)

0*09 0 /5

^ C o n f i d e n c e  l i m i t s  n o t  c a l c u l a b l e  f rom t h e  d a ta *

T h i s  s t a b i l i t y  s t u d y  was d i s c o n t i n u e d  a f t e r  14 days  b e c a u s e  o f  t h e  
r e s i d u a l  t o x i c i t y  o f  t h e  t o x o i d  p r e p a r a t i o n .



T a b l e  2 2 . HSA o f  t o x o i d  p r e p a r a t i o n  (AP-16)T37 on s t o r a g e

Sample code S t o r a g e Dose Mice HSD3 0
c o n d i t i o n s ( d e a d / c h a l l e n g e d ) (95% CL)

pg/mouse

AP-16 day  0 1 .0 5 / 5 -

0*4 5 / 5 0 .0 4 3  pg*
0*16 4 / 5
0*06 3 /5

(AP-16)T37 II 10*0 0 / 1 0 > 1 0  pg

ou*ml/mouse

W h o l e - c e l l II 0*75 5 / 5 *■

v a c c i n e 0*37 4 / 5 0*164 ou*ml
(WCV) 0*19 3 /5 ( 0 . 1 4 , 0 * 1 9 )

0*09 2 / 5

pg /mouse

AP-16 14 days  a t  4°C 0*4 5 / 5
0*16 5 / 5 0*04 pg
0 .0 6 3 /5 (0 * 0 2 ,0 * 0 7 )
0 . 0 3 2 / 5

II 37°C 2*5 5 / 5
1*0 5 / 5 < 0 , 1 6  pg*
0*4 5 /5
0*16 4 / 5

(AP-16)T37 4°C 1 0 .0 0 /1 0 > 1 0  pg
It 37°C 10*0 9 / 1 0 < 1 0  pg

ou*ral /mouse

W h o l e - c e l l 4°C 0*75 5 / 5
v a c c i n e 0 .3 7 3 /5 0*265 ou*ml
(WCV) 0*19 2 / 5 ( 0 . 1 8 , 0 * 4 0 )

0*09 0 / 5

Vf C o n f i d e n c e  l i m i t s  n o t  c a l c u l a b l e  f rom t h e  d a t a ,
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Sample code S t o r a g e Dose Mice HSD
c o n d i t i o n s ( d e a d / c h a l l e n g e d ) (95% CL)

pg /mouse

AP-16 28 days  a t  4°C 0 . 1 6 5 /5 —

0 . 0 6 4 / 5 0 . 0 3  pg
0 . 0 3 2 / 5 ( 0 . 0 2 , 0 . 0 4 )
0 . 0 1 0 /5 —

(AP-16)T37 II 1 0 .0 0 /1 0 >10  pg

o u . ml/mouse

W h o l e - c e l l II 0*75 5 / 5 —

v a c c i n e 0o37 4 / 5 0 .2 6 8  o u . ml
(WCV) 0 .1 9 3 /5 ( 0 . 1 8 , 0 . 4 0 )

0 . 0 9 2 / 5 —

pg/mouse

AP-16 56 days  a t  4^C 0 . 1 6 5 /5
0 .0 6 4 /5 0 .0 3  pg
0 . 0 3 2 /5 ( 0 . 0 2 , 0 . 0 4 )
0 .0 1 0 / 5

(AP-16)T37 II 1 0 .0 0 /1 0 > 1 0  pg

o u , ml/mouse

W h o l e - c e l l It 0 . 7 5 5 / 5
v a c c i n e 0 .3 7 3 /5 0 ,268  o u . ml
(WCV) 0 .1 9 2 / 5 ( 0 . 1 8 , 0 , 4 0 )

0 . 0 9 0 / 5



T a b l e  2 3 * HSA o f  t o x o i d  p r e p a r a t i o n  (AP-17)T33 s t o r e d  a t  v a r i o u s  

t e m p e r a t u r e s

Sample code S t o r a g e  
. c o n d i t i o n s

Dose Mice HSD^Q 

( d e a d / c h a l l e n g e d )  (95% CL)

pg/mouse

AP-17 14 days  a t -20°C 0 .1 8 5 / 5
0 .0 9 3 /5 _  0 .0 7  pg
0*04 1 /5 ( 0 . 0 6 , 0 . 0 9 )
0 . 0 2 0 / 5 -

I t I I 4°C 0 .7 5 / 5 -
0 . 3 5 4 / 5 0 .1 2  pg
0 .1 8 3 / 5 ( 0 . 0 8 , 0 . 1 8 )
0 .0 9 2 / 5

I I II 37^C 0 .7 5 / 5
0 .3 5 4 / 5 0 .1 2  pg
0 . 1 8 3 /5 ( 0 . 0 8 , 0 . 1 8 )
0 .0 9 2 / 5

(AP-17)T33 I I -20°C 2 0 . 0 0 / 5 > 2 0  pg
11 I I 4°C 2 0 . 0 0 / 5 > 2 0  pg
II I I 37°C 1 0 . 0 1 / 5 1 > 1 0  pg

5 . 0 0 / 5 J
o u , m l/mouse

W b o l e - c e l l I I 4°C 0 .7 5 5 / 5 —

v a c c i n e 0 .3 7 4 / 5 _  0 .2 1 9  o u . ml
(WCV) 0 ,1 9 2 / 5 ( 0 . 1 8 , 0 . 2 7 )

0 .0 9 0 /5 -
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Sample code S t o r a g e Dose Mice HSD^O
c o n d i t i o n s ( d e a d / c h a l l e n g e d ) (95% CL)

pg/mouse

AP-17 28 days  a t  37°C 0 . 3 5 5 / 5
0 . 1 8 3 /5 0 . 1 4  7 pg
0 . 0 9 1 /5 ( 0 . 1 2 , 0 . 1 8 )
0 . 0 4 0 / 5

(AP-17)T33 " 1 0 .0 5 /5
5 . 0 2 / 5 6 .63  pg
2 . 5 1 /5 ( 4 . 6 3 , 9 . 6 4 )
1 .2 5 0 / 5 -

o u , m l/mouse

W h o l e - c e l l  " 4°C 0 . 7 5 5 / 5
v a c c i n e 0 . 3 9 3 /5 0 ,3 4 5  o u . ml
(WCV) 0.19 1 /5 ( 0 . 2 4 , 0 . 5 1 )

0 . 0 9 1 /5 -

pg/mouse

AP-17 56 days  a t  4°C 0 .1 8 4 / 5
0 .0 9 2 /5 0 .1  pg
0 . 0 4 0 / 5 ( 0 . 0 8 , 0 . 1 3 )
0 .0 2 0 / 5

" " 37°C 0 . 3 5 5 / 5
0 .1 8 3 /5 0 .147  pg
0 .0 9 1 /5 ( 0 . 1 2 , 0 . 1 8 )
0 . 0 4 1 /5

(AP-17)T33 ” 4°C 2 0 . 0 0 /5 > 20  pg

" " 37°C 1 0 .0 5 /5 -
5 . 0 2 / 5 6 .6 8  pg
2 . 5 1 /5 ( 4 . 6 3 , 9 . 6 4 )
1 .2 5 0 / 5 —

o u , m l/m ouse

W h o l e - c e l l  " 4°C 0 . 7 5 5 / 5
v a c c i n e 0 .3 7 2 / 5 0 . 5  o u . ml
(WCV) 0 .1 9 1 /5 ( 0 . 3 5 , 0 . 7 3 )

0 .0 9 0 /5 —
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T a b l e  2 4 . HSA o f  l y o p h i l i z e d  s a m p le s  t e s t e d  a f t e r  s t o r a g e  f o r  24 weeks

Sample code S t o r a g e  
c o n d i t i o n s  
(24 w e e ks )

Dose Mice HSD50
( d e a d / c h a l l e n g e d )  ^L)

AP-16

(AP-16)T37

W h o l e - c e l l
v a c c i n e
(WCV)

-20°C

L y o p h i l i z e d

pg/mouse

0 . 4
0 .1 6
0 .0 6
0 . 0 3

1 .25
0 . 2 5
0 . 0 5
0 .0 1

1 0 .0

o u . ml/mouse

0 .7 5  
0 .  37 
0 .1 9  
0 .0 9

5 / 5
4 / 5
3 /5
2 / 5

5 / 5
4 / 5
1 /5
0 /5

0 /1 0

3 /5
3/5
1 /5
0 / 5

0 . 0 4  pg 
( 0 . 0 2 , 0 . 0 7 )

0 .1 1 2  pg
( 0 . 0 8 , 0 . 1 7 )

> 1 0

0 .3 2  o u , ml 
( 0 . 2 5 , 0 . 4 0 )

Toxoid  p r e p a r a t i o n  (AP-16)T37 and u n t o x o i d e d  p r e p a r a t i o n  AP-16 were 

l y o p h i l i z e d  and s t o r e d  i n  s t o p p e r e d  v i a l s  i n  a d e s s i c a t o r  a t  4°C.  

A f t e r  24 w e e ks ,  t h e  s a m p le s  w ere  r e s u s p e n d e d  i n  t h e  “r e c o n s t i t u t i o n  

b u f f e r '  (Append ix  8)  and  t e s t e d .
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The u n t o x o i d e d  p r e p a r a t i o n s  w ere  a l s o  s t o r e d  a t  4°C o r  37°C 

f o r  up t o  56 days  as  c o n t r o l s .  T h e r e  was no s i g n i f i c a n t  r e d u c t i o n  i n  

t h e  HSA o f  p r e p a r a t i o n s  AP-16 o r  AP-17 a t  4°C a f t e r  56 d a y s .  F o r  e xa m p le ,  

p r e p a r a t i o n  AP-16 t e s t e d  on day 0 had  a HSD^^ v a l u e  o f  a p p r o x i m a t e l y  

0 . 0 4 3  pg /m ouse ,  and  a f t e r  56 da y s  a t  4°C,  i t  was a p p r o x i m a t e l y  0 . 0 3  pg/mouse  

(957. CL 0 . 0 2 ,  0 . 0 4 ;  T a b l e  2 2 ) .  S i m i l a r l y ,  AP-17 had a HSD^^ v a l u e  o f  

a p p r o x i m a t e l y  0 ,0 7  pg /mouse  (95% CL 0 . 0 6 ,  0 . 0 9 )  a f t e r  14 days a t  -20°C,  

and a f t e r  56 days a t  4°C i t  was a p p r o x i m a t e l y  0 . 1  pg/mouse  (957. CL 0 . 0 8 ,  

0 . 1 3 ;  T a b l e  2 3 ) ,  i e :  a p p r o x i m a t e l y  a  30% r e d u c t i o n  i n  HSA.

A f t e r  l y o p h i l i z a t i o n  and s t o r a g e  f o r  24 weeks and t e s t e d ,  

u n t o x o i d e d  p r e p a r a t i o n  AP-16 had  a HSD^^ v a l u e  o f  a p p r o x i m a t e l y  0 .112  

pg/mouse  (957. CL 0 . 0 8 ,  0 . 1 7 ;  T a b l e  2 4 ) .  Th is  p r e p a r a t i o n  r e t a i n e d  

a p p r o x i m a t e l y  38% o f  t h e  o r i g i n a l  HSA o f  t h e  p r e p a r a t i o n  t e s t e d  on day 0 

( T a b l e  2 2 ) .  A l s o ,  t h e  u n t o x o i d e d  m a t e r i a l  showed no r e d u c t i o n  i n  HSA 

a f t e r  24 weeks a t  -20^C ( T a b le  2 4 ) .

U n toxo ided  p r e p a r a t i o n  AP-2 t e s t e d  on day  0 had  a HSUy^ v a l u e  

o f  a p p r o x i m a t e l y  0 .0 6  pg /mouse  ( T a b l e  21)  and a f t e r  14 days  a t  4°C o r  

37^C i t  was l e s s  t h a n  o r  e q u a l  t o  0 . 5  pg /m ouse .  Th is  p o s s i b l y  i n d i c a t e d  

some r e d u c t i o n  i n  HSA b u t  t h e  d a t a  w ere  n o t  s a t i s f a c t o r y  and 95% 

c o n f i d e n c e  l i m i t s  c o u l d  n o t  be  c a l c u l a t e d .

P r e p a r a t i o n  AP-16 ( T a b l e  22)  showed a r e d u c t i o n  i n  HSA when 

t e s t e d  a f t e r  14 days  a t  37^C, b u t  was n o t  s t o r e d  a t  t h i s  t e m p e r a t u r e  f o r  

l o n g e r  p e r i o d s .

U n to x o id ed  p r e p a r a t i o n  AP-17 was s t i l l  h i g h l y  a c t i v e  e v e n  a f t e r  

56 days  a t  37°C ( T a b le  2 3 ) ,  w i t h  a  HSD^^ v a l u e  o f  a p p r o x i m a t e l y  0 .1 47  

pg /mouse  (95% CL 0 . 1 2 ,  0 . 1 8 ) .  T h i s  p r e p a r a t i o n  r e t a i n e d  a p p r o x i m a t e l y  

48% o f  t h e  o r i g i n a l  HSA o f  u n t o x o i d e d  m a t e r i a l  t e s t e d  a f t e r  14 days  a t  

- 2 0 °C .
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The re  was no s i g n i f i c a n t  r e d u c t i o n  i n  t h e  HSA o f  w h o l e - c e l l  

v a c c i n e  (WCV) a f t e r  56 days  a t  4°C i n  t h e  s t a b i l i t y  s t u d y  i n  T a b l e  22 .

I n  t h i s  e x p e r i m e n t ,  t h e  HSD^q v a l u e  o f  t h e  v a c c i n e  t e s t e d  on day  0 and 

a f t e r  56 days  a t  4°C was 0 .1 6 4  o u . m l/m ouse  (95% CL 0 . 1 4 ,  0 , 1 9 )  and  0 ,2 6 8  

o u , ml/mouse  (95% CL 0 . 1 8 ,  0 . 4 0 ) ,  r e s p e c t i v e l y .  S i m i l a r l y ,  t h e r e  was no 

r e d u c t i o n  i n  t h e  HSA o f  t h e  v a c c i n e  a f t e r  14 days  a t  4*^0 i n  t h e  

p r e l i m i n a r y  s t u d y  i n  T a b l e  21 .  However ,  when t h e  95% c o n f i d e n c e  l i m i t s  

o f  t h e  sample  t e s t e d  a f t e r  14 o r  56 days  a t  4°C w ere  compared ( s t a b i l i t y  

s t u d y ,  T a b le  23)  t h e r e  was a s l i g h t ,  b u t  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  

HSA o f  t h e  v a c c i n e .  T h i s  was a n  u n e x p e c t e d  f i n d i n g  and m ig h t  have  b e e n  

due t o  i n s u f f i c i e n t  d i s p e r s i o n  o f  t h e  w h o l e - c e l l s  b e f o r e  i n j e c t i o n  i n t o  

a n i m a l s  o

3o2 LEUCOCYTQSIS-PROMQTING ACTIVITY (LPA)

I n  t h e  p r e l i m i n a r y  s t u d y ,  t o x o i d  p r e p a r a t i o n  (AP-2)T36 w h ich  

had r e s i d u a l  HSA ( T a b le  2 1 ) ,  i n d u c e d  a  s i g n i f i c a n t  i n c r e a s e  i n
3

c i r c u l a t i n g  l e u c o c y t e s ,  w i t h  a g e o m e t r i c  mean WBC/mm c o u n t  o f  12 ,700  

(95% CL 1 0 ,8 0 0 ,  1 5 ,0 0 0 ;  T a b le  2 5 ) .  T h i s  r e p r e s e n t e d  a p p r o x i m a t e l y  a 

2 - 3  f o l d  i n c r e a s e  i n  l e u c o c y t e  c o u n t  when compared t o  mice  i n j e c t e d  w i t h  

t h e  d i l u e n t ,  PBS. T h e r e  was a p p r o x i m a t e l y  a 6 - f o l d  d i f f e r e n c e  i n  t h e
3

g e o m e t r i c  mean WBC/mm c o u n t s  i n  mice  i n j e c t e d  w i t h  0 , 3  pg/mouse o f  

u n t o x o i d e d  p r e p a r a t i o n  AP-2 o r  10 pg /mouse  o f  t o x o i d  ( T a b le  2 5 ) ,  On 

t h i s  b a s i s ,  t h e  t o x o i d  h a d  much l e s s  t h a n  3% o f  t h e  o r i g i n a l  LPA o f  

u n t o x o i d e d  m a t e r i a l  when t e s t e d  on day  0.

I n  t h e  s e co n d  s t u d y ,  t o x o i d  p r e p a r a t i o n  (AP-16)T37 w h ich  had 

no d e t e c t a b l e  HSA ( T a b l e  2 2 ) ,  a l s o  had no d e t e c t a b l e  LPA a t  a dose  o f  

10 pg/mouse^ when t e s t e d  on day 0 ( T a b l e  2 6 ) .

The t o x o i d s  s t o r e d  a t  4°C w ere  s t a b l e  f o r  up t o  56 d a y s .
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Toxo id  (AP-2)T36 w h ic h  had r e s i d u a l  LPA when t e s t e d  on day  0 ,  d i d  n o t  

i n d u c e  a s i g n i f i c a n t  l e u c o c y t o s i s  when t e s t e d  a f t e r  14 days a t  4°C 

( T a b l e  2 5 ) :  t h e  r e s i d u a l  HSA o f  t h i s  p r e p a r a t i o n  was a l s o  l o s t  d u r i n g

t h i s  s t o r a g e  ( s e e  a b o v e ) .  Toxo id  p r e p a r a t i o n  (AP-16)T37 was a l s o  

s t a b l e  a t  4^C, w i t h  no d e t e c t a b l e  LPA i n  mice  when t e s t e d  a f t e r  14,  28 

o r  56 days  ( T a b le  2 6 ) .

Toxoid  (AP“ 16)T37 when t e s t e d  a f t e r  l y o p h i l i z a t i o n  and s t o r a g e
3

f o r  24 weeks ( T a b l e  2 7 ) ,  i n d u c e d  a g e o m e t r i c  mean WBC/mm c o u n t  o f  8 , 5 0 0  

(95% CL 6 , 9 0 0 ,  1 0 , 4 0 0 ) .  T h i s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  

g e o m e t r i c  mean r e s p o n s e  o f  c o n t r o l  m ice  i n j e c t e d  w i t h  PBS, i n d i c a t i n g  

t h a t  t h e  t o x o i d  was s t a b l e  t o  l y o p h i l i z a t i o n  and p r o l o n g e d  s t o r a g e .

Both t o x o i d s  (AP-2)T36 and (AP-16)T37 showed p a r t i a l  r e v e r s i o n  

to  HSA when t e s t e d  a f t e r  14 days  a t  37°C ( s e e  a b o v e ) .  A s i m i l a r  r e v e r s i o n  

to  d e t e c t a b l e  LPA was a l s o  o b s e r v e d .  Toxoid  (AP-2)T36 t e s t e d  a f t e r  14 

days  a t  37°C,  i n d u c e d  a g e o m e t r i c  mean WBC/mm^ c o u n t  o f  33 ,500  (95% CL 

3 0 ,3 0 0 ,  3 9 ,6 0 0 )  a t  a dose  o f  10 pg /mouse  ( T a b le  2 5 ) .  T h i s  was a h i g h l y  

s i g n i f i c a n t  i n c r e a s e  i n  l e u c o c y t o s i s  when compared to  t h e  g e o m e t r i c  mean 

r e s p o n s e  i n  m ice  i n j e c t e d  w i t h  PBS as  c o n t r o l s .  S i m i l a r l y ,  t o x o i d  

(AP-16)T37 showed a p a r t i a l  r e v e r s i o n  t o  LPA ( T a b le  2 6 ) .  When t e s t e d  

a f t e r  14 days  a t  37^C,  a dose  o f  10 pg /mouse  in d u c e d  a g e o m e t r i c  mean 

WBC/mm^ c o u n t  o f  1 6 ,9 0 0  (95% CL 1 4 ,2 0 0 ,  2 0 , 0 0 0 ) ,  wh ich  was a s l i g h t ,  b u t  

s i g n i f i c a n t  i n c r e a s e  i n  l e u c o c y t o s i s  when compared to  t h e  c o n t r o l  ( T a b le  

2 6 ) .  No sa m p le s  o f  e i t h e r  t o x o i d  w ere  s t o r e d  f o r  more t h a n  14 days  a t  

37°C,  and t h e  LPA o f  t o x o i d  (AP-17)T33 was n o t  t e s t e d  d u r i n g  s t o r a g e .

U n to x o id ed  a n t i g e n  p r e p a r a t i o n s  AP-2 and AP-16 were  a l s o  s t o r e d  

a t  4^C o r  37^G a s  c o n t r o l s .  When t e s t e d  on day  0,  b o t h  p r e p a r a t i o n s  

were  h i g h l y  a c t i v e  i n  p r o m o t in g  l e u c o c y t o s i s  i n  m i c e .  U n toxo ided
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p r e p a r a t i o n  AP-2 was l e t h a l  f o r  mice  a t  d o s e s  o f  1 .2 5  pg/mouse  o r  more 

( F i g .  2Oh; T a b l e  2 5 ) .  At  n o n - l e t h a l  d o s e s  h i g h l y  s i g n i f i c a n t  l e u c o 

c y t o s i s  was o b s e r v e d ,  e g :  0 . 3  pg /mouse  o f  AP-2 e l e v a t e d  t h e  WBC c o u n t
3

t o  l e v e l s  o f  76,600/mm (95% CL 6 5 , 3 0 0 ,  8 9 , 8 0 0 ) ,  w h ic h  was a p p r o x i m a t e l y

a 1 5 - f o l d  i n c r e a s e  i n  c i r c u l a t i n g  l e u c o c y t e s  compared t o  t h e  c o n t r o l s .

W ith  p r e p a r a t i o n  AP-16,  a s  l i t t l e  as  0 . 1 2  pg /mouse in d u c e d  a s i g n i f i c a n t  

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

o f  mice  i n j e c t e d  w i t h  PBS as  c o n t r o l s  ( T a b le  2 6 ) .

When t e s t e d  a f t e r  14 days  a t  4°C,  t h e r e  was a s l i g h t  d e c r e a s e  

i n  t h e  LPA o f  u n t o x o i d e d  p r e p a r a t i o n  AP-2 . F o r  ex a m p le ,  when t e s t e d  on
3

da y  0 a dose  o f  0 . 6  pg /mouse  in d u c e d  a WBC/mm c o u n t  o f  8 3 ,9 0 0  (95% CL
3

7 1 , 5 0 0 ,  9 8 , 6 0 0 ) ,  w h e r e a s  a f t e r  s t o r a g e  t h e  g e o m e t r i c  mean WBC/mm c o u n t  

was 6 2 ,2 0 0  (95% CL 5 8 , 1 0 0 ,  6 6 , 6 0 0 ) ,  A l s o ,  d o s e s  o f  5 . 0  and 2 . 5  pg /mouse  

w e r e  n o t  a s  l e t h a l  when t e s t e d  a f t e r  s t o r a g e ,  a l t h o u g h  t h e  s u r v i v i n g
3

m ic e  had  l e u c o c y t e  c o u n t s  o f  o v e r  10 0 ,0 0 0  WBC/mm ( T a b l e  2 5 ) ,  When 

t e s t e d  a f t e r  s t o r a g e  a t  37°C f o r  14 d a y s ,  u n t o x o i d e d  p r e p a r a t i o n  AP-2 

was n o n - l e t h a l  a t  d o s e s  o f  1 . 2 5 ,  2 , 5  o r  5 . 0  pg /m ouse ,  b u t  in d u ce d  

g e o m e t r i c  mean WBC/mm^ c o u n t s  o f  7 8 ,0 0 0  t o  1 07 ,500  ( T a b l e  2 5 ) .

T he re  was no d e c r e a s e  i n  t h e  LPA o f  u n t o x o i d e d  p r e p a r a t i o n  

AP-16 t e s t e d  a f t e r  14, 28 o r  56 days  a t  4°C o r  14 days a t  37^C (T a b le  2 6 ) ,  

o r  a f t e r  l y o p h i l i z a t i o n  and s t o r a g e  f o r  24 weeks ( T a b le  2 7 ) .

In  t h e  p r e l i m i n a r y  s t u d y  ( T a b le  2 5 ) ,  t h e r e  was a s l i g h t  

r e d u c t i o n  i n  t h e  LPA o f  w h o l e - c e l l  v a c c i n e  (WCV) t e s t e d  a f t e r  14 days  

a t  4°C,  when compared t o  t h e  a c t i v i t y  o f  t h e  p r e p a r a t i o n  t e s t e d  on day  0 .  

I n  t h e  second  s t u d y  ( T a b l e  2 6 ) ,  t h e r e  was no d e c r e a s e  i n  LPA a f t e r  14,

28 o r  56 days a t  4°C.
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3 . 3  INDUCTION OF HYPOGLYGAEMIA AKD HYPERINSULINAEMIA I N MICE

The a b i l i t y  o f  t o x o i d  p r e p a r a t i o n  (AP-17)T 33 ,  s t o r e d  a t  4°C o r  

37^C f o r  up to  56 d a y s ,  t o  i n d u c e  h y p o g l y c a e m i a  a n d / o r  h y p e r i n s u l i n a e m i a  

i n  mice  was s t u d i e d  ( T a b le  2 8 ) ,  T hese  a c t i v i t i e s  a r e  a s s o c i a t e d  w i t h  

t h e  A -p ro to m e r  o f  PT, w h e r e a s  h i s t a m i n e - s e n s i t i z a t i o n  and p r o m o t i o n  o f  

l e u c o c y t o s i s  a r e  d e p e n d e n t  on  t h e  B - o l i g o m e r  (Nog imor i  e t  a l * ,  1 9 8 4 a ) o

( i )  Hypog lycaem ia

The minimum d e t e c t a b l e  amount  o f  u n t o x o i d e d  p r e p a r a t i o n  AP-17 

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

m ice  was 0 ,5  pg/mouse  and Go75 ouoml/mouse  r e s p e c t i v e l y ,  a t  t h e  p = 0 .0 0 5  

l e v e l  ( T a b l e  2 8 ) .

Toxoid  (AP-17)T33 k e p t  a t  -20^C f o r  t h e  d u r a t i o n  o f  t h e  

e x p e r i m e n t  d i d  n o t  i n d u c e  h y p o g l y c a e m i a  i n  mice* S i m i l a r l y ,  no 

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

14,  28 o r  56 days  a t  4*̂ C o r  37°C ( T a b l e  2 8 ) .  The re  was i n d i c a t i o n  o f  a  

s l i g h t  h y p o g l y c a e m i a  i n  m ice  i n j e c t e d  w i t h  t o x o i d  s t o r e d  a t  37^C f o r  56 

d a y s ,  b u t  t h i s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  c o n t r o l  (PBS) ,  a t  

t h e  p = 0 .0 0 5  l e v e l o

( i i )  H y p e r i n s u l i n a e m i a

The minimum d e t e c t a b l e  amount  o f  a c t i v i t y ,  a t  t h e  p = 0^005 

l e v e l  i n  t h i s  a s s a y ,  was 0 «5 pg o f  AP-17/mouse ( T a b le  2 8 ) o The w h o l e 

c e l l  v a c c i n e  (WCV) in d u c e d  a s l i g h t  h y p e r i n s u l i n a e m i a  i n  mice  a t  a  dose  

o f  0 , 7 5  ouom l/mouse ,  b u t  t h i s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  

c o n t r o l  (PBS)o

Toxoid  k e p t  a t  -20°C  o r  s t o r e d  a t  4°C f o r  56 days  d i d  n o t  

i n d u c e  h y p e r i n s u l i n a e m i a  a t  a d o s e  o f  10 pg/mouse ( T a b le  2 8 ) ,  However ,  

when t e s t e d  a f t e r  14 days  a t  37^C, t o x o i d  (AP~17)T33 i n d u c e d  a s i g n i f i c a n t  

h y p e r i n s u l i n a e m i a  i n  m ice  when compared  t o  t h e  c o n t r o l  (PBS) .  By con-
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s t r u c t i n g  a  s t a n d a r d  c u r v e  o f  i m m u n o r e a c t i v e  i n s u l i n ,  ÎR I  (ng ml 

v e r s u s  l o g ^ ^  pg AP-17 /mouse ,  and by  i n t e r p o l a t i o n  o n t o  t h a t  c u r v e ,  t h e  

t o x o i d  showed a p p r o x i m a t e l y  a 5% r e v e r s i o n  to  h y p e r i n s u l i n a e m i a  a c t i v i t y „ 

When t e s t e d  a f t e r  28 o r  56 days  a t  37°C,  t h e  t o x o i d  s t i l l  

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

d i f f e r e n t  f rom t h e  c o n t r o l  (PBS) a t  t h e  p = 0*005 l e v e l  ( T a b le  2 8 ) ,

3 o4 MOUSE-WEIGHT-GAIN TEST (MWGT)

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

t o x o i d e d  a n t i g e n  p r e p a r a t i o n s  was m o n i t o r e d  i n  a m o u s e - w e i g h t - g a i n  t e s t  

(MWGT)o I n  t h e  p r e l i m i n a r y  s t u d y ,  m ice  i n j e c t e d  w i t h  t o x o i d  (AP-2)T 36 ,  

w h ic h  had r e s i d u a l  HSA ( T a b le  21)  and LPA ( T a b le  25) when t e s t e d  on day  0,  

g a i n e d  w e i g h t  n o r m a l l y  (F ig*  20a)*  S i m i l a r l y ,  m ice  i n j e c t e d  w i t h  t h e  

t o x o i d  s t o r e d  a t  4°C o r  37°C f o r  14 days  a l s o  g a i n e d  w e i g h t  n o r m a l l y  

(F ig* 2 1 a ) 0

Toxoid  (AP-16)T37 t e s t e d  on day 0 (Fig*  22a)  and a f t e r  s t o r a g e  

a t  4°C f o r  14 (F ig* 2 3 a ) ,  28 (F ig*  24a )  o r  56 days (F ig* 25a)  d i d  n o t  

a f f e c t  no rm a l  m o u s e - w e i g h t - g a i n *  A l s o ,  t h e  t o x o i d  w h ic h  had d e t e c t a b l e  

HSA ( T a b le  22)  and LPA ( T a b le  26)  when t e s t e d  a f t e r  14 days  a t  37°C, 

was n o n - t o x i c  (F ig* 23a)*

Toxoid (AP-16)T37 was a l s o  l y o p h i l i z e d  and s t o r e d  a t  4°C f o r  

24 weeks* When t e s t e d  i n  t h e  MWGT, t h i s  p r e p a r a t i o n  was a l s o  n o n - t o x i c  

a t  a do s e  o f  10 pg /mouse  (Fig* 26)*

I n  t h e  t h i r d  s t u d y ,  m ice  i n j e c t e d  w i t h  t o x o i d  p r e p a r a t i o n  

(AP-17)T33 k e p t  a t  -20°C f o r  14 days  g a i n e d  w e i g h t  n o r m a l l y  (F ig*  27)* 

T h i s  t r e n d  was a l s o  o b s e r v e d  w i t h  t h e  t o x o i d  t e s t e d  a f t e r  14 (F ig*  28a)  

o r  56 days  (Fig*  28b)  a t  4°C* The t o x o i d  s t o r e d  a t  37°C f o r  14 days 

and w h ich  in d u c e d  a s i g n i f i c a n t  h y p e r i n s u l i n a e m i a  ( T a b le  2 8 ) ,  had  no
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a d v e r s e  e f f e c t  on  m o u s e - w e i g h t - g a i n  a t  a dose  o f  20 pg /mouse  (F ig* 27)* 

S i m i l a r l y ,  no rm al  m o u s e - w e i g h t - g a i n  was u n a f f e c t e d  when t h e  t o x o i d  was 

t e s t e d  a f t e r  28 o r  56 days  a t  37°C (F ig*  2 8 a , b )  when a r e v e r s i o n  t o  HSA 

was o b s e r v e d  ( T a b l e  23)*

I n  summary, t h e s e  t o x o i d s  w e re  n o n - l e t h a l  and n o n - t o x i c  f o r  

m ice  a t  t h e  d o s e s  t e s t e d  ( s e e  F i g u r e s ) *  The s l i g h t  r e v e r s i o n  to  

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

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

c o n d i t i o n s ,  was a l s o  i n s u f f i c i e n t  t o  a f f e c t  no rm a l  w e i g h t - g a i n  ( s e e  

F i g u r e s ) *

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

f o r  mice* When t e s t e d  on day  0 ,  p r e p a r a t i o n  AP-2 was h i g h l y  t o x i c  f o r  

m ice  v i a  t h e  i v  r o u t e *  At a l l  t h e  d o s e s  t e s t e d ,  a v e r a g e  w e i g h t - g a i n  

f o r  m ice  was s i g n i f i c a n t l y  r e t a r d e d  w i t h  numerous d e a t h s  a l s o  (F ig*  2 0 b ) ,

From t h e s e  d a t a  (F ig*  2 0 b ) ,  a  v a l u e  f o r  AP-2 was c a l c u l a t e d  by t h e  p r o b i t

method a s  0 ,8 8  pg/mouse  (957* CL 0*74 ,  1*06)* The m o u s e - l e t h a l i t y  o f  

t h i s  p r e p a r a t i o n  was r e d u c e d  d u r i n g  s t o r a g e  a t  4^C o r  37^C f o r  14 d a y s ,  b u t  

i t  was s t i l l  t o x i c ,  i n  t h a t  no rm a l  w e i g h t - g a i n  was s i g n i f i c a n t l y  r e t a r d e d  

(Fig*  2 1 b , c ) *

P r e p a r a t i o n  AP-16 was n o t  l e t h a l  when t e s t e d  on day 0 ,  and o n l y  a 

d o s e  o f  3 pg/mouse  s i g n i f i c a n t l y  r e t a r d e d  no rm al  m o u s e - w e i g h t  g a i n  (F ig*

22b)* However ,  when t e s t e d  a f t e r  14 days  a t  37^C, m ice  i n j e c t e d  w i t h  

3 pg/mouse  o f  AP-16 g a i n e d  w e i g h t  n o r m a l l y ,  b u t  a  dose  o f  9 pg/mouse  was 

l e t h a l  o r  t o x i c  (F ig*  23b)* Mice i n j e c t e d  w i t h  3 pg /mouse  o f  t h e  

p r e p a r a t i o n  s t o r e d  a t  4°C f o r  14 (F ig*  23c)  o r  28 days (F ig*  24b) d i d  n o t  

g a i n  w e i g h t  n o r m a l l y ,  b u t  a f t e r  56 days  a t  4°C t h i s  b o d y - w e i g h t - d e c r e a s i n g  

t o x i c i t y  was l o s t  (Fig*  2 5 b ) *

A f t e r  l y o p h i l i z a t i o n  and s t o r a g e  f o r  24 w e e k s ,  p r e p a r a t i o n  AP-16
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F i g u r e  2 0 * M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d

p r e p a r a t i o n  AP-2 and i n c o m p l e t e l y  t o x o i d e d  p r e p a r a t i o n  

(AP-2)T36 t e s t e d  on day 0

Mice were  i n j e c t e d  i v  w i t h  t e s t  s a m p l e s ,  w e ighe d  d a i l y  f o r  7 days 

and any  d e a t h s  r e c o r d e d *  ( L e u c o c y t e  c o u n t s  w ere  a l s o  done 5 days  

a f t e r  i n j e c t i o n  and t h e s e  d a t a  shown i n  T a b l e  25 ) .

Sample i n j e c t e d Dose/mouse Mice
( d e a d / i n j e c t e d )

a* A ------ -—A PBS 0 . 5  ml 0 /5

o — -— o Toxoid  (AP-2)T36 1 0 ,0  pg 0 / 5

B -------— n W h o l e - c e l l  v a c c i n e 5*0 ou*ml 0 / 5

(WCV)

bo A —— — A PBS 0*5 ml 0 / 5

U n to x o id ed  p r e p a r a t i o n ,

c -------— o AP-2 5*0 pg 4 / 5

— — 'V II 2*5 pg 4 / 5

□ — — □ It 1*25 pg 4 / 5

— — 1 7 It 0*6 pg 1 /5

D ---- — It 0*3 pg 0 / 5

I n  F i g . ( b )  t h e  a v e r a g e  w e i g h t  change  (g /m ouse)  w i t h  AP-2 

(1*25 -5*0  pg /mouse)  i s  o n l y  shown f o r  t h e  f i r s t  t h r e e  days
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F i g u r e  2 1 o M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d

p r e p a r a t i o n  AP-2 and t o x o i d  (AP-2)T36 t e s t e d  a f t e r  

s t o r a g e

Mice were i n j e c t e d  i v  w i t h  s a m p le s  s t o r e d  f o r  14 days  a t  4°C o r  

37°C,  we ighed  d a i l y  f o r  7 days  and any d e a t h s  r e c o r d e d o  ( L e u c o c y te  

c o u n t s  were  a l s o  done 5 days  a f t e r  i n j e c t i o n  and t h e s e  d a t a  shown i n  

Tab le  25 ) .

Sample
i n j e c t e d

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

D o s e /
mouse

Mice
( d e a d /
i n j e c t e d )

a 0 A—--- A PBS 14 days  a t  4^C 0 , 5  ml 0 / 5

O— — o (AP-2)T36 II 1 0 ,0  pg 0 / 5
— za. n " 37°C II 0 / 5

a — — m W hole -c e 11 v a c c i n e " 4°C 5 , 0  ouoml 0 /5

(WCV)

_bo A — -----A PBS (as  above ) ( a s  above)

z — AP-2 14 days  a t  37°C 5 , 0  pg 0 /5
It II 2 , 5  pg 0 / 5

□ — ----□ II If lo 25  pg 0 / 5

A —-——A PBS (a s  above ) ( a s  above)

z.—----- Z] A.P-2 14 days  a t  4°G 5 , 0  pg 2 / 5
II It 2 , 5  pg 2 /5

O — —  □ II II 1 .2 5  pg 0 / 5

V  — ------V II II 0 , 6  pg 0 / 5
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F i g u r e  2 2 . M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d

p r e p a r a t i o n  AP-16 and t o x o i d  (AP-16)T37 t e s t e d  on day Q

Groups o f  5 mice  w ere  i n j e c t e d  i v  w i t h  g r a d e d  d o s e s  o f  u n t o x o i d e d  

p r e p a r a t i o n  AP-16,  o r  s i n g l e  d o s e s  o f  w h o l e - c e l l  v a c c i n e  o r  PBS; a g roup  

o f  10 m ice  was i n j e c t e d  w i t h  t o x o id o  Animals  w ere  we ighed  d a i l y  f o r  

7 d a y s ,  and any d e a t h s  r e c o r d e d *  ( L e u c o c y t e  c o u n t s  were  a l s o  done 5 

days  a f t e r  i n j e c t i o n  and t h e s e  d a t a  shoT<ra i n  T a b l e  26 ) ,

Sample i n j e c t e d Dose/mouse

a* A---- ---A PBS 0*5 ml

o ——— O (AP-16)  T37 10 oO (J-g

Q---- — □ W h o l e - c e l l  v a c c i n e 5*0 o u . ml

(WCV)

b . A—— PBS ( as  above)

--- —Al AP-16 3*0 |ig

Z1— II 0*6 pg

c - — — o It 0 ,1 2  pg

— --V II 0 .0 2  pg

I n  F i g , ( b )  mice  i n j e c t e d  w i t h  t h e  u n t o x o i d e d  p r e p a r a t i o n  were  n o t  

w e ighed  a f t e r  5 days*

No d e a t h s  w ere  o b s e r v e d  i n  m ic e  i n j e c t e d  w i t h  t h e  u n t o x o i d e d  o r  

t o x o i d e d  p r e p a r a t i o n s ,  w h o l e - c e l l  v a c c i n e  o r  PBS*
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F i g u r e  2 4 o M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d

p r e p a r a t i o n  AP-16 and t o x o i d  (AP-I6 )T37  s t o r e d  f o r  

28 days  a t  4°C

Groups o f  5 o r  10 m ic e  w ere  i n j e c t e d  i v  w i t h  g r a d e d  d o s e s  o f  

AP-16 o r  s i n g l e  d o s e s  o f  w h o l e - c e l l  v a c c i n e ,  t o x o i d  (AP-16)T37 o r  

PBS s t o r e d  a t  4°C f o r  28 dayso Animals  w ere  w e ighe d  d a i l y  f o r  7 

days and any  d e a t h s  r e c o r d e d *  ( L e u c o c y t e  c o u n t s  w ere  done 5 days  

p o s t - i n j e c t i o n ,  and t h e s e  d a t a  shown i n  T a b l e  2 6 ) ,

Sample i n j e c t e d Dose/mouse

a* ------ ^  PBS 0o5 ml

o - O (A P - 1 6 )T 3 7 1 0 .0  M-g

■ - ® Whol e - c e  11 v a c c i n e  

(WCV)

5 , 0  o u , ml

b . jk.------- ^  PBS ( a s  above ) 0 , 5  ml

AP-16 3 , 0  \ig

------ [X " 0 , 6  (ig

□ - — —□  " 0 , 1 2  {ig

No d e a t h s  w ere  r e c o r d e d  w i t h  any  o f t h e s e  s a m p le s  t e s t e d .
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F i g u r e  2 5 o M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d

p r e p a r a t i o n  AP-16 and  t o x o i d  (AP-16)T37 s t o r e d  f o r  

56 days  a t  4°C

Groups o f  5 o r  10 m ic e  w e r e  i n j e c t e d  i v  w i t h  g r a d e d  d o s e s  o f  

u n t o x o i d e d  p r e p a r a t i o n  AP-16 o r  s i n g l e  d o s e s  o f  t o x o i d  (AP-16)T37 ,  

w h o l e - c e l l  v a c c i n e  o r  PBS s t o r e d  a t  4°C f o r  56 d a y s .

Animals  w ere  we ighed  d a i l y  f o r  7 days  and any  d e a t h s  r e c o r d e d ,  

( L e u c o c y t e  c o u n t s  w e re  a l s o  done 5 days a f t e r  i n j e c t i o n  and t h e s e  

d a t a  shot-m i n  T a b l e  26 ).

Sample i n j e c t e d Dose /mouse

------- A. PBS 0 , 5 ml

------ o (AP-16)T37 1 0 ,0 M-g

O-— a W l i o l e - c e l l  v a c c i n e  (WCV) 5 , 0 o u , ml

bo - — PBS (a s  a bove ) 0 , 5 ml

.4------- ^ AP-16 3o0 M-g

II 0 , 6 pg

□------- □ II 0 , 1 2  pg

No d e a t h s were r e c o r d e d  i n  any  o f  t h e  t e s t g r o u p s  ,
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F i g u r e  2 6 o M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  v a r i o u s  l y o p h i l i z e d

s a m p le s  s t o r e d  f o r  24 weeks a t  4°C

Groups o f  5 o r  10 mice  w ere  i n j e c t e d  i v  w i t h  g r a d e d  d o s e s  o f  

u n t o x o i d e d  p r e p a r a t i o n  AP-16 o r  s i n g l e  d o s e s  o f  t o x o i d  (AP-16)T37 o r  

w h o l e - c e l l  v a c c i n e ,  o r  PBS as  c o n t r o l s o

Animals  were  we ighed  d a i l y  f o r  7 days  and any  d e a t h s  r e c o r d e d □ 

( L e u c o c y t e  c o u n t s  were  a l s o  done 5 days a f t e r  i n j e c t i o n  and  t h e s e  d a t a  

sho^fn i n  T a b l e  27 ) .

Sample i n j e c t e d Dose /mouse

^ — ---- ^ PBS 0 , 5  ml

o — '— O Toxo id  (AP-16)T37 lOoO lag

U n to x o id e d  p r e p a r a t i o n ,

y ---- AP-16 3oO (ig

V ---- ti Go 6 pg

-  ... It 0 , 1 2  pg

— ^ II 0o02 pg

8 — —  3 W h o l e - c e l l  v a c c i n e  (WCV) 5o0 oUoml

No d e a t h s  w ere  o b s e r v e d  i n  any  o f  t h e  t e s t  a n im a l s o
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F i g u r e  2 7 o M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d  and 

t o x o i d e d  p r e p a r a t i o n s  s t o r e d  f o r  14 days a t  d i f f e r e n t  

t e m p e r a t u r e s

Groups o f  5 m ice  w ere  i n j e c t e d  i p  w i t h  u n t o x o i d e d  p r e p a r a t i o n  

AP-17 o r  t o x o i d  (AP-17)T33 s t o r e d  a t  - 2 0 °C ,  4°C o r  37°C f o r  14 days,  

O t h e r  mice  were i n j e c t e d  w i t h  t h e  w h o l e - c e l l  v a c c i n e  (WCV), o r  PBS 

as  c o n t r o l s o  Animals  were  w e ighe d  d a i l y  f o r  7 days and any d e a t h s

r e c o r d e d o

Sample i n j e c t e d S t o r a g e c o n d i t i o n s Dose/mouse

jêK----~----.A. PBS 14 days a t  4°C Go5 ml

o -----— O (AP-17)T33 II -20°C 2 0 , 0  jxg

/X—— M It 4°C It

V ---------V II It 37°C II

k — AP-17 II -20°C 8 , 0  fig*

□ — -----□ 11 II 4°C II ÿ.

h.— — .h. H It 37°C II Yc

□ — — 13 W h o l e - c e l l  v a c c i n e  

(WCV)

tl 4°C 5 , 0  o u , ml

* 2 / 5  m ice  d i e d  i n  e a ch  g roup  w i t h i n  7 days  o f  i n j e c t i o n .  No d e a t h s  

w ere  o b s e r v e d  i n  any  o f  t h e  o t h e r  g r o u p s .
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F i g u r e  2 8 o M o u s e - w e i g h t - g a i n  ( t o x i c i t y )  t e s t  f o r  u n t o x o i d e d  and

t o x o i d e d  p r e p a r a t i o n s  s t o r e d  f o r  28 o r  56 days  a t  4°C 

o r  37°C

Groups o f  5 mice  w ere  i n j e c t e d  ip  w i t h  u n t o x o i d e d  p r e p a r a t i o n  

AP-17 o r  t o x o i d  (AP-17)T33 s t o r e d  a t  4°C o r  37°C f o r  28 o r  56 d a y s ,  

o r  w i t h  w h o l e - c e l l  v a c c i n e  o r  PBS s t o r e d  a t  4^C f o r  28 o r  56 d a y s „

Animals were w e ighed  d a i l y  f o r  7 days  and any d e a t h s re c o r d e d *

Sample i n j e c t e d S t o r a g e c o n d i t i o n s Dose /mouse

a o ——jk PBS 28 days a t  4°C 0*5 ml

O — ---- o (AP-17)T33 II 37°C 2 0 . 0  pg

O — _ □ AP-17 II II 8 , 0  pg

a — — o W h o l e - c e l l  v a c c i n e  

(WCV)

II 4°C 5*0 ouoral

bo ^ — PBS 56 days a t  4°C 0*5 ml

V —---- V (AP-17)T33 11 37°C 20o0 pg

Zi ———A tt II 4^C 11

kv—---- k AP-17 II 37°C 8o0 pg*

ÎX—---- 11 II 4°C *

a — — m W h o l e - c e l l  v a c c i n e  

(WCV)

II II 5*0 oUoml

* 1 / 5  m ice  d i e d  i n  e a ch  g ro u p  w i t h i n  7 days  o f  i n j e c t i o n *  No d e a t h s  

w e re  o b s e r v e d  i n  t h e  o t h e r  g roups*
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was s t i l l  t o x i c  b u t  n o t  l e t h a l  a t  a  do s e  o f  3 | ig /m ouse ,  when t e s t e d  

( F i g .  2 6 ) .

The u n t o x o i d e d  p r e p a r a t i o n  AP-17 s t o r e d  a t  -2 0 ° C ,  4°C o r  37^G 

f o r  14 days  was t o x i c  o r  l e t h a l  a t  a do s e  o f  8 j ig/mouse ( F i g .  2 7 ) .

When t e s t e d  a f t e r  28 days  a t  37°C,  t h e  p r e p a r a t i o n  was n o t  l e t h a l  b u t  

no rm a l  w e i g h t - g a i n  f o r  m ice  was s i g n i f i c a n t l y  r e t a r d e d  ( F i g .  2 8 a ) .  

S i m i l a r l y ,  m ice  i n j e c t e d  w i t h  AP-17 s t o r e d  a t  4°G o r  37°G f o r  56 days d i d  

n o t  g a i n  w e i g h t  n o r m a l l y  ( F i g .  28b)  and  by day  7,  1 /5  m ice  from e a ch  

g roup  had  a l s o  d i e d .

I n  any  o f  t h e  e x p e r i m e n t s ,  m ice  i n j e c t e d  w i t h  t h e  w h o l e - c e l l  

v a c c i n e  (WGV) showed an  i n i t i a l  w e i g h t  l o s s  on t h e  f i r s t  d a y ,  p r e s u m a b ly  

due t o  e n d o t o x i n ,  w i t h  o r i g i n a l  w e i g h t  r e g a i n e d  u s u a l l y  by t h e  s e c o n d  

d a y .  I n  one e x p e r i m e n t  ( F i g .  28b)  t h i s  i n i t i a l  w e i g h t  l o s s  was n o t  

o b s e r v e d  w i t h  t h e  w h o l e - c e l l  v a c c i n e  t e s t e d  a f t e r  56 days  a t  4°G; t h i s  

may have  b e e n  due t o  i n a d e q u a t e  d i s p e r s i o n  o f  t h e  w h o l e - c e l l s  b e f o r e  

i n j e c t i o n .  I n  a l l  c a s e s ,  t h i s  d o s e  o f  v a c c i n e  was n o n - l e t h a l  f o r  

m i c e .

The d a t a  i n  t h i s  s e c t i o n  i s  summarized  i n  T a b l e  29 ,  wh ich  

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

t i o n s  and w h o l e - c e l l  v a c c i n e  d u r i n g  s t o r a g e .
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SECTION 4 o ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)

4 . 1  Deve lopment  o f  ELISA f o r  p e r t u s s i s  t o x i n

P r e l i m i n a r y  e x p e r i m e n t s  w ere  done  u s i n g  a n t i - F T  m o n o c lo n a l

a n t i b o d i e s  L^, L 5 and L^Q, a r a b b i t  a n t i - P T  p o l y c l o n a l  a n t i b o d y ,  f e t u i n

and human h a p t o g l o b i n  t y p e  2 - 2 .  I n  t h e  f i r s t  e x p e r i m e n t ,  t h e  r o u t i n e

ELISA p r o c e d u r e  was u s e d  ( p .  96 ) ,  e x c e p t  t h a t  w e l l s  w ere  c o a t e d  w i t h

f e t u i n  a t  0 . 2 - 1 . 6  |ag w e l l  t h e  a n t i g e n  was a n  Amicon 100 kDal  c u l t u r e

f l u i d  r e t e n t a t e  w i t h  d e t e c t a b l e  HSA, and L ^  m o n o c lo n a l  a n t i b o d y  ( 1 0 . 5  ng 

“ 1w e l l  ) was u s e d  a f t e r  t h e  bound a n t i g e n .  The re  was no d i f f e r e n c e  i n  

t h e  ELISA d o s e - r e s p o n s e  c u r v e s  when t h e  c o n c e n t r a t i o n  o f  f e t u i n  was 

v a r i e d  ( d a t a  n o t  show n) ,  and i n  a l l  s u b s e q u e n t  e x p e r i m e n t s  f e t u i n  a t
_ I

0 , 4  [ig w e l l  was t h e  s o l i d  p h a s e .

The a f f i n i t y  o f  t h e  m o n o c l o n a l  a n t i b o d i e s  L 4 , 1 5 and L 1 0  f o r  

t h e  a n t i g e n  bound to  f e t u i n  was n e x t  e v a l u a t e d .  The w e l l s  o f  Nunc 

E L I S A - p l a t e s  were c o a t e d  w i t h  f e t u i n  ( 0 , 4  jig w e l l  ^) and t h e  Amicon 

100 kDal r e t e n t a t e  t i t r a t e d  as  d e s c r i b e d  a b o v e .  A f t e r  i n c u b a t i o n ,

200 111 volumes o f  L 4  ( 0 . 2 1  jig ml ^ ) ,  L 5 ( 0 . 2 1  jig ml ^) o r  L 2 0  ( 1 i n  200 

d i l u t i o n  o f  s t o c k ) w e r e  added  t o  d u p l i c a t e  w e l l s .  The r o u t i n e  ELISA 

p r o c e d u r e  (p .  96 ) was f o l l o w e d .  I n  t h i s  e x p e r i m e n t ,  t h e  ELISA d o s e -

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

m o n o c l o n a l  a n t i b o d y  m odels  ( d a t a  n o t  show n) ,  and i n  a l l  s u b s e q u e n t  

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

A c o m p a r i s o n  o f  d i f f e r e n t  s o l i d  p h a s e  c o a t s  was done u s i n g  two 

d i f f e r e n t  a n t i g e n  p r e p a r a t i o n s ;  ( 1 ) p u r i f i e d  i s l e t - a c t i v a t i n g  p r o t e i n  

( lAP-PT)  and (2 )  t h e  Amicon 100 kDal  c u l t u r e  f l u i d  r e t e n t a t e .  The w e l l s  

o f  Nunc E L I S A - p l a t e s  were  c o a t e d  w i t h  e i t h e r  f e t u i n ,  h a p t o g l o b i n ,  mono-
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c l o n a l  a n t i b o d y  L4 5  L5 o r  p o l y c l o n a l  a n t i b o d y  ( F i g .  2 9 ) .  The p o s i t i v e  

e n d - p o i n t  f o r  e a c h  ELISA was c h o s e n  as  t h e  a b s o r b a n c e  v a l u e  (A492nm) 

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

b a c k g ro u n d  v a l u e s  w e re  a p p r o x i m a t e l y  0 . 0 5 .  U s ing  h a p t o g l o b i n ,  mono

c l o n a l  a n t i b o d i e s  o r  p o l y c l o n a l  a n t i b o d y  as  t h e  s o l i d  p h a s e ,  ba c k g ro u n d  

v a l u e s  w ere  a p p r o x i m a t e l y  0 . 1 5 .

Tak ing  i n t o  a c c o u n t  b a c k g ro u n d  a b s o r b a n c e ,  t h e  minimum 

d e t e c t a b l e  amount  o f  lAP(PT) w i t h  t h e  f e t u i n - L ^ q ,  h a p t o g l o b i n - L ^ ^ ,  

p o l y c l o n a l  a n t ib o d y - L ^ Q  and L^-L^Q ELISA s y s te m s  was 4 . 0  ng w e l l   ̂ ( F i g .  

2 9 ) .  The L4 -L^Q ELISA model  d e t e c t e d  2 . 0  ng w e l l   ̂ above  ba c k g ro u n d  

a b s o r b a n c e  ( F i g .  2 9 ) .

When p u r i f i e d  lAP was s u b s t i t u t e d  w i t h  t h e  c r u d e  p r e p a r a t i o n  o f  

PT, t h e  f e t u i n - L ^ Q ,  L4 - L 1 0  Lg-LiQ ELISA s y s te m s  gave  s i m i l a r  d o s e -

r e s p o n s e  c u r v e s  ( F i g .  3 0 ) .  However ,  t h e  p o l y c l o n a l - L ^ Q  and h a p t o g l o b i n -

LlO s y s te m s  d i d  n o t  g i v e  t h e  e x p e c t e d  t y p e  o f  s i g m o i d a l  ELISA d o s e -  

r e s p o n s e  c u r v e  ( F i g .  3 0 ) .

The ELISA c h o s e n  f o r  r o u t i n e  d e t e c t i o n  and q u a n t i t a t i o n  o f  PT 

was t h e  f e t u i n - L ^ Q  m o d e l .  S e v e r a l  o t h e r  f r a c t i o n s  were  t e s t e d  i n  t h i s

s y s t e m ,  e g ;  c u l t u r e  f l u i d  c o n c e n t r a t e s  o f  X- and C-raode B. p e r t u s s i s

18334,  and o f  B̂  ̂ p a r a p e r t u s s i s . Only t h e  X-mode B. p e r t u s s i s  f r a c t i o n  

d e m o n s t r a t e d  ELISA-PT a c t i v i t y  (A492nm ^ 0 . 0 5 ) .

T h ro u g h o u t  t h i s  i n v e s t i g a t i o n ,  c u l t u r e  f l u i d  s am p les  and a n t i g e n  

p r e p a r a t i o n s  were  f r e q u e n t l y  a s s a y e d  f o r  PT u s i n g  t h e  f e t u i n - L l o  ELISA 

w i t h  p u r i f i e d  i s l e t - a c t i v a t i n g  p r o t e i n  ( lAP-PT)  as  t h e  s t a n d a r d .  There  

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

a t i o n  w i t h  r e p e a t e d  f r e e z i n g  and th a w in g  d u r i n g  s t o r a g e  ( F i g .  3 1 ) .  When 

t h e  p r e p a r a t i o n  was f i r s t  t i t r a t e d ,  4 ng w e l l   ̂ o f  lAP was d e t e c t e d  above  

b a c k g ro u n d  a b s o r b a n c e :  how ever ,  i n  t h e  f i n a l  t i t r a t i o n  o n l y  16 ng w e l l  ^
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F i g u r e  2 9 . C om par i son  o f  d i f f e r e n t  c o a t i n g  l a y e r s  i n  ELISA f o r  

p u r i f i e d  i s l e t - a c t i v a t i n g  p r o t e i n  ( lA P-P T)

The w e l l s  o f  Nunc E L I S A - p l a t e s  w e re  c o a t e d  i n  d u p l i c a t e  w i t h  

0 . 4  p,g w e l l   ̂ o f  f e t u i n ,  human h a p t o g l o b i n ,  m o n o c l o n a l  L^,  L^ o r  

p o l y c l o n a l  a n t i b o d y .  The a n t i g e n  p r e p a r a t i o n ,  lAP, was t i t r a t e d  

i n  d u p l i c a t e .  C o n t r o l  w e l l s  w e r e  c o a t e d  a s  a b o v e ,  b u t  no a n t i g e n  

was a d d e d .  M onoc lona l  a n t i b o d y  L̂ ^q was u s e d  a f t e r  t h e  a n t i g e n  phase ,  

The a d d i t i o n  o f  c o n j u g a t e ,  enzyme i n i t i a t i o n  and t e r m i n a t i o n  s t e p s  

w ere  done as  d e s c r i b e d  ( p .  96 ) .

C o a t i n g  l a y e r

□  Mouse a n t i - P T  L^ m o n o c l o n a l  IgG a n t i b o d y

_  I I  I I  y  I I  I I  I IO  M L^

O--------*0 F e t u i n

A--------'A H a p t o g l o b i n

A-------- -A R a b b i t  a n t i - P T  p o l y c l o n a l  IgG a n t i b o d y

-1
A bso rbance  v a l u e s  w i t h  128 ng w e l l  o f  lAP i n  t h e  f e t u i n - L ^ ^  

h a p L o g lo b in -L ^ Q ,  L ^ -L ĵ q and L ^ - L ĵ q s y s t e m s  were  beyond t h e  d e t e c t a b l e  

r a n g e  o f  t h e  ELISA r e a d e r  ( A492nm ^  2 . 0 ) .



F e t u i n

1 6

H a p t o g l o b i n

P o l y c l o n a l  IgG

 ̂ 0 6

0  4

0 2

8 0  1 0 0  1 2 04 0  6 0200
- 1

IAP(ng well )
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F i g u r e  3 0 „ C om par i son  o f  d i f f e r e n t  c o a t i n g  l a y e r s  i n  ELISA f o r  a 

c r u d e  p r e p a r a t i o n  o f  PT

The w e l l s  o f  Nunc E L I S A - p l a t e s  w ere  c o a t e d  i n  d u p l i c a t e  w i t h  

0 , 4  [Xg w e l l   ̂ o f  f e t u i n ,  h a p t o g l o b i n ,  L^,  o r  p o l y c l o n a l  a n t i b o d y .  

The a n t i g e n  sam ple  t i t r a t e d  was a n  Amicon 100 kDal  Bo p e r t u s s i s  

c u l t u r e  f l u i d  r e t e n t a t e *  M onoc lona l  a n t i b o d y  was u s e d  i n  e a c h  

a s s a y  a f t e r  t h e  bound a n t i g e n .  The a d d i t i o n  o f  c o n j u g a t e ,  enzyme 

i n i t i a t i o n  and t e r m i n a t i o n  s t e p s  were  done  a s  d e s c r i b e d  ( p .  96 ) .

C o a t i n g  l a y e r

□ -------_ □  Mouse a n t i - P T  m o n o c l o n a l  IgG a n t i b o d y

a - — -a  *' “ " ’’5

O————O F e t u i n

A — A H a p t o g l o b i n

A—  A R a b b i t  a n t i - P T  p o l y c l o n a l  IgG a n t i b o d y

A b s o rb a n ce  v a l u e s  w i t h  u n d i l u t e d  sa m p le  i n  t h e  m o n o c l o n a l  

a n t i b o d y  (L^,  L^)  s y s te m s  were  beyond t h e  d e t e c t a b l e  r a n g e  o f  t h e  

ELISA r e a d e r  (A 492nm 2 .0 ) *
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F i g u r e  3 1 o B in d i n g  a f f i n i t y ,  d u r i n g  s t o r a g e ,  o f  p u r i f i e d  lAP(PT) i n  

t h e  f e t u i n - L ^ Q  ELISA

I s l e t - a c t i v a t i n g  p r o t e i n ,  lAP(PT), was u s e d  a s  a  s t a n d a r d  r e f e r e n c e  

p r e p a r a t i o n  f o r  t h e  q u a n t i t a t i o n  o f  PT i n  s a m p l e s „ T h i s  r e f e r e n c e  was 

s t o r e d  f r o z e n  ( -20^C)  b e tw e e n  a s s a y s  and t i t r a t e d  i n  t h e  f e t u i n - L ^ g  

ELISA ( p .  96 )„

lAP Weeks a f t e r  t o x i n  s t o r a g e

A  ————— jk 0

^  2

Q- ^  3

□  - o  69

V"— — V  79

86

PT ( L i s t  B i o l o g i c a l

L a b o r a t o r i e s ,  Inco )

,oV

Commerc ia l ,  p u r i f i e d  PT ( L i s t )  was t i t r a t e d  a l o n g s i d e  lAP 

( s t o r e d  f o r  88 weeks a t  -20^C w i t h  r e p e a t e d  f r e e z i n g  and t h a w i n g ) .

T h i s  com m erc ia l  p r e p a r a t i o n  o f  PT was u s e d  as  t h e  s t a n d a r d  f o r  

t h e  q u a n t i t a t i o n  o f  PT i n  a n t i g e n  p r e p a r a t i o n s ;  t h e s e  d a t a  a r e  

p r e s e n t e d  i n  column 5 o f  T a b le  8 ,



2 0

1 8 -

E
C

CM
O)

0 2 -

0 1 2 3 4 5 6 7 8

L o g .  PT ( ng wel l  )



185

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

u n i f o r m  from one t i t r a t i o n  t o  t h e  n e x t ,  a l t h o u g h  e a c h  c u r v e  was 

p r o g r e s s i v e l y  s h i f t e d  t o  t h e  r i g h t  a® t h e  lAP p r e p a r a t i o n  was r e p e a t e d l y  

u s e d  (Figo  3 1 ) o F o r  c o m p a r i s o n ,  lAP and f r e s h ,  com m erc ia l  PT were 

t i t r a t e d  a t  t h e  same t im e  i n  t h e  f e t u i n - L  ELISAo The re  was c o n s i d e r a b l e  

d i f f e r e n c e  i n  t h e  ELISA d o s e - r e s p o n s e  c u r v e s  w i t h  t h e  lAP p r e p a r a t i o n ,  

t e s t e d  a f t e r  r e p e a t e d  f r e e z i n g  and th a w in g  d u r i n g  s t o r a g e ,  and t h e  f r e s h  

PT p r e p a r a t i o n  (F ig o  3 1 ) o

4 , 2  D e t e c t i o n  o f  se rum  IgG a n t i b o d i e s  t o  PT and FHa

A n t i b o d i e s  t o  PT and FHa i n  mouse s e r a  w ere  d e t e c t e d  w i t h  t h e  

e n z y m e - l i n k e d  im m unosorben t  a s s a y s  ( s e e  pages  97 - 98 ) ,

I n i t i a l l y ,  e x p e r i m e n t s  w e re  done t o  d e t e r m i n e  i f  p a r t i a l l y -  

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

i n  t h e s e  a s s a y s .  Com pari sons  w ere  made o f  a p a r t i a l l y - p u r i f i e d  

p r e p a r a t i o n  o f  PT (AP-2 ,  T a b le  8)  and p u r i f i e d  PT ( L i s t  B i o l o g i c a l  

L a b o r a t o r i e s ,  I n c , ) ,  and o f  FHa e x t r a c t e d  from s h a k e n  c u l t u r e s  o f  

p e r t u s s i s  357 (AP-15,  T a b l e  8)  and p u r i f i e d  FHa ( P o r t o n ) ,  The 

a n t i s e r u m  was p r e p a r e d  from mice  immunized w i t h  30 pg o f  p r e p a r a t i o n  

AP-2 t o x o i d e d  w i t h  EDAC ( p ,  103 )^

I n i t i a l l y ,  t h e  PT c o n t e n t  o f  AP-2 was q u a n t i t a t e d  i n  t h e  

f e t u i n - L ^ Q  ELISA u s i n g  p u r i f i e d  PT ( L i s t )  a s  t h e  s t a n d a r d ;  t h i s  v a l u e  

was shoxm i n  co lumn 5 o f  T a b l e  8 ,  Serum a n t i - P T  IgG a n t i b o d i e s  were  

d e t e c t e d  by f e t u i n - E L I S A  ( p ,  97 ) ,  e x c e p t  t h a t  i n  one t i t r a t i o n

p u r i f i e d  PT was r e p l a c e d  by t h e  e q u i v a l e n t  o f  p a r t i a l l y - p u r i f i e d  

(AP-2)  PTo Th is  e x p e r i m e n t  ( F i g ,  32) i n d i c a t e d  t h a t  c o m m e r c i a l ,  

p u r i f i e d  PT c o u l d  be r e p l a c e d  w i t h  a p a r t i a l l y - p u r i f i e d  PT p r e p a r a t i o n  

(AP-2)  as  t h e  a n t i g e n  p h a s e  i n  ELISA f o r  d e t e c t i o n  o f  se rum  IgG a n t i b o d i e s  

t o  PT,
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F i g u r e  3 2 . Com par i son  o f  p a r t i a l l y - p u r i f i e d  PT and p u r i f i e d  PT as  

a n t i g e n s  i n  f e t u i n - E L I S A  f o r  a n t i - P T  IgG a n t i b o d y

The w e l l s  o f  Nunc E L I S A - p l a t e s  w e re  c o a t e d  w i t h  f e t u i n

"1 -  1
(0o4  jig w e l l  )o The a n t i g e n  was e i t h e r  0 , 2  pg w e l l  o f  p u r i f i e d

PT ( L i s t )  o r  t h e  e q u i v a l e n t  o f  a n t i g e n  p r e p a r a t i o n  AP-2 ( T a b le  8) 

c o n t a i n i n g  0 ,2  pg o f  PT a s  q u a n t i t a t e d  by f e t u i n - L ^ g  a n t i g e n  ELISA 

( p ,  96 )o The a n t i s e r u m  was r a i s e d  a g a i n s t  AP-2, Serum a n t i - P T

IgG a n t i b o d i e s  w e re  d e t e c t e d  a s  d e s c r i b e d  ( p ,  97 ) ,

A n t i g e n

A ----------A  P u r i f i e d  PT ( L i s t  B i o l o g i c a l  L a b o r a t o r i e s ,  I n c , )

A -------- - A  P a r t i a l l y - p u r i f i e d  p r e p a r a t i o n  o f  PT (AP-2)

Each p o i n t  r e p r e s e n t s  t h e  a r i t h m e t i c  mean,  and t h e  b a r s  t h e  

s t a n d a r d  d e v i a t i o n ,  o f  t h e  a b s o r b a n c e  v a l u e s  o f  t h r e e  t e s t s .
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F i g u r e  3 3 , Com par i son  o f  p u r i f i e d  FHa and a F H a - r i c h  p r e p a r a t i o n

( A P - 1 5 ) , a s  a n t i g e n s  i n  ELISA f o r  a n t i - F H a  IgG a n t i b o d y

The w e l l s  o f  Nunc E L I S A - p l a t e s  w e re  c o a t e d  w i t h  e i t h e r  

Oo2 fig w e l l   ̂ o f  p u r i f i e d  FHa ( P o r t o n )  o r  t h e  e q u i v a l e n t  o f  

p r e p a r a t i o n  AP-15 ( T a b le  8)  c o n t a i n i n g  0^2 jig FHa as  q u a n t i t a t e d  by 

a n t i g e n - E L I S A  ( p .  97 )o The a n t i s e r u m  was r a i s e d  a g a i n s t  AP-2*

Serum IgG a n t i - F H a  a n t i b o d i e s  w e re  d e t e c t e d  as  d e s c r i b e d  (p<, 98 ) ^

A n t i g e n

A — A  P u r i f i e d  FHa ( P o r t o n )

A ———A  (AP-15)-FH a ( T a b l e  8)

Each p o i n t  r e p r e s e n t s  t h e  a r i t h m e t i c  mean,  and t h e  b a r s  t h e  

s t a n d a r d  d e v i a t i o n ,  o f  t h e  a b s o r b a n c e  v a l u e s  o f  t h r e e  t e s t s .
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A s i m i l a r  e x p e r i m e n t  was done t o  d e t e r m i n e  w h e t h e r  p u r i f i e d  FHa 

( P o r t o n )  c o u l d  be  r e p l a c e d  w i t h  a F H a - r i c h  p r e p a r a t i o n  e x t r a c t e d  from 

c u l t u r e  f l u i d  (AP-15)o The r e l a t i v e  amounts  o f  PT and FHa i n  t h i s  

e x t r a c t  were  q u a n t i t a t e d  by a n t i g e n - E L I S A  and t h e  v a l u e s  o b t a i n e d  shown 

i n  columns 5,  6 o f  T a b l e  8 ,  The re  was no d i f f e r e n c e  i n  t h e  a n t i b o d y  

t i t r a t i o n  c u r v e s  u s i n g  p u r i f i e d  FHa ( P o r t o n )  o r  AP-15 (FHa) as  t h e  a n t i g e n  

p h a s e  i n  ELISA ( F i g o  33)„  C o n s e q u e n t l y ,  t h i s  p r e p a r a t i o n  o f  FHa (AP-15)  

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

t o  FHao

E n z y m e - l in k e d  im m unosorben t  a s s a y s  f o r  IgG a n t i b o d i e s  t o  PT and 

FHa were  done on a n t i s e r a  f rom m ice  immunized w i t h  a n t i g e n  p r e p a r a t i o n s  

(AP) ,  c a r b o d i i m i d e - t o x o i d e d  a n t i g e n  p r e p a r a t i o n s  (EDAC-AP) o r  w h o l e - c e l l  

v a c c i n e  (WCV)„ The c o n t r o l s  w ere  a n t i s e r a  f rom mice  i n j e c t e d  w i t h  

p h o s p h a t e - b u f f e r e d  s a l i n e , ,  I n d i v i d u a l  a n t i s e r u m  sa m p le s  were  a s s a y e d  i n  

d u p l i c a t e  and on e a c h  ELISA p l a t e  t h e  r e f e r e n c e  a n t i s e r u m ,  RA (po 92 ) ,  

was a l s o  t i t r a t e d *

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

a r e  shown i n  F i g o  34 ,  35 and 36a ,b*  The I g G  a n t i b o d y  r e s p o n s e  t o  PT 

and FHa as  component s  i n  u n t o x o i d e d  and t o x o i d e d  p r e p a r a t i o n s  a r e  shown 

i n  F i g o  34 and 35 r e s p e c t i v e l y *  With u n t o x o i d e d  p r e p a r a t i o n  AP-17,  

t h e r e  was no d e t e c t a b l e  se rum  IgG a n t i b o d y  r e s p o n s e  to  e i t h e r  component ,  

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

t h a n  Oo1 ( t h e  b a c k g r o u n d  a b s o r b a n c e  v a l u e  c h o s e n  f o r  t h e s e  d e t e r m i n a t i o n s )  

U n to x o id e d  a n t i g e n  p r e p a r a t i o n s  i n j e c t e d  i n t o  m ice  c o n s i s t e n t l y  f a i l e d  

to  s t i m u l a t e  a n t i - P T  and a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  ( s e e  l a t e r ) *
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Toxoid  p r e p a r a t i o n  (AP-17)T34 s t i m u l a t e d  h i g h l y  s i g n i f i c a n t  

IgG a n t i - P T  and a n t i - F H a  a n t i b o d y  t i t r e s  i n  m ic e ,  compared  t o  t h e  

r e s p o n s e s  i n  m ice  immunized w i t h  u n t o x o i d e d  p r e p a r a t i o n  AP-17 (F ig*  3 4 ,3 5 ) *  

The IgG a n t i b o d y  r e s p o n s e  t o  PT and FHa as  components  i n  

w h o l e - c e l l  v a c c i n e  (WCV) a r e  shown i n  Fig*  36a ,b*  The v a c c i n e  s t i m u l a t e d  

s i g n i f i c a n t  IgG a n t i - P T  and a n t i - F H a  a n t i b o d y  t i t r e s  compared  to  m ic e  

i n j e c t e d  w i t h  PBS*

I n  b o t h  ELISAs f o r  d e t e c t i o n  o f  se rum IgG a n t i b o d y  t o  PT and FHa, 

t h e r e  was no a p p a r e n t  n o n - s p e c i f i c  b i n d i n g  o f  IgG a n t i b o d i e s  to  e i t h e r  

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

m ice  i n j e c t e d  w i t h  PBS w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom b a c k g ro u n d  

( F i g ,  3 6 a , b ) c  Normal  mouse se rum  was s i m i l a r l y  u n r e s p o n s i v e *

For  c o n v e n i e n c e ,  s u c h  raw g r a p h i c a l  d a t a  w ere  c o n v e r t e d  i n t o  

t h e o r e t i c a l  A n t ib o d y  U n i t s  ml  ̂ s e rum  (Append ix  9) o r  a n t i b o d y  t i t r e s  

(Append ix  10) by c o m p a r i s o n  w i t h  t h e  r e f e r e n c e  a n t i s e r u m  p r e p a r a t i o n  (RA)o 

T h r o u g h o u t  t h i s  i n v e s t i g a t i o n ,  many s e r a  were  t i t r a t e d  i n  

t h e s e  ELISA; c o n s e q u e n t l y ,  d i f f e r e n t  p l a t e s  w e re  u s e d  and  t i t r a t i o n s  

made a t  d i f f e r e n t  t im es*  However ,  on e a c h  ELISA p l a t e  t h e  r e f e r e n c e  

a n t i s e r u m  (RA) was t i t r a t e d  i n  p a r a l l e l *  T h e r e f o r e ,  a  whole  s e r i e s  o f  

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

ELISAs f o r  PT and FHa* To t e s t  f o r  v a r i a b i l i t y ,  t h e  s l o p e  o f  e a ch  

s t a n d a r d  c u r v e  was e s t i m a t e d  and a n  a r i t h m e t i c  mean and  s t a n d a r d  d e v i a t i o n  

c a l c u l a t e d  f o r  e a c h  ELISA* F o r  t h e  a n t i - P T  IgG a n t i b o d y - E L IS A  t h e  

a r i t h m e t i c  mean s l o p e  was 0*689 w i t h  a s t a n d a r d  d e v i a t i o n  o f  0*1 ,  and f o r  

t h e  a n t i - F H a  IgG a n t i b o d y - E L I S A  i t  was 0*67 w i t h  a s t a n d a r d  d e v i a t i o n  o f  

0*1* T h e r e f o r e ,  t h e r e  was l i t t l e  v a r i a b i l i t y  i n  t h e  a s s a y s *
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F i g u r e  3 4 * IgG a n t i b o d y  r e s p o n s e  t o  PT i n  u n t o x o i d e d  and t o x o i d e d

a n t i g e n  p r e p a r a t i o n s  d e t e r m i n e d  b y  f e t u i n - E L I S A

Mice were  immunized w i t h  5 pg /mouse  o f  u n t o x o i d e d  p r e p a r a t i o n  

AP-17 o r  25 pg /mouse  o f  t o x o i d  (AP-17)T34 and k i l l e d  21 days  l a t e r *  

I n d i v i d u a l  s e r a  were  t i t r a t e d  i n  d u p l i c a t e  i n  a  f e t u i n - E L I S A  f o r  

a n t i - P T  IgG a n t i b o d y  (p* 97 )* The r e f e r e n c e  a n t i s e r u m  was RA 

( p .  92 )*

I n d i v i d u a l  mouse s e r a  

R e f e r e n c e  a n t i s e r u m ,  RA 

Maximum b a c k g ro u n d  a b s o r b a n c e

( I n d i v i d u a l  p o i n t s  f o r  t h e  t e s t  s e r a  a r e  o n l y  shown i n  one 

t i t r a t i o n  f o r  b e t t e r  p r e s e n t a t i o n  ) ,
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F i g u r e  3 5 . IgG a n t i b o d y  r e s p o n s e  t o  FHa i n  u n t o x o i d e d  and t o x o i d e d

a n t i g e n  p r e p a r a t i o n s  d e t e r m i n e d  b y  ELISA

Mice w ere  immunized w i t h  5 p.g/mouse o f  u n t o x o i d e d  p r e p a r a t i o n  

AP-17 o r  25 [ ig/mouse o f  t o x o i d  (AP-17)T34 and k i l l e d  21 days l a t e r o  

I n d i v i d u a l  s e r a  were  t i t r a t e d  i n  d u p l i c a t e  i n  ELISA f o r  a n t i - F H a  IgG 

a n t i b o d y  ( p .  98 ) » The r e f e r e n c e  a n t i s e r u m  was RA (po 92 ) ,

I n d i v i d u a l  mouse s e r a  

R e f e r e n c e  a n t i s e r u m ,  RA

------------   Maximum b a c k g ro u n d  a b s o r b a n c e

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

shown i n  one t i t r a t i o n  f o r  b e t t e r  p r e s e n t a t i o n * )
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F i g u r e  3 6 a o A n t l - P T  IgG a n t i b o d y  r e s p o n s e  s t i m u l a t e d  b y  w h o l e - c e l l

v a c c i n e  (WCV), d e t e r m i n e d  by  f e t u i n - E L I S A

Mice were  immunized w i t h  5 ouoml/mouse o f  WCV and k i l l e d  21 

days l a t e r o  I n d i v i d u a l  s e r a  were t i t r a t e d  i n  d u p l i c a t e  i n  a 

f e t u i n - E L I S A  f o r  IgG a n t i - P T  a n t i b o d y  (po 97 )* The r é f e r e n c e  

a n t i s e r u m  was RA (po 9 2  ) *

I n d i v i d u a l  mouse s e r a  ( r e p r e s e n t a t i v e  d a t a )  

R e f e r e n c e  a n t i s e r u m ,  RA 

Maximum b a c k g ro u n d  a b s o r b a n c e

F i g u r e  3 6 b o A nt i -FH a  IgG a n t i b o d y  r e s p o n s e  s t i m u l a t e d  by w h o l e - c e l l  

v a c c i n e  (WCV), d e t e r m i n e d  by ELISA

Mice were immunized as  d e s c r i b e d  a b o v e ,  and  i n d i v i d u a l  s e r a  

t i t r a t e d  i n  d u p l i c a t e  i n  ELISA f o r  IgG a n t i - F H a  a n t i b o d y  (p„ 9 8  ) .

I n d i v i d u a l  mouse s e r a  ( r e p r e s e n t a t i v e  d a t a )  

R e f e r e n c e  a n t i s e r u m ,  RA 

Maximum b a c k g ro u n d  a b s o r b a n c e

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

shown, f o r  b e t t e r  p r e s e n t a t i o n . )
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4 o 3 A n t i b o d y - b i n d i n g  a f f i n i t y  o f  PT i n  t o x o i d s

The b i n d i n g  a f f i n i t y  o f  PT i n  u n t o x o i d e d  a n t i g e n  p r e p a r a t i o n  

AP-16 and  t o x o i d s  (A P-16 )T 21 - (AP-16)T24 was s t u d i e d  by ELISA, u s i n g  a 

r a b b i t  a n t i - P T  p o l y c l o n a l  a n t i b o d y  and mouse a n t i - P T  m o n o c l o n a l  a n t i b o d i e s ,  

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

(Figo  3 7 ) ,  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  EDAC u s e d  to  t o x o i d  AP-16 

c a u s e d  a s i g n i f i c a n t  d e c r e a s e  i n  a b s o r b a n c e  m ea su red  a t  492nmo The 

c a r b o d i i m i d e - t o x o i d e d  p r e p a r a t i o n s  (AP-16)T21 t o  (AP-16)T23  showed s i m i l a r  

d e c r e a s e s  i n  a b s o r b a n c e  (F igo  3 7 )o Toxo id  p r e p a r a t i o n  (AP-16)T24 

m a n i f e s t e d  a more s i g n i f i c a n t  d e c r e a s e ,  b u t  t h e  g r e a t e s t  d i f f e r e n c e  i n  

a b s o r b a n c e  from t h e  c o n t r o l  ( u n t o x o i d e d  p r e p a r a t i o n  A P -16 ) ,  was o b s e r v e d  

w i t h  t h e  t o x o i d  p r e p a r e d  w i t h  a n  EDAC t o  p r o t e i n  r a t i o  o f  1 6 0 ; lo

U n to x o id ed  p r e p a r a t i o n  AP-16 gave  s i m i l a r  ELISA d o s e - r e s p o n s e  

c u r v e s  w i t h  m o n o c l o n a l  a n t i b o d i e s  L5 , Lg o r  Lpg (F igo  3 8 ) o However ,  

t o x o i d  (AP-16)T24 m a n i f e s t e d  a h i g h l y  s i g n i f i c a n t  d e c r e a s e  i n  a b s o r b a n c e  

w i t h  a l l  t h r e e  a n t i b o d i e s  (F ig *  3 8 ) «
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F i g u r e  3 7 A n t i b o d y - b i n d i n g  a f f i n i t y  o f  FT i n  a n t i g e n  p r e p a r a t i o n  

AP-I6 a f t e r  t r e a t m e n t  w i t h  v a r i o u s  amounts  o f  EDAG

T o xo ids  (AP“ 16)T21 - (AP-16)T24 were  p r e p a r e d  as  d e s c r i b e d  i n  

T a b l e  14o A t o x o i d  was a l s o  p r e p a r e d  by t r e a t m e n t  o f  AP-I6 w i t h  a n  

ED AC:pro te in  r a t i o  o f  16 0 :1  b u t  was n o t  t e s t e d  i n  any  m  v i v o  a s s a y s .  

ELISAa The w e l l s  o f  Nunc E L I S A - p l a t e s  w ere  c o a t e d  i n  d u p l i c a t e  w i t h  

g r a d e d  amounts  o f  u n t o x o i d e d  p r e p a r a t i o n  AP-15 o r  t o x o i d s :  t h e  p l a t e s

w ere  k e p t  a t  4°C o v e r n i g h t ,  washed  and a n t i - P T  p o l y c l o n a l  a n t i b o d y  

(0o2 pg w e l l  a d d e d .  The p l a t e s  were  i n c u b a t e d  f o r  2h a t  37^C,  

washed and c o n j u g a t e  added  as  d e s c r i b e d  ( p ,  96 ) .  A f t e r  i n c u b a t i o n

f o r  a n o t h e r  2h a t  37°C,  t h e  enzyme i n i t i a t i o n  and t e r m i n a t i o n  s t e p s  

were  done  as  d e s c r i b e d  and a b s o r b a n c e  m e a s u r e d  a t  492 nm ( p ,  96 ) ,

C o a t in g  l a y e r  (and  t r e a t m e n t ;  EDAC:Pro te in  r a t i o )

o — ----- o U n to x o id e d  p r e p a r a t i o n , AP-16

— a Toxoid (AP-16)T 21 , ( 1 0 : 1 )

o —— □ u u  T22, ( 2 0 : 1 )

A--------A T23, ( 4 0 : 1 )

A — - — - A " '* T24, ( 8 0 : 1 )

v —•----- ▼ Toxoid  p r e p a r a t i o n , ( 1 6 0 : 1 )
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F i g u r e  3 8 „ A n t i b o d y - b i n d i n g  a f f i n i t y  o f  PT i n  t o x o i d  p r e p a r a t i o n  

(AP-16)T24 s t u d i e d  by ELISA

T oxo id  (AP“ 16)T24 was p r e p a r e d  as  d e s c r i b e d  i n  T a b l e  14, 

ELISAo The w e l l s  o f  Nunc E L I S A - p l a t e s  were  c o a t e d  i n  d u p l i c a t e  

w i t h  g r a d e d  amounts  o f  u n t o x o i d e d  p r e p a r a t i o n  AP-16 o r  t o x o i d  

(AP-16)T 24.  The p l a t e s  w ere  k e p t  a t  4^C o v e r n i g h t  and  washed* 

A n t i - P T  mouse m o n o c l o n a l  a n t i b o d y  L^,  o r  (200 p i  o f  a 1 i n  

200 d i l u t i o n  o f  s t o c k )  was added  to  e a c h  w e l l ,  and t h e  p l a t e s  

i n c u b a t e d  f o r  2h a t  37°C and washed* C o n j u g a t e  was a d d e d ,  t h e  

p l a t e s  r e i n c u b a t e d  f o r  2h a t  37°C and t h e  enzyme i n i t i a t i o n  and 

t e r m i n a t i o n  s t e p s  done a s  d e s c r i b e d  and a b s o r b a n c e  m ea s u red  a t  

492nm (p* 96 )„

C o a t i n g  L a y e r  M onoc lona l  A n t ib o d y

U n to x o id ed  p r e p a r a t i o n ,

A  —A  AP-16 L^

p — — m " Lg

 V —V " ^10
A -A  Toxo id  (AP-16)T24 L^

□  — - □  “ Lg

 V  V  "  h o
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0 6

0 - 5 -

0 - 4 -
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0 4
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SECTION 5 p ANTIGENICITY OF TOXOIDS

The a n t i g e n i c i t y  o f  PT and FHa i n  u n t o x o i d e d  and c a r b o d i i m i d e -  

t o x o i d e d  p r e p a r a t i o n s  i n j e c t e d  i n t o  m i c e ,  was d e t e r m i n e d  by ELISA 

( P o 97 -  98 ) o

5 o1 A n t i g e n i c i t y  o f  PT and  FHa i n  c a r b o d i i m i d e - t o x o i d e d  a n t i g e n  

p r e p a r a t i o n s

I n  two e x p e r i m e n t s ,  u n t o x o i d e d  p r e p a r a t i o n  AP-16 ( T a b le  30) 

and AP-17 ( T a b le  31) d i d  n o t  s t i m u l a t e  s i g n i f i c a n t l y  d e t e c t a b l e  IgG 

a n t i - P T  o r  a n t i - F H a  a n t i b o d y  r e s p o n s e s  i n  m ice ,  a t  any o f  t h e  d o s e s  

t e s t e d o  H i g h e r  d o s e s  o f  AP-16 ( ^  12 ^ g /m ouse )  o r  AP-17 ( )̂  5 p,g/mouse) 

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

t h e  p r e p a r a t i o n s o  Examples  o f  t h e  IgG a n t i - P T  and a n t i - F H a  a n t i b o d y  

t i t r a t i o n s  i n  ELISA o f  a n t i s e r a  a g a i n s t  AP-17 a r e  shown i n  Fig* 34,  35.

I n  b o t h  f i g u r e s ,  t h e  mean a b s o r b a n c e  v a l u e s  w i t h  t h e  t i t r a t e d  s e r a  were 

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

When e q u i v a l e n t  d o s e s ,  i e :  3 jj.g/mouse o f  u n t o x o i d e d  p r e p a r a t i o n

AP-16 and any o f  t h e  t o x o i d s  (AP-16)T21 to  (AP-16)T24 w e r e  compared ,  

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

r e s p o n s e  t o  b o t h  PT and FHa i n  m ice  immunized w i t h  t h e  t o x o i d s  ( T a b l e  3 0 ) ,  

T h i s  was a l s o  o b s e r v e d  when u n t o x o i d e d  p r e p a r a t i o n  AP-17 (5 pg /mouse)  

and t o x o i d s  (AP-17)T33 to  (AP-17)T35 (5 pg /mouse)  were  s i m i l a r l y  

compared  ( T a b le  3 1 ) ,

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

a n t i - P T  IgG and a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  i n  m ic e .  I n  one 

e x p e r i m e n t  ( T a b l e  3 0 ) ,  t h e  a n t i g e n i c i t y  o f  t o x o i d s  p r e p a r e d  w i t h  v a r i o u s  

amounts  o f  EDAC was com pared ,  and t h e  f o l l o w i n g  c o n c l u s i o n s  drawn;
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( i )  t o x o i d  p r e p a r a t i o n s  (AP-16)T 22 ,  (AP-16)T23 and  (AP-16)T24 

s t i m u l a t e d  s i m i l a r  a n t i - P T  IgG a n t i b o d y  r e s p o n s e s  i n  m i c e ,

( i i )  t o x o i d  p r e p a r a t i o n  (AP-16)T 21 ,  w h ich  had  r e s i d u a l  HSA ( T a b l e  14) 

and LPA ( T a b l e  1 9 ) ,  and  m a n i f e s t e d  some m o u s e - t o x i c i t y  (F igo  1 2 b ) ,  was 

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

N e v e r t h e l e s s ,  t h i s  t o x o i d  was s i g n i f i c a n t l y  more a n t i g e n i c  t h a n  t h e  

u n t o x o i d e d  p r e p a r a t i o n  ( T a b le  3 0 ) ,

( i i i )  by S t u d e n t ”s t - t e s t  a n a l y s i s  (p = 0 * 0 0 5 ) ,  t h e r e  was a s i g n i f i c a n t  

i n c r e a s e  i n  t h e  t h e o r e t i c a l  a n t i - F H a  IgG a n t i b o d y  r e s p o n s e  i n  mice  

immunized w i t h  27 p.g/mouse o f  t o x o i d  (AP-16)T22 compared  t o  m ice  

immunized w i t h  27 | j.g/mouse o f  t o x o i d s  (AP-16)T 21 ,  (AP-16)T23 o r  (AP-16)T24o 

However,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  a c t u a l  a n t i - F H a  

a n t i b o d y  t i t r e s  s t i m u l a t e d  by any  o f  t h e s e  t o x o i d s  ( T a b l e  30)*

Toxo ids  (AP-17)T 33 ,  (AP-17)T34 and (AP-17)T35 w ere  s i m i l a r l y  

a n t i g e n i c  i n  m ice  ( T a b le  3 1 ) ,  At a dose  o f  5 pg/mouse  o r  25 pg /m ouse ,  

t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  IgG a n t i b o d y  r e s p o n s e s ,

, ( t h e o r e t i c a l  o r  a c t u a l  t i t r e s ) ,  to  PT o r  FHa i n  m ic e  immunized w i t h  any  o f  

t h e  t o x o id s *

The w h o l e - c e l l  v a c c i n e  (WCV) was a l s o  a n t i g e n i c  i n  s t i m u l a t i n g  

s i g n i f i c a n t l y  d e t e c t a b l e  IgG a n t i - P T  and a n t i - F H a  a n t i b o d y  r e s p o n s e s  i n  

m ice  ( T a b le  30, 31)* Examples  o f  a n t i s e r a  t i t r a t e d  f o r  IgG a n t i b o d y  to  

PT and FHa i n  w h o l e - c e l l  v a c c i n e  a r e  shown i n  Fig* 3 6 a , b ,

5 o2 A n t i g e n i c  s t a b i l i t y  o f  PT and FHa i n  c a r b o d i i m i d e - t o x o i d e d  a n t i g e n

p r e p a r a t i o n s

The a n t i g e n i c  s t a b i l i t y  o f  PT and FHa i n  t h r e e  t o x o i d  p r e p a r a t i o n s ,  

(AP-17)T 33 ,  (AP-2)T36 and  (AP-16)T37 ,  was s t u d i e d  d u r i n g  s t o r a g e *

I n  t h e  f i r s t  s t u d y ,  t o x o i d  (AP-2)T36 was a n t i g e n i c  i n  s t i m u l a t i n g
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s i g n i f i c a n t l y  d e t e c t a b l e  a n t i - P T  IgG and a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  

i n  m ice  ( T a b le  32)* T h e r e  was no l o s s  i n  t h e  a n t i g e n i c i t y  o f  PT o r  FHa 

i n  t o x o i d  p r e p a r a t i o n  (AP-2)T 36 ,  when t e s t e d  a f t e r  14 days  a t  4°C o r  37°C 

( T a b l e  3 2 ) .

I n  t h e  s e c o n d  s t u d y ,  t o x o i d  (AP-16)T37 t e s t e d  on  day 0 ,  a l s o  s t i m u 

l a t e d  h i g h l y  s i g n i f i c a n t  a n t i - P T  IgG and a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  i n  

m i c e ,  and  was a n t i g e n i c a l l y  s t a b l e  on s t o r a g e  ( T a b le  3 3 ) .  By a S t u d e n t ’ s 

t - t e s t  (p = Qo005) o f  ( i )  t h e  t h e o r e t i c a l  log^  AbUml  ̂ s e rum  v a l u e s  and 

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

d e c r e a s e  i n  t h e  a n t i g e n i c i t y  o f  PT i n  t o x o i d  (AP-16)T37 s t o r e d  a t  37°C 

f o r  14 days o r  4'^G f o r  14,  28 o r  56 days  ( T a b le  3 3 ) .  No s i g n i f i c a n t  l o s s

i n  t h e  a n t i g e n i c i t y  o f  FHa i n  t o x o i d  (AP-16)T37 a f t e r  14 days a t  37°C o r

14 ,  28 o r  56 days  a t  4°C, was found  ( T a b l e  3 3 ) .

Toxoid  (AP-16)T37 was a l s o  l y o p h i l i z e d  and  s t o r e d  a t  4^C.

A f t e r  24 w e e k s ,  t h e  t o x o i d  was r e s u s p e n d e d  i n  t h e  ' r e c o n s t i t u t i o n  b u f f e r ’ 

(A ppend ix  8) and t e s t e d  f o r  a n t i g e n i c i t y .  I n  t h i s  s i n g l e  e x p e r i m e n t ,  

o n l y  2 /1 0  s e r a  f rom  m ice  immunized w i t h  t h e  t o x o i d  had  d e t e c t a b l e  a n t i - P T  

IgG a n t i b o d y ,  and o n l y  3 /1 0  had d e t e c t a b l e  a n t i - F H a  IgG a n t i b o d y  ( T a b l e  3 4 ) .

However ,  a ’ c a r b o d i i m i d e - p r e c i p i t a t e d  t o x o i d '  (AP-2)T38 ,  wh ich  

was n o t  t e s t e d  f o r  t o x i c i t y  o r  s t a b i l i t y  on  s t o r a g e ,  was l y o p h i l i z e d ,  

r e s u s p e n d e d  and s o n i c a t e d  and t e s t e d  f o r  a n t i g e n i c i t y  i n  m ice  ( T a b le  3 5 ) .  

T h i s  p r e p a r a t i o n  was h i g h l y  a n t i g e n i c  i n  s t i m u l a t i n g  a n t i - P T  IgG and 

a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  i n  mice  ( T a b le  3 5 ) ,  t h u s  i n d i c a t i n g  t h a t  

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

I n  t h e  t h i r d  s t a b i l i t y  s t u d y ,  t o x o i d  (AP-17)T33 was a l s o  

a n t i g e n i c a l l y  s t a b l e  on  s t o r a g e  a t  4°C o r  37°C f o r  t h e  t e s t  p e r i o d  o f  56 

days  ( T a b l e  3 6 ) .  The d a t a  i n d i c a t e d  t h a t  t h e r e  was
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( i )  no l o s s  i n  t h e  a n t i g e n i c i t y  o f  PT o r  FHa i n  t o x o i d  

(A P- I7 )T33  a f t e r  14 days  a t  - 2 0 °C ,  4°C o r  37°C, 28 days a t  37°C o r  56 

days  a t  4°C,

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

and FHa i n  t o x o i d  (AP-17)T33 a f t e r  56 days a t  37°Go

I n  a l l  t h e s e  s t u d i e s ,  t h e  u n t o x o i d e d  p r e p a r a t i o n s  d i d  n o t  

s t i m u l a t e  d e t e c t a b l e  a n t i - P T  IgG o r  a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  i n  

m ic e  a t  any  o f  t h e  d o s e s  t e s t e d  d u r i n g  s t o r a g e  ( T a b l e s  32 -36 )„

I n  t h e s e  s t u d i e s ,  t h e r e  was no l o s s  i n  t h e  a n t i g e n i c i t y  o f

PT o r  FHa i n  w h o l e - c e l l  v a c c i n e  (WCV) s t o r e d  a t  4°Co However , i n  one 

s t u d y  ( T a b l e  3 6 ) ,  t h e r e  was no d e t e c t a b l e  a n t i b o d y  t o  PT o r  FHa i n  s e r a  

f rom m ice  immunized w i t h  t h e  v a c c i n e  s t o r e d  f o r  56 days a t  4°C,  The 

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

r e f e r e n c e  a n t i s e r u m  (RA) t i t r a t e d  i n  p a r a l l e l  gave  no rm a l  ELISA d o s e -  

r e s p o n s e  c u r v e s „ T h i s  u n e x p e c t e d  l o s s  i n  a n t i g e n i c i t y  m ig h t  have  been  

due to  i n a d e q u a t e  d i s p e r s i o n  o f  t h e  w h o l e - c e l l  v a c c i n e  b e f o r e  i n j e c t i o n  

i n t o  a n im a ls o
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SECTION 6 0 IMMUNOGENICITY OF TOXOIDS

6 o1 I n t r a c e r e b r a l  m o u s e - p r o t e c t i o n  t e s t  (ICMPT)

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

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

B. p e r t u s s i s  18323o The r e s u l t s  f rom  two i d e n t i c a l  e x p e r i m e n t s  w i t h  

g ro u p s  o f  10 m ice  w e re  p o o l e d  and shown i n  T a b le  37, e x p e r i m e n t  lo 

I n  ea ch  c a s e  t h e  c h a l l e n g e  dose  was a p p r o x i m a t e l y  125-130  Both

t h e  t o x o i d  p r e p a r a t i o n  and  t h e  w h o l e - c e l l  v a c c i n e  w ere  h i g h l y  p r o t e c t i v e  

w i t h  v a l u e s  a s  f o l l o w s :

w h o l e - c e l l  v a c c i n e  (WCV) -  Oo22 ouoml/mouse 

t o x o i d  (AP-17)T33 -  O0 8  (ig/mouseo 

I n  t h e  n e x t  e x p e r i m e n t ,  g r o u p s  o f  10 mice  w ere  immunized w i t h  

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

v a c c i n e  ( T a b le  37, e x p e r i m e n t  2 ) « Each immunized mouse was c h a l l e n g e d  

w i t h  a p p r o x i m a t e l y  150

A l l  t h r e e  t o x o i d s  w ere  h i g h l y  p r o t e c t i v e  and ha d  s i m i l a r  PEy^ 

v a l u e s  as  f o l l o w s :

t o x o i d  (AP-17)T33 - l o l l  | j.g/mouse 

" "  T34 - O0 8  "

T35 - l o l l  " "

The w h o l e - c e l l  v a c c i n e  was a l s o  p r o t e c t i v e  w i t h  a  PD^^ v a l u e  o f  0o31 

ouoml/mouse  (95% CL 0 = 2 ,  0<,48)o

The u n t o x o i d e d  p r e p a r a t i o n  AP-17 was t e s t e d  f o r  m o u s e - p r o t e c t i v e  

a c t i v i t y ,  and some p r o t e c t i o n  was o b s e r v e d  i n  mice  immunized w i t h  l e s s  

t h a n  5 pg/mouse  o f  t h e  p r e p a r a t i o n *  A l l  t h e  mice  immunized w i t h  t h i s  

maximum dose  d i e d  w i t h i n  14 days a f t e r  c h a l l e n g e *  T h e r e f o r e ,  a  PD^^



208

1.

T ab le  37. Imm un oge n i c i t y  o f  v a r i o u s p r e p a r a t i o n s  i n  t he  i n t r a c c r e b r a l  m o u s e - p r o t e c t i o n

t e s t  (ICMPT)

Sample code Dose Mice

( S u r v i v e d / c h a l l e n g e d ) (95% CL)

( ig/mouse

(AP-17)T33 4 . 0 18 /18

0 .8 9 /18 0 . 8  lig

0 . 1 6 0 /2 0

o u . ml /mouse

W h o l e - c e l l v a c c i n e  5 . 0 15 /18

(WCV) 1 . 0 17 /20 0 .2 2  o u . ml

0 . 2 9 /1 9 ( 0 . 1 7 ,  0 . 2 9 )

c f u / m o u se

C o n t r o l s 85 0 /1 0

17 5 / 10 —

3 10 /10

pg/mouse

(AP-17 )T33 4 . 0 8 /1 0

0 .8 3 /10 - 1 .11  pg

0 .1 6 0 /1 0 ( 0 . 8 ,  1 . 5 5 )

(AP-17)T34 4 . 0 9 /1 0

0 . 8 5 /1 0 — 0 . 8  |ig

0 .1 6 1 /10 ( 0 . 5 6 ,  1 . 1 3 )

(AP-17)T35 4 . 0 7 /9

0 . 8 3 /10 — 1.11  pg

0 .1 6 1 /9 ( 0 . 7 5 ,  1 . 6 4 )

AP-17 5 . 0 0 / 1 0

1 .0 4 /9

0 . 2 4 /1 0 - Not c a l c u l a b l e

0 . 0 4 2 /1 0

0 .0 08 0 / 1 0

o u . ml /mouse

l - Jh o l e - c e l l v a c c i n e  1 .0 8 / 1 0

(WCV) 0 .2 3 /9 - 0 .3 1  o u , ml

0 . 0 4 1 /1 0 ( 0 . 2 ,  0 . 4 8 )

c f u / m ou se

C o n t r o l s 96 2 /1 0

19 2 / 10 —

4 9/ 10

+POg^; t h e  immuni z ing  do se / m o u se  wh ich  p r o t e c t e d  50% o f  t h e  mice  f rom a l e t h a l  c h a l l e n g e  
o f  l i v e ,  v i r u l e n t  p e r t u s s i S c I n  e x p e r i m e n t  1,  e ach  mouse was c h a l l e n g e d  w i t h  
a p p r o x i m a t e l y  125-130  LD^^, and i n  e x p e r i m e n t  2,  a p p r o x i m a t e l y  150 LD^^.
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v a l u e  w i t h  95% c o n f i d e n c e  l i m i t s  c o u ld  n o t  be c a l c u l a t e d  from t h e s e  

d a t a  ( T a b le  37,  e x p e r i m e n t  2 ) .

6o2 P r o t e c t i o n  a g a i n s t  i n t r a n a s a l  i n f e c t i o n  i n  mice

I n  a  p r e l i m i n a r y  e x p e r i m e n t ,  m ice  w ere  immunized w i t h  t o x o i d

or  w h o l e - c e l l  v a c c i n e  and c h a l l e n g e d  i n t r a n a s a l l y  w i t h  B* p e r t u s s i s  18323

a f t e r  14 days* L e u c o c y t e  c o u n t s  (p* 88 ) and d e t e r m i n a t i o n  o f  t h e

d e g r e e  o f  m o u s e - lu n g  c o l o n i z a t i o n  w ere  done ( p .  92 )*

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

5i n d i c a t e d  t h a t  e a c h  mouse was i n s t i l l e d  w i t h  a p p r o x i m a t e l y  3 x 10 c f u  

o f  B. p e r t u s s i s  18323 ( T a b l e  38)* A f t e r  14 d a y s ,  a s l i g h t  l e u c o c y t o s i s  

was o b s e r v e d  i n  m ice  immunized w i t h  t o x o i d  (AP-17)T33 (4 pg /mouse)  b u t  

n o t  w i t h  t h e  w h o l e - c e l l  v a c c i n e  (1*0  ou*ml/mouse)o  C o n t r o l  m ice  i n f e c t e d
3

w i t h  t h e  c h a l l e n g e  s u s p e n s i o n  had a g e o m e t r i c  mean WBC/mm c o u n t  o f  19 ,900  

(95% CL 1 2 ,4 0 0 ,  3 1 , 9 0 0 ) o T h e r e  w ere  no d e a t h s  i n  any  o f  t h e  g r oups  of

mice  i n c l u d i n g  t h e  i n f e c t e d  c o n t r o l s ,  and normal  w e i g h t - g a i n  was u n a f f e c t e d

( d a t a  n o t  shown)* Thus ,  t h e  i n f e c t i o n  was s u b - l e t h a l .

The lu n g s  o f  c o n t r o l  m ice  i n f e c t e d  w i t h  B* p e r t u s s i s  showed 

e x t e n s i v e  c o l o n i z a t i o n ;  a p p r o x i m a t e l y  8 2 0 ,0 0 0  c f u  were  r e c o v e r e d  p e r  mouse 

l u n g s  ( T a b le  38)* Mice immunized w i t h  t o x o i d  (AP-17)T33 a t  d o s e s  o f  4*0 ,

0*8 o r  0*16 pg /mouse  had 0 ,  1 ,4 0 0  and 5 ,8 0 0  c fu /m o u se  l u n g s  r e s p e c t i v e l y *

At t h e  do s e  o f  w h o l e - c e l l  v a c c i n e  t e s t e d  (1*0 ouoml/mouse)  o n l y  1 ,240  c f u /  

mouse l u ngs  were  r e c o v e r e d  ( T a b le  38)*

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

p r e p a r a t i o n s  and t h e  w h o l e - c e l l  v a c c i n e ,  ( i )  p r o t e c t e d  m ice  a g a i n s t  i n t r a 

c e r e b r a l  c h a l l e n g e  w i t h  B, p e r t u s s i s  and ( i i )  p r e v e n t e d  lu n g  c o l o n i z a t i o n  

by B. p e r t u s s i s .

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

d i i m i d e -  t o x o i d e d  a n t i g e n  p r e p a r a t i o n  and w h o l e - c e l l  v a c c i n e  a r e  b r i e f l y  

summarized  i n  T a b l e  39*
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T a b l e  39 . Compar i son  o f  t h e  b i o l o g i c a l  a c t i v i l i e s  o f  v a r i o u s  p r e p a r a t i o n s

Sample
C h a r a c t e r i s  t i c s

P a t ho ph ys  i o l o g i c a l  
A c t i v i t i e s

S t a b i l i t y P r o t e c t i v e  
A c t i v i  t i e s

CARBODIIMIDE- No HSA, LPA, i n d u c t i o n S t a b l e  and H ig h ly  a n t i g e n i c

TOXOIDED of  h y p e r i n s u l i n a e m i a  o r a n t i g e n i c  a t and immunogeni c:

AMTIGEN h y p o g ly c a e m ia  i n  m i c e . 4°C. PD^p (ICMPT),

PREPARATION N o n - t o x i c  and non - S l i g h t 0 . 8 - 1 . 1 1  p g /m ou se .

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

Enhances  n e u t r o p h i l 37°C. i n t r a n a s a l  i n f e c t i o n

c h e m i lu m in e s c e n c e and l ung  c o l o n i z a t i o n

i n  v i t r o . i n  m i c e .

UNTOXOIDED P o s s e s s e s  USA, LPA T o x ic ,  l e t h a l N o n - a n t i g e n i c ,

ANTIGEN and i n d u c e s  h y p o g ly c a e m ia  and non- when t e s t e d  a t

PREPARATION and h y p e r i n s u l i n a e m i a ; a n t i g e n i c  on d o s e s  p e r m i t t e d  by

t o x i c  and l e t h a l  f o r s t o r a g e . i t s  t o x i c i t y .

m i c e .  I n h i b i t s Non- immunogeni c

n e u t r o p h i l  c h e m i lu m in  i n  t he  ICMPT.

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

WHOLE-CELL P o s s e s s e s  HSA, LPA and A n t i g e n i c a l l y A n t i g e n i c  and

VACCINE (WCV) in d u c e s  h y p o g l y c a e m i a ; s t a b l e  a t  4°C, immunogen ic :

t o x i c  b u t  n o n - l e t h a l b u t  no l o s s  i n PD^q (ICMPT),

f o r  mice  a t  a  d o se  o f HSA, LPA o r 0 . 2 - 0 . 3 1  o n . m l /

5 o u .m l /m o u s e . m o u s e - t o x i c i t y  

on s t o r a g e .

mouse .  P r o t e c t s  

a g a i n s t  i n t r a n a s a l  

i n f e c t i o n  and 

l ung  c o l o n i z a t i o n  

i n  m i c e .
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DISCUSSION



2 1 3

SECTION 1 .  PREPARATION AND CHARACTERIZATION OF ANTIGEN PREPARATIONS (AP)

P e r t u s s i s  t o x i n  (PT) and  f i l a m e n t o u s  h a e m a g g l u t i n i n  (FHa) a r e  

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

i n c l u s i o n  i n  a c e l l u l a r  p e r t u s s i s  v a c c i n e s  (R o b in so n  e t  a l * ,  1 9 8 5 a ) * I n  

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

p r o c e d u r e  u s i n g  d y e - l i g a n d  a f f i n i t y  c h rom a tog ra phy*  S e k u r a  a t  a l * (1983)  

u s e d  A f f i - G e l  B lu e  as  t h e  f i r s t  s t e p  i n  t h e  p u r i f i c a t i o n  o f  PT to  

h om ogene i ty*  Bo th  A f f i - G e l  B lue  and B lue  S e p h a r o s e  CL-6B u s e d  i n  t h i s  

s t u d y  c o n t a i n  t h e  dye C i b a c r o n  B lu e  as  t h e  l i g a n d *  T h i s  dye i s  t h o u g h t  

t o  h a v e  a  s t r u c t u r e  s i m i l a r  to  NAD, t h e  s u b s t r a t e  i n  t h e  P T - c a t a l y z e d  

A D P - r i b o s y l t r a n s f e r a s e  r e a c t i o n *  However ,  i n  t h i s  s t u d y ,  e l u t i o n

b u f f e r s  c o n t a i n i n g  NAD d i d  n o t  remove h a e m a g g l u t i n a t i n g  (HA) a c t i v i t y ,  

and  t h u s  t h e  dye p r o b a b l y  does  n o t  s e r v e  as  a s u b s t r a t e  a n a l o g u e  t o  w h ich  

PT b i n d s *  An i m p o r t a n t  f i n d i n g  was t h a t  Blue  S e p h a r o s e  a l s o  had  an 

a f f i n i t y  f o r  FHa, o r  f o r  a  PT-FHa complex ,  wh ich  was n o t  r e p o r t e d  by 

S e k u ra  _et a l * (1983)  u s i n g  A f f i - G e l  Blue*

In  t h i s  i n v e s t i g a t i o n ,  c u l t u r e  f l u i d  was u s e d  as  t h e  s t a r t i n g

m a t e r i a l  f o r  e x t r a c t i o n *  T h i s  had  d e m o n s t r a b l e  HA and l e u c o c y t e s i s -

p r o m o t i n g  a c t i v i t y  (LPA), and PT and FHa by ELISA* A f t e r  e x t r a c t i o n

w i t h  B lue  S e p h a r o s e ,  no PT o r  FHa w ere  d e t e c t e d  by ELISA and HA and LPA

w e re  a b s e n t *  T h e r e f o r e ,  e x t r a c t i o n  o f  b o t h  a n t i g e n s  was s u c c e s s f u l l y

a c h i e v e d ,  and w i t h  s i m p l i c i t y ,  u s i n g  d y e - l i g a n d  a f f i n i t y  ch rom a tog raphy*
-1

There  was much l e s s  t h a n  3*0 pg ml o f  C i b a c r o n  Blue  F3G-A 

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

a n a l y s i s *  T r a c e  amounts  o f  t h i s  dye may be u n d e s i r a b l e  i n  t h e  

e x p e r i m e n t a l  a c e l l u l a r  p e r t u s s i s  v a c c i n e s  d e s c r i b e d  i n  t h i s  s tu d y *  A l s o ,
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i f  i n f a n t s  a r e  t o  be immunized w i t h  t h e s e  v a c c i n e s  i t  i s  e s s e n t i a l  t h a t  

p o s s i b l e  t o x i c  c o n t a m i n a n t s  s u c h  as  dyes  a r e  a b s e n t *

S i n c e  PT and FHa a r e  c u r r e n t l y  a c c e p t e d  as  e s s e n t i a l  a c e l l u l a r  

v a c c i n e  components  ( M a n c l a r k  and  C o w e l l ,  1984;  P i t t m a n ,  1984;  R o b in s o n  

e t  a l . ,  1985a)  p r o c e d u r e s  f o r  i n c r e a s i n g  t h e i r  y i e l d s  i n  c u l t u r e  a r e  

d e s i r a b l e *  I n  t h i s  i n v e s t i g a t i o n ,  t h e  a d d i t i o n  o f  m e t h y l a t e d - p -  

c y c l o d e x t r i n  to  m ed ia  g r e a t l y  e n h a n c e d  t h e  amount  o f  t o t a l  p r o t e i n ,  PT 

and FHa e x t r a c t e d  w i t h  B lue  S e p h a ro s e *

The c y c l o d e x t r i n  l i q u i d  (CL) medium y i e l d e d  t h e  g r e a t e s t  amount  

o f  t o t a l  p r o t e i n  p e r  l i t r e  when B* p e r t u s s i s  was c u l t u r e d  w i t h  a e r a t i o n  

a t  37^C f o r  36h;  h o w e v e r ,  when c u l t u r e d  f o r  48h t h e r e  was a s i g n i f i c a n t  

r e d u c t i o n  i n  t h e  y i e l d *

The b e s t  y i e l d s  o f  PT were  o b t a i n e d  f rom  B* p e r t u s s i s  c u l t u r e d  

i n  SS-X medium s u p p l e m e n t e d  w i t h  c y c l o d e x t r i n  and  s h a k e n  f o r  36h a t  

37°C* P r o d u c t i o n  o f  PT was a l s o  en h a n ce d  i n  t h e  CL medium, a l t h o u g h  t h e  

mean y i e l d  was o n l y  s l i g h t l y  g r e a t e r  t h a n  t h a t  o b t a i n e d  by  g row th  o f  

Bo p e r t u s s i s  i n  SS-X ( s t a t i c ) *

I n  t h i s  s t u d y ,  o n l y  a p p r o x i m a t e l y  0*01 mg o f  PT p e r  l i t r e  

w e r e  e x t r a c t e d  f rom  t h e  c u l t u r e  f l u i d  o f  B* p e r t u s s i s  357 grown i n  t h e
—  —Tii n ii?IUiy r I III! ■

CL medium* By c o m p a r i s o n ,  a p p r o x i m a t e l y  0 * 3 6 - 0 .9 1  mg o f  PT p e r  l i t r e  

w e r e  p r o d u c e d  by w i l d - t y p e ,  p h a s e  I  B. p e r t u s s i s  77 /18319  i n  t h e  same 

medium* T h i s  t r a n s p o s o n - i n d u c e d  m u t a n t  s t r a i n ,  B* p e r t u s s i s  357,  was 

o r i g i n a l l y  i s o l a t e d  as  P T - d e f i c i e n t  and was shown to  be a v i r u l e n t  i n  

m ic e  by t h e  i n t r a n a s a l  r o u t e  o f  i n f e c t i o n  (Weiss  e t  a l * ,  1984)* I n  t h i s  

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

PT i n t o  t h e  medium, t h u s  c o n f i r m i n g  t h e  c h a r a c t e r i z a t i o n  o f  t h i s  s t r a i n ,  

i e :  PT , FHa"*" by  Weiss  e t  a l*  (1984)*
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Imaizumi   ̂ (1983)  made no m e n t i o n  o f  t h e  p r o d u c t i o n  o f

FHa by B, p e r t u s s i s  i n  t h e  s h a k e n  CL medium^ I n  t h i s  s t u d y ,  t h e  b e s t  

y i e l d s  o f  FHa w ere  o b t a i n e d  from Bo p e r t u s s i s  grown i n  t h e  CL medium, 

s h a k e n  f o r  36h a t  37°Co However ,  when c u l t u r e d  f o r  48h t h e r e  was a 

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

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

may be a c r i t i c a l  f a c t o r  i n  d e t e r m i n i n g  t h e  maximum y i e l d  o f  FHa from 

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

r e d u c e  t h e  mean y i e l d  o f  FT p e r  l i t r e  o b t a i n e d  i n  t h e  CL medium, p o s s i b l y  

i n d i c a t i n g  t h a t  c y c l o d e x t r i n  s t a b i l i z e s  FT more e f f e c t i v e l y  t h a n  i t  

does  FHao Whereas  p r e v i o u s l y ,  FHa c o u l d  o n l y  be p r o d u c e d  i n  s u f f i c i e n t  

q u a n t i t i e s  i n  s t a t i c  SS-X medium ( A r a i  and  Munoz, 1 9 7 9 ) ,  t h e  c u l t u r e  o f  

Bo p e r t u s s i s  i n  c y c l o d e x t r i n - s u p p l e m e n t e d  media  (CL and  SS-X i n  t h i s  

s t u d y )  s h o u l d  be c a r e f u l l y  m o n i t o r e d  t o  d e t e r m i n e  when maximum FHa i s  

p r o d u c e d ,  S u z u k i  _et (1985)  a l s o  r e p o r t e d  maximum p r o d u c t i o n  o f  FHa

by Bo p e r t u s s i s  s t r a i n  Tohama i n  t h e  CL medium a f t e r  36h,  b u t  no d e c r e a s e  

i n  t h e  amount  o f  FHa o b t a i n e d  a f t e r  48h o f  c u l t u r e *

A p p r o x i m a t e l y  100% (w/w) o f  t h e  t o t a l  p r o t e i n  e x t r a c t e d  from 

c u l t u r e  f l u i d  o f  B* p e r t u s s i s  grown i n  c y c l o d e x t r i n - s u p p l e m e n t e d  SS-X 

medium, was a c c o u n t e d  f o r  a s  FT and FHa* S i m i l a r l y ,  a p p r o x i m a t e l y  

69-129% (w/w) o f  t h e  t o t a l  p r o t e i n  e x t r a c t e d  from c u l t u r e  f l u i d  o f  

o r g a n i s m s  grown i n  t h e  CL medium was FT and FHa* However ,  i n  t h e  

m a j o r i t y  o f  t h e  e x p e r i m e n t s  i n  w h ic h  B* p e r t u s s i s  was c u l t u r e d  i n  SS-X 

( s t a t i c ) ,  o n l y  a p p r o x i m a t e l y  50% o f  t h e  t o t a l  p r o t e i n  e x t r a c t e d  was 

a c c o u n t e d  f o r  as  b o t h  a n t i g e n s *  I t  s h o u l d  be n o t e d  t h a t  i n  a l l  o f  t h e s e  

g r o w th  e x p e r i m e n t s  t h e  i n i t i a l  i n o c u lu m  was n o t  a s t a n d a r d i z e d  b a c t e r i a l  

s u s p e n s i o n ,  and t h i s  i n  p a r t  may e x p l a i n  some o f  t h e  d i f f e r e n c e s  o b s e r v e d ,
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Growth o f  Bo p e r t u s s i s  i n  SS-X ( s t a t i c )  i n  a f e r m e n t e r  v e s s e l

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

a n t i g e n s o  Only 31% (w/w) o f  t h e  t o t a l  p r o t e i n  e x t r a c t e d  was a c c o u n t e d  

f o r  a s  PT and FHa, t h e  r e s t  p o s s i b l y  coming from c e l l  l y s i s *  T h i s  

e x p e r i m e n t  was o n l y  done o n c e ,  and  c u l t u r e  o f  B* p e r t u s s i s  i n  c y c l o d e x t r i n -  

s u p p le m e n te d  m ed ia  i n  a f e r m e n t e r  v e s s e l  s h o u l d  n o t  be  r u l e d  o u t  a s  a  

means o f  i m p r o v in g  a n t i g e n  y i e l d s o

C u l t u r a l  c o n d i t i o n s  a l s o  i n f l u e n c e d  t h e  r a t i o  o f  PT t o  FHa i n

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

v a c c i n e s ,  t h e  d e s i r a b l e  PT to  FHa a n t i g e n  r a t i o  c o u l d  be  a c h i e v e d  by 

m ix i n g  d i f f e r e n t  volum es  o f  t h e s e  p r e p a r a t i o n s *  T h e r e f o r e ,  i t  i s  

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

n e e d i n g  t o  p u r i f y  t h e  a n t i g e n s  s e p a r a t e l y  and combine them a f t e r  t o x o i d i n g *  

N e v e r t h e l e s s ,  t h e  q u e s t i o n  s t i l l  r e m a in s  as  to  t h e  amount  and r e l a t i v e  

p r o p o r t i o n s  o f  t h e s e  ( and  o t h e r )  a n t i g e n s  f o r  i n c l u s i o n  i n  human 

a c e l l u l a r  v a c c i n e s *

To s um m ar ize ,  t h e  u se  o f  d i f f e r e n t  c u l t u r a l  c o n d i t i o n s  f o l l o w e d  

by d y e - l i g a n d  a f f i n i t y  c h ro m a to g r a p h y  t o  a c h i e v e  a  p a r t i c u l a r  r a t i o  f o r  

PT and FHa, d e s e r v e s  s e r i o u s  c o n s i d e r a t i o n  i n  t h e  d e v e lo p m e n t  o f  a c e l l u l a r  

p e r t u s s i s  v a c c i n e s *

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

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

w h ic h  a p p e a r e d  t o  be FHa* A s e m i - p u r i f i e d  h a e m a g g l u t i n i n  f r a c t i o n  

p r e p a r e d  by a d i f f e r e n t  method  ( sod ium  a c e t a t e  e x t r a c t i o n  o f  B* p e r t u s s i s  

w h o l e - c e l l s )  had  a  s i m i l a r  p r o f i l e  o f  h i g h  m o l e c u l a r  w e i g h t  bands  

(Ro P a r t o n ,  p e r s o n a l  com m un ic a t ion )*  FHa p u r i f i e d  from l i q u i d  c u l t u r e
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s u p e r n a t e s  was found  to  be h e t e r o g e n e o u s  when examined  by  SDS-PAGE, and 

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

o f  h i g h e r  m o l e c u l a r  w e i g h t ,  220k ( I r o n s  £ t  a]^*, 1983)*

T h e re  w ere  a l s o  f i v e  d i s t i n c t  and  c h a r a c t e r i s t i c  bands  o f  

lo w e r  m o l e c u l a r  w e i g h t ,  w h ic h ,  when r u n  a l o n g s i d e  m o l e c u l a r  w e i g h t  

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

i n  t h e  l i t e r a t u r e  f o r  PT ( d a t a  n o t  shown)* A l s o ,  when a n t i g e n  p r e p a r 

a t i o n s  were  a n a l y z e d  by SDS-PAGE a l o n g s i d e  a p u r i f i e d ,  c o m m e rc i a l  PT 

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

w e re  i d e n t i c a l  ( d a t a  n o t  s h o w n ) *

Minor  p r o t e i n s  w ere  d e t e c t e d  i n  m os t  o f  t h e  PT and FHa a n t i g e n  

p r e p a r a t i o n s  by SDS-PAGE* I t  may be t h a t  t h e s e  would  be u s e f u l  a n t i g e n s  

i n  a c om m e rc ia l  a c e l l u l a r  p e r t u s s i s  v a c c i n e  and as  s u c h  wou ld r e q u i r e  

f u r t h e r  c h a r a c t e r i z a t i o n *  B* p e r t u s s i s  p r o d u c e s  and r e l e a s e s  some 

e x t r a c y t o p l a s m i c  a d e n y l a t e  c y c l a s e  d u r i n g  e x p o n e n t i a l  g row th  ( H e w l e t t  

e t  a l p , 1977)  and i t  i s  p o s s i b l e  t h a t  t h i s  enzyme was e x t r a c t e d  w i t h  PT 

and FHa by Blue S e p h a ro s e *  R e c e n t l y ,  Novotny e_t a_l* (1985)  p r e p a r e d  an  

a d e n y l a t e  c y c l a s e  e x t r a c t  f rom B* p e r t u s s i s  which  was a b o u t  95% p u r e ,  

and found  t h a t  i t  p r o t e c t e d  mice  from i n t r a c e r e b r a l  c h a l l e n g e  w i t h  

Bo p e r t u s s i s  1832 3* T r a c e  c o n t a m i n a t i n g  p r o t e i n s  w ere  o b s e r v e d  i n  t h i s
M PIIIIWIM urn I ■ — I ■■■!— —

e x t r a c t  by SDS-PAGE, b u t  PT was a b s e n t  s i n c e  h y p e r i m m u n i z a t i o n  o f  r a b b i t s  

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

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

would  be o f  i n t e r e s t  t o  a s c e r t a i n  w h e t h e r  t h e  a n t i g e n  p r e p a r a t i o n s  

d e s c r i b e d  i n  t h i s  s t u d y  c o n t a i n e d  t h e  enzyme*

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

c y t o t o x i n  (Goldman e t  a l . ,  1 9 8 2 ) ,  o u t e r  membrane p r o t e i n s  and a g g l u t i n o g e n s  

T h e r e  i s  e v i d e n c e  t h a t  f i m b r i a e ,  c e r t a i n  o u t e r  membrane p r o t e i n s  and FHa
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p r o t e c t  m ice  a g a i n s t  i n t r a c e r e b r a l  c h a l l e n g e  w i t h  B. p e r t u s s i s , when 

g i v e n  w i t h  low l e v e l s  o f  n a t i v e ,  n o n - p r o t e c t i v e  PT ( R o b i n s o n  and I r o n s ,  

1983 ) 0  N a t i v e  PT a l s o  had  a p ro n o u n c e d  s y n e r g i s t i c  e f f e c t  on t h e  

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

m ice  (R o b in so n  e t  a l * , 1 9 8 5 b ) ,  I n  t h i s  i n v e s t i g a t i o n ,  t h e  a g g l u t i n o g e n  

p r o f i l e  and o t h e r  m in o r  p r o t e i n s  i n  t h e  a n t i g e n  p r e p a r a t i o n s  w e re  n o t  

c h a r a c t e r i z e d *  N e v e r t h e l e s s ,  t h e  p o t e n c y  o f  a c e l l u l a r  v a c c i n e s  f o r  u se  

i n  humans may be im proved  by t h e  i n c l u s i o n  o f  t h e s e  v a r i o u s  a n t i g e n s *

The p r e s e n c e  o f  some o r  a l l  o f  t h e s e  p r o t e i n s  may e x p l a i n  i n  

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

was n o t  a c c o u n t e d  f o r  a s  PT and FHa*

E n d o t o x i n  was d e t e c t e d  i n  a n t i g e n  p r e p a r a t i o n s  AP-16 and AP-17

by t h e  L im ulus  a m oe boc y te  l y s a t e  (LAL) a s say*  The re  was a p p r o x i m a t e l y

-1  -15 pg o f  e n d o t o x i n  ml i n  AP-16 and 8 pg o f  e n d o t o x i n  ml i n  AP-17,

-1 -1w here  t h e  p r o t e i n  c o n c e n t r a t i o n s  w ere  240 pg ml and 820 pg ml

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

The d i s a d v a n t a g e s  o f  t h e  Limulus  a s s a y  a r e  t h a t  i t  i s  s e m i -  

q u a n t i t a t i v e ,  and g e l a t i o n  o f  t h e  l y s a t e  c a n  be i n h i b i t e d  by unknown 

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

e n d o t o x i n  by m e a s u re m e n t  o f  t e m p e r a t u r e  r e s p o n s e s  i n  m ic e  ( P r a s h k e r  and 

Ward law ,  1971;  Ward law e_t , 1971)  was u n s u i t a b l e  i n  t h i s  i n v e s t i g a t i o n ,  

b e c a u s e  t h e  HaM/ICR m o u s e - s t r a i n  was u n r e s p o n s i v e  t o  p u r i f i e d  B* p e r t u s s i s  

e n d o t o x i n *  An a l t e r n a t i v e  method f o r  d e t e c t i o n  and q u a n t i t a t i o n  o f  

e n d o t o x i n  i n v o l v e s  r e s o l u t i o n  o f  t e s t  and r e f e r e n c e  e n d o t o x i n  s am p les  by 

SDS-PAGE w i t h  s i l v e r - s t a i n i n g *  The s t a i n e d  g e l s  a r e  s u b j e c t e d  t o  

d e n s i t o m e t r i e  s c a n n i n g  and an  e s t i m a t e  o f  e n d o t o x i n  c o n t e n t  i n  t e s t  

s a m p le s  c a n  be made (Y* P e r e r a ,  p e r s o n a l  c o m m un ic a t ion )*  T h i s  p r o c e d u r e  

may be u s e f u l  i n  p r e f e r e n c e  t o  t h e  mouse and r a b b i t  p y r o g e n i c i t y  t e s t s
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and t h e  L imulus  a s s a y  f o r  d e t e c t i o n  and q u a n t i t a t i o n  o f  c o n t a m i n a t i n g  

e n d o t o x i n  i n  a c e l l u l a r  p e r t u s s i s  v a c c i n e s .

E n d o t o x i n  i s  g e n e r a l l y  r e g a r d e d  as  a n  u n d e s i r a b l e  c o n s t i t u e n t  

o f  p e r t u s s i s  v a c c i n e  ( M a n c l a r k  and C o w e l l ,  1984)* However ,  r e c e n t  

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

f o r m u l a t i o n s *  Ashw orth  e_t a l * (1982b)  found  t h e  LPS o f  B* p e r t u s s i s  t o  

be  a n t i g e n i c ,  and a n t i b o d i e s  t o  LPS were  p ro d u c e d  i n  a n i m a l s  and humans 

a f t e r  v a c c i n a t i o n  w i t h  w h o l e - c e l l  p e r t u s s i s  v a c c i n e s  (Ashwor th  e t  a l . , 

1983)* Winsnes e t  a l *  (1985)  r e p o r t e d  t h a t  c h i l d r e n  immunized w i t h  

a d s o r b e d  DTP v a c c i n e  ha d  d e t e c t a b l e  IgA, IgM and IgG a n t i b o d i e s  t o  LPS, 

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

B, p e r t u s s i s  had h i g h  c o n c e n t r a t i o n s  o f  IgG a n t i - L P S  a n t i b o d i e s *

S u l t z e r  ^  ^ *  (1985)  r e p o r t e d  t h a t  p r o t e i n s  u s u a l l y  complexed t o  e ndo

t o x i n  had a d j u v a n t  p r o p e r t i e s  i n  e n h a n c i n g  t h e  i m m u n o g e n i c i t y  o f  

c h o l e r a  t o x o i d  i n  mice* C o n s e q u e n t l y ,  i n  t h e  t o x o i d e d  PT and FHa 

p r e p a r a t i o n s  w h ic h  had  d e m o n s t r a b l y  low t o x i c i t y  i n  t h i s  i n v e s t i g a t i o n ,  

t r a c e s  o f  e n d o t o x i n  c o u l d  p o s s i b l y  have  f u n c t i o n e d  as  a n  a d j u v a n t  t o  

e n h a n ce  im m unogen ic i ty*

I t  i s  p o s s i b l e  t h a t  t h e  L P S - e n d o t o x in  p r e s e n t  i n  t h e  a c e l l u l a r  

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

w i t h  EDAC* The KDO r e s i d u e s  i n  t h e  LPS c o r e  c o n t a i n  f r e e  c a r b o x y l  

g r o u p s  w h ic h  c o u l d  be a c c e s s i b l e  t o  c a r b o d i i m i d e - m o d i f i c a t i o n  a t  low 

pH ( S e i d  and S a d o f f ,  1981;  Fig* 7)* C o n s e q u e n t l y ,  LPS i n  a n  immunogenic  

and  n o n - t o x i c  fo rm  may be  n e c e s s a r y  i n  o r d e r  t o  p r e p a r e  a h i g h l y  

e f f e c t i v e  a c e l l u l a r  p e r t u s s i s  v a c c i n e *

E n d o t o x in s  c o u l d  p o s s i b l y  be removed f rom  a c e l l u l a r  v a c c i n e s  

by p a s s a g e  t h r o u g h  a  p o l y m y x i n - S e p h a r o s e  g e l  m a t r i x  (B a n n a ty n e  e t  a l * , 

1 9 8 6 ) ,  o r  t h e i r  i n  v i v o  p y r o g e n i c i t y  r e d u c e d  by a d m i n i s t r a t i o n  o f  t h e
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a n t i b i o t i c  i t s e l f  ( b a r t e r  e t  a l * ,  1 9 8 4 ) ,  However ,  w i t h  t h e  a n t i g e n  

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

t h e  r e a s o n s  m e n t io n e d  above*

The a c e l l u l a r  v a c c i n e  m a n u f a c t u r e d  a t  t h e  PHLS, CAMR, P o r t o n  

Down, S a l i s b u r y ,  W i l t s h i r e ^ a l s o  c o n t a i n s  t r a c e s  o f  e n d o t o x i n  ( R o b in s o n  

e t  a l p ,  u n p u b l i s h e d  o b s e r v a t i o n s ) *  By t h e  Limulus  a s s a y  t h i s  v a c c i n e  

c o n t a i n s  30 -60  ng o f  e n d o t o x i n  ml , and a p p r o x i m a t e l y  60 pg o f  p r o t e i n  

ml ^ * T h e r e f o r e ,  a s i n g l e  human dose  (30 pg o f  p r o t e i n )  would c o n t a i n  

a p p r o x i m a t e l y  15 -30  ng o f  e n d o t o x i n ,  i e : 0*05-0*1% e n d o t o x i n *  By

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

s t u d y  would c o n t a i n  a p p r o x i m a t e l y  300-600  ng o f  e n d o t o x i n ,  i e :  1-2%

e n d o t o x i n .  However ,  i n  t h e  p r e p a r a t i o n ,  t o x o i d i n g  and s t o r a g e  o f  t h e s e  

a n t i g e n  p r e p a r a t i o n s  no s p e c i a l  p r e c a u t i o n s  s u c h  as  p y r o g e n - f r e e  

e q u ip m e n t  were used*

An i m p o r t a n t  f i n d i n g  i n  t h i s  i n v e s t i g a t i o n  was t h a t  t h e  

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

o f  p r o t e i n ;  t h i s  i n d i c a t e d  t h a t  t h e r e  was no g r o s s  a g g r e g a t i o n  i n  t h e s e  

p r e p a r a t i o n s ,  and t h a t  t h e  s a m p le s  w ere  amenab le  t o  s t e r i l i z a t i o n ,  wh ich  

wou ld be an  e s s e n t i a l  s t e p  when p r e p a r i n g  a v a c c i n e  f o r  u s e  i n  humans*
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SECTION 2 . TOXOIDING STUDIES WITH l-ETHYL-3-(3-DIMETHYLAMINOPROPYL) 

CARBODIIMIDEoHCl (EDAC)

C l a s s i c a l l y ,  f o rm a ld e h y d e  and g l u t a r a l d e h y d e  have  b e e n  u s e d  to  

d e t o x i f y  b a c t e r i a l  e x o t o x i n s ,  i n c l u d i n g  p e r t u s s i s  t o x i n *  For  r e a s o n s  

w h ic h  w i l l  be e x p l a i n e d  b e lo w ,  i n  t h i s  s t u d y  t h e  PT and FHa a n t i g e n  

p r e p a r a t i o n  was t o x o i d e d  w i t h  a w a t e r - s o l u b l e  c a r b o d i i m i d e , EDAC*

The a n t i g e n  p r e p a r a t i o n s  (AP) p r e p a r e d  i n  t h i s  s t u d y  had  many 

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

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

l e t h a l i t y  i n  mice* E x p e r im e n t s  w ere  done to  d e t e r m i n e  t h e  opt imum 

c o n d i t i o n s  o f  t o x o i d i n g  f o r  e l i m i n a t i o n  o f  b o th  t h e  A - p r o to m e r  and  B- 

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

p r e p a r a t i o n ,  t h e  minimum amount  o f  EDAC r e q u i r e d  t o  remove c o m p l e t e l y  HSA 

was a r a t i o  o f  r e a g e n t  t o  p r o t e i n  o f  a t  l e a s t  4 0 : 1  by w e i g h t*  I n  t h i s  

s t u d y ,  r e a c t i o n  o f  EDAC w i t h  AP a t  a r a t i o  o f  4 0 :1  a t  37°C,  pH 5*0 f o r  

60 m in ,  f o l l o w e d  by e x h a u s t i v e  d i a l y s i s  a t  4^C, was s u f f i c i e n t  t o  remove 

> 997* o f  t h e  o r i g i n a l  HSA. However ,  f o r  r o u t i n e  t o x o i d i n g  a r a t i o  o f  

EDAC to  p r o t e i n  o f  8 0 : 1  was c h o s e n  t o  a l l o w  f o r  a g r e a t e r  m a r g i n  o f  

s a f e t y *  At t h i s  r a t i o  o f  EDAC t o  p r o t e i n ,  t o x o i d s  w ere  s u c c e s s f u l l y  

p r o d u c e d  by r e a c t i o n  a t  v a r i o u s  t e m p e r a t u r e s  and o v e r  a  pH r a n g e  o f  

5*0-9o0*

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

t h e s e  a c t i v i t i e s  were  r e a c t i o n  o f  EDAC w i t h  p r o t e i n  a t  a r a t i o  o f  8 0 : 1 ,  

pH 5 . 0  a t  37°C f o r  24h* These  t o x o i d s  w ere  g r e a t l y  r e d u c e d  i n  HSA and 

LPA, a c t i v i t i e s  d e p e n d e n t  on t h e  B - o l ig o m e r  o f  PT (N og im or i  e t  a l * ,

1 9 8 4 a ) * The t o x i c i t y  o f  t h e  A - p r o to m e r  was a l s o  e l i m i n a t e d  by 

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

h y p e r i n s u l i n a e m i a  i n  mice*
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These  t o x o i d s  w ere  n o n - l e t h a l  and n o n - t o x i c  f o r  mice* T he re  

was e v i d e n c e  o f  some t o x i c i t y  f o r  m ice  i n j e c t e d  w i t h  a t o x o i d  p r e p a r e d  

w i t h  a n  EDAC t o  p r o t e i n  r a t i o  o f  10:1* T h i s  t o x i c i t y  was o b s e r v e d  

4 - 5  days  a f t e r  i n j e c t i o n  and  was p r o b a b l y  due t o  r e s i d u a l  a c t i v e  t o x i n  

(w h ich  was d e t e c t e d  i n  t h i s  t o x o i d  a s  HSA and LPA).

O t h e r  t o x i n s  m o d i f i e d  w i t h  EDAC were c h o l e r a  t o x i n  ( L o n n r b t h  

and Holmgren ,  1975) and t h e  h e a t - l a b i l e  (LT) e n t e r o t o x i n  o f  E. c o l i  

( K l i p s t e i n  e t  a l * ,  1982b)* LonnrB th  and Holmgren  (1975)  t r e a t e d  c h o l e r a  

t o x i n  w i t h  EDAC (10  mM i n  0*15M NaCl b u f f e r ,  pH 4*3)  f o r  I h  a t  23°C*

T h e r e  was no r e d u c t i o n  i n  t h e  t o x i c i t y  o f  t r e a t e d  c h o l e r a  t o x i n  i n  t h e  

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

( t h e  membrane b i n d i n g  s i t e ,  m o n o s i a l o s y l - N - t e t r a - g l y c o s y l c e r a m i d e ,  i n  

t a r g e t  c e l l s )  i n  v i t r o * K l i p s t e i n  e_h ^ *  (1932b)  t r e a t e d  t h e  LT e n t e r o 

t o x i n  o f  E. c o l i  w i t h  EDAC a t  r e a g e n t  t o  t o x i n  r a t i o s  f rom  10 to  75 by 

w e i g h t ,  f o r  18h a t  4°C* At t h e  maximum amount o f  t o x o i d i n g  r e a g e n t  

u s e d ,  t h e  L T - t o x o i d  had  l e s s  t h a n  1% r e s i d u a l  t o x i c i t y  i n  t h e  i n  v i t r o  YI 

a d r e n a l  c e l l  a s s a y *  A p a r t  f rom t h e s e  two r e p o r t s ,  no o t h e r  b a c t e r i a l  

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

i n  t h i s  t h e s i s *

As m e n t io n e d  a b o v e ,  PT h a s  b e e n  t o x o i d e d  w i t h  fo rm a ld e h y d e  ( S a t o  

e t  a 1 *, 1974;  S a t o  and S a t o ,  1984)  and g l u t a r a l d e h y d e  (Munoz e t  a l * ,

1 9 8 1 a , b;  Munoz and A r a i ,  1982; Cowell  e t  a l * , 1982;  R o b i n s o n  and 

I r o n s ,  1983;  Oda e t  a l * ,  1984;  W atanabe ,  1 9 8 4 ) ,  b u t  i n  o n l y  a few 

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

i n v e s t i g a t e d *  S a t o  ^  a_l, ( 1974)  found  t h a t  t h e  HSA, LPA and HA 

a c t i v i t i e s  o f  PT ( n o t  i n t e n d e d  f o r  i n c l u s i o n  i n  an  a c e l l u l a r  v a c c i n e )  

d e c r e a s e d  g r a d u a l l y  w i t h  f o r m a l d e h y d e - L - l y s i n e  t r e a t m e n t .  A f t e r  t r e a t m e n t
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f o r  11 d a y s ,  a l l  3 b i o l o g i c a l  a c t i v i t i e s  were  <(0*1% o f  t h e  u n t o x o i d e d  

p r e p a r a t i o n *  S a to  and S a t o  (1984 )  t r e a t e d  PT w i t h  f o r m a ld e h y d e  i n  t h e  

a b s e n c e  o f  L - l y s i n e  and  r e p o r t e d  t h a t  t h e  t o x o i d  showed n e i t h e r  LPA 

a t  10 [ig/mouse n o r  h a p t o g l o b i n - b i n d i n g  a c t i v i t y  by ELISA a t  1*0 pg;  

t h e  minimum d e t e c t a b l e  amount  o f  a c t i v e  PT by t h e  f o r m e r  and l a t t e r  

a s s a y s  was 10 ng and 1*0 ng r e s p e c t i v e l y  ( S a t o  e t  a l . , 1983b)*

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

g l u t a r a l d e h y d e - L - l y s i n e  (Munoz e t  a l * ,  1 9 8 1 a ,b ;  Munoz and  A r a i ,  1982)* 

For  e xa m ple ,  HSA and HA a c t i v i t i e s  o f  t h e  t o x o i d  were  l e s s  t h a n  25% and 

47* r e s p e c t i v e l y  o f  t h e  u n t o x o i d e d  m a t e r i a l ,  and d o s e s  o f  10 pg o f  

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

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

<^0,5% o f  t h e  o r i g i n a l  HSA o f  u n t o x o i d e d  m a t e r i a l  and were  n o n - l e t h a l  a t  

much h i g h e r  d o s e s  t h a n  t h o s e  t e s t e d  a b o v e .  The n a t i v e  LPF(PT) o f  

R o b i n s o n  and I r o n s  (1983)  was t o x i c  f o r  mice a t  a b o u t  2 p g /m ouse ,  b u t  

a f t e r  t o x o i d i n g  w i t h  g l u t a r a l d e h y d e - L - l y s i n e , 10 pg /mouse  was n o n - t o x i c  

b u t  p ro d u ce d  a m a r g i n a l  i n c r e a s e  i n  l e u c o c y t o s i s  * No LPA was o b s e r v e d  

i n  mice i n j e c t e d  w i t h  d o s e s  o f  up t o  27 pg/mouse o f  t h e  t o x o i d s  

p r e p a r e d  w i t h  EDAC i n  t h e  p r e s e n t  i n v e s t i g a t i o n *

A p a r t  f rom  t h e s e  s t u d i e s  and o b s e r v a t i o n s ,  no t h o r o u g h  

i n v e s t i g a t i o n s  on t h e  t o x o i d i n g  o f  p u r i f i e d  PT w i t h  f o r m a ld e h y d e  o r  

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

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

a n t i g e n s  t r e a t e d  w i t h  t h e s e  r e a g e n t s *

R e c e n t l y ,  a c u r i o u s  HSA was shown by t h e  f o r m a l i n - t o x o i d e d  

J a p a n e s e  a c e l l u l a r  p e r t u s s i s  v a c c i n e  ( I s a w a  ^  ^ 1  *, 1985)* I t  i s  

g e n e r a l l y  a c c e p t e d  t h a t  HSA i n  m ice  i n j e c t e d  w i t h  w h o l e - c e l l  v a c c i n e  o r
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p u r i f i e d  PT, i n c r e a s e s  t o  r e a c h  a  p l a t e a u  a f t e r  4 - 5  days  and t h e n  

g r a d u a l l y  d e c r e a s e s  f o r  t h e  n e x t  3 -4  weeks (Wardlaw and P a r t o n ,  1 9 8 3 b ) * 

However ,  i t  was found  t h a t  HSA o f  t h e  J a p a n e s e  a c e l l u l a r  v a c c i n e  was 

a b s e n t  on day  4 b u t  p r e s e n t  on day  12 a f t e r  i n j e c t i o n  i n t o  mice* I sawa 

e t  a l . (1985)  p o s t u l a t e d  t h a t  e i t h e r ,

( i )  when b u l k  m a t e r i a l s  w e re  t o x o i d e d  w i t h  f o r m a ld e h y d e  a p o r t i o n  o f  

t h e  e n t i t y  r e s p o n s i b l e  f o r  HSA m ig h t  have  e s c a p e d  d e t o x i f i c a t i o n  by 

fo rm in g  a n  a g g r e g a t e *  ^  v i v o , t h i s  a g g r e g a t e  m i g h t  g r a d u a l l y  d i s s o l v e  

and  r e l e a s e  a c t i v e  t o x i n *

( i i )  t h e  t o x o i d e d  a c e l l u l a r  v a c c i n e  m ig h t  r e a c t i v a t e  i n  v i v o .

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

s i d e  r e a c t i o n s  i n  immunized i n f a n t s  and c a u s e  renewed  c r i t i c i s m  o f  p e r t u s s i s  

v a c c i n e s .

( i i i )  f o rm a ld e h y d e  m i g h t  m o d u l a t e  t h e  e x i s t i n g  s t a t e  o f  t h e  e n t i t y  

r e s p o n s i b l e  f o r  e a r l y  ( d a y  4 - 5 )  HSA so  a s  to  d e l a y  t h e  t im e  c o u r s e  o f  

h i s t a m i n e - s e n s i t i z a t i o n ,  o r

( i v )  d i f f e r e n t  m o i e t i e s  m i g h t  be r e s p o n s i b l e  f o r  t h e s e  a c t i v i t i e s *

I n  t h i s  i n v e s t i g a t i o n ,  when t h e  a n t i g e n  p r e p a r a t i o n  was 

t o x o i d e d  w i t h  EDAC t h e r e  was no d e t e c t a b l e  HSA on day 5 o r  day  12 a f t e r  

i n j e c t i o n  i n t o  m i c e .  The f a c t  t h a t  t h i s  t o x o i d  p r e p a r a t i o n  d i d  n o t  

m a n i f e s t  HSA on day  12 m i g h t  i n d i c a t e  t h a t ,

( i )  t h e r e  was no m  v i v o  r e v e r s i o n ,

( i i )  i f  d i f f e r e n t  m o i e t i e s  w ere  r e s p o n s i b l e  f o r  t h e  e a r l y  (day  4 - 5 )  o r

l a t e  (day  12) HSA, b o t h  were  i n a c t i v a t e d  w i t h  ED A C - t rea tm en t ,

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

f o r  e a r l y  (day  4 - 5 )  HSA so  as  t o  d e l a y  t h e  t im e  c o u r s e  o f  h i s t a m i n e -  

s e n s i t i z a t i o n *  I n  t h i s  l a s t  r e s p e c t ,  i t  would  be i n t e r e s t i n g  t o  m o n i t o r  

HSA and o t h e r  b i o l o g i c a l  a c t i v i t i e s  beyond 12 days*
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W it h o u t  d o u b t ,  t h e  f o r m a l i n - t o x o i d e d  J a p a n e s e  a c e l l u l a r  v a c c i n e  

m a n i f e s t s  a  l a t e  (day  12) HSA i n  mice  w h ic h  may ha ve  a p r o f o u n d  s i g n i f i 

c a n c e  f o r  human v a c c i n a t i o n *  T h i s  a c t i v i t y  may have  t o  be t a k e n  i n t o  

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

r e s u l t s  i n  t h i s  s t u d y  i n d i c a t e  t h a t  EDAC may be a  more s u i t a b l e  t o x o i d i n g  

a g e n t  t h a n  f o rm a ld e h y d e *

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

b e n z e n e s u l p h o n i c  a c i d ,  TNBS ( F i s h  e t  a l * ,  1 9 84 ) ,  e t h y l  a c e t i m i d a t e  

(N og im or i  e t  a l . , 1 9 8 4 a ) ,  a c e t i c ,  m a l e i c  and s u c c i n i c  a n h y d r i d e s  (Nogimor i  

e_t aJ^. , 1984b)  and f o r m a ld e h y d e  i n  t h e  p r e s e n c e  o f  s od ium  b o r o h y d r i d e ,  

NaBH^ (Ui  e t  a l * ,  1985)* A l l  t h e s e  r e a g e n t s  r e a c t  p r i m a r i l y  w i t h  t h e  

f r e e  g -am ino  g r o u p s  o f  p r o t e i n  l y s i n e  r e s i d u e s *  However ,  t h e  A - p r o to m e r  

( S I  s u b u n i t .  Fig*  2) o f  PT l a c k s  l y s y l  r e s i d u e s  ( N i c o s i a  a l , , 1986)* 

C o n s e q u e n t l y ,  t r e a t m e n t  o f  PT w i t h  t h e s e  r e a g e n t s  c o u l d  l e a v e  A -p ro to m e r  

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

w i t h  g l u t a r a l d e h y d e ,  s u b u n i t s  32,  S3, S4 and S5 ( B - o l i g o m e r ,  Fig* 2) were  

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

s u b u n i t  ( A - p r o t o m e r )  r e t a i n e d  i t s  o r i g i n a l  s i z e  ( N i c o s i a  e t  a l * , 1936)* 

Nog imor i  ^  a_l* (1984a)  showed t h a t  a c e t a m i d i n a t i o n  o f  i s l e t -  

a c t i v a t i n g  p r o t e i n ,  l A P ( P T ) , m o d i f i e d  t h e  b i o l o g i c a l  a c t i v i t i e s  o f  t h e  

B - o l i g o m e r ,  e g :  l e u c o c y t e s i s - p r o m o t i o n  and h i s t a m i n e - s e n s i t i z a t i o n ,

w h e r e a s  t h e  A - p r o to m e r  r e m a in e d  b i o l o g i c a l l y - a c t i v e  i n  i t s  a b i l i t y  t o  

c a t a l y z e  A D P - r i b o s y l a t i o n  and p o t e n t i a t e  i n s u l i n  s e c r e t i o n  v i v o * 

R e d u c t i v e  m é t h y l a t i o n  (Ui  a j ^ , , 1985)  p ro d u c e d  t h e  same r e s u l t s *  I n  

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

b i o l o g i c a l  a c t i v i t i e s  a s s o c i a t e d  w i t h  t h e  A- and B - s u b u n i t s  o f  PT i n  t h e  

a n t i g e n  p r e p a r a t i o n s *  However ,  N ogim ori  £ t  ^1* (1984b)  o b s e r v e d  t h a t
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a c y l a t i o n  a b o l i s h e d  a l l  b i o l o g i c a l  a c t i v i t i e s  v i v o  b u t  by d e s t r u c t i o n  

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

B ecause  o f  t h e  p rob le m s  e n c o u n t e r e d  w i t h  t h e  r e a g e n t s  

d e s c r i b e d  a b o v e ,  c a r b o d i i m i d e s  may be p r e f e r r e d  t o x o i d i n g  r e a g e n t s  

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

a s p a r t y l  r e s i d u e s  as  w e l l  a s  w i t h  t h e  C - t e r m i n a l  c a r b o x y l ,  when low pH i s  

u s e d  (Hoare  and K o s h l a n d ,  1967)* As a r e s u l t ,  a  s e q u e n c e  o f  complex 

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

f o r m a t i o n *  A l s o ,  o t h e r  amino a c i d  r e s i d u e s  m ig h t  be m o d i f i e d ,  eg :  

t y r o s i n e ( C a r r a w a y  and  K o s h l a n d ,  1 9 6 8 ) ,  c y s t e i n e  (C a r raw ay  and T r i p l e t t ,  

1 9 7 0 ) ,  h i s t i d i n e  ( T a k a t a  e_t ^1 *, 1 9 8 5 ) ,  s e r i n e  (Banks e t  a l * ,  1969)  and 

a s p a r a g i n e  ( R ic h  and S i n g h ,  1979)*

A n a l y s i s  o f  t h e  amino a c i d  s e q u e n c e  o f  s u b u n i t  SI  o f  PT 

( N i c o s i a  e t̂ a l *, 1986;  L o c h t  and K e i t h ,  1986) showed t h a t  l y s i n e  r e s i d u e s  

were  a b s e n t ,  b u t  t h a t  c a r b o d i i m i d e - r e a c t i v e  r e s i d u e s  w ere  p r e s e n t *

W i th o u t  a n  e x a c t  amino a c i d  a n a l y s i s  o f  p r o t e i n  b e f o r e  and  a f t e r  c a r b o 

d i i m i d e -  t r e a t m e n t  , t h e  e x a c t  n a t u r e  o f  t h e  m o d i f i e d  r e s i d u e s  r e m a in s  

u n c e r t a i n *  However ,  m o d i f i c a t i o n  o f  t y r o s i n e  c a n  be r e v e r s e d  a t  pH 8*0 

u s i n g  h y d r o x y l a m i n e  t o  i n d i c a t e  one p o s s i b l e  r e a c t i o n  ( G r o u s e l l e  and 

P u d l e s ,  1 9 7 7 ) .

B i o l o g i c a l  a c t i v i t y  may be a b o l i s h e d  by c o n f o r m a t i o n a l  c o n s t r a i n t s  

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

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

was somet im es  p r o v i d e d  by t h e  f o r m a t i o n  o f  p r e c i p i t a t e s *  When s l i g h t  

p r e c i p i t a t e s  o r  a  c o l l o i d o l  s u s p e n s i o n  w ere  fo rm ed ,  t h e  p r e p a r a t i o n s  were 

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

a n im a ls *  These  p r e c i p i t a t e s  w ere  p r o b a b l y  c a u s e d  by c h a n g e s  i n  t h e
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s o l u b i l i t y  o f  t h e  a n t i g e n s  when c r o s s - l i n k e d  by t h e  c a r b o d i i m i d e  r e a c t i o n  

o r  by t h e  f o r m a t i o n  o f  N - a c y l u r e a  a d d u c t s  o f  t h e  p r o t e i n s  ( G o o d f r i e n d  

e_t al^o, 1964) o I n  t h i s  s t u d y ,  m a c r o m o l e c u l a r  c r o s s - l i n k i n g  o f  t h e  

a n t i g e n s  was a p p a r e n t  f rom  t h e  i n a b i l i t y  o f  a t o x o i d  p r e p a r a t i o n ,  

(AP-17)T 33 ,  t o  r u n  i n  SDS-PAGE g e l s ,  e v e n  a f t e r  b o i l i n g  a t  100°C f o r  5 min  

i n  s o l u b i l i z i n g  b u f f e r  ( c o n t a i n i n g  2% (w/v)  SDS and 5% ( v / v )  p - m e r c a p t o -  

e t h a n o l ) *

The i n t r o d u c t i o n  o f  i n t e r -  a n d / o r  i n t r a m o l e c u l a r  c r o s s - l i n k s  

m ig h t  p e r t u r b  t h e  s p a t i a l  o r g a n i z a t i o n  o f  t h e  m o l e c u l e  ( G i l l  e t  a l * ,  1 9 6 8 ) ,  

and r e n d e r  b i n d i n g  s i t e s  o f  t h e  B - o l i g o m e r  and e n z y m a t i c  s i t e s  o f  t h e  

A -p ro to m e r  b i o l o g i c a l l y  r e d u n d a n t *  A l s o ,  t h e  f o r m a t i o n  o f  N - a c y l u r e a  

a d d u c t s  o f  p r o t e i n s  (T im k o v ic h ,  1977 ; Dav is  e_t ^1  *, 1984)  m ig h t  c a u s e  a 

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

r e d u c t i o n  o f  enzyme a c t i v i t y *  However ,  i t  h a s  t o  be s t r e s s e d  t h a t  t h e  

complex r e a c t i o n s  o f  f o r m a ld e h y d e  ( F r e n c h  and E d s a l l ,  1945)  o r  g l u t a r 

a l d e h y d e  (Cheung and Nimni ,  1982a)  w i t h  amino a c i d s  and p r o t e i n s  m ig h t  

a l s o  a b o l i s h  b i o l o g i c a l  a c t i v i t i e s  by p e r t u r b a t i o n  o f  t h e  no rm al  

c o n f o r m a t i o n a l  s t r u c t u r e  o f  PT*

To s u m m a r i z e ,  t h e  s t u d i e s  d e s c r i b e d  i n  t h i s  t h e s i s  i n d i c a t e  

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

a n t i g e n  p r e p a r a t i o n s *
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SECTION 3 o POSSIBLE NEW ASSAYS FOR TOXOIDS

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

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

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

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

A s m a l l  s t u d y  was u n d e r t a k e n  j o i n t l y  w i t h  Mr, F* C r a i g  t o  d e t e r m i n e  t h e  

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

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

c h e m o t a c t i c  s t i m u l u s  N - f o r m y l m e t h i o n y l - l e u c y l - p h e n y l a l a n i n e  (fMLP) and a 

l i g h t - e n h a n c i n g  r e a g e n t  lum ino l*

When p o l y m o r p h o n u c l e a r  l e u c o c y t e s  (PMNL) and s o l u b l e  o r  

p a r t i c u l a t e  m a t t e r  i n t e r a c t ,  t h e  c e l l s  p ro d u c e  c h e m i l u m i n e s c e n c e  ( l i g h t -  

e m i s s i o n ) .  The g e n e r a t i o n  o f  c h e m i l u m i n e s c e n c e - r e a c t i v e  m o l e c u l e s ,  

e g :  s u p e r o x i d e  a n i o n s  ( O ^ ) ,  h y d r o g e n  p e r o x i d e  (H2 O2 ) '  s i n g l e t  oxygen  and 

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

e s s e n t i a l  f o r  h o s t  d e f e n c e  a g a i n s t  m i c r o o r g a n i s m s  ( B r i h e i m  e ^  a l , , 1 9 8 4 ) ,  

C he m i lu m in e s c e n c e  o f  PMNL i s  a phenomenon r e l a t e d  t o  t h i s  r e s p i r a t o r y  

b u r s t  a c t i v a t i o n  and i s  a b i raoda l  r e s p o n s e  (B ende r  and Van Epps,  1983)* 

C h e m o t a c t i c  f a c t o r s  s u c h  as  fMLP, w h ic h  a r e  i m p o r t a n t  i n  a t t r a c t i n g  

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

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

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

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

r e s p o n s i b l e  f o r  t h e  o x i d a t i o n  o f  l u m i n o l  and enha nce d  c h e m i lu m in e s c e n c e *

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

p r e p a r a t i o n  (AP-16)  t o t a l l y  i n h i b i t e d  t h e  c h e m i l u m i n e s c e n c e  r e s p o n s e  o f  

r a b b i t  n e u t r o p h i l s  t o  fMLP and l u m i n o l ,  a t  a d o s e  o f  50 -100  n g / a s s a y  t u b e
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I n  a  p a r a l l e l  s t u d y  p u b l i s h e d  i n  1985 ,  B ecker  e t  a l * showed t h a t  a do s e  

o f  200 ng ml  ̂ o f  p u r i f i e d ,  c r y s t a l l i n e  PT i n h i b i t e d  n e u t r o p h i l  chemo- 

t a x i s  i n d u c e d  by fMLP, p o s s i b l y  by A D P - r i b o s y l a t i o n  o f  a  membrane-bound 

G T P -b in d in g  r e g u l a t o r y  p r o t e i n  w h ic h  m e d i a t e d  t h e  i n h i b i t i o n  o r  a c t i v a t i o n  

o f  a  t a r g e t  p r o t e i n ( s )  r e q u i r e d  i n  n e u t r o p h i l  a c t i v a t i o n *  I n  t h e  p r e s e n t  

s t u d y ,  t o x o i d  (AP-16)T29 ,  w i t h  y  99% r e d u c t i o n  i n  HSA, en h a n ce d  t h e  

c h e m i lu m in e s c e n c e  r e s p o n s e  o f  r a b b i t  n e u t r o p h i l s  t o  fMLP and lumino l*

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

A - p r o t o m e r ,  t h e  a c t i v e  A D P - r i b o s y l t r a n s f e r a s e  m o i e t y  o f  PT*

The a n t i g e n  p r e p a r a t i o n s  (AP) c o n t a i n  p r e d o m i n a n t l y  PT and FHa* 

C o n s e q u e n t l y ,  p u r i f i e d  FHa was t e s t e d  t o  s e e  how i t  m o d u la t e d  t h e  chem i 

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

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

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

(50 n g / a s s a y  t u b e )  o f  m o d i f i e d  and u n m o d i f i e d  FHa were  a s s a y e d .  Th is  

r e d u c t i o n  m ig h t  be a s s o c i a t e d  w i t h  t h e  i n t r o d u c t i o n  o f  c a r b o d i i m i d e -  

m e d i a t e d  c r o s s - l i n k s  ( i n t e r -  a n d / o r  i n t r a m o l e c u l a r ) ,  a n d / o r  t h e  f o r m a t i o n  

o f  c a r b o d i i m i d e - a d d u c t s  o f  FHa, w h ic h  i n  some way p r e v e n t  i n t e r a c t i o n  

w i t h  n e u t r o p h i l s *  S i m i l a r l y ,  t o x o i d e d  PT i n  t h e  a n t i g e n  p r e p a r a t i o n  d i d  

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

t o x i n  B - o l i g o m e r  t o  i n t e r a c t  w i t h  n e u t r o p h i l  m e m b r a n e - r e c e p t o r s , t h u s  

p r e v e n t i n g  e n t r y  o f  t h e  e n z y m a t i c  A-p ro tomer*  N e v e r t h e l e s s ,  t h e  t o x o i d  

( (A P-16 )T 29)  c o n t a i n e d  s u f f i c i e n t  c a r b o d i i m i d e - m o d i f i e d  FHa t o  

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

O t h e r  f a c t o r s  c a n n o t  be d i s m i s s e d ,  s i n c e  ^  p e r t u s s i s  LPS a l s o  

e n h a n c e s  t h e  c h e m i l u m i n e s c e n c e  r e s p o n s e *  A dose  o f  1*0 pg o f  L P S /a s s a y  

t u b e  p ro d u ce d  an  e nha nce m en t  c o m p a r a b le  t o  t h a t  e x p r e s s e d  w i t h  FHa
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(50 n g / a s s a y  t u b e ;  Fig*  1 8 ) ,  w h e r e a s  0*1 pg o f  L P S / a s s a y  t u b e  d i d  n o t  

e nha nce  t h e  r e s p o n s e  above  t h e  c o n t r o l  (F* C r a i g ,  p e r s o n a l  com m un ica t ion )*  

C l e a r l y ,  FHa i s  a b e t t e r  e n h a n c e r  o f  t h e  c h e m i lu m in e s c e n c e  r e s p o n s e  t h a n  

LPS* I n  t h e  t o x o i d  p r e p a r a t i o n  (AP-16)T 29 ,  t e s t e d  a t  10 p g / a s s a y  t u b e ,  

t h e r e  wou ld be a p p r o x i m a t e l y  0*2 pg o f  e n d o t o x i n ,  a n  amount  i n s u f f i c i e n t  

t o  c a u s e  t h e  e n h a n ce m en t  o f  c h e m i lu m in e s c e n c e  o b s e r v e d  (F* C r a i g ,  

p e r s o n a l  c om m un ic a t ion )*

The u s u a l  en h a n ce m en t  o f  c h e m i lu m in e s c e n c e  o b s e r v e d  w i t h  

p u r i f i e d  FHa was a b o l i s h e d  when t h e  p r o t e i n  was h e a t e d  a t  80^C f o r  30 min* 

However ,  B* p e r t u s s i s  LPS was u n a f f e c t e d  by t h i s  h e a t - t r e a t m e n t  and s t i l l  

e n h a n ce d  t h e  r e s p o n s e  (F ,  C r a i g ,  p e r s o n a l  c om m un ic a t ion )*  When t o x o i d  

(AP“ 16)T29 was s i m i l a r l y  h e a t e d ,  t h e  enhancem en t  was a l s o  a b o l i s h e d *

T h i s  i n d i c a t e s  t h a t  t h e  t r a c e  o f  LPS i n  t h e  t o x o i d  p r e p a r a t i o n  d i d  n o t  

p l a y  a r o l e  i n  e nh a n c e m e n t  o f  t h e  c h e m i lu m in e s c e n c e  r e s p o n s e  o f  r a b b i t  

n e u t r o p h i l s  t o  fMLP and lum ino l*

I t  was n o t i c e d  i n  t h i s  a s s a y  t h a t  t h e r e  was v a r i a t i o n  i n  t h e  

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

t h e  p r i m a r y  r e s p o n s e  p e a k  and som e t im es  i n  t h e  a b s e n c e  o f  t h e  s e c o n d a r y  

p e a k  i f  t h e  p r i m a r y  r e s p o n s e  was v e r y  l a r g e *  T h i s  v a r i a t i o n  m ig h t  be 

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

e a c h  t im e  a n  a s s a y  was done .

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

( i )  PT i n  t h e  a n t i g e n  p r e p a r a t i o n  s u p p r e s s e s  c h e m i lu m in e s c e n c e  o f  

r a b b i t  n e u t r o p h i l s  e v e n  i n  t h e  p r e s e n c e  o f  e n h a n c e r s  s u c h  as  FHa and LPS,

( i i )  t h e  t o x o i d  p r e p a r a t i o n ,d e v o i d  o f  HSA, e n h a n c e s  t h e  c h e m i lu m in e s c e n c e  

o f  r a b b i t  n e u t r o p h i l s *  C a r b o d i i m i d e - t r e a t e d  PT p r e s u m a b l y  does  n o t  

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

p r o p e r t i e s  o f  o t h e r  p r o t e i n s  i n  t h e  t o x o id *



231

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

j .n  v i t r o  a s s a y  o f  PT c o u l d  be u s e d  t o  s c r e e n  t o x o i d s  f o r  r e s i d u a l  t o x i c i t y *  

These  t o x o i d s  c o u ld  be e v a l u a t e d  i n  p a r a l l e l  w i t h  a s t a n d a r d  t o x o i d  

p r e p a r a t i o n ,  and i t  wou ld  be i n t e r e s t i n g  t o  compare t h e  many e m e rg ing  

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

p r e p a r a t i o n s  d e s c r i b e d  i n  t h i s  s tu d y *

A no the r  p o s s i b l e  i n  v i t r o  a s s a y  f o r  t o x o i d s  was examined i n  t h i s  

i n v e s t i g a t i o n ,  u s i n g  t h e  e n z y m e - l i n k e d  immunosorben t  a s s a y  (ELISA)* In  

t h e  s t u d y  o f  K l i p s t e i n  _et aj^* ( 1 9 8 2 b ) ,  t h e r e  was a p r o g r e s s i v e  r e d u c t i o n  i n  

t h e  a n t i b o d y - b i n d i n g  a f f i n i t y  o f  E* c o l i  h e a t - l a b i l e  (LT) e n t e r o t o x i n  a f t e r  

t r e a t m e n t  w i t h  i n c r e a s i n g  amounts  o f  EDAC* The a n t i b o d y - b i n d i n g  a f f i n i t y  

o f  t o x o i d s  was a s s e s s e d  i n  a n  ELISA by com par ing  t h e  d o s e - r e s p o n s e  c u r v e s  

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

hyperimmune a n t i s e r u m  t o  LT* T h i s  r e d u c t i o n  c o r r e l a t e d  w i t h  t h e  

compromised e f f e c t i v e n e s s  o f  t o x o i d e d  LT to  evoke an  a n t i t o x i n  r e s p o n s e  

and p r o v i d e  p r o t e c t i o n  i n  immunized a n im a ls *

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

a f f i n i t y  o f  t o x o i d e d  p r e p a r a t i o n s  was a s s e s s e d  by c om pa r ing  t h e  d o s e -  

r e s p o n s e  c u r v e s  o f  u n t o x o i d e d  AP o r  t h e  t o x o i d s ,  as  c o a t i n g  l a y e r s ,  

a g a i n s t  e i t h e r  m o n o s p e c i f i c  r a b b i t  a n t i - P T  p o l y c l o n a l  IgG a n t i b o d y  or  

mouse a n t i - P T  m o n o c l o n a l  IgG a n t i b o d i e s *  I n  t h e s e  e x p e r i m e n t s ,  t h e r e  

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

PT i n  AP when t r e a t e d  w i t h  i n c r e a s i n g  amounts o f  EDAC, o r  i n  t h e  b i n d i n g  

a f f i n i t y  o f  t o x o i d s  f o r  t h e  p o l y s t y r e n e  ELISA p l a t e s *  K l i p s t e i n  e_t a l*  

(1982b)  d i d  n o t  r e p o r t  w h e t h e r  t h e i r  d a t a  r e p r e s e n t e d  a g e n u i n e  

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

t o x o i d s  f o r  p o l y s t y r e n e *  I f  t h e  f o rm e r  p o s s i b i l i t y  was t h e  c a s e ,  t h e n
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a p r e l i m i n a r y  s c r e e n i n g  o f  t o x o i d s  f o r  r e d u c e d  a n t i b o d y - b i n d i n g  a f f i n i t y  - 

w h ic h  m us t  be c o r r e l a t e d  w i t h  a  c o n c o m i t a n t  r e d u c t i o n  i n  t o x i c i t y  - 

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

c o n d i t i o n s *  A m a j o r  a d v a n t a g e  would  be  t o  o b v i a t e  t h e  need  t o  examine  

a l l  t o x o i d  p r e p a r a t i o n s  w i t h  t h e  more cumbersome and t im e - c o n s u m in g  a n im a l  

s t u d i e s  o
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SECTION 4 o STABILITY OF TOXOIDS

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

p r e p a r a t i o n  o f  c o m m e rc i a l  v a c c i n e s *  T h e re  i s  ample  e v i d e n c e  t h a t  some 

b a c t e r i a l  e x o t o x i n s  r e v e r t  b o t h  i n  v i t r o  and i n  v i v o * T h i s  was shown 

w i t h  d i p h t h e r i a  t o x i n  (Wadsworth eT ^ * , 1937;  S t a i n e r ,  1967;  Akama 

e^t a l * , 1 9 7 1 a ) ,  t e t a n u s  t o x i n  (Akama a ^ * , 1971b ) ,  Pseudomonas 

a e r u g i n o s a  e x o t o x i n  A (C ryz  £ t  a l * , 1 9 8 1 ) ,  c h o l e r a  t o x i n  ( N o r t h r u p  and 

C h i s a r i ,  1972;  R a p p a p o r t  e t  a l * ,  1974)  and p e r t u s s i s  t o x i n  ( S a t o  e t  a l * , 

1974)*

I n  t h i s  i n v e s t i g a t i o n ,  i n d e p e n d e n t  s t a b i l i t y  s t u d i e s  w ere  done 

on t h r e e  t o x o i d  p r e p a r a t i o n s .  I n  t h e s e  s t u d i e s ,  t h e  t o x o i d s  were  

s t a b l e  a t  4°C f o r  t h e  d u r a t i o n  o f  t h e  t e s t  (56 d a y s ) ,  a s  j u d g e d  by t h e i r  

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

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

was a l s o  l y o p h i l i z e d  and s t o r e d  a t  4°C f o r  24 w e e ks ,  and t e s t e d .  T h i s  

p r e p a r a t i o n  was a l s o  n o n - t o x i c  f o r  mice*

However ,  when s t o r e d  a t  37°C, t h e  t o x o i d s  showed p a r t i a l  

r e v e r s i o n *  Toxoid  (AP-16)T37 showed s l i g h t  r e v e r s i o n  t o  HSA and LPA 

when t e s t e d  a f t e r  14 days  a t  37°C* R e v e r s i o n  was a l s o  d e t e c t e d  w i t h  

t o x o i d  (AP-17)T33 when t e s t e d  a f t e r  28 days  a t  37°C;  1*0% o f  t h e

o r i g i n a l  HSA o f  u n t o x o i d e d  m a t e r i a l  was d e t e c t e d *  T h e r e  was a l s o  

a p p r o x i m a t e l y  a 5% r e v e r s i o n  t o  h y p e r i n s u l i n a e m i a  a c t i v i t y  o f  t h e  A -p ro to m e r  

o f  PT i n  t o x o i d  (AP-17)T33  when t e s t e d  a f t e r  14 days  a t  37^C, b u t  t h i s  

was l a b i l e  on f u r t h e r  i n c u b a t i o n *

However ,  t h e s e  t o x o i d s  w h ic h  showed p a r t i a l  r e v e r s i o n  t o  

b o t h  A- and B - s u b u n i t  a c t i v i t i e s  o f  PT i n  t h i s  s t u d y ,  w e re  n o n - l e t h a l  f o r  

m ice  and d i d  n o t  a f f e c t  no rm a l  w e i g h t - g a i n *
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I n  t h e  l i t e r a t u r e ,  t o x o i d s  p r e p a r e d  w i t h  f o r m a ld e h y d e  were  

s t a b l e  a t  4°C b u t  showed i n  v i t r o  r e v e r s i o n  d u r i n g  s t o r a g e  a t  e l e v a t e d  

t e m p e r a t u r e s *  The f  o r m a l i n - L - l y s  i n e  t r e a t e d  PT o f  S a to  _e  ̂ ( 1 9 7 4 ) ,

w h ic h  was n o t  u s e d  i n  any  v a c c i n e  f o r m u l a t i o n ,  r e g a i n e d  l e t h a l  t o x i c i t y  

(HSA, LPA) upon  r em o v a l  o f  f o r m a l i n  by d i a l y s i s  a t  37^0* Th i s  r e v e r s i o n  

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

(L in ggood  e t  a l * , 1963;  S c h e i b e l  and C h r i s t e n s e n ,  1965;  S t a i n e r ,  1968;

Cryz e t  a l * ,  1981)  s u g g e s t s  t h a t  t h e  a d d i t i o n  o f  L - l y s i n e  t o  t h e  

r e a c t i o n  m i x t u r e s  s u b s t a n t i a l l y  im proves  t o x o i d  s t a b i l i t y *  The p e r t u s s i s  

component  v a c c i n e  o f  S a t o  e_t a l * (1984 )  c o n s i s t e d  o f  a c r u d e  h a e m a g g l u t i n i n  

e x t r a c t  w h ich  was t o x o i d e d  w i t h  f o rm a lde hyde *  However ,  no m e n t i o n  was 

made o f  t h e  u s e  o f  L - l y s i n e  i n  t h e  t o x o i d i n g  r e a c t i o n *  T h e r e f o r e ,  i t  

would be s u r p r i z i n g  i f  t h i s  o r  any  o t h e r  a c e l l u l a r  p e r t u s s i s  v a c c i n e  p roved  

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

and t h e  p o s s i b i l i t y  o f  ^  v i v o  r e v e r s i o n  c a n n o t  be d i s c o u n t e d *  When 

t o x o i d i n g  w i t h  c a r b o d i i m i d e ,  t h e  a d d i t i o n  o f  exogenous  amino a c i d s  s u c h  

a s  L - l y s i n e  wou ld  p r o b a b l y  n o t  improve  t o x o i d  s t a b i l i t y  and may have  

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

The s t u d i e s  d e s c r i b e d  h e r e i n  do n o t  i n d i c a t e  e x a c t l y  when t o x o i d  

r e v e r s i o n  o c c u r s  a t  e l e v a t e d  t e m p e r a t u r e *  To d e t e r m i n e  t h i s ,  s am ples  

s h o u l d  be a s s a y e d  d a i l y  d u r i n g  s t o r a g e  f o r  r e v e r s 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  su c h  as  HSA, LPA and i n d u c t i o n  o f  h y p e r i n s u l i n a e m i a  i n  mice*

A l s o ,  t h e  e x a c t  n a t u r e  o f  t h e  r e v e r s i b l e  r e a c t i o n  r e m a in s  u n c l e a r *  From 

t h e  c h e m i s t r y  o f  c a r b o d i i m i d e - m o d i f i c a t i o n  o f  p r o t e i n s ,  two m a j o r  r e a c t i o n s  

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

ment  t o  a s t a b l e  N - a c y l u r e a *  The f o r m a t i o n  o f  N - a c y l u r e a  i s  m a r k e d ly  

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

( I t o  e t  a l . ,  1 9 7 7 ) ,  and p e p t i d e  bond f o r m a t i o n  i s  p r o b a b l y  t h e  m a j o r
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r e a c t i o n  p r o d u c t  f o r  r e a s o n s  d e s c r i b e d  e a r l i e r .  R e v e r s i o n  m ig h t  be 

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

t y r o s i n e ,  e t c , ,  b u t  no e v i d e n c e  i s  p r e s e n t e d  t o  s u p p o r t  t h i s .  The pH 

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

done t o  d e t e r m i n e  i f  t o x o i d s  a r e  s t a b l e  a t  37°C i n  b u f f e r s  o f  o t h e r  pH 

v a l u e s  o

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

HSA and LPA o f  PT i n  t h e  u n t o x o i d e d  p r e p a r a t i o n s  a t  4°C o r  37°C* The re  

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

m o u s e - l e t h a l i t y  was o f t e n  r e d u c e d  on s t o r a g e  a t  37°Co The w h o l e - c e l l  

v a c c i n e  (WCV) showed no r e d u c t i o n  i n  HSA o r  LPA a t  4°C i n  t h e s e  s t a b i l i t y  

s t u d i e s *  I n  f a c t ,  l y o p h i l i z e d  w h o l e - c e l l  v a c c i n e ,  k e p t  a t  4°C i n  s e a l e d  

a m p o u le s ,  showed no s i g n i f i c a n t  r e d u c t i o n  i n  HSA d u r i n g  t h e  3 y e a r  p e r i o d  

o f  i n d e p e n d e n t  r e s e a r c h  d e s c r i b e d  i n  t h i s  t h e s i s *
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SECTION 5 . ENZYME-LINKED IMMUNOSORBENT ASSAY

I r o n s  and MacLennan ( 1 9 7 9 a , b )  showed a  s p e c i f i c  i n t e r a c t i o n  

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

a c i d  r e s i d u e s ,  and u s e d  h a p t o g l o b i n  bound t o  a S e p h a r o s e  4B m a t r i x  i n  

a f f i n i t y  c h r o m a to g r a p h y  p u r i f i c a t i o n  o f  PT* S i n c e  o t h e r  s i a l i c  a c i d -  

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

r e p l a c e d  h a p t o g l o b i n  i n  p u r i f i c a t i o n  s t u d i e s  ( A s k e lB f  e t  a l * ,  1982;

S e k u r a  e ^  al_o, 1983)*

S a to  e_t a_l* (1983b)  u s e d  h a p t o g l o b i n  as  t h e  s o l i d  ( i e ;  p o l y s t y r e n e -  

bound)  pha se  i n  a n  ELISA f o r  PT* I n  t h e  s t u d i e s  d e s c r i b e d  h e r e i n ,  f e t u i n  

was u s e d  as  t h e  s o l i d  p h a s e  i n  e x p e r i m e n t s  t o  d e v e l o p  a n  ELISA f o r  

d e t e c t i o n  and q u a n t i t a t i o n  o f  P T - a n t i g e n .

5 . 1  Q u a n t i t a t i o n  o f  a n t i g e n

The end r e s u l t s  o f  t h e  q u a n t i t a t i v e  enzyme immunoassay o f

a n t i g e n  c o n c e n t r a t i o n ,  d e t e r m i n e d  by a s t a n d a r d  c u r v e  m e thod ,  a r e  e x p r e s s e d
-1

i n  a b s o l u t e  t e r m s ,  eg ;  pg ml a n t i g e n *  I n  t h i s  s t u d y ,  ELISA s y s te m s

w ere  d e v e l o p e d  u s i n g  e i t h e r  f e t u i n ,  h a p t o g l o b i n ,  r a b b i t  a n t i - P T  IgG

p o l y c l o n a l  a n t i b o d y  o r  mouse a n t i - P T  IgG m o n o c l o n a l  a n t i b o d i e s  as  t h e

s o l i d  p h a s e  to  p r o v i d e  s p e c i f i c i t y  f o r  t h e  P T - a n t i g e n .  E x t r a  s p e c i f i c i t y

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

f o r  a n t i g e n  bound t o  t h e  c o a t i n g  l a y e r *  These  ELISA s y s t e m s  d e t e c t e d
-1

as l i t t l e  a s  2 - 4  ng o f  PT w e l l  ; i n  t h e  h a p t o g l o b i n - E L I S A  o f  S a to  e_t a l .

-1(1983b)  t h e  minimum d e t e c t a b l e  amount  o f  PT was r e p o r t e d  as  1*0 ng w e l l  * 

The f e t u i n - L ^ Q  m o n o c lo n a l  a n t i b o d y  s y s t e m  was t h e  m os t  

a c c e p t a b l e  o f  a l l  t h e s e  ELISA s i n c e  ba c k g ro u n d  a b s o r b a n c e  was n e g l i g i b l e ,  

w h e r e a s  t h e  h a p t o g l o b i n - ,  p o l y c l o n a l - ,  L/^- and L^_LiQ s y s t e m s  gave h i g h
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b a c k g r o u n d s .  I t  i s  p o s s i b l e  t h a t  s p e c i f i c  b i n d i n g  o f  a n t i - m o u s e  IgG-HRP 

c o n j u g a t e  t o  t h e  m o n o c l o n a l  a n t i b o d i e s  and L3  a s  c o a t i n g  l a y e r s ,  was 

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

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

a n t i b o d y  as  t h e  s o l i d  p h a s e  m ig h t  have r e s u l t e d  from some n o n - s p e c i f i c  

i n t e r a c t i o n  w i t h  t h e  c o n j u g a t e *

Both  t h e  h a p t o g l o b i n - L i o  and p o l y c l o n a l - L i Q  s y s t e m s  were  

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

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

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

o f  t h e s e  c om ponen t s ,  a r e  among t h e  v a r i o u s  p o s s i b i l i t i e s  t o  e x p l a i n  t h i s  

f i n d i n g *

The f e t u i n - L  ELISA was r e p r o d u c i b l e  and s p e c i f i c  f o r  PT*

The a d v a n t a g e s  o f  t h i s  ELISA o v e r  t h e  ^  v i v o  a s s a y s  o f  PT a c t i v i t y  ( e g :  

HSA, LPA and i n d u c t i o n  o f  h y p e r i n s u l i n a e m i a )  f o r  t h e  q u a n t i t a t i v e  

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

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

r e s e a r c h  would s u p p o r t  t h e  use  o f  t h i s  a l t e r n a t i v e  p r o c e d u r e *  A l th o u g h  

t h e  h a e m a g g l u t l n a t i o n  r e a c t i o n  c a n  be u s e d  as  a n  v i t r o  a s s a y  f o r  PT, 

i t  ha s  low s p e c i f i c i t y  and s e n s i t i v i t y ,  and t h e  p r e s e n c e  o f  FHa i n  t h e  

m a j o r i t y  o f  a s s a y  s a m p le s  i n  t h i s  s t u d y  i s  a m a j o r  problem*

A l th o u g h  ELISA does n o t  m ea s u re  a t r u e  b i o l o g i c a l  a c t i v i t y ,

S a to  e t  a l*  (1983b)  r e p o r t e d  a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  PT 

d e t e r m i n a t i o n s  o b t a i n e d  by h a p t o g l o b i n - E L I S A  and t h e  l e u c o c y t o s i s  a s s a y  

i n  mice* The d e t e c t a b l e  amounts  o f  PT i n  s e v e r a l  v i v o  a s s a y s  a r e  

summarized  i n  T a b l e  2 ( t h i s  t h e s i s )  and t h e  r e v i e w  o f  Wardlaw and P a r t o n  

(1983b)*  For  e x a m p le ,  t h e  HSD^q v a l u e  o f  PT was i n  t h e  o r d e r  o f  0 * 5 - 6 0  

n g /m o u s e ,  and d o s e s  o f  20 -200  ng/mouse  in d u c e d  s i g n i f i c a n t  l e u c o c y t o s i s
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i n  mice  ( T a b l e  2)* I n  t h i s  s t u d y ,  t h e  f e t u i n - E L I S A  c o u l d  d e t e c t  a s

-1l i t t l e  as  4 ng o f  PT w e l l  , and i t  wou ld be i n t e r e s t i n g  t o  compare 

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

PT a c t i v i t y *

5*2 Q u a n t i t a t i o n  o f  a n t i b o d y

A m a j o r  p r o b le m  i n  t h e  a s s a y  o f  se rum IgG a n t i b o d y  t o  PT and FHa 

by ELISA was t h e  a v a i l a b i l i t y  o f  a n  i n e x p e n s i v e  s u p p l y  o f  b o t h  p u r i f i e d  

a n t i g e n s *  T h i s  was a l l e v i a t e d  by t h e  u s e  o f  s e m i - p u r i f i e d  a n t i g e n  

p r e p a r a t i o n s ,  a n d ,  i n  t h e  d e t e r m i n a t i o n  o f  a n t i - P T  IgG a n t i b o d y ,  w i t h  

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

p r e p a r a t i o n s  were  s t a n d a r d i z e d  a g a i n s t  p u r i f i e d  a n t i g e n s  f o r  u s e  i n  ELISA* 

I t  was found  t h a t  t h e  p u r i f i e d  a n t i g e n s  i n  a n t ib o d y - E L IS A s  were  

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

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

I n  c o n t r a s t  t o  a n t i g e n  q u a n t i t a t i o n ,  t h e  m ea su rem e n t  o f  a n t i b o d y  

by ELISA i s  much more d i f f i c u l t *  S i n c e  ELISA m e a s u r e s  t h e  combined 

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

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

s p e c i f i c  a n t i b o d y  c o n c e n t r a t i o n ,  eg ;  pg IgG ml  ̂ serum* I n s t e a d ,  a 

v a r i e t y  o f  a l t e r n a t i v e  a p p r o a c h e s  have  b e e n  u sed  to  e s t i m a t e  t h e  r e l a t i v e  

' a n t i b o d y  a c t i v i t y '  r a t h e r  t h a n  a b s o l u t e  a n t i b o d y  c o n c e n t r a t i o n *  De 

S a v i g n y  and V o i l e r  (1980)  l i s t e d  a v a r i e t y  o f  methods  and c o n c lu d e d  t h a t  

none o f  them s a t i s f i e d  a l l  t h e  e s s e n t i a l  c r i t e r i a  o f  a n  i d e a l  a s s a y ,  i e :  

t o  be q u a n t i t a t i v e ,  r e p r o d u c i b l e ,  e f f i c i e n t  and e c o n o m i c a l ,  and f r e e  o f  

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

I n  t h e  p e r t u s s i s  l i t e r a t u r e ,  many m ethods  have  b e e n  u s e d  t o  

r e p o r t  ' a n t i b o d y  a c t i v i t y '  o f  t e s t  s e r a *  These  i n c l u d e d  r e p o r t i n g  end -



239

p o i n t  t i t r e s  (G rans t rB m  e t  a l * ,  1982a)  and a b s o r b a n c e  v a l u e s  a t  a  s i n g l e

sé rum d i l u t i o n  ( G r a n s t r ü m  e ^  a l * ,  1 9 8 2 b ) „ B u r s t y n  e ^  a l  * (1983)  and Oda

^  £^* (1 9 8 4 ,  1985)  compared  t h e  l i n e a r  p o r t i o n s  o f  p l o t s  o f  a b s o r b a n c e

v e r s u s  l o g  se rum d i l u t i o n s  f o r  t e s t  and r e f e r e n c e  s e r a *  R e l a t i v e

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

b e tw e e n  t h e  X - i n t e r c e p t s  ( l o g  se rum  d i l u t i o n s )  o f  t h e  l i n e a r  p o r t i o n s  o f

t e s t  and r e f e r e n c e  s e r a  and m u l t i p l y i n g  t h i s  by 100,  t h e  a s s i g n e d  u n i t a g e

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

p o r t i o n  o f  e a ch  c u r v e  was r e d r a w n  by u s i n g  a common s l o p e ,  i e :  p a r a l l e l i s m

o f  d o s e - r e s p o n s e  c u r v e s  was assumed* T h e r e f o r e ,  no s i n g l e  method f o r

r e p o r t i n g  ' a n t i b o d y  a c t i v i t y '  h a s  b e e n  u n i v e r s a l l y  a d o p t e d ,  and t h o s e

m e n t io n e d  above  a r e  n o t  t o t a l l y  s a t i s f a c t o r y *

I n  t h i s  i n v e s t i g a t i o n ,  many p o o le d  and i n d i v i d u a l  s e r a  were

t i t r a t e d  f o r  IgG a n t i - P T  and a n t i - F H a  a n t i b o d y  r e s p o n s e s  by ELISA* The

-1d a t a  were  p r e s e n t e d  as  e i t h e r  t h e o r e t i c a l  A n t ib o d y  U n i t s  ml se rum 

(Append ix  9) o r  a c t u a l  a n t i b o d y  t i t r e s  (Appendix  10)* I n  n e i t h e r  

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

t e s t  and r e f e r e n c e  s e r a  assumed* The ELISA t i t r a t i o n  c u r v e s  o f  some 

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

t i t r a t i o n  c u r v e  and were  t h e r e f o r e  a s s i g n e d  Y/X v a l u e s  r a t h e r  t h a n  

v a l i d  a n t i b o d y  t i t r e s  ( A ppe nd ix  1 0 ) .  The m a j o r  a d v a n t a g e  i n  p r e s e n t i n g  

d a t a  as  a c t u a l  a n t i b o d y  t i t r e s  i n  t h i s  i n v e s t i g a t i o n ,  i s  t h a t  t h e  combined 

e f f e c t s  o f  a n t i b o d y  a f f i n i t y  ( a b s o r b a n c e  492nm) and a n t i b o d y  c o n c e n t r a t i o n  

( l o g  t i t r e )  i n  t e s t  s e r a  a r e  e v a l u a t e d .  To v a l i d a t e  t h e  d a t a  ev e n  

f u r t h e r  a  r e f e r e n c e  a n t i s e r u m  a g a i n s t  a c om m e rc ia l  a c e l l u l a r  v a c c i n e  ,a s  a n  

i n t e r n a t i o n a l  ELISA r e f e r e n c e  a n t i s e r u m , c o u ld  be made a v a i l a b l e .  Such a 

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

o f  t h e  e x p e r i m e n t a l  a c e l l u l a r  v a c c i n e s  p r e p a r e d  i n  t h i s  and o t h e r  s t u d i e s *
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SECTION 6 . ANTIGENICITY AND IMMUNOGENICITY OF TOXOIDS

I n  t h i s  t h e s i s ,  t h e  d i s t i n c t i o n  o f  F i n k l e s t e i n  (1984)  b e tw e en  

a n t i g e n i c i t y , i e ;  t h e  c a p a c i t y  t o  s t i m u l a t e  an  immune r e s p o n s e ,  and 

i m m u n o g e n i c i t y , i e : r e s u l t i n g  i n  r e s i s t a n c e  o r  im m unity ,  i s  used* A l l

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

d e t e c t a b l e  a n t i - P T  IgG o r  a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  i n  mice ;  

no rm al  mouse se rum  o r  s e r a  f rom mice  i n j e c t e d  w i t h  PBS w ere  s i m i l a r l y  

u n r e s p o n s i v e .  The l a c k  o f  s t i m u l a t i o n  by u n t o x o i d e d  p r e p a r a t i o n s  m ig h t  

be due t o  t h e  f a c t  t h a t  t h e  do s e  o f  a n t i g e n  r e q u i r e d  t o  i n i t i a t e  a good 

immune r e s p o n s e  was l e t h a l *  A l t e r n a t i v e l y ,  Asakawa (1969)  o b s e r v e d  t h a t  

LPF (PT) s u p p r e s s e d  t h e  f o r m a t i o n  o f  c i r c u l a t i n g  a n t i b o d y  i n  mice  and 

Suzuk i  ^ lo  (1978)  p o s t u l a t e d  t h a t  a c t i v e  PT m ig h t  d i r e c t l y  s u p p r e s s  

t h e  p h a g o c y t o s i s  o r  a n t i g e n  p r o c e s s i n g  by mac rophages*  T h e r e f o r e ,  t h e  

a n t i g e n  p r e p a r a t i o n s  c o n t a i n i n g  a c t i v e  PT d e s c r i b e d  i n  t h i s  i n v e s t i g a t i o n  

m ig h t  be im m u n o s u p p r e s s iv e .

When e q u i v a l e n t  d o s e s  o f  u n t o x o i d e d  and c a r b o d i i m i d e - t o x o i d e d  

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

s i g n i f i c a n t l y  g r e a t e r  a n t i - P T  IgG and a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  i n  

m ic e .  There  was a l s o  no d i f f e r e n c e  i n  t h e  a n t i g e n i c i t i e s  o f  i n d e p e n d e n t l y  

p ro d u ce d  b a t c h e s  o f  t o x o i d .

The re  was no l o s s  i n  t h e  a n t i g e n i c i t y  o f  t o x o i d s  s t o r e d  a t  4°C,  

A l s o ,  t o x o i d s  w h ic h  showed s l i g h t  r e v e r s i o n  d u r i n g  s t o r a g e  a t  37°C were  

a n t i g e n i c a l l y  s t a b l e .  R a p p a p o r t  ^  (1974)  r e p o r t e d  t h a t  g l u t a r a l d e h y d e -

t r e a t e d  c h o l e r a  t o x i n  was n o t  n e a r l y  a s  e f f e c t i v e  a n  a n t i g e n  a s  a 

f o r m a l i n - t o x o i d , and t h i s  was p r o b a b l y  r e l a t e d  t o  t h e  o b s e r v a t i o n  t h a t  

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

g l u t a r a l d e h y d e - t o x o i d  d i d  no t*  I n  t h i s  s t u d y ,  t h e r e  was no e v i d e n c e  t o
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s u g g e s t  t h a t  t h e  p r e s e n c e  o f  a c t i v e  t o x i n  i n  t h e  c a r b o d i i m i d e - t o x o i d e d  

p r e p a r a t i o n s  enha nce d  a n t i g e n i c i t y *

When t o x o i d  was l y o p h i l i z e d  and s t o r e d  a t  4°C f o r  24 weeks and 

t e s t e d ,  b o t h  t h e  PT and FHa components  w ere  l e s s  a n t i g e n i c  i n  m ic e .  Th i s  

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

a d j u v a n t s *  N e v e r t h e l e s s ,  t h e  e x p e r i m e n t  m e r i t s  r e p e t i t i o n  s i n c e  a 

' c a r b o d i i m i d e - p r e c i p i t a t e d  t o x o i d ' ,  l y o p h i l i z e d  and r e s u s p e n d e d  by 

s o n i c a t i o n ,  was s t i l l  h i g h l y  a n t i g e n i c  i n  mice*

C a r b o d i i m i d e - m o d i f i c a t i o n  and c r o s s - l i n k i n g  h a s  p ronounced  

e f f e c t s  on a n t i g e n i c i t y *  I n  t h e  c a r b o d i i m i d e - t o x o i d e d  PT and FHa a n t i g e n  

p r e p a r a t i o n s ,  t h e  p o s s i b i l i t y  e x i s t s  o f  new e p i t o p e  f o r m a t i o n .  T h i s  may 

o c c u r  by c o n f o r m a t i o n a l  cha nges  which  e i t h e r  e xpose  new a n t i g e n i c  

d e t e r m i n a n t s  o r  s t a b i l i z e  e x i s t i n g  a n t i g e n i c  s i t e s  on t h e  m o le c u le s *  

C a r b o d i i m i d e - m e d i a t e d  c r o s s - l i n k s  m a r k e d ly  a l t e r  t h e  s p e c i f i c i t y  o f  

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

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

e ^  aj^o j 1968)* A l t e r n a t i v e l y ,  t h e  p o s s i b i l i t y  e x i s t s  o f  a c a r b o d i i m i d e -  

a d d u c t  b e i n g  t h e  new e p i t o p e  ( G o o d f r i e n d  e t  a l . , 1964;  Davis  e t  a l * , 1984) 

I n  a l l  t h e s e  c a s e s ,  a n t i b o d y  m ig h t  be p roduced  t o  a l t e r e d  p r o t e i n  and 

t h i s  a n t i b o d y  m ig h t  n o t  r e a c t  w i t h  n a t i v e  p r o t e i n  ( E r l a n g e r ,  1980)* 

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

a n t i g e n  p r e p a r a t i o n s  i n  t h i s  s t u d y ,  s i n c e  a n t i g e n i c i t y  was e n h a n ce d ,  w i t h  

a c o n c o m i t a n t  r e d u c t i o n  i n  t o x i c i t y *

T o x o i d in g  w i t h  f o rm a ld e h y d e  and g l u t a r a l d e h y d e  a l s o  a f f e c t s  t h e  

a n t i g e n i c i t i e s  o f  b a c t e r i a l  e x o t o x i n s *  R i t t e n b e r g  e_t aJ^* (1976)  and 

Cryz £ t  a_l* (1980)  d e m o n s t r a t e d  t h a t  f o r m a l d e h y d e - t r e a t m e n t  p a r t i a l l y  

d e s t r o y e d  o r  a l t e r e d  t h e  a n t i g e n i c  d e t e r m i n a n t s  o f  b o t h  A and B domains
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o f  d i p h t h e r i a  t o x i n *  S i m i l a r l y ,  f o r m a l d e h y d e - t r e a t m e n t  p ro d u ce d  m ino r  

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

a n t i g e n i c i t y  was n o t  compromised ( P o l l a c k  and P r e s t c o t t ,  1 9 82 ) ,  More 

i m p o r t a n t l y ,  s t u d i e s  by W arren  e t  a l*  ( 1 9 7 5 a , b)  showed t h a t  f o r m a ld e h y d e -  

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

e n t e r o t o x o i d s  w e re  no t*  S i m i l a r l y ,  g l u t a r a l d e h y d e - p o l y m e r i z e d  

C l o s t r i d i u m  p e r f r i n g e n s  a - t o x i n  was more a n t i g e n i c  t h a n  t h e  monomeric  

t o x o i d  ( P e t r o v  e t  a l * ,  1977)* I n  t h e  p r e s e n t  s t u d y ,  t h e  p o l y m e r i c  n a t u r e  

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

i n t e r m o l e c u l a r  c r o s s - l i n k i n g ,  may a l s o  be i m p o r t a n t  i n  t h e  s t i m u l a t i o n  o f  

a n t i - P T  IgG and a n t i - F H a  IgG a n t i b o d y  r e s p o n s e s  i n  a n im a l s *  I t  may be 

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

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

w i t h ,  o r  a c t i v a t i o n  o f ,  immunocompetent  c e l l s  (W ar ren  e_t ^ * , 1975b)*

I n  a d d i t i o n  t o  enha nce d  a n t i g e n i c i t y ,  a n  i m p o r t a n t  f i n d i n g  i n  

t h i s  s t u d y  was t h e  a s s o c i a t e d  i m m u n o g e n ic i t y  o f  t h e  t o x o i d s *

The u n t o x o i d e d  PT and FHa p r e p a r a t i o n  d e s c r i b e d  i n  t h i s  s t u d y  

showed e v i d e n c e  o f  p a r t i a l  p r o t e c t i o n  i n  t h e  i n t r a c e r e b r a l  mouse-  

p r o t e c t i o n  t e s t  (ICMPT) a t  d o s e s  n o n - t o x i c  f o r  mice* Munoz £ t  al_* (1981a)  

d e m o n s t r a t e d  t h a t  a p e r t u s s i s  t o x i n  p r e p a r a t i o n ,  e x t r a c t e d  from 

B. p e r t u s s i s  c e l l s  w i t h  b u f f e r  c o n t a i n i n g  T r i t o n  X-100,  was p r o t e c t i v e  

i n  t h e  ICMPT w i t h  a PD^^ v a l u e  o f  1 , 4  pg/mouse* However ,  t h i s  e x t r a c t  

was w e l l  t o l e r a t e d  by m ice  a t  a do s e  o f  10 pg,  and more t o x i c  c r y s t a l l i n e  

p r e p a r a t i o n s  w ere  n o t  p r o t e c t i v e  (Munoz e t  a l * ,  1 9 8 1 a , b;  Munoz and A r a i ,  

1982)* I r o n s  and  MacLennan (1979b)  and R o b in s o n  and I r o n s  (1983)  a l s o  

found  t h a t  p u r i f i e d  n a t i v e  LPF(PT) was n o n - p r o t e c t i v e  i n  t h e  ICMPT, when
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t e s t e d  a t  d o s e s  p e r m i t t e d  by i t s  t o x i c i t y *  The f a i l u r e  o f  p u r i f i e d  o r  

c r u d e  p r e p a r a t i o n s  o f  PT t o  p r o v i d e  c o m p le te  p r o t e c t i o n  m ig h t  be a 

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

( P i t t m a n ,  1 9 8 0 ) .

P r o t e c t i o n  a g a i n s t  i n t r a c e r e b r a l  c h a l l e n g e  i n  m ice  was 

d e m o n s t r a t e d  by t h e  c a r b o d i i m i d e - t o x o i d e d  a n t i g e n  p r e p a r a t i o n s ,  w h ic h  had 

PD^q v a l u e s  f rom 0*8 -1*11  p g /m ouse .  These  v a l u e s  a r e  a s  low as  have  

e v e r  b e e n  r e p o r t e d  f o r  B. p e r t u s s i s  a n t i g e n ( s )  t o x o i d e d  w i t h  f o rm a ld e h y d e  

o r  g l u t a r a l d e h y d e  ( T a b l e  2)* Fo r  e x a m p le ,  t h e  g l u t a r a l d e h y d e - t o x o i d e d

c r y s t a l l i n e  PT o f  Munoz e_t ( 1 9 8 1 a , b )  had a PD^^ v a l u e  o f  1*7 pg/mouse*

S a t o  and S a to  (1984)  r e p o r t e d  t h a t  PT t o x o i d e d  w i t h  f o r m a ld e h y d e  had a 

PD^O v a l u e  o f  0 , 9 3  p g /m o u s e .  However ,  m o u s e - p r o t e c t i v e  a c t i v i t y  o f  t h i s  

t o x o i d  was enha nce d  i f  t h e  imm uniz ing m i x t u r e  c o n t a i n e d  f o r m a l d e h y d e -  

t r e a t e d  FHa ( S a t o  and S a t o ,  1984)* S i m i l a r l y ,  t h e  p r e s e n c e  o f  

c a r b o d i i m i d e - t r e a t e d  FHa may c o n t r i b u t e  t o  t h e  e x c e l l e n t  p r o t e c t i v e  

a c t i v i t y  o f  t h e  t o x o i d s  i n  t h i s  s tudy*

R o b in s o n  and I r o n s  (1983)  found  t h a t  low l e v e l s  o f  n a t i v e ,  

p u r i f i e d  LPF(PT) e n h a n c e d  t h e  p r o t e c t i v e  a c t i v i t i e s ,  as  j u d g e d  by t h e  ICMPT, 

o f  s e v e r a l  B* p e r t u s s i s  a n t i g e n s ,  i n c l u d i n g  FHa* However ,  g l u t a r a l d e h y d e -  

t r e a t e d  LPF d i d  n o t  e x h i b i t  a s y n e r g i s t i c  e f f e c t  w i t h  t h e s e  a n t i g e n s *

A l s o , R o b i n s o n  and I r o n s  (1983 )  d i d  n o t  r e p o r t  w h e t h e r  t h e  p r o t e c t i v e  

a c t i v i t y  o f  t h e  g l u t a r a l d e h y d e - t o x o i d  c o u ld  be enh a n ce d  by t h e  p r e s e n c e  

o f  a low l e v e l  o f  n a t i v e  t o x i n .  I t  i s  p o s s i b l e  t h a t  t h e  m o u s e - p r o t e c t i v e  

a c t i v i t y  o f  t h e  c a r b o d i i m i d e - t o x o i d e d  PT-FHa p r e p a r a t i o n  i n  t h e  ICMPT 

m ig h t  be due to  a t r a c e  amount  o f  n a t i v e  PT, a c t i n g  s y n e r g i s t i c a l l y  to  

e n h a n ce  t h e  p r o t e c t i v e  a c t i v i t i e s  o f  o t h e r  a n t i g e n s *  However ,  s i n c e  a l l  

t h r e e  t o x o i d s  had s i m i l a r  PBy^ v a l u e s ^  t h e r e  was no e v i d e n c e  t o  s u g g e s t
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t h a t  t h e  p r e s e n c e  o f  some r e s i d u a l  HSA (PT) enha nce d  m o u s e - p r o t e c t i v e  

a c t i v i t y *

P e r t u s s i s  t o x i n  may n o t  be t h e  o n l y  componen t  a c t i v e  i n  t h e  

ICMPT, f o r  Novotny e_t aj^* (1985)  d e m o n s t r a t e d  m o u s e - p r o t e c t i o n  w i t h  a 

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

m in o r  p r o t e i n  components  i n  t h e  c a r b o d i i m i d e - t o x o i d e d  PT-FHa p r e p a r a t i o n s  

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

c h a l l e n g e *

I n  a p r e l i m i n a r y  e x p e r i m e n t ,  t h e  c a r b o d i i m i d e - t o x o i d e d  PT-FHa 

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

and lung  c o l o n i z a t i o n  w i t h  B. p e r t u s s i s * In  t h i s  e x p e r i m e n t ,  t h e  l ungs  

o f  c o n t r o l  mice  showed e x t e n s i v e  and p e r s i s t e n t  c o l o n i z a t i o n  w i t h  

Bo p e r t u s s i s  ( a p p r o x i m a t e l y  8 2 0 ,0 0 0  c fu /m o u se )*  Mice immunized w i t h  

t h e  t o x o i d  a t  d o s e s  o f  4 * 0 ,  0*8 o r  0*16 pg/mouse  had 0 ,  1 ,4 0 0  and 5 ,8 0 0  

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

o rgan ism*

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

t h e  f o l l o w i n g  a s s u m p t i o n s  w ere  made ( P i t t m a n ,  1980;  S a t o  > 1984 ) :

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

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

o rgani sm* P a s s i v e  p r o t e c t i o n  t e s t s  w i t h  a n t i s e r a  t o  PT p r o t e c t e d  mice  

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

c o n t a i n i n g  h i g h  c o n c e n t r a t i o n s  o f  a n t i - F H a  a n t i b o d i e s  d i d  n o t  (Munoz e t  a l * , 

1 9 8 1 a ) .  I n  t h e  l i t e r a t u r e ,  t h e  e x a c t  n a t u r e  o f  t h e  a n t i b o d i e s  

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

I n  t h e  s t u d i e s  o f  S a t o  _et aj^* ( 1 9 8 1 ,  1982)  and S a t o  and S a t o  ( 1 9 8 4 ) ,  

p a s s i v e  i m m u n i z a t i o n  w i t h  se rum a n t i - F H a  o r  a n t i - P T  a n t i b o d y  p r o t e c t e d
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m ice  a g a i n s t  a e r o s o l  c h a l l e n g e *  However ,  Oda e_t (1984)  showed 

t h a t  p a s s i v e  i m m u n i z a t i o n  w i t h  se rum  a n t i - P T ,  b u t  n o t  a n t i - F H a ,  a n t i b o d y  

p r o t e c t e d  mice  from a e r o s o l  c h a l l e n g e ,

Ashworth  ^  a l * (1982b)  s u g g e s t e d  t h a t  t h e  a b i l i t y  o f  FHa t o  

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

B. p e r t u s s i s  was due t o  p r o d u c t i o n  o f  s e c r e t o r y  IgA ( s I g A )  t o  t h e  a n t i g e n ,  

Oda e_t (1985)  showed t h a t  t h e  e n r i c h e d  s IgA  o r  IgG a n t i b o d y  f r a c t i o n s  

f rom human c o l o s t r u m ,  w i t h  r e l a t i v e l y  h i g h  t i t r e s  o f  a n t i - P T ,  -FHa and 

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

w i t h  B* p e r t u s s i s * However ,  f r a c t i o n s  c o n t a i n i n g  a n t i - F H a  s Ig A  o r  IgG 

a n t i b o d i e s ,  b u t  low l e v e l s  o f  a n t i - P T  o r  a n t i - a g g l u t i n o g e n  a n t i b o d i e s ,  

gave  l i t t l e  i f  any  p r o t e c t i o n .

P a s s i v e  i m m u n i z a t i o n  t e s t s  c o u ld  be done  t o  s e e  w h e t h e r  

c a r b o d i i m i d e - t o x o i d e d  a n t i g e n  p r e p a r a t i o n s  p r o t e c t  mice  a g a i n s t  i n t r a 

c e r e b r a l  and a e r o s o l  c h a l l e n g e  w i t h  B. p e r t u s s i s * A l s o ,  a n t i s e r a  c o u ld  

be t i t r a t e d  f o r  a n t i - a g g l u t i n o g e n  a n t i b o d i e s  w h ich  may p l a y  a r o l e  i n  

p r o t e c t i o n .

The p r o t e c t i v e  a n t i g e n s  i n  t h e  c a r b o d i i m i d e - t o x o i d e d  p r e p a r a t i o n s  

a r e  m os t  l i k e l y  t o  be PT and FHa* S i n c e  B. p e r t u s s i s  i s  n o t  a n  i n v a s i v e  

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

m e d i a t e d  m a i n l y  by s Ig A  a n t i b o d y  to  B, p e r t u s s i s  a d h e s i n s , o r  o t h e r  

a n t i g e n s  i n c l u d i n g  a g g l u t i n o g e n s .  Both  PT and FHa a p p e a r  t o  be c r i t i c a l  

f o r  a d h e s i o n  (Tuomanen e_t , 1985)* I n  t h i s  s t u d y ,  t h e  m o u s e - p r o t e c t i o n  

d a t a  i n d i c a t e  t h a t  t h e  t o x o i d s  s t i m u l a t e

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

( i i )  a n t i - P T  and a n t i - F H a  se rum  a n t i b o d i e s  e s s e n t i a l  f o r  p r o t e c t i o n  a g a i n s t  

t h e  i n f e c t i o n  and d i s e a s e  symptoms*
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Whooping cough  ( p e r t u s s i s )  i s  s t i l l  a s e v e r e ,  h i g h l y  

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

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

c o n s i d e r a b l e  d e b a t e  w i t h  r e g a r d  t o  s a f e t y  (Wardlaw and P a r t o n ,  1983a)* 

T he re  i s  a need  f o r  a c e l l u l a r  p e r t u s s i s  v a c c i n e s  o f  low t o x i c i t y  w h ic h ,  

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

symptoms* V a c c in e  d e s i g n  c a n  r e l y  i n c r e a s i n g l y  on knowledge  o f  t h e  

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

and a t  p r e s e n t ,  v a c c i n e s  c o n t a i n i n g  d e t o x i f i e d  PT p l u s  one o r  more 

p u r i f i e d  a d h e s i n s  a r e  e n v i s a g e d  ( R o b i n s o n  e t  a l * ,  1 9 8 5 a ) .

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

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

v a c c i n e s  (Weih l  e_t , 1 9 6 3 ) ,  New a c e l l u l a r  v a c c i n e s  s h o u l d  ( I )  be 

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

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

(2 )  s t i m u l a t e  a more p r e d i c t a b l e  a n t i b o d y  r e s p o n s e  and a h i g h e r  i n c i d e n c e  

o f  a d e q u a t e  a n t i b o d y  r e s p o n s e  i n  v e r y  young i n f a n t s ,  and (3 )  g i v e  a  

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

C o n s i d e r i n g  t h a t  a n  a c e l l u l a r  p e r t u s s i s  v a c c i n e  was made as 

l o n g  ago as  t h e  e a r l y  1950s ( P i l l e m e r  eit a f  *, 1954)  and shown t o  be 

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

s t i l l  i n  u se  today* Much r e s e a r c h  h a s  b e e n  d i r e c t e d  to w a rd s  t h e  

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

An a c e l l u l a r  p e r t u s s i s  v a c c i n e  composed o f  m a i n l y  two e x t r a c e l l u l a r  

p r o t e i n s  o f  B. p e r t u s s i s , p e r t u s s i s  t o x i n  and f i l a m e n t o u s  h a e m a g g l u t i n i n ,  

h a s  b e e n  u s e d  i n  J a p a n  s i n c e  1981 ( S a t o  e t  a l * ,  1984)* T h i s  v a c c i n e  was
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m a n u f a c t u r e d  a s  f o l l o w s :  c u l t u r e  s u p e r n a t e  o f  B. p e r t u s s i s  was t r e a t e d

w i t h  ammonium s u l p h a t e  and HA a c t i v i t y  e x t r a c t e d  from t h e  p r e c i p i t a t e  

w i t h  h i g h  s a l t *  T h i s  c r u d e  e x t r a c t  was f r a c t i o n a t e d  by s u c r o s e  d e n s i t y  

g r a d i e n t  c e n t r i f u g a t i o n  t o  o b t a i n  a HA p r e p a r a t i o n  w h ich  was t h e n  

t r e a t e d  w i t h  f o rm a ld e h y d e *  I n  t h e  p r e s e n t  s t u d y ,  HA a c t i v i t y  was 

removed from c u l t u r e  s u p e r n a t e  u s i n g  d y e - l i g a n d  a f f i n i t y  c h ro m a tog ra phy*  

C l e a r l y ,  t h i s  method i s  much more s i m p l e  and c o s t - e f f e c t i v e  t o  u s e  f o r  

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

P r o d u c t i o n  l o t s  o f  t h e  J a p a n e s e  component  v a c c i n e  w ere  n o t  

o n l y  p r o t e c t i v e  i n  t h e  ICMPT, b u t  a l s o  l e s s  t h a n  o n e - t e n t h  as  t o x i c  as  

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

s e n s i t i z a t i o n  and e n d o t o x i c i t y  a s s a y s  i n  mice  ( S a t o  e t  a l * ,  1984)* The 

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

p r e p a r a t i o n s  when a d m i n i s t e r e d  t o  c h i l d r e n  s t a r t i n g  a t  12-24  months o f  

a g e .  These  l i m i t e d  f i e l d  t r i a l s  a l s o  showed t h a t  PT and FHa were  

a n t i g e n i c *  However ,  o n l y  t h e  e p i d e m i o l o g i c a l  r e s u l t s  o f  mass im m u n iz a t i o n  

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

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

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

i n  t h e  l i t e r a t u r e  i s  n o t  e x t e n s i v e *  G a r c i a - S a n z  ^ t  al_o (1985)  p r e p a r e d  

a n  a c e l l u l a r  e x t r a c t  f rom  c u l t u r e  s u p e r n a t e  whose p r i n c i p l e  component  was 

PT* A l th o u g h  s i m p l e  t o  p r e p a r e  and  p r o t e c t i v e  i n  t h e  ICMPT, t h e  e x t r a c t  

was t o x i c  and r e s i d u a l  HSA and LPA were  n o t  removed by t o x o i d i n g .  I n  

a com pu te r  s e a r c h  o f  t h e  World P a t e n t s  In d e x  done i n  A p r i l ,  1986,  t h e r e  

was no v a c c i n e  f o r m u l a t i o n  w h ic h  m atched  t h e  c a r b o d i i m i d e - t o x o i d e d  

p r e p a r a t i o n s  d e s c r i b e d  i n  t h i s  s tu d y *  I n  t h e  few p a t e n t s  a p p e a r i n g  i n  

t h i s  s e a r c h  where  B. p e r t u s s i s  w h o l e - c e l l s  o r  p e r t u s s i s  a n t i g e n s  f o r
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i n c l u s i o n  i n  v a c c i n e s  w e re  t o x o i d e d ,  t h e  r e a g e n t  u s e d  was i n v a r i a b l y  

fo rm a lde hyde *

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

e x e m p l i f i e d  by t h e  p r e p a r a t i o n s  d e s c r i b e d  above  ( M a n c l a r k  and C ow el l ,

1984)* Second—g e n e r a t i o n  p e r t u s s i s  v a c c i n e s  wou ld be more u n i f o r m  i n

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

a s u i t a b l e  method t o  m o d i f y  PT so  t h a t  i t  no l o n g e r  p o s s e s s e d  i t s  p a t h o 

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

a c e l l u l a r  v a c c i n e s  c o n t a i n i n g  su c h  t o x o i d s  would be s a f e r  and more p o t e n t *  

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

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

( S a t o  e_t a l , , 1984)* However ,  i n  a d e p a r t u r e  f rom  t o x o i d i n g  w i t h  

fo rm a ld e h y d e  o r  g l u t a r a l d e h y d e ,  u s e  was made o f  a c a r b o d i i m i d e ,  a member 

o f  a g roup  o f  compounds w h ich  ha ve  b e e n  e x t e n s i v e l y  u s e d  i n  t h e  

p r e p a r a t i o n  o f  o t h e r  imm uniz ing  c o n j u g a t e s  (Bauminger  and W i lc h e k ,  1980)*

I t  would be i n t e r e s t i n g  t o  compare t h e  c a r b o d i i m i d e - t o x o i d e d  v a c c i n e  

a l o n g s i d e  em e rg in g  c o m m e rc i a l  a c e l l u l a r  p e r t u s s i s  v a c c i n e s  m a n u f a c t u r e d  

i n  t h i s  c o u n t r y  and ab roa d*

T h i r d - g e n e r a t i o n  a c e l l u l a r  p e r t u s s i s  v a c c i n e s  would  be a 

n a t u r a l  p r o g r e s s i o n  from t h e  p r e c e d i n g  f o r m u l a t i o n s  ( M a n c l a r k  and C ow el l ,  

1984)* They may be c h a r a c t e r i z e d  by t h e  a d d i t i o n  o f  o t h e r  a n t i g e n s ,  su c h  

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

o r g a n i s m ,  and t o x i n s  ( s u i t a b l y  t o x o i d e d )  t h a t  have  b e e n  found  t o  be 

i m p o r t a n t  i n  v a c c i n e  p r o p h y l a x i s .  N e v e r t h e l e s s ,  su c h  v a c c i n e  f o r m u l a t i o n s  

may be to o  complex ,  f o r  t h e  p a t h o l o g y  o f  t h e  d i s e a s e  i s  p r i m a r i l y  an  

e x o t o x i n o s i s  ( P i t t m a n ,  1984)* I d e n t i f i c a t i o n  o f  PT as  t h e  r e a c t i v e  and 

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

p h y s i o l o g i c a l  mode o f  a c t i o n  and d e t o x i f i c a t i o n ,  g i v e s  h i g h  hope  f o r  a
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t o x o i d  v a c c i n e  -  p o s s i b l y  c o m b i n e d  w i t h  o n e  o r  two o t h e r  c o m p o n e n t s  o f  

t h e  b a c i l l u s  -  t h a t  w o u l d  be  e f f e c t i v e  a g a i n s t  t h e  d i s e a s e *  T h e r e f o r e ,  

i t  w o u l d  be  i m p o r t a n t  t o  e v a l u a t e  a s u i t a b l y  t o x o i d e d  PT p r e p a r a t i o n  i n  

a s e r i e s  o f  l i m i t e d  c l i n i c a l  f i e l d  t r i a l s *

As a n  im provement  t o  t h i r d - g e n e r a t i o n  v a c c i n e s ,  m o l e c u l a r  

s u b u n i t s  and c h e m i c a l l y - s y n t h e s i z e d  a n d / o r  g e n e t i c a l l y - e n g i n e e r e d  a n t i g e n s  

wou ld r e p l a c e  components  e x t r a c t e d  f rom  B. p e r t u s s i s * With  knowledge  o f  

t h e  n u c l e o t i d e  and amino a c i d  s e q u e n c e  o f  PT ( N i c o s i a  e^t a l . , 1986;

L o c h t  and K e i t h ,  1 9 8 6 ) ,  t h e  i m p o r t a n t  e p i t o p e s  may s o o n  be i d e n t i f i e d *

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

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

a n t i g e n s *  The a n t i g e n i c i t y  and i m m u n o g e n i c i t y  o f  s u c h  p e p t i d e  s e q u e n c e s  

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

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

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

c o n d i t i o n s  and i s  r e l a t i v e l y  f a s t  ( B a u m i n g e r  and W i l c h e k ,  1980)* I n  

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

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

and S i n g h ,  1979)*

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

p r o d u c t i o n  o f  ' z e r o - l e n g t h ' a m id e  c r o s s - l i n k s ,  w i t h o u t  i n t r o d u c i n g  

' u n n a t u r a l  and a n t i g e n i c a l l y  p o t e n t  c h e m i c a l  b r i d g e s '  w h i c h  a r e  u n d e s i r a b l e  

i n  c o n j u g a t e  v a c c i n e s *  The p r o d u c t s  o f  p r o t e i n  m o d i f i c a t i o n  and  

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

and n o t  r e p r o d u c i b l e ,  w i t h  r e s p e c t  t o  t h e  s i z e  and  number  o f  p o l y m e r s  

o b t a i n e d  and t o  t h e  e x t e n t  o f  i n t r a m o l e c u l a r  c r o s s - l i n k i n g *  E x a m p le s  o f  

s u c c e s s f u l  c a r b o d i i m i d e - m e d i a t e d  c o n j u g a t e  v a c c i n e s  i n c l u d e  m e n i n g o c o c c a l
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c a p s u l a r  p o l y s a c c h a r i d e - t e t a n u s  t o x o i d  c o n j u g a t e s  (B e uve ry  e t  a l * , 1983) 

and E. c o l i  e n t e r o t o x i n  c o n j u g a t e s  ( K l i p s t e i n  e ^  a l . , 1982a;  1 9 8 3 a , b , c ;

1984;  Hough ten  e t  a l . , 1985)*

I t  i s  u n l i k e l y  t h a t  any p e p t i d e  v a c c i n e  w i l l  be u s e f u l  i n  t h e  

p r e v e n t i o n  o f  human d i s e a s e  u n l e s s  g i v e n  i n  c o n j u n c t i o n  w i t h  an  immuno- 

s t i m u l a t o r y  a d j u v a n t  ( D o r n e r  and McDonel,  1985)* The u s e  o f  immuno- 

p o t e n t i a t i n g  c o n j u g a t e s ,  w i t h  a b ackbone  o f  c a r r i e r  i m m u n o p o t e n t i a t o r  

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

T u l l ,  1985)* I n  f a c t ,  c a r b o d i i m i d e - c o n j u g a t e d  a d j u v a n t - a n t i g e n  complexes  

have  b e e n  p r e p a r e d  u s i n g  muramyl  d i p e p t i d e  (Mozes e t  a l * ,  1980)  o r  n o n 

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

t i o n  o f  a c r y l i c  a c i d  and N - v i n y I p y r r o l i d o n e  ( P e t r o v  e_t , 1 9 8 5 ) ,  as  

i m m u n o s t i m u l a t o r y  a g e n t s *

A p o t e n t i a l l y  e x c i t i n g  v a c c i n e  f o r m u l a t i o n  would  c o n t a i n  t h e  

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

t o x i n s  c o u p le d  t o  a n o n - t o x i c  c a r r i e r  i m m u n o p o te n t i a t o r *

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

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

i n c l u s i o n  i n  a c e l l u l a r  v a c c i n e s *  Fo r  e xa m ple ,  t h e  c l o n e d  and s e q u e n c e d  

PT gene  w i l l  f a c i l i t a t e  d e v e lo p m e n t  o f  s a f e r  p e r t u s s i s  v a c c i n e s ,  s i n c e  i t  

wou ld be  p o s s i b l e  t o  m o d i f y  t h e  t o x i n  ' a c t i v e  s i t e s '  ( o f  A D P - r i b o s y l a t i o n  

i n  t h e  A - p r o t o m e r ,  and t a r g e t  c e l l - b i n d i n g  i n  t h e  B - o l i g o m e r )  by s i t e -  

d i r e c t e d  m u t a g e n e s i s  o f  t h e  B. p e r t u s s i s  genome* These  m o d i f i c a t i o n s  

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

i m p a i r i n g  a n t i g e n i c i t y  o r  i m m u n o g e n ic i t y  ( ' i n  v i v o  t o x o i d s ' ) .
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I n  c o n c l u s i o n ,  a  c a r b o d i i m i d e - t o x o i d e d  a n t i g e n  p r e p a r a t i o n  

c o n t a i n i n g  p r e d o m i n a n t l y  PT and FHa was an  e x c e l l e n t  e x p e r i m e n t a l  

a c e l l u l a r  p e r t u s s i s  v a c c i n e *  I n  t h i s  s t u d y ,  t h e  t o x o i d  was ( i )  e a s i l y  

p r o d u c e d ,  ( i i )  s t a b l e  f o r  long  p e r i o d s  a t  4°C, ( i i i )  g r e a t l y  r e d u c e d  i n  

l e v e l s  o f  A -p ro to m e r  and B - o l ig o m e r  b i o l o g i c a l  a c t i v i t i e s  a s s o c i a t e d  w i t h  

PT, ( i v )  n o n - t o x i c ,  h i g h l y  a n t i g e n i c  and h i g h l y  immunogenic  i n  mice*

The u s e  o f  l - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l )  c a r b o d i i m i d e *HGl (EDAC) 

o f f e r s  an  e x c e l l e n t  a l t e r n a t i v e  t o  c u r r e n t  t o x o i d i n g  r e a g e n t s ,  and i n  

t h e  f u t u r e  d e v e lo p m e n t  o f  s y n t h e t i c  p e p t i d e  a n d / o r  c o n j u g a t e  v a c c i n e s  i t  

may p rove  i n d i s p e n s a b l e *



252

REFERENCES



2 5 3

ABE, Co, TAKESHI, K*, HOMMA, J .Y*  ( 1 9 7 8 ) » S t u d i e s  on t h e  d e t o x i f i c a t i o n  

o f  Pseudomonas a e r u g i n o s a  e x o t o x i n *  J a p a n e s e  J o u r n a l  o f  

E x p e r i m e n t a l  M e d i c i n e , 4 8 , 183-186*

ADDY, MoEo, STEINMAN, G*, MALLETTE, M*F* (1973)*  A p r o b le m  i n  t h e  

mechan ism  o f  c a r b o d i i m i d e - m e d i a t e d  s y n t h e s i s  o f  p e p t i d e s  i n  

aqueous  medium* B i o c h e m i c a l  and B i o p h y s i c a l  R e s e a r c h  C om m u n ic a t io n s , 

1034-1038*

AFTANDELIANS, R* , CONNER, J*D* (1973)*  B a c t e r i c i d a l  a n t i b o d y  i n  se rum

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

D i s e a s e s , 1 2 8 , 555-558*

AKAMA, Ko, KAMEYAMA, S*,  OTANI, S*, SADAHIRO, S*,  MURATA, R* (1971a)*

R e v e r s i o n  o f  t o x i c i t y  o f  d i p h t h e r i a  t o x o id *  J a p a n e s e  J o u r n a l  o f  

M e d ic a l  S c i e n c e  and B j o l o g y , 2 4 , 183-187*

AKAMA, Ko, ITO, A*, YAMAMOTO, A*, SADAHIRO, S* (1971b)*  N o t e s :  r e v e r s i o n

o f  t o x i c i t y  o f  t e t a n u s  t o x o id *  J a p a n e s e  J o u r n a l  o f  M e d ic a l  S c i e n c e  

and B i o l o g y , 2 4 , 181-182*

ALDERSLADE, R*, BELLMAN, M*H*, RAWSON, N*S*B*, ROSS, E*M*, MILLER, D.L* 

(1981)*  The N a t i o n a l  C h i ld h o o d  E n c e p h a l o p a t h y  Study* I n  ’ DHSS* 

Whooping Cough*, p*79-169* (HMSO, London)*

ALEXANDRE, C*, ROUESSAC, F* (1970)*  La d i c y c l o h e x y l c a r b o d i i m i d e , a g e n t  

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

L e t t e r , 2 ,  1011-1012*

AMES, GoFoLo (1974)*  R e s o l u t i o n  o f  b a c t e r i a l  p r o t e i n s  by p o l y a c r y l a m i d e  

g e l  e l e c t r o p h o r e s i s  on s l a b s .  J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y ,

2 4 9 , 634-644*

ANDERSEN, E*K* (1953)*  S e r o l o g i c a l  s t u d i e s  on H* p e r t u s s i s , H. p a r a 

p e r t u s s i s  and  H. b r o n c h i s e p t i c a * Acta  P a t h o l o g i c a  M i c r o b i o l o g i c a  

S c a n d i n a v i c a , 33,  202-224*



2 5 4

ANGELA, GoCo, ROSSO, C*,  GIULIANI, G* ( 1 9 6 2 ) ,  E f f e c t o  d e l l a  t o s s i n a

p e r t o s s i c a  s u l l e  c e l l u l e  c u l t i v a t e  in. v i t r o * M ine rva  M e d ic a , 5 3 , 

778-784*

ARAI, Ho, SATO, Y* (1976)*  S e p a r a t i o n  and c h a r a c t e r i z a t i o n  o f  two

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

p r o m o t in g  f a c t o r  f rom B o r d e t e l l a  p e r t u s s i s * B i o c h im ic a  e t  

B i o p h y s i c a  A c t a , 4 4 4 , 765-782*

ARAI, Ho, MUNOZ, J* J *  (1979)* F i m b r i a l  h a e m a g g l u t i n i n  i n  s t a t i o n a r y  and 

s t a t i c  c u l t u r e s  o f  B o r d e t e l l a  p e r t u s s i s * I n f e c t i o n  and Im m un i ty , 

2 5 ,  764-767*

ARIKI, M*, FUKUI, T. ( 1 9 7 8 ) ,  M o d i f i c a t i o n  o f  r a b b i t  m u s c l e  p h o s p h o ry -

l a s e  b by  a w a t e r - s o l u b l e  c a r b o d i i m i d e *  J o u r n a l  o f  B i o c h e m i s t r y , 

8 3 ,  183-190*

ARMSTRONG, J*McD,, McKENZIE, H*A* (1967)*  A method f o r  m o d i f i c a t i o n  o f  

c a r b o x y l  g ro u p s  i n  p r o t e i n s :  i t s  a p p l i c a t i o n  to  t h e  a s s o c i a t i o n

o f  b o v i n e  [3-l a c t o g l o b u l i n  A* B i o c h im ic a  e t  B i o p h y s i c a  A c t a , 1 4 7 ,

9 3 - 9 9 .

ARNON, R*, SELA, M* (1969)*  A n t i b o d i e s  t o  a u n i q u e  r e g i o n  i n  lysozyme 

provoked  by a s y n t h e t i c  a n t i g e n  c o n j u g a t e .  P r o c e e d i n g s  o f  t h e  

N a t i o n a l  Academy o f  S c i e n c e  o f  t h e  USA, 6 2 , 163 -1 7 0 ,

ARNON, R*, BUSTIN, M*, GALEF, E* , CHAITCHIK, S*, HAIMOVICH, J * ,  NOVIK, N*, 

SELA M* (1976)*  I m m uno log ic a l  c r o s s - r e a c t i v i t y  o f  a n t i b o d i e s  t o  

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

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

and w i t h  human s e r a *  P r o c e e d i n g s  o f  t h e  N a t i o n a l  Academy of  

S c i e n c e  o f  t h e  USA, 7 3 , 2123-2127*

ASADA, M. ( 1 9 5 3 ) ,  E x p e r i m e n t a l  s t u d i e s  on whooping  cough* GUNMA 

J o u r n a l  o f  M e d ic a l  S c i e n c e ,  2 ,  23-33*



255

ASAKAWA, So ( 1 9 6 9 ) o E f f e c t s  o f  t h e  l y m p h o c y t o s i s - p r o m o t i n g  f a c t o r  o f  

B o r d e t e l l a  p e r t u s s i s  on a n t i b o d y  p r o d u c t i o n  i n  mice* J a p a n e s e  

J o u r n a l  o f  M e d ic a l  S c i e n c e  and  B i o l o g y , 2 2 , 23 -42*

ASHWORTH, L.AoEo,  IRONS, L * I o ,  DOWSETT, AoB* (1982a)*  A n t i g e n i c

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

o f  B o r d e t e l l a  p e r t u s s i s * I n f e c t i o n  and Im m u n i ty , 3 7 , 1278-1281* 

ASHWORTH, L*AoE*, FITZGEORGE, R*B*, IRONS, L * I * ,  MORGAN, G*P*, ROBINSON,

A* (1982b)*  R a b b i t  n a s o p h a r y n g e a l  c o l o n i z a t i o n  by B o r d e t e l l a  

p e r t u s s i s  : t h e  e f f e c t s  o f  im m u n iz a t i o n  on c l e a r a n c e  and on serum

and n a s a l  a n t i b o d y  l e v e l s *  J o u r n a l  o f  Hygiene  (C a m b r i d g e ) ,  8 8 , 

475-486*

ASHWORTH, LoAoEo, ROBINSON, A*, IRONS, L * I * ,  MORGAN, G*P*, ISAACS, D*

(1983)*  A n t i g e n s  i n  whooping  cough v a c c i n e  and a n t i b o d y  l e v e l s  

i n d u c e d  by v a c c i n a t i o n  o f  c h i l d r e n *  The L a n c e t , 2? 878-880*

ASHWORTH, LoAoEo, DOWSETT, A*B*, IRONS, L * I * ,  ROBINSON, A* ( 1 9 8 5 ) .  The 

l o c a t i o n  o f  s u r f a c e  a n t i g e n s  o f  B o r d e t e l l a  p e r t u s s i s  by immuno- 

e l e c t r o n  m ic ro sc o p y *  Proc*  F o u r t h  I n t*  Symp* P e r t u s s i s ,  1984* 

Deve lopm en ts  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 143-151* (S* K a r g e r ,

B a s e l ) *

ASKELOf , P * , GILLENIÜS, P* (1982)*  E f f e c t  o f  l y m p h o c y t o s i s - p r o m o t i n g  

f a c t o r  f rom B o r d e t e l l a  p e r t u s s i s  on c e r e b e l l a r  c y c l i c  GMP 

l e v e l s *  I n f e c t i o n  and Im m u n i ty , 3 6 , 958-961*

ASKELOF, P o, GRANSTRÜM, M*, GILLENIÜS, P * , LINDBERG, A.A* ( 1 9 8 2 ) .

P u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  a f i m b r i a l  h a e m a g g l u t i n i n  

from B o r d e t e l l a  p e r t u s s i s  f o r  u s e  i n  a n  e n z y m e - l i n k e d  immuno

s o r b e n t  a s s a y *  J o u r n a l  o f  M e d ic a l  M i c r o b i o l o g y , 15 , 7 3 - 8 3 .



25 6

ATHANASSIADES, T*J* (1977)*  A d j u v a n t  e f f e c t  o f  B o r d e t e l l a  p e r t u s s i s  

v a c c i n e  t o  s h e e p  e r y t h r o c y t e s  i n  m ic e :  e nha nce m en t  o f  c e l l -

m e d i a t e d  immunity by s u b c u t a n e o u s  a d m i n i s t r a t i o n  o f  a d j u v a n t  

and a n t i g e n .  I n f e c t i o n  and Im m un i ty , 1 8 , 416-423*

BADR-EL-DIN, M*K*, AREF, G*H*, MAZLOUM, H*, EL-TOWESY, Y*A*, KASSEM, A*S*, 

ABDEL-MONEIM, M*A*, ABBASSY^ A*A* (1976)*  The b e t a - a d r e n e r g i c  

r e c e p t o r s  i n  p e r t u s s i s *  J o u r n a l  o f  T r o p i c a l  M e d ic in e  and H y g i e n e , 

2 9 ,  213-217*

BANKS, ToE*, BLOSSEY, B*K*, SHAFER, J*A* (1969)* I n a c t i v a t i o n  o f  a -  

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

B i o l o g i c a l  C h e m i s t r y , 2 4 4 , 6323-6333*

BANNATYNE, R*M*, JACKOWSKI, J * ,  CHEUNG, R* (1986)* C l e a n i n g  up p e r t u s s i s  

v a c c i n e .  V a c c i n e , 91-92*

BARAFF, L*J* ,  ABLON, W*J*, WEISS, R*C* (1983)* P o s s i b l e  t e m p o r a l  

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

v a c c i n a t i o n  and s u d d e n  i n f a n t  d e a t h  syndrome* P e d i a t r i c  

I n f e c t i o u s  D i s e a s e , 2? 7-11*

BARKIN, RoMo, PICHICHERO, M*E* (1979)*  D i p h t h e r i a - p e r t u s s i s - t e t a n u s

v a c c i n e :  r e a c t o g e n i c i t y  o f  c om m e rc ia l  p r o d u c t s *  P e d i a t r i c s , 6 3 , 

256-260*

BASSILI, W*R*, STEWART, G*T* (1976)*  E p i d e m i o l o g i c a l  e v a l u a t i o n  o f

i m m u n i z a t i o n  and o t h e r  f a c t o r s  i n  t h e  c o n t r o l  o f  whooping  cough* 

The L a n c e t , 2» 4 7 1 - 4 7 4 .

BAUMINGER, S * , LINDNER, H*R*, PEREL, E* , ARNON, R* (1969)* A n t i b o d i e s  

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

s y n t h e t i c  p o l y p e p t i d e *  J o u r n a l  o f  E n d o c r i n o l o g y , 4 4 , 567-578* 

BAUMINGER, S * , ZOR, U*, LINDNER, H*R* (1973)*  R a d i o im m u n o l o g i c a l  a s s a y

o f  p r o s t a g l a n d i n  s y n t h e t a s e  a c t i v i t y *  P r o s t a g l a n d i n s , 4 ,  313-324*



257

BAUMINGER, S*, KOHEN, F* ,  LINDNER, H,R* ( 1 9 7 4 ) ,  S t e r o i d s  as  h a p t e n s :  

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

s t e r o i d  hormones* J o u r n a l  o f  S t e r o i d  B i o c h e m i s t r y , 2» 7 3 9 -7 4 7 ,  

BAUMINGER, S * , WILCHEK, M* (1980)*  The u s e  o f  c a r b o d i i m i d e s  i n  t h e

p r e p a r a t i o n  o f  immuniz ing  c o n j u g a t e s *  Methods i n  Enzymology,

2 0 ,  1 5 1 -1 5 9 .

BAZARAL, Mo, GOSCIENSKI, P o J . ,  HAMBURGER, R.N* (1973)*  C h a r a c t e r i s t i c s  

o f  human a n t i b o d y  t o  d i p h t h e r i a  t o x in *  I n f e c t i o n  and Im m u n i ty ,

2 ,  130-136*

BECKER, EoLo, KERMODE, J . C * ,  NACCACHE, P*H*, YASSIN, R*, MARSH, M*Lo,

MUNOZ, J * J o ,  SHA'AFI, R * I o (1985)*  The i n h i b i t i o n  o f  n e u t r o p h i l  

g r a n u l e  enzyme s e c r e t i o n  and c h e m o t a x i s  by p e r t u s s i s  t o x in *

J o u r n a l  o f  C e l l  B i o l o g y , 1 0 0 , 1641-1646*

BENDER, JoGo,  VAN EPPS, D*E* (1983)*  A n a l y s i s  o f  t h e  b im o d a l  chemi-

l u m i n e s c e n c e  p a t t e r n  s t i m u l a t e d  i n  human n e u t r o p h i l s  by chemo- 

t a c t i c  f a c t o r s *  I n f e c t i o n  and Im m uni ty , 4 1 , 1062-1070*

BERGMAN, R*K*, MUNOZ, J * J *  (1969)*  H y p o p r o t e i n a e m i a  i n  mice  a f t e r  

t r e a t m e n t  w i t h  h i s t a m i n e - s e n s i t i z i n g  f a c t o r  f rom  B o r d e t e l l a  

p e r t u s s i s  * P r o c e e d i n g s  o f  t h e  S o c i e t y  f o r  E x p e r i m e n t a l  B i o l o g y  

a n d M e d i c i n e , 131,  964-969*

BERGMAN, R*K*, MUNOZ, J * J * ,  PORTIS, J*L* ( 1 9 7 8 ) ,  V a s c u l a r  p e r m e a b i l i t y  

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

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

a  s u b s t a n c e  f rom  B o r d e t e l l a  p e r t u s s i s * I n f e c t i o n  and Im m u n i ty ,

21 ,  627-637*

B E U G N I E R ,  N o ,  Z A N E N ,  J* (1977)* D i p h t h e r i a  t o x i n :  t h e  e f f e c t  o f  n i t r a t i o n  

and r e d u c t i v e  m é t h y l a t i o n  on e n z y m a t i c  a c t i v i t y  and t o x i c i t y *  

B i o c h i m i c a  e t  B i o p h y s i c a  A c t a , 4 9 0 , 225-234*



258

BEUVERY, EoCo, MIEDEMA, F* ,  VAN DELFT, R* , HAVERKAMP, J* ( 1 9 8 3 ) .

P r e p a r a t i o n  and immunochemica l  c h a r a c t e r i z a t i o n  o f  m e n i n g o c o c c a l  

g roup  C p o l y s a c c h a r i d e - t e t a n u s  t o x o i d  c o n j u g a t e s  as  a new 

g e n e r a t i o n  o f  v a c c i n e s .  I n f e c t i o n  and Im m un i ty , 4 0 , 3 9 - 4 5 .

BIZZINI ,  Bo, TURPIN, A . ,  RAYNAUD, M. (197 3 a ) .  O r i g i n a l  p a p e r s ;  on  t h e

s t r u c t u r e  o f  t e t a n u s  t o x i n .  N a u n y n - S c h m i e d e b e r g ' s  Arch .  Pharmac o l . , 

2 7 6 , 2 7 1 - 2 8 8 .

BIZZINI ,  B o ,  TURPIN, A . ,  RAYNAUD, M. ( 1 9 7 3 b ) .  Immunochemis t ry  o f  t e t a n u s  

t o x i n :  t h e  n i t r a t i o n  o f  t y r o s y l  r e s i d u e s  i n  t e t a n u s  t o x i n .

E u ro p e an  J o u r n a l  o f  B i o c h e m i s t r y , 22.’ 1 7 1 - 1 8 1 ,

BIZZINI ,  B. ( 1 9 8 4 ) .  T e t a n u s .  I n  ' B a c t e r i a l  V a c c i n e s ' ,  (Ed .  GERMANIER, R . ) .  

p , 3 7 - 6 8 .  Academic P r e s s  I n c .  (London) ,  L t d ,
% X

BLASS, J . ( 1 9 6 4 ) .  E t a t  a c t u e l  de nos c o n n a i s s a n c e s  s u r  l e  mécanisme de l a  

d e t o x i f i c a t i o n  p a r  l e  f o r m o l .  B i o l o g i e  M é d ic a l e  ( P a r i s ) ,  5 3 , 

2 0 2 - 2 3 4 .

/  X
BLASS, J . ,  BIZZINI,  B . ,  RAYNAUD, M. ( 1 9 6 7 ) .  E tu d e s  s u r  l e  mécanisme de

l a  d e t o x i f i c a t i o n  des  t o x i n e s  p r o t e i q u e s  p a r  l e  f o r m o l .  B u l l e t i n

de l a  S o c i é t é  Chimique de F r a n c e , 1 0 , 3 9 5 7 -3965 .
X  X

BLASS, J . , BIZZINI,  B . , RAYNAUD, M. ( 1 9 6 9 ) .  E tude s  s u r  l e  mécanisme de

l a  d e t o x i f i c a t i o n  d e s  t o x i n e s  p r o t é i q u e s  p a r  l e  f o r m o l .  I I .

F i x a t i o n  q u a n t i t a t i v e  du f o r m o l  A nna le s  de l ' i n s t i t u t

Pa s t e u r , 1 1 6 , 5 0 1 - 5 2 1 .

BLOM, J . ,  HANSEN, G .A . ,  POULSEN, F.M. ( 1 9 8 3 ) .  M orpho logy o f  c e l l s  and

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

u n i t s  i n  f i m b r i a e  o f  B o r d e t e l l a  p e r t u s s i s .  I n f e c t i o n  and Im m u n i ty , 

4 2 ,  3 0 8 -3 1 7 .

B O R D E T ,  J o ,  GENGOU,  0 .  ( 1 9 0 6 ) .  Le m ic r o b e  de l a  c o q u e l u c h e .  A nna le s  de 

l ' i n s t i t u t  P a s t e u r ,  2 0 ,  7 3 1 - 7 4 1 .



259

BORDET, J o ,  GENGOU, 0 .  ( 1 9 0 9 ) .  L ' e n d o t o x i n e  c o q u e lu c h e u s e *  A nna le s  de 

l ' I n s t i t u t  P a s t e u r , 23.’ 415-419*

BRIHEIM, G o ,  STENDAHL, 0 * ,  DAHLGREN, C* ( 1 9 8 4 ) ,  I n t r a -  and  e x t r a c e l l u l a r  

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

l e u c o c y t e s *  I n f e c t i o n  and Im m u n i ty , 4 5 , 1 - 5 *

BROOME, CoVo, FRASER, DoW* (1981)*  From t h e  C e n t r e s  f o r  D i s e a s e  C o n t r o l*  

P e r t u s s i s  i n  t h e  U n i t e d  S t a t e s ,  1979:  a  l o o k  a t  v a c c i n e  e f f i c a c y *

J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 1 4 4 , 187-190*

BURSTYN, DoGo, BARAFF, L * J * ,  PEPPIER, M*S*, LEAKE, R*D*, ST.GEME, J * ,  

MANCLARK, C*Ro (1983)* S e r o l o g i c a l  r e s p o n s e  t o  f i l a m e n t o u s  

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

p e r t u s s i s * I n f e c t i o n  and Immunity,  ^ l ?  1150-1156*

CALLAHAN, L*T*, MARTINEZ, D*, MARBURG, S*,  TOLMAN, R*L*, GALLOWAY, D.R*

(1984)*  T o xo id s  o f  Pseudomonas a e r u g i n o s a  e x o t o x i n - A :  p h o t o a f f i n i t y  

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

I n f e c t i o n  and Im m un i ty , 4 3 , 1019-1026*

CAMERON, J o ,  STAINER, D*W* (1977)* P e r t u s s i s  v a c c i n e - f a c t  and f i c t i o n ,

A c t a . M i c r o b i o l *  Acad* S c i .  Hung*, 2 4 , 195 -205 ,

CARRAWAY, K*L*, KOSHLAND, D*E* (1968)*  R e a c t i o n  o f  t y r o s i n e  r e s i d u e s  i n  

p r o t e i n s  w i t h  c a r b o d i i m i d e  r e a g e n t s *  B i o c h im ic a  e t  B i o p h y s i c a  

Ac t a , 1 6 0 , 272-274*

CARRAWAY, K*L*, SPOERL, P * , KOSHLAND, D*E* (1969)* C a r b o x y l  g roup

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

M o l e c u l a r  B i o l o g y , 4 2 , 133-137*

CARRAWAY, K*L*, TRIPLETT, R*B* (1970)*  R e a c t i o n  o f  c a r b o d i i m i d e s  w i t h  

p r o t e i n  s u l p h y d r y l  g roups*  B i o c h im ic a  e t  B i o p h y s i c a  A c t a , 2 0 0 , 

564-566*



260

CHANG, I . C o ,  GOTTSHALL, RoY. ( 1 9 7 2 ) .  S e n s i t i z a t i o n  o f  m ic e  by i n h a l a t i o n  

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

and Im m un i ty , _6.> 92-94*

CHEDID, Lo,  PARANT, M*, PARANT, F*,  AUDIBERT, F*,  LEFRANCIER, F* ,  CHOAY,

J o ,  SELA, M* ( 1 9 7 9 ) .  Enhancement  o f  c e r t a i n  b i o l o g i c a l  a c t i v i t i e s  

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

( D L - a l a n i n e ) - - p o l y ( L - l y s i n e )  c a r r i e r .  P r o c e e d i n g s  o f  t h e  N a t i o n a l  

Academy o f  S c i e n c e  o f  t h e  USA, 7 6 , 6557 -6561 ,

CHEUNG, D*To, NIMNI, M*E* ( 1 9 8 2 a ) ,  Mechanism o f  c r o s s - l i n k i n g  o f  p r o t e i n s  

by  g l u t a r a l d e h y d e *  I :  r e a c t i o n  w i t h  model  compounds* C o n n e c t iv e  

T i s s u e  R e s e a r c h , 1 0 , 187-199*

CHEUNG, DoTo, NIMNI, M*E* (1982b)*  Mechanism o f  c r o s s - l i n k i n g  o f  p r o t e i n s  

by g l u t a r a l d e h y d e *  I I :  r e a c t i o n  w i t h  monomeric  and  p o l y m e r i c  

c o l l a g e n *  C o n n e c t i v e  T i s s u e  R e s e a r c h , 1 0 , 201-216*

CLOUGH, E*R*, AUDIBERT, F*M*, BARNWELL, J*W*, SCHLESINGER, D*H*, ARNON, R*, 

CHEDID, LoAo ( 1 9 8 5 ) ,  B i o l o g i c a l l y  a c t i v e  a n t i b o d i e s  e l i c i t e d  by 

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

a d m i n i s t e r e d  w i t h  a muramyl  d i p e p t i d e  d e r i v a t i v e *  I n f e c t i o n  and 

Im m un i ty , 4 8 , 839-842*

CODY, C*Lo, BARAFF, L * J . ,  CHERRY, J*D*,  MARCY, S*M*, MANCLARK, C*R* ( 1 9 8 1 ) ,  

N a tu re  and r a t e s  o f  a d v e r s e  r e a c t i o n s  a s s o c i a t e d  w i t h  DTP and DT 

i m m u n iz a t io n s  i n  i n f a n t s  and c h i l d r e n *  P e d i a t r i c s , 6 8 , 650-660* 

COLLIER, A.M*, PETERSON, L*P*,  BASEMAN, J*B* (1977)* P a t h o g e n e s i s  o f  

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

c u l t u r e *  J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 1 3 6 , S196-S203*

CONFER, DoLo, EATON, J,W* (1982)*  P h a g o c y te  im p o te n c e  c a u s e d  by an  

i n v a s i v e  b a c t e r i a l  a d e n y l a t e  c y c l a s e *  S c i e n c e , 217 ,  948-950*



261

COWELL, JoLo ,  HEWLETT, E ,L * ,  MANCLARK, C.R* ( 1 9 7 9 ) ,  I n t r a c e l l u l a r

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

I n f e c t i o n  and Im m u n i ty , 896-901*

COWELL, JoLo ,  SATO, Y*, SATO, H*, AN DER LAN, B*, MANCLARK, C*R* (1982)* 

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

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

from B o r d e t e l l a  p e r t u s s i s* Sem ina rs  i n  I n f e c t i o u s  D i s e a s e , 

B a c t e r i a l  v a c c i n e s ;  i n t e r n a t i o n a l  symposium, 1980 (Ed* ROBBINS, 

J*Bo,  HILL, JoCo,  SADOFF, J*C*)* p*371-379* T h i e m e - S t r a t t o n  I n c * ,  

New York,  N*Y*, USA*

CRAIK, JoDo, REITHMEIER, R*A*F* (1984)* I n h i b i t i o n  o f  p h o s p h a te  t r a n s p o r t  

i n  human e r y t h r o c y t e s  by w a t e r - s o l u b l e  c a r b o d i i m i d e s ,  B i o c h im ic a  

e t  B i o p h y s i c a  A c t a , 7 7 8 , 429-434*

CRYZ, S *J* ,  WELKDS, S*L*,  HOLMES, R*K* ( 1 9 8 0 ) ,  Immunochemical  s t u d i e s  o f  

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

and Im m un i ty , 3 0 , 835-846*

CRYZ, S*Jo ,  FRIEDMAN, R*L*, PAVLOVSKIS, 0 * R , , IGLEWSKI, B*H* (1981)*

E f f e c t  o f  f o r m a l i n  t o x o i d i n g  on Pseudomonas a e r u g i n o s a  t o x i n  A: 

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

Im m un i ty , 2^ > 759-768*

CRYZ, S*J* ,  PAVLOVSKIS, 0*R*, IGLEWSKI, B*H* (1982)* Chem ica l  and

g e n e t i c  a p p r o a c h e s  to  making Pseudomonas a e r u g i n o s a  t o x i n  A to x o id *  

Sem ina rs  i n  I n f e c t i o u s  D i s e a s e , 2» B a c t e r i a l  v a c c i n e s ;  i n t e r 

n a t i o n a l  symposium, 1980* (Ed* ROBBINS, J*B*,  HILL, J*C*,  SADOFF, 

JoC*)* p*70-80*  T h i e m e - S t r a t t o n  I n c * ,  New York,  N*Y*, USA.

DAVIS, LoE*, ROTH, S*A*, ANDERSON, B* (1984)* A n t i s e r a  s p e c i f i c i t i e s  to

l - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e  a d d u c t s  o f  p r o t e i n s .  

I mmunology, 5 3 , 435-441*



262

X
DELFINO, J*Mo, FERNANDEZ, H*N,, SANTOME, JoA* (1983 )„  S p e c i f i c

m o d i f i c a t i o n  o f  c a r b o x y l  g r o u p s  i n  b o v i n e  g r o w th  hormone by a 

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

J o u r n a l  o f  P e p t i d e  and P r o t e i n  R e s e a r c h , 2 1 , 4 4 0 - 4 5 0 ,

DE SA/'IGNIY, Do,  VOLLER, Ao ( 1 9 8 0 ) ,  The c om m u n ic a t io n  o f  ELISA d a t a  f rom 

l a b o r a t o r y  t o  c l i n i c i a n .  J o u r n a l  o f  Immunoassay , 2» 105 -1 2 8 ,

DORNER, Fo ,  McDONEL, JoLo (1985)*  B a c t e r i a l  t o x i n  v a c c i n e s .  V a c c i n e ,3 ,

9 4 - 1 0 2 ,

ELDERING, G , ,  HORNBECK, C , ,  BAKER, J ,  ( 1 9 5 7 ) ,  S e r o l o g i c a l  s t u d y  o f

B o r d e t e l l a  p e r t u s s i s  and r e l a t e d  s p e c i e s .  J o u r n a l  o f  B a c t e r i o l o g y , 

74 ,  1 3 3 - 1 3 6 ,

ELDERING, G , , HOLWERDA, J , ,  BAKER, J ,  ( 1 9 6 6 ) ,  B o r d e t e l l a  p e r t u s s i s

c u l t u r e  h a v i n g  o n l y  s p e c i e s  f a c t o r  1,  J o u r n a l  o f  B a c t e r i o l o g y ,

2 2 ,  1 7 5 9 -1762 ,

ELDERING, G , , HOLWERDA, J , ,  BAKER, J ,  ( 1 9 6 7 ) ,  M o u s e - p r o t e c t i v e  p r o p e r t i e s  

o f  B o r d e t e l l a  p e r t u s s i s  s e r o t y p e s  i n  p a s s i v e  t e s t s .  J o u r n a l  o f  

B a c t e r i o l o g y , 9 3 , 1758 -1761 ,

EL KEBBAJ, M ,S , ,  LATRUFFE, N , , GAUDEMER, Y, ( 1 9 8 4 ) ,  E v id e n ce  f o r  t h e  

p r e s e n c e  o f  one c a r b o x y l  g roup  i n  t h e  c a t a l y t i c  c e n t r e  o f  D-(3- 

h y d r o x y b u t y r a t e  d e h y d r o g e n a s e .  I n a c t i v a t i o n  and b i n d i n g  s t u d i e s  

w i t h  c a r b o d i i m i d e  r e a g e n t s ,  B i o c h im ic a  e t  B i o p h y s i c a  A c t a , 7 8 9 , 

2 7 8 - 2 8 4 ,

ENDOH, Mo, SOGA, M , , NAKASE, Y, ( 1 9 8 0 ) ,  I n  v i t r o a s s a y  f o r  h i s t a m i n e -  

s e n s i t i z i n g  f a c t o r  o f  B o r d e t e l l a  p e r t u s s i s . M i c r o b i o l o g y  and 

Immunology, 2 4 , 8 8 7 - 8 9 0 ,

ERLANGER, B ,F ,  ( 1 9 8 0 ) ,  The p r e p a r a t i o n  o f  a n t i g e n i c  h a p t e n - c a r r i e r  

c o n j u g a t e s :  a s u r v e y .  Methods i n  Enzymology, 7 0 , 8 5 - 1 0 4 ,



2 6 3

EVANS, DoGo, PERKINS, FoT,  ( 1 9 5 3 ) ,  An a g g l u t i n i n - p r o d u c t i o n  t e s t  i n  t h e

s t u d y  o f  p e r t u s s i s  v a c c i n e s .  J o u r n a l  o f  P a t h o l o g y  and B a c t e r i o l o g y , 

65 ,  4 7 9 - 4 8 8 ,

EVANS, DoGo, PERKINS, F ,To ( 1 9 5 5 ) .  The p r o d u c t i o n  o f  b o t h  i n t e r f e r e n c e

and a n t i b o d y  im m unity  by p e r t u s s i s  v a c c i n e  t o  p e r t u s s i s  i n f e c t i o n  

i n  m ic e ,  B r i t i s h  J o u r n a l  o f  E x p e r i m e n t a l  P a t h o l o g y , 3 6 , 391 -4 0 1 ,  

EYL, Ao, INAGAMI, T ,  (1970)„  M o d i f i c a t i o n  o f  c a r b o x y l  g roups  i n  t h e  

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

C o m m u n ic a t i o n s , 3 8 , 149-155*

FEERY, BoJo,  FINGER, WoK*, KORTUS, Z . , JONES, GoA, ( 1 9 8 5 ) .  The i n c i d e n c e  

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

A u s t r a l i a n  P e d i a t r i c  J o u r n a l , 2 1 , 9 1 -9 5 ,

FELTON, HoMo, GAGGERO, A . ,  POMERAT, C.M. ( 1 9 5 4 ) .  R e a c t i o n s  o f  c e l l s  i n  

t i s s u e  c u l t u r e  t o  Haemophilus  p e r t u s s i s . I .  E f f e c t  o f  whole  

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

and n o r m a l  s e ru m .  Texas  R e p o r t s  on B io l o g y  and M e d i c i n e , 1 2 , 

9 6 0 -9 7 1 .

FERSHT, AoRo, SPERLING, J .  ( 1 9 7 3 ) o The c h a r g e  r e l a y  s y s t e m  i n  c h y m o t r y p s i n  

and c h y m o t r y p s i n o g e n .  J o u r n a l  o f  M o l e c u l a r  B i o l o g y , 7_4? 137 -149 ,  

FINGER, Ho (1975)□ ' B o r d e t e l l a  p e r t u s s i s ' as  a d j u v a n t .  F o u r t h  I n t e r 

n a t i o n a l  Convoc,  Imm unol , ,  B u f f a l o ,  N .Y . ,  1974.  I n  'The  immune 

s y s t e m  and i n f e c t i o u s  d i s e a s e s '  (Ed.  NETER, R . , MILGROM, F . ) ,  

p . 1 3 2 -1 6 6 ,  (So K a r g e r ,  B a s e l ) .

FINKLESTEIN, R.A.  ( 1 9 8 4 ) .  C h o l e r a .  I n  ' B a c t e r i a l  V a c c i n e s '

(Ed. GERMANIER, R . ) ,  p , 1 07 -136 .  Academic P r e s s  I n c .  (L o n d o n ) ,  L t d .  

FISH, Fo ,  COWELL, J . L . ,  MANCLARK, C.R.  ( 1 9 8 4 ) .  P r o l i f e r a t i v e  r e s p o n s e  o f  

immune mouse T - ly m p h o c y te s  t o  t h e  l y m p h o c y t o s i s - p r o m o t i n g  f a c t o r  

o f  B o r d e t e l l a  p e r t u s s i s . I n f e c t i o n  and Im m u n i ty , 4 4 , 1 - 6 .



2 6 4

FRAENKEL-CONRAT, H . ,  COOPER, M . , OLCOTT, H . S .  (1945)*  The r e a c t i o n  o f  

f o r m a ld e h y d e  w i t h  p r o t e i n s .  J o u r n a l  o f  t h e  A m er ican  Chemica l  

S o c i e t y , 6 7 , 9 5 0 - 9 5 4 .

FRAENKEL-CONRAT, H . ,  OLCOTT, H .S .  ( 1 9 4 6 ) .  R e a c t i o n  o f  f o rm a ld e h y d e  w i t h  

p r o t e i n s .  I I .  P a r t i c i p a t i o n  o f  t h e  g u a n i d y l  g r o u p s  and e v i d e n c e  

o f  c r o s s - l i n k i n g .  J o u r n a l  o f  t h e  American  C hem ica l  S o c i e t y , 6 8 , 

3 4 -3 7 .

FRAENKEL-CONRAT, H . , BRANDON, B . A . ,  OLCOTT, H .S .  ( 1 9 4 7 ) .  The r e a c t i o n  

o f  f o r m a ld e h y d e  w i t h  p r o t e i n s .  IV. P a r t i c i p a t i o n  o f  i n d o l e  

g r o u p s .  G r a m i c i d i n .  J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 168,  9 9 -1 1 8 .

FRAENKEL-CONRAT, H . ,  OLCOTT, H .S .  ( 1 9 4 8 a ) .  The r e a c t i o n  o f  f o rm a ld e h y d e  

w i t h  p r o t e i n s ,  V. C r o s s - l i n k i n g  b e tw e e n  amino and p r i m a r y  amide 

o r  g u a n i d y l  g r o u p s .  J o u r n a l  o f  t h e  American  Chemica l  S o c i e t y , 7 0 , 

2 6 7 3 -2 6 8 4 .

FRAENKEL-CONRAT, H . , OLCOTT, H .S .  ( 1 9 4 8 b ) .  R e a c t i o n  o f  fo rm a ld e h y d e  w i t h  

p r o t e i n s .  VI.  C r o s s - l i n k i n g  o f  amino g r o u p s  w i t h  p h e n o l ,  

i m i d a z o l e ,  o r  i n d o l e  g r o u p s .  J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y ,

1 7 4 , 8 2 7 - 8 4 3 .

FRAENKEL-CONRAT, H . , MECHAM, D.K. ( 1 9 4 9 ) .  The r e a c t i o n  o f  fo rm a ld e h y d e

w i t h  p r o t e i n s ,  V I I .  D e m o n s t r a t i o n  o f  i n t e r m o l e c u l a r  c r o s s - l i n k i n g  

by means o f  o s m o t i c  p r e s s u r e  m e a s u r e m e n t s .  J o u r n a l  o f  B i o l o g i c a l  

Ch e m i s t r y , 1 7 7 , 4 7 7 - 4 8 6 .

FRANZBLAU, C . ,  GALLOP, P .M . ,  SEIFTER, S.  ( 1 9 6 3 ) .  The p r e s e n c e  i n

c o l l a g e n  o f  y - g l u t a m y l  p e p t i d e  l i n k a g e s .  B i o p o l y m e r s , I ,  7 9 -97 .

FRATER, R. ( 1 9 7 1 ) .  R e a c t i v i t y  o f  c a r b o x y l  g ro u p s  i n  m o d i f i e d  p r o t e i n s .

FEES L e t t e r s , 12.’ 1 86 -188 .

FRENCH, D . , EDSALL, J . T .  ( 1 9 4 5 ) .  The r e a c t i o n  o f  fo rm a ld e h y d e  w i t h

amino a c i d s  and p r o t e i n s .  Advances i n  P r o t e i n  C h e m i s t r y ,  2,  277-335 ,



265

FUCHS, So,  FUCHS, Y, ( 1 9 6 9 ) .  Im m u n o lo g ic a l  a s s a y  f o r  p l a n t  hormones

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

a c id o  B i o c h i m i c a  e t  B i o p h y s i c a  A c t a , 1 9 2 , 528-530*

FULGINITTI, VoAo ( 1983 )„  Sudden i n f a n t  d e a t h  syndrom e,  d i p h t h e r i a -

t e t a n u s  t o x o i d - p e r t u s s i s  v a c c i n a t i o n  and v i s i t s  t o  t h e  d o c t o r :  

chance  a s s o c i a t i o n  o r  c a u s e  and e f f e c t ?  P e d i a t r i c  I n f e c t i o u s  

D i s e a s e , _2, 5-6„

GARCIA-SANZ, JoAo,  RUIZ-PUENTE, J o ,  JIMENEZ-PAREDES, J o ,  GONZALEZ-

PACHECO, Mo, VILLALVA-POSADA, Ho ( 1 9 8 5 ) o C o m p a ra t iv e  b i o l o g i c a l  

a c t i v i t i e s  o f  w h o l e - c e l l  p e r t u s s i s  v a c c i n e  and a  new a c e l l u l a r  

p r e p a r a t i o n s  V a c c i n e , _3, 23-26*

GEORGE, AoLo, BORDERS, CoL* (1979)  o E s s e n t i a l  c a r b o x y l  r e s i d u e s  i n

y e a s t  e n o l a s e *  B i o c h e m i c a l  and B i o p h y s i c a l  R e s e a r c h  Com munica t ions  

82 ,  5 9 - 6 5 .

GEREN, LoMo, STONEHUERNER, J . , DAVIS, DoJo,  MILLETT, F* ( 1 9 8 3 ) .  The u se  

o f  a w a t e r - s o l u b l e  c a r b o d i i m i d e  t o  c r o s s - l i n k  c y toc h rom e  C t o  

p l a s t o c y a n i n ,  B i o c h i m i c a  e t  B i o p h y s i c a  A c t a , 7 2 4 , 6 2 - 6 8 .

GERMANIER, R . , FURER, E „ , VARALLYAY, S . ,  INDERBITZIN, T.M. ( 1 9 7 6 ) .

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

and Im m u n i ty , 1 3 , 1692-1698 ,

GIANNELLA, R .A . ,  DRAKE, K.W . , LUTTRELL, M. ( 1 9 8 1 ) .  D eve lopment  o f  a

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

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

Im m un i ty , 1 8 6 - 1 9 2 .

GILL, D.M. ( 1 9 7 8 ) .  Seven  t o x i c  p e p t i d e s  t h a t  c r o s s  c e l l  membranes .  I n  

' B a c t e r i a l  t o x i n s  and c e l l  m em branes ’ (Ed .  JELJASZEWICZ, J . , 

WADSTRDM, T o) p . 2 9 1 - 3 3 2 .  Academic P r e s s  I n c .  ( L o n d o n ) ,  L t d .



266

GILL, T o J o ,  PAPERMASTER, D . S . ,  KUNZ, H.W.,  MARFEY, P . S .  ( 1 9 6 8 ) .  S t u d i e s  

on s y n t h e t i c  p o l y p e p t i d e  a n t i g e n s .  XIX. I i t imunogenic i ty  and 

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

p o l y p e p t i d e s .  J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 4 3 , 2 8 7 - 3 0 0 .

GITEL, SoNo, MEDINA, V .M . , WESSLER, S.  ( 1 9 8 5 ) o P r e p a r a t i o n  and

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

c a r b o d i i m i d e - m o d i f i e d  h e p a r i n .  B lo o d , 9 0 2 - 9 1 1 ,

GOLDMAN, W.Eo, KLAPPER, D .G . ,  BASEMAN, J . B .  ( 1 9 8 2 ) .  D e t e c t i o n ,  i s o l a t i o n ,  

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

c u l t u r e d  t r a c h e a l  c e l l s .  I n f e c t i o n  and I m m u n i ty , 3 6 , 7 8 2 -7 9 4 ,

GOLDMAN, W .E . ,  HERWALDT, L.A .  ( 1 9 8 5 ) .  B o r d e t e l l a  p e r t u s s i s  t r a c h e a l  

c y t o t o x i n .  P r o c .  F o u r t h  I n t .  Symp. P e r t u s s i s ,  1984,

Developments  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 1 03 -111 .  (S .  

K a r g e r ,  B a s e l ) .

GOODFRIEND, T . L . ,  LEVINE, L . ,  FASMAN, G.D.  ( 1 9 6 4 ) .  A n t i b o d i e s  to

b r a d y k i n i n  and a n g i o t e n s i n ;  a u s e  o f  c a r b o d i i m i d e s  i n  immunology.  

S c i e n c e , 1 4 4 , 1 3 4 4 -1346 .

GOODFRIEND, T . ,  FASMAN, G . ,  KEMP, D . , LEVINE, L.  ( 1 9 6 6 ) .  Immunochemical 

s t u d i e s  o f  a n g i o t e n s i n .  Im m unoc hem is t ry , 2? 2 2 3 - 2 3 1 .

GOODMAN, Y.Eo,  WORT, A . J . ,  JACKSON, F . L .  ( 1 9 8 1 ) .  E n z y m e - l in k e d  immuno

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

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

J o u r n a l  o f  C l i n i c a l  M i c r o b i o l o g y , 1 3 , 2 8 6 - 2 9 2 .

GORODETSKII, D . I . ,  MYASOEDOV, N . F . ,  STEPANOV, V.M. ( 1 9 7 6 ) .  S p e c i f i c  

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

d i c y c l o h e x y l c a r b o d i i m i d e .  C hem ica l  A b s t r a c t s , 8 5 , 1 6 ,1 9 8 .

GRANSTRÜM, M., LINDBERG, A .A . ,  ASKELÜF, P . ,  HEDERSTEDT, B. ( 1 9 8 2 a ) .

D e t e c t i o n  o f  a n t i b o d i e s  i n  human serum a g a i n s t  t h e  f i m b r i a l



267

h a e m a g g l u t i n i n  o f  B o r d e t e l l a  p e r t u s s i s  by e n z y m e - l i n k e d  immuno

s o r b e n t  a s s a y .  J o u r n a l  o f  M e d ic a l  M i c r o b i o l o g y , 1 5 , 8 5 - 9 6 .

GRANSTRÜM, M . , GRANSTRÜM, G . , LINDFORS, A . ,  ASKELÜF, P .  ( 1 9 8 2 b ) .

S e r o l o g i c  d i a g n o s i s  o f  whooping  cough by a n  e n z y m e - l i n k e d  immuno

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

J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 1 4 6 , 7 4 1 -7 4 5 .

GRIFFITH, A . H .  ( 1 9 7 4 ) .  P e r t u s s i s  v a c c i n e  and c o n v u l s i v e  d i s o r d e r s  o f

c h i l d h o o d .  P r o c e e d i n g s  o f  t h e  Roya l  S o c i e t y  o f  M e d i c i n e , 6 7 , 1 6 -1 8 .

GRIFFITH, A.H.  ( 1 9 7 8 ) .  R e a c t i o n s  a f t e r  p e r t u s s i s  v a c c i n e :  a  m a n u f a c t u r e r ' s

e x p e r i e n c e s  and d i f f i c u l t i e s  s i n c e  1964.  B r i t i s h  M e d ic a l  J o u r n a l ,

2 ,  8 0 9 - 8 1 5 .

GRIST, N.R.  ( 1 9 7 7 ) .  The L a n c e t , I ,  358 .

GROB, P . R . , CROWDER, M . J . ,  ROBBINS, J . F .  ( 1 9 8 1 ) .  E f f e c t  o f  v a c c i n a t i o n

on s e v e r i t y  and d i s s e m i n a t i o n  o f  whooping  c ough .  B r i t i s h  M e d ic a l

J o u r n a l , 2 8 2 , 1 9 26 -1928 .

GROUSELLE, M . , PUDLES, J .  ( 1 9 7 7 ) .  Chemica l  s t u d i e s  on y e a s t  h e x o k i n a s e .

S p e c i f i c  m o d i f i c a t i o n  o f  a s i n g l e  t y r o s y l  r e s i d u e  w i t h  1 - e t h y l -  

3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e .  E u ro p e an  J o u r n a l  o f

B i o c h e m i s t r y , 7 4 , 4 7 1 - 4 8 0 .

GULBENKIAN, A . ,  SCHOBERT, L . , NIXON, C . , TABACHNICK, I . I . A  ( 1 9 6 8 ) .

M e t a b o l i c  e f f e c t s  o f  p e r t u s s i s  s e n s i t i z a t i o n  i n  mice  and r a t s .  

E n d o c r i n o l o g y , 8^3, 8 8 5 - 8 9 2 .

HABEEB, A.F .SoAo,  HIRAMOTO, R. ( 1 9 6 8 ) .  R e a c t i o n  o f  p r o t e i n s  w i t h

g l u t a r a l d e h y d e .  A r c h i v e s  o f  B i o c h e m i s t r y  and B i o p h y s i c s , 1 2 6 ,

16 - 2 6 .

HABEEB, A . F . S o A o  ( 1 9 6 9 ) .  A s t u d y  o f  t h e  a n t i g e n i c i t y  o f  f o rm a ld e h y d e  and 

g l u t a r a l d e h y d e - t r e a t e d  b o v i n e  se rum a lb u m in  and o v a lb u m in  - 

b o v i n e  se rum  a l b u m i n  c o n j u g a t e .  J o u r n a l  o f  Immunology, 1 0 2 , 457-465,



268

HAIRE, Mo, DANE, D . S . ,  DICK, G. ( 1 9 6 7 ) .  R e a c t i o n s  t o  combined v a c c i n e s

c o n t a i n i n g  k i l l e d  B o r d e t e l l a  p e r t u s s i s . The M e d ic a l  O f f i c e r , 1 1 7 , 

5 5 - 5 8 .

HALES, CoNo, RANDLE, P . J .  ( 1 9 6 3 ) .  Immunoassay o f  i n s u l i n  w i t h  i n s u l i n  

a n t i b o d y  p r e c i p i t a t e .  B i o c h e m i s t r y  J o u r n a l , 8 8 , 137-146 .

HALLORAN, M . J . ,  PARKER, C.W. ( 1 9 6 6 a ) .  The p r e p a r a t i o n  o f  n u c l e o t i d e -

p r o t e i n  c o n j u g a t e s :  c a r b o d i i m i d e s  as  c o u p l i n g  a g e n t s .  J o u r n a l  o f  

Immunology, 9 6 , 3 7 3 - 3 7 8 .

HALLORAN, M . J . ,  PARKER, C.W. ( 1 9 6 6 b ) .  The p r o d u c t i o n  o f  a n t i b o d i e s  t o

m o n o n u c l e o t i d e s ,  o l i g o n u c l e o t i d e s  and DNA. J o u r n a l  o f  Immunology, 

% ,  3 7 9 -3 8 5 .

HANNIK, CoA. ( 1 9 7 0 ) .  M ajo r  r e a c t i o n s  a f t e r  DT P-P o l io  v a c c i n a t i o n  i n  t h e  

N e t h e r l a n d s .  I n t .  Symp, P e r t u s s i s ,  1969.  Sympos ia  S e r i e s  i n  

I m m u n o b io l o g ic a l  S t a n d a r d i z a t i o n , 1 3 , 161-170 (S .  K a r g e r ,  B a s e l ) .

HANNIK, C.Ao,  COHEN, H. ( 1 9 7 9 ) .  Changes i n  p lasm a  i n s u l i n  c o n c e n t r a t i o n  

and t e m p e r a t u r e  o f  i n f a n t s  a f t e r  p e r t u s s i s  v a c c i n a t i o n .  In  

' I n t e r n a t i o n a l  Symposium on P e r t u s s i s '  (Ed.  MANCLARK, C . R . ,  HILL, 

J . C . ) ,  p . 2 9 7 - 2 9 9 .  US DHEW P u b l i c a t i o n  n o .  (NIH) 79 -1830 ,  

W a sh in g to n ,  D.C.

HARDY, P .M . ,  NICHOLLS, A .C . ,  RYDON, H.N.  ( 1 9 7 6 ) .  The n a t u r e  o f  the

c r o s s - l i n k i n g  o f  p r o t e i n s  by g l u t a r a l d e h y d e .  P a r t  I :  i n t e r a c t i o n  

o f  g l u t a r a l d e h y d e  w i t h  t h e  amino g r oups  o f  6 - a m i n o h e x a n o i c  a c i d  

and o f  a - N - a c e t y l l y s i n e .  J o u r n a l  o f  t h e  Chem ica l  S o c i e t y  ( P e r k i n  

T r a n s a c t i o n s ) ,  2> 9 5 8 - 9 6 2 .

HATTORI, Y. ( 1 9 7 0 ) .  S t a b i l i z a t i o n  o f  p r o t e i n s  w i t h  w a t e r - s o l u b l e  c a r b o 

d i i m i d e  r e a g e n t .  Chem ica l  A b s t r a c t s , 7 3 , 6 9 , 8 5 0 .

HAYASHI, K . ,  KUGIMIYA, M . , SHIMODA, T . ,  MATSUMOTO, N . , FUNATSU, M. ( 1 9 7 2 ) .

M o d i f i c a t i o n  o f  c a r b o x y l  g r o u p s  o f  l y soz ym e .  Chem ica l  A b s t r a c t s , 

77,  1 3 6 ,8 4 7 .



269

HERBERT, D . ,  PHIPPS, P . J o ,  STRANGE, R .E .  ( 1 9 7 1 ) .  C h e m ic a l  a n a l y s i s  o f  

m i c r o b i a l  c e l l s .  Methods i n  M i c r o b i o l o g y , v o l . 5 B , 249-252 

(Edo NORRIS, J . R . , RIBBONS, D .W .) .  Academic P r e s s  I n c .  (L ondon ) ,  

L t d .

HEWLETT, E .L o ,  MANCLARK, C . R . ,  WOLFF, J .  ( 1 9 7 7 ) .  Adenyl  c y c l a s e  i n

B o r d e t e l l a  p e r t u s s i s  v a c c i n e s .  J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s ,

1 3 6 , S216-S219 .

HEWLETT, E . L . ,  WEISS, A .A . ,  CRANE, J . K . ,  PEARSON, R .D . ,  ANDERSON, H . J . ,  

MYERS, GoAo, EVANS, W .S . ,  HANTSKE, L . L . ,  KAY, H . D . ,  CRONIN, M .J .  

( 1 9 8 5 ) .  B o r d e t e l l a  e x t r a c y t o p l a s m i c  a d e n y l a t e  c y c l a s e :  a c t i o n s

as  a b a c t e r i a l  t o x i n ,  P r o c .  F o u r t h  I n t .  Symp. P e r t u s s i s ,  1984.  

Deve lopmen ts  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 2 1 - 2 6 .  (S .  K a r g e r ,

B a s e l ) o

HILDEBRANDT, J . D . ,  SEKURA, R . D . ,  CODINA, J . ,  IYENGAR, R . , MANCLARK, C . R . ,  

BIRNBAUMER, L . ( 1 9 8 3 ) .  S t i m u l a t i o n  and i n h i b i t i o n  o f  a d e n y l y l  

c y c l a s e s  m e d i a t e d  by d i s t i n c t  r e g u l a t o r y  p r o t e i n s .  N a t u r e , 3 0 2 , 

7 0 6 -7 0 9 .

HIRANO, Mo, SINKOVICS, J . G . ,  SHULLENBERGER, C . C . ,  HOWE, C.D.  ( 1 9 6 7 ) .

Murine  lymphoma: augmented  g r o w th  i n  mice  w i t h  p e r t u s s i s  v a c c i n e -  

i n d u c e d  l y m p h o c y t o s i s .  S c i e n c e , 1 5 8 , 1061-1064 .

HO, M-Ko, KONG, A . S . ,  MORSE, S . I .  ( 1 9 7 9 ) .  The i n  v i t r o  e f f e c t s  o f

B o r d e t e I l a  l y m p h o c y t o s i s - p r o m o t i n g  f a c t o r  on m u r i n e  l y m p h o c y te s .  

I I I .  B - c e l l  d e p e n d e n c e  f o r  T - c e l l  p r o l i f e r a t i o n .  J o u r n a l  o f  

E x p e r i m e n t a l  M e d i c i n e , 1 4 9 , 1001-1017 .

HOARE, D .G . ,  KOSHLAND, D.E .  ( 1 9 6 7 ) .  A method f o r  t h e  q u a n t i t a t i v e

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

J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 4 2 , 2 4 4 7 -2 4 5 3 .



270

HOUGHTEN, R .A . ,  ENGERT, R . F . ,  OSTRESH, J . M . ,  HOFFMAN, S . R . ,  KLIPSTEIN, F.A .

( 1 9 8 5 ) o A c o m p l e t e l y  s y n t h e t i c  t o x o i d  v a c c i n e  c o n t a i n i n g  

E s c h e r i c h i a  c o l i  h e a t - s t a b l e  t o x i n  and a n t i g e n i c  d e t e r m i n a n t s  o f  

t h e  h e a t - l a b i l e  t o x i n  B s u b u n i t *  I n f e c t i o n  and Im m un i ty , 48,  7 3 5 -7 4 0 .

IIDA, T . ,  OKONOGI, T. ( 1 9 7 1 ) .  L i e n o t o x i c i t y  o f  B o r d e t e l l a  p e r t u s s i s  i n  

m i c e .  J o u r n a l  o f  M e d ic a l  M i c r o b i o l o g y , 2? 5 1 - 6 1 .

IMAIZUMI, A . ,  SUZUKI, Y . ,  ONO, S . ,  SATO, H . ,  SATO, Y. ( 1 9 8 3 ) .  E f f e c t  o f  

h e p t a k i s  ( 2 , 6 - 0 - d i m e t h y l ) | 3 - c y c l o d e x t r i n  on t h e  p r o d u c t i o n  o f  

p e r t u s s i s  t o x i n  by B o r d e t e l l a  p e r t u s s i s . I n f e c t i o n  and Im m un i ty ,

41 ,  1138-1143 .

IRONS, L . I . ,  MacLENNAN, A.Po ( 1 9 7 9 a ) .  I s o l a t i o n  o f  t h e  l y m p h o c y t o s i s -

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

c h r o m a to g r a p h y .  B i o c h i m i c a  e t  B i o p h y s i c a  A c t a , 5 8 0 , 17 5 - 185 .

IRONS, L . I o ,  MacLENNAN, A .P .  ( 1 9 7 9 b ) .  S u b s t r a t e  s p e c i f i c i t y  and t h e

p u r i f i c a t i o n  by a f f i n i t y  c o m b i n a t i o n  methods  o f  two B o r d e t e l l a  

p e r t u s s i s  h a e m a g g l u t i n i n s . I n  ' I n t .  Symp. P e r t u s s i s ' ,  (Ed.

MANCLARK, C . R . , HILL, J . C . ) .  p . 338 -349 ,  US DHEW P u b l i c a t i o n  no .

(NIH) 7 9 - 1 8 3 0 ,  W a s h i n g t o n ,  D.C.

I R O N S ,  L . I o ,  ASHWORTH,  L . A . E . ,  W I L T O N - S M I T H ,  P.  ( 1 9 8 3 ) .  H e t e r o g e n e i t y

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

w i t h  m o n o c l o n a l  a n t i b o d i e s .  J o u r n a l  o f  G e n e r a l  M i c r o b i o l o g y , 1 2 9 , 

2769-2778 .

ISAWA, S . ,  ISHIDA, S . ,  ASAKAWA, S . ,  AKAMA, K. ( 1 9 8 5 ) .  A c u r i o u s  h i s t a m i n e -  

s e n s i t i z i n g  a c t i v i t y  shown by t h e  n e w l y - d e v e l o p e d  J a p a n e s e  

a c e l l u l a r  p e r t u s s i s  v a c c i n e .  P r o c .  F o u r t h  I n t .  Symp, P e r t u s s i s ,  1984,  

Developments  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 4 5 3 - 4 6 0 .  (S .  K a r g e r ,

B a s e l ) .



27 1

ITO, Ho, TAKAMUTSU, No, ICHIKIZAKI, I ,  ( 1 9 7 7 ) .  The p e p t i d e  s y n t h e s i s

u s i n g  u n s y m m e t r i c a l  c a r b o d i i m i d e s * C h e m is t r y  L e t t e r s , 539-542„

JACOB, CoOo, HARARI, l o ,  ARNON, R . , SELA, M. ( 1 9 8 6 ) .  A n t i b o d i e s  t o

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

r e a c t i v i t y  w i t h  r e l a t e d  t o x i n s .  V a c c i n e , 4_> 9 5 - 9 8 .

J E B B ,  WoHo,  T O M L I N S O N ,  A o H .  ( 1 9 5 7 ) .  The minimal amino acid requirements 

of Haemophilus pertussis. Journal of General Microbiology, 1 7 , 

5 9 - 6 3 .

JOINT COMMITTEE ON VACCINATION AND IMMUNIZATION ( 1 9 7 7 ) .  I n  *DHSS.

Whooping Cough v a c c i n a t i o n ' .  HMSO, London.

JOINT COMMITTEE ON VACCINATION AND IMMUNIZATION ( 1 9 8 1 ) .  I n  'DHSS.

Whooping Cough'  p . 1 7 0 -1 8 4 .  HMSO, London.

KAMINOGAWA, S . ,  SAKAI, R . , YAMAUCHI, K. ( 1 9 7 3 ) .  M o d i f i c a t i o n  o f  c a r b o x y l  

g ro u p s  o f  As- and K - c a s e i n .  Chemica l  A b s t r a c t s , 7 9 , 1 4 ,6 8 9 .

KANAI, Ko ( 1 9 8 0 ) .  Review: J a p a n ' s  e x p e r i e n c e  i n  p e r t u s s i s  e p id e m io l o g y  

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

M e d ic a l  S c i e n c e  and B i o l o g y , 3 3 , 107-143 .

KAN AY A, Ko, CHIBA, S . ,  SHIMOMURA, T.  ( 1 9 7 9 ) .  I n a c t i v a t i o n  o f  buckwhea t

a - g l u c o s i d a s e  w i t h  l - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e .  

A g r i c u l t u r a l  and B i o l o g i c a l  C h e m i s t r y , 4 3 , 1841 -1847 .

KANBAYASHI, Y . ,  NAKAMURA, T . ,  HOSODA, K . , NOGIMORI, K . , YAJIMA, M . , UI ,  M. 

( 1 9 7 8 ) .  F o r m a t i o n  o f  b i o l o g i c a l l y  a c t i v e  p r o t e i n  from t h e  

s u b u n i t s  o f  i s l e t s - a c t i v a t i n g  p r o t e i n  ( lA P ) ,  a new p r o t e i n  

i s o l a t e d  from B o r d e t e l l a  p e r t u s s i s . J o u r n a l  o f  B i o c h e m i s t r y , 8 4 , 

453 -460 .

KATADA, T . ,  UI,  M. ( 1 9 7 7 ) .  P e r f u s i o n  o f  t h e  p a n c r e a s  i s o l a t e d  from 

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

r e s p o n s e s  due t o  p - a d r e n e r g i c  s t i m u l a t i o n .  E n d o c r i n o l o g y , 1 0 1 , 

1247-1255 .



272

KATADA, To, UI,  M» ( 1 9 7 9 ) o I s l e t - a c t i v a t i n g  p r o t e i n ;  en h a n ce d  i n s u l i n

s e c r e t i o n  and c y c l i c  AMP a c c u m u l a t i o n  i n  p a n c r e a t i c  i s l e t s  due to  

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

C h e m i s t r y , 2 5 4 , 4 6 9 - 4 7 9 .

KATADA, To, UI,  M. ( 1 9 8 0 ) .  Slow i n t e r a c t i o n  o f  i s l e t - a c t i v a t i n g  p r o t e i n

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

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

B i o l o g i c a l  C h e m i s t r y , 2 5 5 , 9 5 8 0 -9 5 8 8 .

KATADA, To,  UI,  M. ( 1 9 8 1 a ) .  I s l e t - a c t i v a t i n g  p r o t e i n ;  a  m o d i f i e r  o f  

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

J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 5 6 , 813 0 -8 1 3 7 .

KA.TADA, T . ,  UI,  M. ( 1 9 8 1 b ) .  I n  v i t r o  e f f e c t s  o f  i s l e t - a c t i v a t i n g  p r o t e i n

on c u l t u r e d  r a t  p a n c r e a t i c  i s l e t s .  Enhancement  o f  i n s u l i n  

s e c r e t i o n ,  a d e n o s i n e  3 5 ' -m onophospha te  a c c u m u l a t i o n  and ^^Ca 

f l u x .  J o u r n a l  o f  B i o c h e m i s t r y , 8 9 , 979 -9 9 0 .

KATADA, To, AMANO, T . ,  UI ,  M. ( 1 9 8 2 ) .  M o d u l a t i o n  by i s l e t - a c t i v a t i n g  

p r o t e i n  o f  a d e n y l a t e  c y c l a s e  a c t i v i t y  i n  C 5  g l i o m a  c e l l s .

J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 5 7 , 37 3 9 -3 7 4 6 .

KATADA, To,  UI,  M. ( 1 9 8 2 a ) .  A D P - r i b o s y l a t i o n  o f  t h e  s p e c i f i c  membrane

p r o t e i n  o f  C5 c e l l s  by i s l e t - a c t i v a t i n g  p r o t e i n  a s s o c i a t e d  w i t h  

m o d i f i c a t i o n  o f  a d e n y l a t e  c y c l a s e  a c t i v i t y .  J o u r n a l  o f  Biological 

C h e m i s t r y , 2 5 7 , 721 0 -7 2 1 6 .

KATADA, T o ,  U I ,  M.  ( 1 9 8 2 b ) .  D i r e c t  m o d i f i c a t i o n  o f  t h e  membrane a d e n y l a t e  

c y c l a s e  s y s t e m  by i s l e t - a c t i v a t i n g  p r o t e i n  due t o  A D P - r i b o s y l a t i o n  

o f  a membrane p r o t e i n .  P r o c e e d i n g s  o f  t h e  N a t i o n a l  Academy o f  

S c i e n c e  o f  t h e  USA, 7 9 , 3 1 2 9 - 3 1 3 3 .

KATADA, T o ,  TAMUR A, M . , UI ,  M. ( 1 9 8 3 ) .  The A -p ro to m e r  o f  i s l e t - a c t i v a t i n g  

p r o t e i n ,  p e r t u s s i s ,  t o x i n ,  as  a n  a c t i v e  p e p t i d e  c a t a l y z i n g  ADP-



27 3

r i b o s y l a t i o n  o f  a membrane p r o t e i n .  A r c h iv e s  o f  B i o c h e m i s t r y  and 

B i o p h y s i c s , 2 2 4 , 2 9 0 - 2 9 8 .

KAUL, Bo, MILLIAN, S . J o ,  DAVIDOW, B. ( 1 9 7 6 ) o The d e v e lo p m e n t  o f  a r a d i o 

immunoassay f o r  d e t e c t i o n  o f  c o c a i n e  m e t a b o l i t e s .  J o u r n a l  o f  

P h a rm a c o lo g y  and E x p e r i m e n t a l  T h e r a p e u t i c s , 199 , 171 -178 .

KENDRICK, Po ,  ELDERING, G . ,  DIXON, M .K . , MISNER, J .  ( 1 9 4 7 ) ,  Mouse-

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

s e r i e s  u s i n g  t h e  i n t r a c e r e b r a l  r o u t e  f o r  c h a l l e n g e .  The A m erican  

J o u r n a l  o f  P u b l i c  H e a l t h  and t h e  N a t i o n ' s  H e a l t h , 2 ^ ,  8 0 3 - 8 1 0 .

KENDRICK, PoLo ( 1 9 7 5 ) .  Can whooping  cough be e r a d i c a t e d ?  J o u r n a l  o f  

I n f e c t i o u s  D i s e a s e s , 1 3 2 , 7 0 7 -7 1 2 .

KERSTERS, K . , HINZ, K .H . ,  HERTLE, A . ,  SEGERS, P . ,  LIEVENS, A . ,  SIEGMANN,

Go,  DE LEY, J .  ( 1 9 8 4 ) .  B o r d e t e l l a  avium s p .  n o v . , i s o l a t e d  from 

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

J o u r n a l  o f  S y s t e m a t i c  B a c t e r i o l o g y , 3 4 , 5 6 - 7 0 .

KHORANA, H.G. ( 1 9 5 3 ) .  The c h e m i s t r y  o f  c a r b o d i i m i d e s .  Chem ica l  R e v i e w s ,

_53, 145 -166 .

KLIPSTEIN, F . A . , ENGERT, R . F . ,  CLEMENTS, I . D .  ( 1 9 8 1 ) .  P r o t e c t i o n  i n  

r a t s  immunized w i t h  E s c h e r i c h i a  c o l i  h e a t - s t a b l e  e n t e r o t o x i n .  

I n f e c t i o n  and Im m un i ty , 3 4 , 6 37 -639 .

KLIPSTEIN, F . A . , ENGERT, R . F . ,  CLEMENTS, J . D .  ( 1 9 8 2 a ) .  Deve lopment  o f  a 

v a c c i n e  o f  c r o s s - l i n k e d  h e a t - s t a b l e  and h e a t - l a b i l e  e n t e r o t o x i n s  

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

I n f e c t i o n  and Im m un i ty , 3 7 , 550 -557 .

KLIPSTEIN, F . A . , ENGERT, R . F . ,  CLEMENTS, J . D .  ( 1 9 8 2 b ) .  A r o u s a l  o f

m ucosa l  s e c r e t o r y  i m m u n o g lo b u l in  A a n t i t o x i n  i n  r a t s  immunized 

w i t h  E s c h e r i c h i a  c o l i  h e a t - l a b i l e  e n t e r o t o x i n .  I n f e c t i o n  and

Im m un i ty , 3 7 , 1086 -1092 .



2 7 4

KLIPSTEIN, F . A . ,  ENGERT, R . F . ,  HOUGHTEN, R.A.  ( 1 9 8 3 a ) .  P r o t e c t i o n  i n

r a b b i t s  immunized w i t h  a v a c c i n e  o f  E s c h e r i c h i a  c o l i  h e a t - s t a b l e  

t o x i n  c r o s s - l i n k e d  t o  t h e  h e a t - l a b i l e  t o x i n  B s u b u n i t .

I n f e c t i o n  and I m m u n i ty , 40.) 8 8 8 - 8 9 3 .

KLIPSTEIN, F . A . , ENGERT, R . F . ,  CLEMENTS, J . D . ,  HOUGHTEN, R.A.  ( 1 9 8 3 b ) .

P r o t e c t i o n  a g a i n s t  human and p o r c i n e  e n t e r o t o x i g e n i c  s t r a i n s  o f  

E s c h e r i c h i a  c o l i  i n  r a t s  immunized w i t h  a c r o s s - l i n k e d  t o x o i d  

v a c c i n e .  I n f e c t i o n  and Im m u n i ty , _4^, 9 2 4 - 9 2 9 .

KLIPSTEIN, F.Ao,  ENGERT, R . F . ,  CLEMENTS, J . D . ,  HOUGHTEN, R.A.  ( 1 9 8 3 c ) .

V ac c ine  f o r  e n t e r o t o x i g e n i c  E s c h e r i c h i a  c o l i  b a s e d  on s y n t h e t i c  

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

t o x i n .  J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 147 , 318 -3 2 6 .

KLIPSTEIN, F . A o ,  ENGERT, R . F . ,  HOUGHTEN, R . A .  ( 1 9 8 4 ) .  P r o p e r t i e s  o f

c r o s s - l i n k e d  t o x o i d  v a c c i n e s  made w i t h  h y p e r a n t i g e n i c  forms o f  

s y n t h e t i c  E s c h e r i c h i a  c o l i  h e a t - s t a b l e  t o x i n .  I n f e c t i o n  and 

Im m un i ty , 4 4 , 2 6 8 - 2 7 3 .

KLIPSTEIN, A. ( 1 9 8 5 ) .  E s c h e r i c h i a  c o l i  e n t e r o t o x i n s  and c r o s s - l i n k e d  

t o x o i d  v a c c i n e s .  J o u r n a l  o f  M e d ic a l  M i c r o b i o l o g y , 1 9 , i - i i .

KOCH, Y . , WILCHEK, M.,  FRIDKIN, M.,  CHOBSIENG, P . ,  ZOR, U . ,  LINDNER, H.R.  

( 1 9 7 3 ) .  P r o d u c t i o n  and c h a r a c t e r i z a t i o n  o f  a n  a n t i s e r u m  t o  

s y n t h e t i c  g o n a d o t r o p i n - r e l e a s i n g  hormone.  B i o c h e m i c a l  and 

B i o p h y s i c a l  R e s e a r c h  C o m m u n ic a t io n s , 5 5 , 6 1 6 - 6 2 2 .

KOHEN, Fo,  PAZZAGLI, M., KIM, J . B . ,  LINDNER, H . R . ,  BOGUSLASKI, R .C .  (1979)  

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

enhanced  c h e m i l u m i n e s c e n c e .  FEBS L e t t e r s , 104,  2 0 1 - 2 0 5 .

KOHNO, S . ,  MUNOZ, J . A . , WILLIAMS, T . M . , TEUSCHER, C . ,  BERNARD, C . C .A . ,  

TUNG, K.SK. ( 1 9 8 3 ) .  Immunopathology o f  m u r in e  e x p e r i m e n t a l  

a l l e r g i c  o r c h i t i s .  J o u r n a l  o f  Immunology, 1 3 0 , 267 5 -2 6 8 2 .



2 7 5

KONG, A .S . ,  MORSE, S . I .  ( 1 9 7 7 a ) .  The i n  v i t r o  e f f e c t s  o f  B o r d e t e l l a

p e r t u s s i s  l ym phoc y te s  i s - p r o m o t i n g  f a c t o r  on m u r in e  ly m p h o c y te s ,

I .  P r o l i f e r a t i v e  r e s p o n s e .  J o u r n a l  o f  E x p e r i m e n t a l  M e d i c i n e , 145 , 

151 -162 .

KONG, A . S . ,  MORSE, S . I .  ( 1 9 7 7 b ) .  The i n  v i t r o  e f f e c t s  o f  B o r d e t e l l a

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

I I .  N a t u r e  o f  t h e  r e s p o n d i n g  c e l l s .  J o u r n a l  o f  E x p e r i m e n t a l  

M e d i c i n e , 1 4 5 , 163 -174 .

KOPP, H .G . ,  EBERLE, A . ,  VITINS, P . ,  LICHTENSTEIGER, W., SCHWY2ER, R. ( 1 9 7 7 ) .  

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

Eu ropean  J o u r n a l  o f  B i o c h e m i s t r y , 7 5 , 4 1 7 - 4 2 2 .

KORN, A .H . ,  FEAIRHELLER, S . H . ,  FILACHIONE, E.M. ( 1 9 7 2 ) .  G l u t a r a l d e h y d e :

n a t u r e  o f  t h e  r e a g e n t .  J o u r n a l  o f  M o l e c u l a r  B i o l o g y , 6 5 , 525 -5 2 9 .  

KOZIK, A. ( 1 9 8 2 ) .  C a r b o d i i m i d e  m o d i f i c a t i o n  o f  c a r b o x y l  g roups  i n  egg

w h i t e  r i b o f l a v i n - b i n d i n g  p r o t e i n .  B i o c h im ic a  e t  B i o p h y s i c a  A c t a ,

7 0 4 , 542 -5 4 5 .

KRAMER, K . J . ,  RUPLEY, J . A .  ( 1 9 7 3 ) .  S u l f a n i l a t i o n  o f  lysozyme by c a r b o 

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

A r c h iv e s  o f  B i o c h e m i s t r y  and B i o p h y s i c s , 1 5 6 , 414 -4 2 5 .

KULENKAMPFF, M . , SCHWARTZMAN, J . S . ,  WILSON, J .  ( 1 9 7 4 ) .  N e u r o l o g i c a l

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

C h i l d h o o d , 4 9 , 4 6 - 4 9 .

KUROKAWA, M., ISHIDA, S . ,  ASAKAWA, S . ,  IWASA, S .  ( 1 9 7 8 ) .  A t t em p ts  a t

a n a l y s i s  o f  t o x i c i t y  o f  p e r t u s s i s  v a c c i n e .  I I I .  E f f e c t s  o f  e n d o t o x i n  

on l e u c o c y t o s i s  i n  mice due t o  l y m p h o c y t o s i s - p r o m o t i n g  f a c t o r  and 

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

f a c t o r .  J a p a n e s e  J o u r n a l  o f  M e d ic a l  S c i e n c e  and B i o l o g y , 3 1 ,

9 1 -103 .



27 6

KURZER, Fo ,  DOURAGHI-ZADEH, K. ( 1 9 6 7 ) .  Advances i n  t h e  c h e m i s t r y  o f  

c a r b o d i i m i d e s o  Chem ica l  R e v i e w s , 6 7 , 107 -1 5 2 .

LABRUDE, Po,  TEISSEIRE, B . , VIGNERON, Co ( 1 9 7 9 ) .  A t t e m p t s  t o  u s e  c a r b o 

d i i m i d e  (EDCI) t o  c r o s s - l i n k  h e m o g l o b in  f o r  t r a n s f u s i o n s .  

E x p e r e n t i a , 3 5 , 6 8 2 -6 8 3 .

LAEMMLI, U.K. ( 1 9 7 0 ) .  C le a v a g e  o f  s t r u c t u r a l  p r o t e i n s  d u r i n g  t h e

a s s e m b ly  o f  t h e  head  o f  b a c t e r i o p h a g e  T4. N a t u r e , 2 2 7 , 6 8 0 - 6 8 5 .

BARTER, WoEo, CORRIGAN, J . J . ,  FULGINITTI, V.A. ( 1 9 8 4 ) .  I n  v i v o  e f f e c t  o f  

p o ly m y x in  B on p e r t u s s i s  v a c c i n e .  American  J o u r n a l  o f  D i s e a s e  i n  

C h i l d r e n , 1 3 8 , 2 8 1 - 2 8 3 .

LE DUR, A . ,  CHABY, R . , SZABO, L.  ( 1 9 8 0 ) .  I s o l a t i o n  o f  two p r o t e i n - f r e e  

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

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

1 4 3 , 7 8 - 8 8 .

LEHRER, S . B . ,  TAN, E .M . , VAUGHAN, J . H .  ( 1 9 7 4 ) .  E x t r a c t i o n  and p a r t i a l  

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

p e r t u s s i s . J o u r n a l  o f  Immunology, 113 , 1 8 -2 6 .

LEHRER, S.Bo ,  VAUGHAN, J . H . ,  TAN, E.M. ( 1 9 7 6 ) .  Enhancement  o f  r e a g i n i c  

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

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

J o u r n a l  o f  Immunology, 1 1 6 , 178 -1 8 3 .

LEPPLA, SoHo ( 1 9 8 2 ) .  A n t h r a x  t o x i n  edema f a c t o r :  a b a c t e r i a l  a d e n y l a t e

c y c l a s e  t h a t  i n c r e a s e s  c y c l i c  AMP c o n c e n t r a t i o n s  i n  e u k a r y o t i c  

c e l l s .  P r o c e e d i n g s  o f  t h e  N a t i o n a l  Academy o f  S c i e n c e  o f  t h e  USA, 

79_, 316 2 -3 1 6 6 .

LEVINE, L . , PIERONI, R .E .  ( 1 9 6 6 ) .  A U n i t a r i a n  H y p o t h e s i s  o f  a l t e r e d

reactivity to stress mediated by Bordetella pertussis. Experentia, 

2 2 ,  7 9 7 - 7 8 2 .



277

LEVINE, Lo ,  VAN VUNAKIS, H. ( 1 9 7 0 ) .  A n t i g e n i c  a c t i v i t y  o f  p r o s t a g l a n d i n s .

B i o c h e m i c a l  and B i o p h y s i c a l  R e s e a r c h  C o m m u n ic a t io n s , 4 1 , 1171 -1177 .

LEWIS, JoEo ,  NELSON, J . C . ,  ELDER, H.A.  ( 1 9 7 2 ) .  Rad io im munoassay  o f  a n  

a n t i b i o t i c :  g e n t a m i c i n .  N a t u r e , 2 3 9 , 2 1 4 - 2 1 6 .

LEWIS, S . D o ,  SHAFER, J . A .  ( 1 9 7 3 ) .  C o n v e r s i o n  o f  e x p o s e d  a s p a r t y l  and 

g l u t a m y l  r e s i d u e s  i n  p r o t e i n s  t o  a s p a r a g i n y l  and g l u t a m i n y l  

r e s i d u e s .  B i o c h i m i c a  e t  B i o p h y s i c a  A c t a , 3 0 3 , 284 -2 9 1 .

LIKHITE, V.Vo ( 1 9 7 4 ) .  The d e l a y e d  and l a s t i n g  r e j e c t i o n  o f  mammary a d e n o 

c a r c in o m a  c e l l  tumours  i n  DBA/2 mice  w i t h  t h e  u s e  o f  k i l l e d  

B o r d e t e l l a  p e r t u s s i s . C ance r  R e s e a r c h , 3 4 , 1027 -1030 .

LIN,  T-Yo,  KOSHLAND, D.E .  ( 1 9 6 9 ) .  C a rb o x y l  g roup  m o d i f i c a t i o n  and t h e  

a c t i v i t y  o f  ly sozym e .  J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 4 4 , 

5 0 5 -5 0 8 .

LINGGOOD, F . V . ,  STEVENS, M .F . ,  FULTHORPE, A . J . ,  WOIWOD, A . J . ,  POPE, C.G. 

( 1 9 6 3 ) .  The t o x o i d i n g  o f  p u r i f i e d  d i p h t h e r i a  t o x i n .  B r i t i s h  

J o u r n a l  o f  E x p e r i m e n t a l  P a t h o l o g y , 4 4 , 1 7 7 -1 8 8 .

LINNEMANN, C.C.  ( 1 9 7 9 ) .  H o s t - p a r a s i t e  i n t e r a c t i o n s  i n  p e r t u s s i s .  I n  

' I n t e r n a t i o n a l  Symposium on  P e r t u s s i s '  (Ed .  MANCLARK, C . R . ,

HILL, JcCo) p . 3 - 1 8 .  US DHEW P u b l i c a t i o n  no .  (NIH) 7 9 -1830 ,  

W a sh in g to n ,  D.C.

LINTHICUM, D . S . ,  MUNOZ, J . J . ,  BLASKETT, A. ( 1 9 8 2 ) .  Acu te  e x p e r i m e n t a l  

autoimmune e n c e p h a l o m y e l i t i s  i n  m i c e .  I .  A d j u v a n t  a c t i o n  o f  

B o r d e t e l l a  p e r t u s s i s  i s  due  t o  v a s o a c t i v e  amine s e n s i t i z a t i o n  and 

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

Immunology, 7 3 , 2 9 9 - 3 1 0 .

LIVEY, I . ,  PARTON, R . , WARDLAW, A.C.  ( 1 9 7 8 ) .  Loss  o f  h e a t - l a b i l e  t o x i n  

from B o r d e t e l l a  p e r t u s s i s  grown i n  m o d i f i e d  H o r n i b r o o k  medium.

FEMS M i c r o b i o l o g y  L e t t e r s , 2 j 2 0 3 - 2 0 5 .



2 7 8

LIVEY, l o ,  WARDLAW, AoC. ( 1 9 8 4 ) .  P r o d u c t i o n  and p r o p e r t i e s  o f  B o r d e t e l l a  

p e r t u s s i s  h e a t - l a b i l e  t o x i n ,  J p u r n a l  o f  M e d ic a l  M i c r o b i o l o g y , 1 7 , 

9 1 - 1 0 3 .

LOCHT, Co, KEITH, JoMo ( 1 9 8 6 ) .  P e r t u s s i s  t o x i n  g e n e :  n u c l e o t i d e  s e q u e n c e  

and g e n e t i c  o r g a n i z a t i o n .  S c i e n c e , 2 3 2 , 1 2 58 -1264 .

LONNRÜTH, l o ,  HOLMGREN, J .  ( 1 9 7 5 ) ,  P r o t e i n  r e a g e n t  m o d i f i c a t i o n  o f

c h o l e r a  t o x i n :  c h a r a c t e r i z a t i o n  o f  e f f e c t s  on a n t i g e n i c ,  r e c e p t o r -  

b i n d i n g  and t o x i c  p r o p e r t i e s .  J o u r n a l  o f  G e n e r a l  M i c r o b i o l o g y , 9 1 , 

2 6 3 - 2 7 7 .

LOt SCHER, H - R . , CAPALDI, R.A.  ( 1 9 8 4 ) .  S t r u c t u r a l  asymmetry  o f  t h e  o f  

E s c h e r i c h i a  c o l i  as  i n d i c a t e d  by r e a c t i o n  w i t h  d i c y c l o h e x y l 

c a r b o d i i m i d e .  B i o c h e m i c a l  and B i o p h y s i c a l  R e s e a r c h  C o m m u n ic a t io n s , 

121 , 3 3 1 -3 3 9 .

LÜTSCHER, H -R . ,  DEJONG, C . , CAPALDI, R.A.  ( 1 9 8 4 a ) .  I n h i b i t i o n  o f  t h e

a d e n o s i n e  t r i p h o s p h a t a s e  a c t i v i t y  o f  E s c h e r i c h i a  c o l i  F^ by t h e  

w a t e r - s o l u b l e  c a r b o d i i m i d e  l - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l )  

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

P s u b u n i t .  B i o c h e m i s t r y , 2 3 , 413 4 -4 1 4 0 .

LÜTSCHER, H - R . , DEJONG, C . , CAPALDI, R.A.  ( 1 9 8 4 b ) .  M o d i f i c a t i o n  o f  t h e  F^

+p o r t i o n  o f  t h e  H - t r a n s l o c a t i n g  a d e n o s i n e  t r i p h o s p h a t a s e  complex 

o f  E s c h e r i c h i a  c o l i  by t h e  w a t e r - s o l u b l e  c a r b o d i i m i d e  l - e t h y l - 3 -  

( 3 - d i m e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e  and e f f e c t  on t h e  p r o t o n  

c h a n n e l l i n g  f u n c t i o n .  B i o c h e m i s t r y , 2 3 , 4 1 2 8 - 4 1 3 4 .

MACAULEY, M.E. ( 1 9 8 1 ) ,  The IgM and IgG r e s p o n s e  t o  B o r d e t e l l a  p e r t u s s i s  

v a c c i n a t i o n  and i n f e c t i o n .  J o u r n a l  o f  M e d ic a l  M i c r o b i o l o g y , 1 4 , 

1 - 7 .

MACDONALD, H . , MACDONALD, E . J .  ( 1 9 3 3 ) .  E x p e r i m e n t a l  p e r t u s s i s .  J o u r n a l  

o f  I n f e c t i o u s  D i s e a s e s ,  53,  328 -330 .



279

MADSEN, To ( 1 9 3 3 ) o V a c c i n a t i o n  a g a i n s t  whooping  cough* J o u r n a l  o f  t h e  

American  M e d ic a l  A s s o c i a t i o n , 1 0 1 , 187-188*

MAITLAND, H .B . ,  KOHN, R . , MACDONALD, A*D* ( 1 9 5 5 ) .  The h i s t a m i n e -

s e n s i t i z i n g  p r o p e r t y  o f  Haem ophilus  p e r t u s s i s * J o u r n a l  o f  Hygiene  

( C a m b r i d g e ) ,  22» 1 9 6 -2 1 1 .

MALMGREN, B . ,  VAHLQUIST, B . , ZETTERSTRÜM, R. ( 1 9 6 0 ) .  C o m p l i c a t i o n s  o f  

i m m u n i z a t i o n .  B r i t i s h  M e d ic a l  J o u r n a l , 2_) 1800 -1801 .

MANCLARK, C.R.  ( 1 9 7 6 ) .  S e r o l o g i c a l  r e s p o n s e  t o  B o r d e t e l l a  p e r t u s s i s . I n  

“Manual  o f  C l i n i c a l  Immunology* (Ed.  ROSE, N . R . , FRIEDMAN, H.)  

p , 3 1 2 - 3 1 4 .  A m er ican  S o c i e t y  o f  M i c r o b i o l o g y .

MANCLARK, C.R .  (19 81) .  P e r t u s s i s  v a c c i n e  r e s e a r c h .  B u l l e t i n  o f  t h e  

World H e a l t h  O r g a n i z a t i o n , 59,) 9 - 1 5 .

MANCLARK, C . R . ,  COWELL, J . L .  ( 1 9 8 4 ) .  P e r t u s s i s .  I n  ' B a c t e r i a l  V a c c i n e s '  

(Ed ,  GERMANIER, R . )  p . 6 9 - 1 0 6 .  Academic P r e s s  I n c .  ( L o ndon ) ,  L t d .

MATSUI, T . ,  KUWAJIMA, Y. ( 1 9 5 9 ) .  P a t h o l o g y :  f o r m a t i o n  o f  t h e  t o x o i d  o f  

h i s t a m i n e - s e n s i t i z i n g  f a c t o r  i n  B o r d e t e l l a  p e r t u s s i s . N a t u r e ,

1 8 4 , 1 9 9 -2 0 0 .

MATSUYAMA, T. ( 1 9 7 7 ) .  R e s i s t a n c e  o f  B o r d e t e l l a  p e r t u s s i s  p h a s e  I  t o  

m u c o c i l i a r y  c l e a r a n c e  by r a b b i t  t r a c h e a l  mucous membrane.

J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 1 3 6 , 6 0 9 -6 1 6 .

MATUHASI, T . ,  YAMAMOTO, A . ,  SADAHIRO, S . ,  IKEGAMI, H. ( 1 9 8 1 ) .  A n e w

a p p r o a c h  t o  making  t o x o i d  e l i c i t i n g  good IgM a n d / o r  IgG b u t  l i t t l e  

IgE a n t i b o d y  r e s p o n s e .  N a t u r w i s s e n s c h a f t e n , 6 8 , 49 .

McGUIRE, J . ,  McGILL, R . , LEEMAN, S . ,  GOODFRIEND, T.  ( 1 9 6 5 ) .  The

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

hormone and a d r e n o c o r t i c o t r o p i c  hormone .  J o u r n a l  o f  C l i n i c a l  

I n v e s t i g a t i o n ,  44 ,  1672-1678 .



28 0

MEADE, BoDo, KIND, P . D . ,  MANCLARK, C.R.  ( 1 9 8 5 ) .  A l t e r e d  m o n o n u c le a r  

p h a g o c y te  f u n c t i o n  i n  m ice  t r e a t e d  w i t h  t h e  l ym phoc y te s  i s - 

p r o m o t in g  f a c t o r  o f  B o r d e t e l l a  p e r t u s s i s . P r o c ,  F o u r t h  I n t .

Symp. P e r t u s s i s ,  1984.  Deve lopmen ts  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 

6 1 , 63 74 (S .  K a r g e r ,  B a s e l ) .

MILLER, C . L . ,  POLLOCK, T .M .,  CLEWER, A.D .E .  ( 1 9 7 4 ) .  Whooping-cough 

v a c c i n a t i o n .  An a s s e s s m e n t .  The L a n c e t , i i , 510 -5 1 3 .

MILLER, C.Lo,  FLETCHER, W.B. ( 1 9 7 6 ) .  S e v e r i t y  o f  n o t i f i e d  whooping 

cough .  B r i t i s h  Medi c a l  J o u r n a l , 2» 117-119 .

MILLER, D . L . ,  ROSS, E .M .,  ALDERSLADE, R . , BELLMAN, M .H. ,  RAWSON, N .S .B .

( 1 9 8 1 ) .  P e r t u s s i s  i m m u n i z a t i o n  and s e r i o u s  a c u t e  n e u r o r o g i c a l  

i l l n e s s  i n  c h i l d r e n .  B r i t i s h  M e d ic a l  J o u r n a l , 2 8 2 , 1595 -1599 .

MILLER, D . L . ,  ALDERSLADE, R . , ROSS, E.M. ( 1 9 8 2 ) .  Whooping cough and 

whooping  cough v a c c i n e :  t h e  r i s k s  and b e n e f i t s  d e b a t e .

E p i d e m i o l o g i c  R e v i e w s , 4_j 1 - 2 4 .

MILLETT, F . , DARLEY-USMAR, V . ,  CAPALDI, R.A.  ( 1 9 8 2 ) .  Cytochrom e C i s  

c r o s s - l i n k e d  t o  s u b u n i t  I I  o f  cy toch rom e  C o x i d a s e  by a w a t e r -  

s o l u b l e  c a r b o d i i m i d e .  B i o c h e m i s t r y , 2 1 , 3 8 57 -3862 .

MILLMAN, I . ,  SCHUCHARDT, L . F . ,  GRAY, A. ( 1 9 6 2 ) .  P u r i f i c a t i o n  and

c o n c e n t r a t i o n  o f  p e r t u s s i s  p r o t e c t i v e  a n t i g e n .  Round T a b le  

C o n f e r e n c e  on P e r t u s s i s  I m m u n i z a t i o n , p . 4 3 - 5 8 .

MITANI, S . ,  YAMAMOTO, A . ,  IKEGAMI, H . , USUI, M., MATUHASI, T. ( 1 9 8 2 ) .  

I m m unog lobu l in  E - s u p p r e s s i n g  and  im m u n o g lo b u l in  G -e n h a n c in g  

t e t a n u s  t o x o i d  p r e p a r e d  by c o n j u g a t i o n  w i t h  p u l l u l a n .  I n f e c t i o n  

and Im m u n i ty , 3 6 , 9 7 1 - 9 7 6 .

MONSAN,  P . ,  P U Z O ,  G o ,  M A Z A R G U I L ,  H. ( 1 9 7 5 ) .  Etude  du mécanisme 

d é t a b l i s s e m e n t  des  l i a s o n s  g l u t a r a l d e h y d e - p r o t e i n e s . 

B i o c h i m i e ,  57,  1 2 81 -1292 .



281

MOON, HoW,, BAETZ, A . L . ,  GIANNELLA, R.A.  ( 1 9 8 3 ) .  Immuniza t ion,  o f  swine

w i t h  h e a t - s t a b l e  E s c h e r i c h i a  c o l i  e n t e r o t o x i n  c o u p le d  t o  a c a r r i e r  

p r o t e i n  does  n o t  p r o t e c t  s u c k l i n g  p i g s  a g a i n s t  a n  E s c h e r i c h i a  c o l i  

s t r q i n  t h a t  p r o d u c e s  h e a t - s t a b l e  e n t e r o t o x i n .  I n f e c t i o n  and 

Im m u n i ty , 3 9 , 9 9 0 - 9 9 2 .

MORSE, S . I o ,  RIESTER, S .K .  ( 1 9 6 7 ) .  S t u d i e s  on t h e  l e u c o c y t o s i s  and 

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

E x p e r i m e n t a l  M e d i c i n e , 1 2 5 , 4 0 1 - 4 0 8 .

MORSE, S . I . ,  BARRON, B.A.  ( 1 9 7 0 ) .  S t u d i e s  on t h e  l e u c o c y t o s i s  and

l y m p h o c y t o s i s  i n d u c e d  by B o r d e t e l l a  p e r t u s s i s . I I I .  The d i s t r i b u t i o n  

o f  t r a n s f u s e d  ly m p h o c y te s  i n  p e r t u s s i s - t r e a t e d  and normal  m i c e .  

J o u r n a l  o f  E x p e r i m e n t a l  M e d i c i n e , 132 , 6 6 3 - 6 7 2 .

MORSE, So lo  ( 1 9 7 6 ) ,  B i o l o g i c a l l y  a c t i v e  components  and p r o p e r t i e s  o f

Bordetella pertussis. Advances in Applied Microbiology, 2 0 , 9 - 2 6 .

M OR S E ,  S o l . ,  M OR S E ,  J . H .  ( 1 9 7 6 ) .  Isolation and properties of the

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

p e r t u s s i s . J o u r n a l  o f  E x p e r i m e n t a l  M e d i c i n e , 1 4 3 , 1483-1502 .

MOZES, E o ,  SELA, M . , CHEDID, L.  ( 1 9 8 0 ) .  E f f i c i e n t  g e n e t i c a l l y  c o n t r o l l e d  

f o r m a t i o n  o f  a n t i b o d y  t o  a s y n t h e t i c  a n t i g e n  p o l y ( L - T y r , L - G l u ) -  

p o l y ( D L - A l a ) - - p o l y ( L - L y s ) ]  c o v a l e n t l y  bound t o  a s y n t h e t i c  

a d j u v a n t  ( N - a c e t y l m u r a m y l - L - a l a n y l - D - i s o g l u t a m i n e ) . P r o c e e d i n g s  

o f  t h e  N a t i o n a l  Academy o f  S c i e n c e  o f  t h e  USA, 7 7 , 49 33 -4937 .

MUNOZ, J . J .  ( 1 9 6 3 ) .  C om par i son  o f  B o r d e t e l l a  p e r t u s s i s  c e l l s  and F r e u n d ' s

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

p r o p e r t i e s .  J o u r n a l  o f  Immunology, 9 0 , 132 -1 3 9 .

MUNOZ, J . J . ,  HESTEKIN, B.M. ( 1 9 6 6 ) .  A n t i g e n s  o f  B o r d e t e l l a  p e r t u s s i s ,

IV. E f f e c t  o f  h e a t ,  m e r t h i o l a t e  and f o r m a ld e h y d e  on h i s t a m i n e -  

s e n s i t i z n g  f a c t o r  and p r o t e c t i v e  a c t i v i t y  o f  s o l u b l e  e x t r a c t s  f rom



282

B o r d e t e l l a  p e r t u s s i s . J o u r n a l  o f  B a c t e r i o l o g y , 9 1 , 2175-2179* 

MUNOZ, Jo J o ,  BERGMAN, R.K.  (1968)□ H i s t a m i n e - s e n s i t i z i n g  f a c t o r s  f rom

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

B a c t e r i o l o g i c a l  R e v i e w s , 3 2 , 103 -126 ,

MUNOZ, Jo Jo  (1971)  o P r o t e i n  t o x i n s  f rom  B o r d e t e l l a  p e r t u s s i s . I n  

' M i c r o b i a l  t o x i n s ,  v o l .  I I A  - b a c t e r i a l  p r o t e i n  t o x i n s '  (Ed.

KADIS, S . ,  MONTIE, T . C . ,  AJL, S . J . )  p . 2 7 1 - 3 0 0 .  Academic P r e s s  

I n c .  ( L o n d o n ) ,  L t d .

MUNOZ,  J . J .  ( 1 9 7 6 ) ,  P e r t u s s i g e n :  a s u b s t a n c e  from B o r d e t e l l a  p e r t u s s i s

w i t h  many b i o l o g i c a l  a c t i v i t i e s .  F e d e r a t i o n  P r o c e e d i n g s , 3 5 , 813 .  

MUNOZ, J . J o ,  BERGMAN, R.K.  ( 1 9 7 7 ) .  B o r d e t e l l a  p e r t u s s i s ; I n ,  Immunology 

S e r i e s , v o l . 4 . (Ed .  ROSE, N . ) .  M a rc e l  Dekker ,  New York,  B a s e l ,  

MUNOZ, J . J . ,  ARAI, Ho, COLE, R .L .  ( 1 9 8 1 a ) .  M o u s e - p r o t e c t i n g  and

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

h a e m a g g l u t i n i n  f rom  B o r d e t e l l a  p e r t u s s i s . I n f e c t i o n  and Im m u n i ty , 

32,  2 4 3 - 2 5 0 .

MUNOZ, J . J . ,  ARAI, H . ,  BERGMAN, R .K . ,  SADOWSKI, P .L .  ( 1 9 8 1 b ) .  B i o l o g i c a l  

a c t i v i t i e s  o f  c r y s t a l l i n e  p e r t u s s i g e n  f rom  B o r d e t e l l a  p e r t u s s i s . 

I n f e c t i o n  and Im m u n i ty , 3 3 , 8 2 0 - 8 2 6 .

MUNOZ, J . J . ,  ARAI, H, ( 1 9 8 2 ) .  S t u d i e s  on c r y s t a l l i n e  p e r t u s s i g e n .

Sem ina rs  i n  I n f e c t i o u s  D i s e a s e , 2°  B a c t e r i a l  v a c c i n e s ;  i n t e r 

n a t i o n a l  symposium, 1980 (Ed.  ROBBINS, J . B . ,  HILL, J . C . ,  SADOFF, 

J . C . ) .  p . 3 9 5 - 4 0 0 .  T h i e m e - S t r a t t o n  I n c . ,  New York ,  N .Y . ,  USA. 

MUNOZ, J . J o ,  SEWELL, W.A. ( 1 9 8 4 ) .  E f f e c t  o f  p e r t u s s i g e n  on  i n f l a m m a t i o n  

c a u s e d  by F r e u n d  a d j u v a n t .  I n f e c t i o n  and Im m u n i ty , 4 4 , 6 3 7 -6 4 1 .  

MUNOZ, J . J . ,  BERNARD, C .G .A . ,  MACKAY, I . R .  ( 1 9 8 4 ) .  E l i c i t a t i o n  o f

e x p e r i m e n t a l  a l l e r g i c  e n c e p h a l o m y e l i t i s  (EAE) i n  mice w i t h  t h e  

a i d  o f  p e r t u s s i g e n .  C e l l u l a r  Immunology, 8 3 , 9 2 - 1 0 0 .



2 8 3

MUNOZ, J o J o  ( 1 9 8 5 ) .  B i o l o g i c a l  a c t i v i t i e s  o f  p e r t u s s i g e n  ( p e r t u s s i s  

t o x i n ) .  I n  ' P e r t u s s i s  T o x i n '  (Ed .  SEKURA, R . D . ,  MOSS, J . ,

VAUGHAN, Mo) p . 1 - 1 8 .  Academic P r e s s  I n c .  ( L o n d o n ) ,  L t d .

MURPHY, S.Go ( 1 9 6 7 ) .  T e t a n u s  t o x i n  and  a n t i g e n i c  d e r i v a t i v e s .  I I .

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

f o r m a t i o n .  J o u r n a l  o f  B a c t e r i o l o g y , 9 4 , 5 8 6 - 5 8 9 .

M U S E ,  K o E o ,  C O L L I E R ,  A o M . ,  B A S E MA N ,  J . B .  ( 1 9 7 7 ) .  S c a n n in g  e l e c t r o n

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

w i t h  B o r d e t e l l a  p e r t u s s i s . J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 1 3 6 , 

7 6 8 -7 7 7 .

NAKASE, Y . ,  TAKATSU, K . , TATEISHI, M . , SEKIYA, K . , KASUGA, T.  ( 1 9 6 9 ) .

H e a t - l a b i l e  t o x i n  o f  B o r d e t e l l a  p e r t u s s i s  p u r i f i e d  by p r e p a r a t i v e  

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

13, 3 5 9 - 3 6 6 .

NAKASE, Yo, DOI, M . , KASUGA, T.  ( 1 9 7 5 ) ,  H e m a g g l u t i n a t i n g  s u b s t a n c e  o f  

B o r d e t e l l a  p e r t u s s i s . J a p a n e s e  J o u r n a l  o f  M e d ic a l  S c i e n c e  and 

B i o l o g y , 2 8 , 5 7 - 5 9 .

NAKASE, Y . , ENDOH, M. ( 1 9 8 5 ) .  B o r d e t e l l a  h e a t - l a b i l e  t o x i n : ,  f u r t h e r  

p u r i f i c a t i o n ,  c h a r a c t e r i z a t i o n  and mode o f  a c t i o n ,  P r o c .

F o u r t h  I n t .  Symp. P e r t u s s i s ,  1984.  D eve lopm en ts  i n  B i o l o g i c a l  

S t a n d a r d i z a t i o n , 6 1 , 93 -102  (S .  K a r g e r ,  B a s e l ) .

NICOSIA, A . ,  PERUGINI, M . , FRANZINI, C . , CASAGLI, M .C . ,  BORRI, M .G . ,

ANTONI, Go, ALMONI, M., NERI, P . ,  RATTI, G . ,  RAPPUOLI, R. ( 1 9 8 6 ) .  

C l o n i n g  and s e q u e n c i n g  o f  t h e  p e r t u s s i s  t o x i n  g e n e s ;  o p e r o n  

s t r u c t u r e  and ge ne  d u p l i c a t i o n .  P r o c e e d i n g s  o f  t h e  N a t i o n a l  

Academy o f  S c i e n c e  o f  t h e  USA, 8 3 , 4 6 3 1 -4 6 3 5 .

NOAH, N.Do ( 1 9 7 6 ) .  A t t a c k  r a t e s  o f  n o t i f i e d  w hooping  cough  i n  immunized 

and un immunized c h i l d r e n .  B r i t i s h  M e d ic a l  J o u r n a l ,  1,  128 -1 2 9 .



2 8 4

NOGIMORI, Ko, TAMÜRA, M . , YAJIMA, M., ITO, K . , NAKAMURA, T . ,  KAJIKAWA, N . , 

MARUYAMA, Y . , UI ,  M. ( 1 9 8 4 a ) .  Dual  mechanisms  i n v o l v e d  i n  

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

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

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

A c t a , 8 0 1 , 2 3 2 - 2 4 3 . '

NOGIMORI, Ko, ITO, K . , TAMURA, M . , SATOH, S . ,  I S H I I ,  S . ,  UI ,  M. ( 1 9 8 4 b ) .  

C hem ica l  m o d i f i c a t i o n  o f  i s l e t - a c t i v a t i n g  p r o t e i n ,  p e r t u s s i s  

t o x i n .  E s s e n t i a l  r o l e  o f  f r e e  amino g ro u p s  i n  i t s  l y m p h o c y t o s i s -  

p r o m o t in g  a c t i v i t y .  B i o c h i m i c a  e t  B i o p h y s i c a  A c t a , 8 0 1 , 2 2 0 - 2 3 1 .

NORTHROP, R . S . ,  CHISARI, F .V .  ( 1 9 7 2 ) .  Response  o f  monkeys t o  i m m u n i z a t i o n  

w i t h  c h o l e r a  t o x o i d ,  t o x i n  and v a c c i n e ;  r e v e r s i o n  o f  c h o l e r a  

t o x o i d .  J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 1 2 5 , 4 7 1 - 4 7 9 .

NOVOTNY, P . ,  CHUBB, A . P . ,  COWNLEY, K . , MONTARAZ, J . A . , BEESLEY, J . E .

( 1 9 8 5 ) .  B o r d e t e l l a  a d e n y l a t e  c y c l a s e :  a genus s p e c i f i c  p r o t e c t i v e  

a n t i g e n  and v i r u l e n c e  f a c t o r .  P r o c .  F o u r t h  I n t .  Symp. P e r t u s s i s ,  

1984.  D eve lopm en ts  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 2 7 - 4 1 .

(S .  K a r g e r ,  B a s e l ) .

ODA, M o ,  COWELL, J . L . ,  BURSTYN, D .G . ,  MANCLARK, C.R.  ( 1 9 8 4 ) .  P r o t e c t i v e

a c t i v i t i e s  o f  t h e  f i l a m e n t o u s  h a e m a g g l u t i n i n  and t h e  l y m p h o c y to s i s -  

p r o m o t in g  f a c t o r  o f  B o r d e t e l l a  p e r t u s s i s  i n  m i c e .  J o u r n a l  o f  

I n f e c t i o u s  D i s e a s e s , 1 5 0 , 8 2 3 - 8 3 2 .

ODA, M., COWELL, J . L . ,  BURSTYN, D .G . ,  THAIB, S . ,  MANCLARK, C.R. ( 1 9 8 5 ) .

A n t i b o d i e s  to  B o r d e t e l l a  p e r t u s s i s  i n  human c o l o s t r u m  and t h e i r  

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

and Im m u n i ty , 4 7 , 4 4 1 - 4 4 5 .

ODDY, J . G . ,  EVANS, D.G. ( 1 9 4 0 ) .  The e f f e c t s  p ro d u c e d  by  t o x i c  and n o n 

t o x i c  e x t r a c t s  o f  H. p e r t u s s i s  and Br.  b r o n c h i s e p t i c a  on t h e



28 5

b l o o d  s u g a r  o f  r a b b i t s .  J o u r n a l  o f  P a t h o l o g y  and  B a c t e r i o l o g y ,

50,  1 1 - 1 6 .

OLSON, LoG. ( 1 9 7 5 ) .  P e r t u s s i s .  M e d ic i n e  ( B a l t i m o r e )  54 ,  4 2 7 - 4 6 9 .

ONOUE, Ko, KITAGAWA, M . , YAMAMURA, Y. ( 1 9 6 3 ) .  Chem ic a l  s t u d i e s  on

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

h i g h l y  p o t e n t  t o x i n  from B o r d e t e l l a  p e r t u s s i s . J o u r n a l  o f  

B a c t e r i o l o g y , 8 6 , 6 4 8 -6 5 5 .

OPREMAK, L . B . ,  RHEINS, M.S. ( 1 9 8 3 ) .  S c a n n in g  e l e c t r o n  m ic r o s c o p y  o f

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

w i t h  B o r d e t e l l a  p e r t u s s i s . C a n a d i a n  J o u r n a l  o f  M i c r o b i o l o g y , 2 9 , 

41 5 - 4 2 0 .

PAPPENHEIMER, A.W. ( 1 9 3 8 ) .  D i p h t h e r i a  t o x i n .  I I .  The a c t i o n  o f  k e t e n e

and f o r m a l d e h y d e .  J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 125 , 2 0 1 - 2 0 8 ,

PAPPENHEIMER, A.M.,  UCHIDA, T . ,  HARPER, A.A.  ( 1 9 7 2 ) .  An im m u n o lo g ic a l

s t u d y  o f  t h e  d i p h t h e r i a  t o x i n  m o l e c u l e .  Immunochemis t r y , _9) 8 9 1 - 9 0 6 ,

PAPPENHEIMER, A.M. ( 1 9 8 4 ) .  D i p h t h e r i a .  I n  ' B a c t e r i a l  V a c c i n e s ' ,  (Ed.  

GERMANIER, R . )  p . 1 - 3 6 .  Academic P r e s s  I n c .  ( L ondon ) ,  L t d .

PARFENTJEV, I . A . ,  GOODLINE, M.A. ( 1 9 4 8 ) .  H i s t a m i n e  s h o c k  i n  mice 

s e n s i t i z e d  w i t h  Haemophilus  p e r t u s s i s  v a c c i n e .  J o u r n a l  o f  

Pha rm aco logy  and E x p e r i m e n t a l  T h e r a p e u t i c s , 9 2 , 4 1 1 -4 1 3 .

PARKER, C. ( 1 9 7 6 ) .  Role  o f  t h e  g e n e t i c s  and p h y s i o l o g y  o f  B o r d e t e l l a  

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

p a r a s i t e  r e l a t i o n s h i p s  i n  p e r t u s s i s .  Advances i n  A p p l i e d  

M i c r o b i o l o g y , 2 0 , 2 7 - 4 2 .

PARTON, R. ( 1 9 8 6 ) .  E f f e c t  o f  a n t i - i n f l a m m a t o r y  a g e n t s  on  t h e  h a e m o r r h a g i c  

r e s p o n s e  o f  mouse s k i n  t o  B o r d e t e l l a  p e r t u s s i s  h e a t - l a b i l e  t o x i n .  

J o u r n a l  o f  M e d ic a l  M i c r o b i o l o g y , 2 1 , 2 6 5 - 2 7 0 .



2 8 6

PAVLOVSKIS, OoRo, EDMAN, D.C*,  LEPPLA, S . H . ,  WRETLIND, B . ,  LEWIS, L . R . , 

MARTIN, K .E .  ( 1 9 8 1 ) .  P r o t e c t i o n  a g a i n s t  e x p e r i m e n t a l  

Pseudomonas a e r u g i n o s a  i n f e c t i o n  i n  mice  by a c t i v e  im m u n iz a t i o n  

w i t h  e x o t o x i n  A t o x o i d s .  I n f e c t i o n  and Im m u n i ty , 3 2 , 681 -6 8 9 .

PEDEMONTE, C .H . ,  KAPLAN, I . H .  ( 1 9 8 5 ) .  C a r b o d i i m i d e s  i n h i b i t  Na,K-ATPase 

by f o r m in g  i n t r a m o l e c u l a r  c r o s s - l i n k s .  B i o p h y s i c a l  J o u r n a l , 4 7 ,

342 a o

PERERA, V .Y . ,  ROGERS, H . ,  FREER, J . H .  ( 1 9 8 5 ) .  O n e - d i m e n s i o n a l  p e p t i d e  

mapping o f  t h e  s u b u n i t s  o f  p e r t u s s i s  t o x i n .  J o u r n a l  o f  G e n e r a l  

M i c r o b i o l o g y , 1 3 1 , 1897-1901 .

PERFETTI, R . B . ,  ANDERSON, C .D . ,  HALL, P . L .  ( 1 9 7 6 ) .  The c h e m i c a l  m o d i f i 

c a t i o n  o f  p a p a i n  w i t h  l - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) c a r b o d i i m i d e ,  

B iochem is  t r y , 1 5 , 1735 -1743 .

PERKINS, F . T .  ( 1 9 6 9 ) .  V a c c i n a t i o n  a g a i n s t  whooping  c ough .  B r i t i s h  M e d ic a l  

J o u r n a l , 4_j 4 2 9 - 4 3 0 .

PERKINS, F . T . ,  SHEFFIELD, F . W . , OUTSCHOORN, A . S . ,  HEMSLEY, D.A. ( 1 9 7 3 ) .

An i n t e r n a t i o n a l  c o l l a b o r a t i v e  s t u d y  on the  m easu rem en t  o f  t h e  

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

i z a t i o n , 2 > 1 - 1 0 .

PETROV, R .V . ,  SHEMANOVA, G . F . ,  KAVERZNEVA, E . D . ,  KISSEL, V . L . ,  PANTELEEV, 

E . I . ,  DMITRIEVA, L . N . , RUDNEVA, T .B .  ( 1 9 7 7 ) .  Im m u n o g e n ic i t y  

and t h y m u s - d e p e n d e n c e  o f  p o l y m e r i z e d  C l o s t r i d i u m  p e r f r i n g e n s  

a - t o x o i d .  B y u l l e t e n  ' E k s p e r i m e n t a l ' n o i  B i o l o g i i  i  M e d i t s i n y , 8 4 , 

6 9 5 -6 9 8 .

PETROV, R . V . ,  KHAITOV, R . M . , ZHDANOV, V.M.,  SINYAKOV, M .S . ,  NORIMOV, A . S h . ,  

NEKRASOV, A .V . ,  PODCHERNYAEVA, R . Y a . , KHARITONENKOV, I . G . ,  

SHCHIPANOVA, M.V. ( 1 9 8 5 ) .  I n f l u e n z a  v i r u s  a n t i g e n s  c o n j u g a t e d  

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

V a c c i n e , 3, 3 9 2 - 4 0 0 .



287

PHO, D . B . ,  ROUSTAN, C*, DESVAGES, G . ,  PRADEL, L - A . ,  VAN THOAI, N. ( 1 9 7 4 ) .

E s s e n t i a l  c a r b o x y l  g r oups  i n  y e a s t  h e x o k i n a s e .  FEBS L e t t e r s , 45,  

114 -117 .

PILLEMER, L . , BURRELL, J . I . ,  ROSS, O.A.  ( 1 9 4 7 ) ,  S e p a r a t i o n  and immunolog ic  

e v a l u a t i o n  o f  s o l u b l e  p e r t u s s a l  a n t i g e n s .  S c i e n c e , 1 0 6 , 3 6 - 3 7 ,

PILLEMER, L o ,  BLUM, L . ,  LEPOW, I . H .  ( 1 9 5 4 ) .  P r o t e c t i v e  a n t i g e n  o f  

Haem ophilus  p e r t u s s i s . The L a n c e t , 2> 1257 -1260 .

PITTMAN, M. ( 1 9 5 1 ) .  S e n s i t i v i t y  o f  mice  t o  h i s t a m i n e  d u r i n g  r e s p i r a t o r y  

i n f e c t i o n  by Haem oph ilus  p e r t u s s i s . P r o c e e d i n g s  o f  t h e  S o c i e t y  

f o r  E x p e r i m e n t a l  B i o l o g y  and M e d i c i n e , 7 7 , 7 0 - 7 4 .

PITTMAN, M. ( 1 9 7 0 ) .  B o r d e t e l l a  p e r t u s s i s  - b a c t e r i a l  and h o s t  f a c t o r s  i n  

t h e  p a t h o g e n e s i s  and p r e v e n t i o n  o f  whoop ing c ough .  I n  

' I n f e c t i o u s  a g e n t s  and h o s t  r e a c t i o n s '  (Ed.  MUDD, S . )  p . 2 3 9 -2 7 1 .  

P h i l a d e l p h i a ;  W.B. S a u n d e r s .

PITTMAN, M. ( 1 9 7 4 ) .  Genus B o r d e t e l l a  M ore no -L ope z . I n  ' B e r g e y ' s  Manual

o f  D e t e r m i n a t i v e  B a c t e r i o l o g y * ,  8 t h  E d i t i o n .  (Ed ,  BUCHANAN, R . E . ,  

GIBBONS, N .E . )  p . 2 8 2 - 2 8 3 .  B a l t i m o r e :  W i l l i a m s  and W i l k i n s .

PITTMAN, M. ( 1 9 7 9 ) .  P e r t u s s i s  t o x i n :  t h e  c a u s e  o f  t h e  h a r m f u l  e f f e c t s  

and p r o l o n g e d  immuni ty  o f  whooping cough .  A h y p o t h e s i s .

Reviews o f  I n f e c t i o u s  D i s e a s e s , 2» 4 0 1 - 4 1 2 .

PITTMAN, Mo, FURMAN, B . L . ,  WARDLAW, A.C.  ( 1 9 8 0 ) .  B o r d e t e l l a  p e r t u s s i s  

r e s p i r a t o r y  t r a c t  i n f e c t i o n  i n  t h e  mouse;  p a t h o p h y s i o l o g i c a l  

r e s p o n s e s .  J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 1 4 2 , 5 6 -66 .

PITTMAN, M . , WARDLAW, A.C.  ( 1 9 8 1 ) .  The Genus B o r d e t e l l a . I n  'The

P r o k a r y o t e s .  A handbook  on H a b i t a t s ,  i s o l a t i o n  and i d e n t i f i c a t i o n  

o f  b a c t e r i a '  (Ed .  STARR, M .P . ,  STOLP, H . , TRÜPER, H .G . ,  BALOWS, A . ,  

SCHLEGEL, H .G . )  p . 1075 -1085 .  S p r i n g e r - V e r l a g ,  B e r l i n ,  H e i d e l b e r g ,  

New York.



288

PITTMAN, Mo ( 1 9 8 4 ) .  The c o n c e p t  o f  p e r t u s s i s  a s  a  t o x i n - m e d i a t e d  d i s e a s e .

P e d i a t r i c  I n f e c t i o u s  D i s e a s e , 2> 467- 486o  

POLLACK, M o  ( 1 9 8 2 ) o  Pseudomonas t o x i n  and  t o x o i d .  Se m ina r s  i n  I n f e c t i o u s  

D i s e a s e , 4 .  B a c t e r i a l  v a c c i n e s ;  i n t e r n a t i o n a l  symposium, 1980*  

( E d o  ROBBINS, J . B . ,  HILL, J . C * ,  SADOFF, J . C o ) .  P o 6 4 - 6 9 .  Thieme-  

S t r a t t o n  I n c . ,  New York,  N .Y . ,  USA.

POLLACK, Mo, PRESCOTT, RoK* ( 1 9 8 2 ) .  T oxo id  from e x o t o x i n  A o f

Pseudomonas a e r u g i n o s a ; p r e p a r a t i o n  and c h a r a c t e r i z i a t i o n .

J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 1 4 5 , 6 8 8 -6 9 8 .

POLLOCK, T.Mo ( 1 9 7 7 ) o Whooping cough v a c c i n a t i o n ;  s e c o n d  s t a t e m e n t .

The L a n c e t , i i , 50.

P OL L O C K ,  T . M o ,  M I L L E R ,  E * , MORTIMER,  J . Y . ,  S M I T H ,  G. ( 1 9 8 5 ) .  P o s t 

v a c c i n a t i o n  symptoms f o l l o w i n g  DTP and DT v a c c i n a t i o n ,  P r o c .  

F o u r t h  I n t .  Symp. P e r t u s s i s ,  1984* Deve lopments  i n  B i o l o g i c a l  

S t a n d a r d i z a t i o n , 6 1 , 4 0 7 - 4 1 0 .  (S .  K a r g e r ,  B a s e l ) .

PONGOR, S . ,  BROWNLEE, M . , CERAMI, A. ( 1 9 8 5 ) .  C a r b o d i i m i d e - m e d i a t e d  0-  

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

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

Biophys i c s , 2 3 8 , 4 5 8 - 4 6 3 .

PRASHKER, D o ,  WARDLAW, A.C.  ( 1 9 7 1 ) .  T e m p e r a tu r e  r e s p o n s e s  o f  m ice  t o  

Es c h e r i c h i a  c o l i  e n d o t o x i n .  B r i t i s h  J o u r n a l  o f  E x p e r i m e n t a l  

P a t h o l o g y , 5 2 , 3 6 - 4 6 ,

PRESTON, N.Wo ( 1 9 6 3 ) .  T y p e - s p e c i f i c  immunity  a g a i n s t  whooping  c o u g h .

British Medical Journal, ii, 7 2 4 - 7 2 6 .

PRESTON, NoW. ( 1 9 6 5 ) .  E f f e c t i v e n e s s  o f  p e r t u s s i s  v a c c i n e s ,  B r i t i s h  

M e d ic a l  J o u r n a l , 2? 1 1 - 1 3 .

P R E S T O N ,  N . W o ,  G A R R I T Y ,  P .  ( 1 9 6 7 ) .  H i s t a m i n e - s e n s i t i z i n g  f a c t o r  o f

B o r d e t e l l a  p e r t u s s i s  d i f f e r e n t i a t e d  from immunogens by  n e u t r a l -



289

i z a t i o n  and p a s s i v e  p r o t e c t i o n  t e s t s o  J o u r n a l  o f  P a t h o l o g y  and 

B a c t e r i o l o g y , 9 3 , 4 8 3 - 4 9 2 .

PRESTON, NoW., SURAPATANA, N . , CARTER, E . J .  ( 1 9 8 2 ) .  A r e a p p r a i s a l  o f

s e r o t y p e  f a c t o r s  4 ,  5 and 6 o f  B o r d e t e l l a  p e r t u s s i s . J o u r n a l  o f  

Hyg iene  ( C a m b r i d g e ) ,  3 9 -4 6 ,

RAPPAPORT, RoSo, BONDE, G . ,  MeCANN, T . ,  RUBIN, B .A . ,  TINT, H, ( 1 9 7 4 ) .

Deve lopment  o f  a p u r i f i e d  c h o l e r a  t o x o i d .  I I .  P r e p a r a t i o n  o f  a 

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

g l u t a r a l d e h y d e .  I n f e c t i o n  and Im m un i ty , _9? 3 0 4 -3 1 7 .

RAYNAUD, M . , BLASS, J .  , TURPIN, A. ( 1 9 5 7 ) .  Immunologie  - M ^ a n i s m e  de 

l a  d e t o x i f i c a t i o n  des  t o x i n e s  p a r  l e  f o r m o l .  E tude  de deux

X % X %
nouveaux  d e r i v e s  a t o x i q u e s  a n t i g e n i q u e s : 2 , 4  d i n i t r o f l u o r o b e n z e n e  

t o x o i d e  e t  f 3 - p r o p r i o l a c t o n e  t o x o i d e .  Compte Rendu Hebdomadai re s  

S e a n c e s ,  Académie S c i e n c e s , 2 4 5 , 8 6 2 - 8 6 3 .

RAYNAUD, Mo, BIZZINI,  B . ,  TURPIN, A. ( 1 9 7 1 ) .  H e t é r o g ^ ^ i t é ^  de l ' a n a t o x i n e  

t é t a n i q u e .  A nna le s  de l ' I n s t i t u t  P a s t e u r , 1 2 0 , 8 0 1 - 8 1 5 .

REGAN, J . C o ,  TOLSTOOUHOV, A. ( 1 9 3 6 ) .  R e l a t i o n s  o f  a c i d  b a s e  e q u i l i b r i u m  

t o  t h e  p a t h o g e n e s i s  and t r e a t m e n t  o f  whooping  c ough .  New York- 

S t a t e  J o u r n a l  o f  M e d i c i n e , 3 6 , 1075-1087 ,

REICHERT, C.M.,  CARELLI, C . ,  JOLIVET, M . , AUDIBERT, P . ,  LEFRANCIER, P . ,  

CHEDID, L.  ( 1 9 8 0 ) .  S y n t h e s i s  o f  c o n j u g a t e s  c o n t a i n i n g  N - a c e t y l -  

m u r a m y l - L - a l a n y l - D - i s o g l u t a m i n y l  (MDP). T h e i r  u s e  as  h a p t e n -  

c a r r i e r  s y s t e m s .  M o l e c u l a r  Immunology, 1 7 , 3 5 7 -3 6 3 ,

REINSCH, J . W . , DUNLAP, R.B .  ( 1 9 8 0 ) .  C a r b o d i i m i d e - d e p e n d e n t  i n a c t i v a t i o n  

o f  d i h y d r o f o l a t e  r e d u c t a s e .  B i o c h e m i c a l  and B i o p h y s i c a l  R e s e a r c h  

C o m m u n ic a t i o n s , 9 5 , 7 8 5 -7 9 1 ,

RELYVELD, E .H . ,  BEN-EFRAIM, S, ( 1 9 8 3 ) .  The p r e p a r a t i o n  o f  v a c c i n e s  by t h e  

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



2 9 0

and c e l l s  0 Methods i n  Enzymology, 9 3 , 2 4 - 6 0 ,  Academic P r e s s ,  Inc ,  

REPORT* MEDICAL RESEARCH COUNCIL* (1951)*  The p r e v e n t i o n  o f  whooping  

cough by v a c c i n a t i o n *  B r i t i s h  M e d ic a l  J o u r n a l , , 1463-1471* 

REPORT* MEDICAL RESEARCH COUNCIL* ( 1 9 5 6 ) ,  V a c c i n a t i o n  a g a i n s t  whooping 

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

l a b o r a t o r y  t e s t s *  B r i t i s h  M e d ic a l  J o u r n a l , _2, 454-462*

REPORT* MEDICAL RESEARCH COUNCIL* ( 1 9 5 9 ) .  V a c c i n a t i o n  a g a i n s t  whooping  

cough:  t h e  f i n a l  r e p o r t  t o  t h e  Whooping Cough I m m u n iz a t i o n  

Commit tee  o f  t h e  M e d ic a l  R e s e a r c h  C ounc i l*  B r i t i s h  M e d ic a l  

J o u r n a l , 944-1000*

REPORT* FROM THE SWANSEA RESEARCH UNIT OF THE ROYAL COLLEGE OF GENERAL 

PRACTITIONERS* (1981)*  E f f e c t  o f  a low p e r t u s s i s  v a c c i n a t i o n  

u p t a k e  on a l a r g e  community* B r i t i s h  M e d ic a l  J o u r n a l , 2 8 2 , 23-25* 

REPORT* FROM THE PHLS EPIDEMIOLOGICAL RESEARCH LABORATORY AND 21 AREA 

HEALTH AUTHORITIES* (1982)*  Review: e f f i c a c y  o f  p e r t u s s i s  

v a c c i n a t i o n  i n  England* B r i t i s h  M e d ic a l  J o u r n a l , 2 8 5 , 357-359* 

RICH, D*Ho, SINGH, J* (1979)* The c a r b o d i i m i d e  method* I n  'The

P e p t i d e s ,  vo l*  _!** p . 2 4 1 - 2 6 1 .  Academic P r e s s  Inc* (London) ,  Ltd* 

RICHARDS, FoMo, KNOWLES, J*R* (1968)*  G l u t a r a l d e h y d e  as  a p r o t e i n  c r o s s -  

l i n k i n g  r e a g e n t *  J o u r n a l  o f  M o l e c u l a r  B i o l o g y , 3 7 , 231-233*

RIEHM, J * P , ,  SCHERAGA, H*A* (1966)*  S t r u c t u r a l  s t u d i e s  o f  r i b o n u c l e a s e *  

XXI* The r e a c t i o n  b e tw e e n  r i b o n u c l e a s e  and a  w a t e r - s o l u b l e  

c a r b o d i i m i d e *  B i o c h e m i s t r y , 99-115*

RITTENBERG, M*B*, PINNEY, C*T*, IGLEWSKI, B*H* ( 1 9 7 6 ) .  A n t i g e n i c

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

a n t i t o x o i d *  I n f e c t i o n  and Im m u n i ty , 1 4 , 122-128*

ROBINSON, J*Po ,  PICKLESIMER, J*B*,  PUETT, D* (1975)*  T e t a n u s  t o x i n :

t h e  e f f e c t  o f  c h e m i c a l  m o d i f i c a t i o n s  on t o x i c i t y ,  i r rununogenic i ty



291

and c o n f o r m a t i o n *  J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 5 0 , 7435-7442* 

ROBINSON, Ao, HAWKINS, D*C.,  IRONS, L . I *  ( 1 9 8 1 ) ,  The p r e p a r a t i o n  o f  

d i s t i n c t  p r o t e c t i v e  a n t i g e n s  from B o r d e t e l l a  p e r t u s s i s . FEMS 

M i c r o b i o l o g y  L e t t e r s , 1 0 , 241-244*

ROBINSON, A*, IRONS, L*I* (1983)*  S y n e r g i s t i c  e f f e c t  o f  B o r d e t e l l a

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

o f  i s o l a t e d  B o r d e t e l l a  a n t i g e n s  i n  mice* I n f e c t i o n  and Im m un i ty , 

f |£ ,  5 2 3 -5 2 8 .

ROBINSON, Ao, IRONS, L * I * ,  ASHWORTH, LoAoE* (1985a)*  P e r t u s s i s  v a c c i n e :  

p r e s e n t  s t a t u s  and f u t u r e  p r o s p e c t s .  V a c c i n e , _3, 11-22*

ROBINSON, Ao, ASHWORTH, L o A o E * ,  BASKERVILLE, A*, IRONS,  L o i ,  (1985b)*

P r o t e c t i o n  a g a i n s t  i n t r a n a s a l  i n f e c t i o n  o f  m ice  w i t h  B o r d e t e l l a  

p e r t u s s i s  * P r o c ,  F o u r t h  In t*  Symp* P e r t u s s i s ,  1984,  Deve lopments  

i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 165-172 (S* K a r g e r ,  B a s e l ) *  

ROÜFOGALIS, BoDo, WICKSON, V*M* (1973)*  A c e t y l c h o l i n e s t e r a s e *  S p e c i f i c

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

J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 4 8 , 2254-2256*

ROWATT, Eo ( 1 9 5 7 ) o The g ro w th  o f  B o r d e t e l l a  p e r t u s s i s : a rev iew*

J o u r n a l  o f  G e n e r a l  M i c r o b i o l o g y , 1 7 , 297-326*

RUUSKANEN, 0 * ,  VILJANEN, M*K*, SALMI, T*T*, LEHTONEN, 0 - P * ,  KOUVALAINEN,

K*, PELTONEN, T* (1980)*  DTP and D T P - i n a c t i v a t e d  p o l i o  v a c c i n e s :  

c o m p a r i s o n  o f  a d v e r s e  r e a c t i o n s  and IgG, IgM and IgA a n t i b o d y  

r e s p o n s e s  t o  DTP. Acta  P a e d i a t r i c a  S c a n d i n a v i a n , 6 9 , 177-182* 

SALETTI, Mo, RICCI,  A* (1974)*  E x p e r im e n t s  w i t h  c h o l e r a  t o x i n  d e t o x i f i e d  

w i t h  g l u t a r a l d e h y d e *  B u l l e t i n  o f  t h e  World H e a l t h  O r g a n i z a t i o n , 

2 1 ,  633-639*

SATO, Yo, ARAI, H* (1972)*  L e u c o c y t o s i s - p r o m o t i n g  f a c t o r  o f  B o r d e t e l l a  

p e r t u s s i s * I* P u r i f i c a t i o n  and c h a r a c t e r i z a t i o n *  I n f e c t i o n  and 

Immunitv,  _6> 899-904*



292

SATO, Y*, ARAI, H*, SUZUKI, K. ( 1 9 7 4 ) .  L e u c o c y t o s i s - p r o m o t i n g  f a c t o r  o f  

B o r d e t e l l a  p e r t u s s i s * I I I *  I t s  i d e n t i t y  w i t h  p r o t e c t i v e  a n t i g e n *  

I n f e c t i o n  and Im m u n i ty , _9> 801-810*

SATO, Y . ,  IZUMIYA, K*, ODA, M*A*, SATO, H„ ( 1 9 7 9 ) .  B i o l o g i c a l

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

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

and a n t i b a c t e r i a l  im m uni ty .  I n  ' I n t e r n a t i o n a l  Symposium on 

P e r t u s s i s '  (Ed* MANGLARK, C*R*, HILL, J*C*) p . 5 1 - 5 7 .  US DHEW 

P u b l i c a t i o n  no* (NIH) 7 9 -1 8 3 0 ,  W a sh in g to n ,  D*C*

SATO, Y o ,  IZUMIYA, K * , SATO, H * ,  COWELL, J * L * ,  MANCLARK, C*R* ( 1 9 8 1 ) .

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

and to  f i l a m e n t o u s  h a e m a g g l u t i n i n  i n  immunity  t o  p e r t u s s i s *

I n f e c t i o n  and Im m u n i ty , 3 1 , 1223-1231*

SATO, Y o ,  SATO, H * ,  IZUMIYA, K * , COWELL, J * L * ,  MANCLARK, C*R* ( 1 9 8 2 ) *

Role  o f  a n t i b o d y  t o  f i l a m e n t o u s  h a e m a g g l u t i n i n  and to  l e u c o c y t o s i s -  

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

Sem ina rs  i n  I n f e c t i o u s  D i s e a s e , 4_=> B a c t e r i a l  v a c c i n e s :  i n t e r n a t i o n a l

symposium, 1980* (Ed* ROBBINS, J . B * ,  HILL, J*C*,  SADOFF, J*C*)* 

p * 380 -3 8 5 .  T h i e m e - S t r a t t o n ,  I n c * ,  New York,  N*Y*, USA*

SATO, Yo, COWELL, J*L* ,  SATO, H*, BURSTYN, D*G*, MANCLARK, C*R* ( 1 9 8 3 a ) .  

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

B o r d e t e l l a  p e r t u s s i s . I n f e c t i o n  and Im m un i ty , 4 1 , 313-320*

SATO, H*, SATO, Y*, ITO, A* (1983b)*  A f f i n i t y  o f  p e r t u s s i s  t o x i n  

p ro d u c e d  by B o r d e t e l l a  p e r t u s s i s  f o r  human h a p t o g l o b i n :  

a p p l i c a t i o n  to  t h e  v i t r o  a s s a y  o f  t h e  t o x in *  J o u r n a l  o f  

M i c r o b i o l o g i c a l  M e th o d s , 2? 99-109*



2 9 3

SATO, Ho, SATO, Y* ( 1 9 8 4 ) o B o r d e t e l l a  p e r t u s s i s  i n f e c t i o n  i n  m ic e ;  

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

p e r t u s s i s  t o x i n ,  and f i l a m e n t o u s  h e m a g g l u t i n i n  w i t h  mouse 

p r o t e c t i v i t y  i n  an  i n t r a c e r e b r a l  o r  a e r o s o l  c h a l l e n g e  sys tem*

I n f e c t i o n  and Im m u n i ty , 4 6 , 4 1 5 - 4 2 1 ,

SATO, Y . , KIMURA, M*, FUKUMI, H* (1984)* Deve lopment  o f  a  p e r t u s s i s  

component  v a c c i n e  i n  J a p a n ,  The L a n c e t , 122-126*

SAUER, L * (1933)* Whooping c o ugh :  a  s t u d y  i n  im m un iz a t ion*  J o u r n a l  o f

t h e  A m erican  M e d ic a l  A s s o c i a t i o n , 100 , 239-241*

SAUER, Lo (1937)* M u n i c i p a l  c o n t r o l  o f  whooping  c ough .  J o u r n a l  o f  t h e  

A m erican  M e d ic a l  A s s o c i a t i o n , 1 0 9 , 4 8 7 -4 8 8 ,

SCHEIBEL, l o ,  CHRISTENSEN, P*E.  (1965)*  I r r e v e r s i b l e  d e t o x i f i c a t i o n  o f  

p u r i f i e d  d i p h t h e r i a  t o x i n *  A c ta  P a t h o l o g i c a  M i c r o b i o l o g i e s  

S c a n d i n a v i a n , 6 5 , 117-128*

SCHWICK, HoG,,  HELTING, T*B*, ZWISTER, 0* (1980)* B a c t e r i a l  s p l i t  

v a c c i n e s *  I n  ' New d e v e lo p m e n t s  w i t h  human and v e t e r i n a r y  

v a c c i n e s ' ;  P r o g r e s s  i n  C l i n i c a l  B i o l o g i c a l  R e s e a r c h , 4 7 , 143-155 

(Ed.  MIZRAHI, A*, HERTMAN, I * ,  KLINBERG, M*A*, KOHN, A*)*

A lan  R* L i s s ,  I n c * ,  New York*

SEID, RoCo, SADOFF, J*C* (1981)*  P r e p a r a t i o n  and c h a r a c t e r i z a t i o n  o f  

d e t o x i f i e d  l i p o p o l y s a c c h a r i d e - p r o t e i n  c o n j u g a t e s *  J o u r n a l  o f  

B i o l o g i c a l  C h e m i s t r y , 2 5 6 , 7305-7310*

SEKIYA, K*, MUNOZ, J * J * ,  NAKASE, Y* (1982)*  E f f e c t  o f  d e r m o n e c r o t i c

t o x i n  o f  B o r d e t e l l a  p e r t u s s i s  on t h e  s p l e e n  o f  CFW and C57BL/10 

ScN m i c e .  M i c r o b i o l o g y  and Immunology, 2 6 , 971-977*

SEKURA, R*D,, FISH, F , ,  MANCLARK, C*R*, MEADE, B*, ZHANG, Y-L* ( 1 9 8 3 ) .

P e r t u s s i s  t o x i n :  a f f i n i t y  p u r i f i c a t i o n  o f  a  new A D P - r i b o s y l t r a n s f e r a s e ,  

J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 5 8 , 1 4 , 6 4 7 - 1 4 , 6 5 1 .



2 9 4

SEWELL, WoAo, MUNOZ, J . J * ,  VADAS, M.A* ( 1 9 8 3 ) ,  Enhancement  o f  t h e

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

h y p e r s e n s i t i v i t y  l e s i o n s  by p e r t u s s i g e n  i n  mice* J o u r n a l  o f  

E x p e r i m e n t a l  M e d i c i n e , 1 5 7 , 208 7 -2 0 9 6 .

SHEEHAN, J . C o ,  HESS, G.Po ( 1 9 5 5 ) .  A new method o f  f o rm in g  p e p t i d e  b a n d s .  

J o u r n a l  o f  t h e  A m er ican  C hem ica l  S o c i e t y , 7 7 , 1067-1068 .

SHIROUZU, M o ,  KIMURA, H . , YAMAMOTO, T . ,  OCHI, J .  ( 1 9 8 3 ) .  P r o d u c t i o n  o f  

new t y p e  a n t i s e r a  t o  t h y r o t r o p i n  r e l e a s i n g  hormone (TRH) u s i n g  

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

Acta  H i s to c h e m .  Cytochem. , 1 6 , 642 .

SPANGRUDE, G . J . ,  BRAATEN, B .A . ,  DAYNES, R.A.  ( 1 9 8 4 ) .  M o l e c u l a r

mechanisms o f  l ym phocy te  e x t r a v a s a t i o n .  I .  S t u d i e s  o f  two 

s e l e c t i v e  i n h i b i t i o n s  o f  lym phocy te  r e c i r c u l a t i o n .  J o u r n a l  o f  

Immunology, 1 3 2 , 3 5 4 - 3 6 2 .

STAINER, DoWo ( 1 9 6 8 ) .  P r e p a r a t i o n  and p r o p e r t i e s  o f  d i p h t h e r i a  t o x o i d s  

i n  submerged c u l t u r e ,  I I .  P u r i f i c a t i o n ,  d e t o x i f i c a t i o n ,  a n t i g e n 

i c i t y ,  and s t a b i l i t y .  C a n a d i a n  J o u r n a l  o f  M i c r o b i o l o g y , 1 4 ,  327-330 ,

STAINER, DoW., SCHOLTE, M . J .  ( 1 9 7 1 ) .  A s i m p l e  c h e m i c a l l y  d e f i n e d  medium 

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

G e n e r a l  M i c r o b i o l o g y , 6 3 , 2 1 1 - 2 2 0 .

STANDFAST, A .F .B .  ( 1 9 5 8 ) .  The c o m p a r i s o n  b e tw e en  f i e l d  t r i a l s  and 

mouse p r o t e c t i o n  t e s t s  a g a i n s t  i n t r a n a s a l  and i n t r a c e r e b r a l  

c h a l l e n g e s  w i t h  B o r d e t e l l a  p e r t u s s i s . Immunology, 2_; 135-143 .

STEINER, AoL.,  KIPNIS,  D.M.,  UTIGER, R . , PARKER, C. ( 1 9 6 9 ) .  R a d i o 

immunoassay f o r  t h e  m ea su rem e n t  o f  a d e n o s i n e  3 ' , 5 ' - c y c l i c  p h o s p h a te ,  

P r o c e e d i n g s  o f  t h e  N a t i o n a l  Academy o f  S c i e n c e  o f  t h e  USA, 6 4 , 

3 67-373 .



29 5

STEINMAN, Lo, WEISS, A . ,  ADELMAN, N . , LIM, M*, ZUNIGA, R . , OEHLERT, J . ,  

HEWLETT, Eo, FALKOW, S .  ( 1985 )„  P e r t u s s i s  t o x i n  i s  r e q u i r e d  f o r  

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

Academy o f  S c i e n c e  o f  t h e  USA, 8 2 , 8 7 33 -8736 .

STEWi\RT, G.To  ( 1 9 7 7 ) .  V a c c i n a t i o n  a g a i n s t  whoop ing c o u g h .  E f f i c a c y  

v e r s u s  r i s k s .  L a n c e t , _i? 2 3 4 - 2 3 7 .

STEWART, G.T, ( 1 9 7 9 ) .  T o x i c i t y  o f  p e r t u s s i s  v a c c i n e :  f r e q u e n c y  and

p r o b a b i l i t y  o f  r e a c t i o n s .  J o u r n a l  o f  E p i d e m i o lo g y  and Community 

H e a l t h , 33,  1 5 0 -1 5 6 .

STEWART-TULL, D .E .S .  ( 1 9 8 5 ) .  I m m u n o p o t e n t i a t i n g  c o n j u g a t e s .  V a c c i n e , y ,  

4 0 - 4 4 .

STROm , j . ( 1 9 6 0 ) .  I s  u n i v e r s a l  v a c c i n a t i o n  a g a i n s t  p e r t u s s i s  a lw ays  

j u s t i f i e d ?  B r i t i s h  M e d ic a l  J o u r n a l , 1 1 8 4 -1186 .

SUGIMOTO, M . , NAKANISHI, Y . , OTOKAWA, M . , UCHIDA, N . , YASUDA, T . ,  SATO, H . , 

SATO, Yo ( 1 9 8 3 ) .  E f f e c t  o f  B o r d e t e l l a  p e r t u s s i s  l e u c o c y t o s i s  

( l y m p h o c y t o s i s ) - p r o m o t i n g  f a c t o r  (LPF) on t h e  p h y s i c a l  lympho- 

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

model  o f  mouse thymus .  J o u r n a l  o f  Immunology, 1 3 0 , 2767 -2774 .

SULTZER, B.M.,  CRAIG, J . P . ,  CASTAGNA, R. ( 1 9 8 5 ) .  The a d j u v a n t  e f f e c t  o f  

p e r t u s s i s  e n d o t o x i n  i n  m o d u l a t i n g  th e  imniune r e s p o n s e  t o  c h o l e r a  

t o x o i d  i n  m i c e .  P r o c .  F o u r t h  I n t .  Symp. P e r t u s s i s ,  1984.  

Deve lopments  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 2 2 5 - 2 3 2 .  (S .  K a r g e r ,  

B a s e l ) o

SUZUKI, I . ,  KUMAZAWA, Y . , MIYAZAKI, T . ,  MIZUNOE, K. ( 1 9 7 8 ) .  M o d u l a t i o n  

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

c e l l  c u l t u r e s  by a T - c e l l  m i t o g e n  e x t r a c t e d  f rom  B o r d e t e l l a  

p e r t u s s i s . M i c r o b i o l o g y  and Immunology, 2 2 , 4 7 - 5 1 .



296

SUZUKI, Y . ,  IMAIZUMI, A . ,  GINNAGA, A . ,  SATO, H . ,  SATO, Y. ( 1 9 8 5 ) .

E f f e c t  o f  h e p t a k i s  (2 , 6 - 0 - d l m e t h y l ) ( 3 - c y c I o d e x t r I n  on c e l l  

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

h a e m a g g l u t i n i n  i n  B o r d e t e l l a  p e r t u s s i s . P r o c .  F o u r t h  I n t .  Symp. 

P e r t u s s i s ,  1984.  Deve lopmen ts  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 

8 9 - 9 2 .  ( S .  K a r g e r ,  B a s e l ) .

TAKATA, Y . , GOMI, T . ,  FUJIOKA, M. ( 1 9 8 5 ) .  Chem ica l  m o d i f i c a t i o n  o f  S- 

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

A r c h i v e s  o f  B i o c h e m i s t r y  and B i o p h y s i c s , 2 4 0 , 8 2 7 - 8 3 5 .

TAMURA, M.,  NOGIMORI, K . ,  MURAI, S . ,  YAJIMA, M . , ITO, K . , KATADA, T . ,

UI,  Mo, I S H I I ,  S .  ( 1 9 8 2 ) .  S u b u n i t  s t r u c t u r e  o f  i s l e t - a c t i v a t i n g  

p r o t e i n ,  p e r t u s s i s  t o x i n ,  i n  c o n f o r m i t y  w i t h  t h e  A-B m odel ,

B i o c h e m i s t r y , 2 1 , 5516 -5522 .

TAMURA, M.,  NOGIMORI, K . , YAJIMA, M . , ASE, K . , UI ,  M. ( 1 9 8 3 ) .  A r o l e  o f  

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

t o x i n ,  i n  d e v e lo p m e n t  o f  t h e  b i o l o g i c a l  e f f e c t s  on i n t a c t  c e l l s .  

J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 5 8 , 6 7 5 6 -6761 .

TERPSTRA, G .K . ,  RAAIJMAKERS, J . A . M . ,  KREUKNIET, J .  ( 1 9 7 9 ) .  Com pari son  o f  

v a c c i n a t i o n  o f  m ice  and r a t s  w i t h  Haemophi lus  i n f l u e n z a e  and 

Bo r d e t e l l a  p e r t u s s i s  a s  models  o f  a t o p y .  C l i n i c a l  and E x p e r i m e n t a l  

P ha rm a c o logy  and P h y s i o l o g y , _6? 139 -149 .

TERRA, W.R. ,  TERRA, I . C . M . ,  FERREIRA, C . , DE BIANCHI, A.G.  ( 1 9 7 9 ) .

C a r b o d i i m i d e - r e a c t i v e  c a r b o x y l  g roups  a t  t h e  a c t i v e  s i t e  o f  a n  

i n s e c t  m id g u t  t r e h a l a s e .  B i o c h im ic a  e t  B i o p h y s i c a  A c t a , 5 7 1 , 7 9 - 8 5 .

TIMKOVICH, R, ( 1 9 7 7 ) .  D e t e c t i o n  o f  t h e  s t a b l e  a d d i t i o n  o f  c a r b o d i i m i d e  

t o  p r o t e i n s .  A n a l y t i c a l  B i o c h e m i s t r y , 7 9 , 1 35 -143 .



297

TOMIMATSU, Yo, JANSEN, E . F . ,  GAFFIELD, W . , OLSON, A.C.  ( 1 9 7 1 ) .  P h y s i c a l  

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

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

C o l l o i d  and I n t e r f a c e  S c i e n c e , 3 6 , 5 1 - 6 4 .

TUOMANEN, E . I . ,  HENDLEY, J . O .  ( 1 9 8 3 ) .  Adherence  o f  B o r d e t e l l a  p e r t u s s i s  

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

D i s e a s e s , 1 4 8 , 125 -130 .

TUOMANEN, E . I . ,  NEDELMAN, J . , HENDLEY, J . O . ,  HEWLETT, E .L .  ( 1 9 8 3 ) .

S p e c i e s  s p e c i f i c i t y  o f  B o r d e t e l l a  a d h e r e n c e  t o  human and a n im a l  

c i l i a t e d  r e s p i r a t o r y  e p i t h e l i a l  c e l l s .  I n f e c t i o n  and Im m uni ty ,

42 ,  6 9 2 - 6 9 5 .

TUOMANEN, E . , WEISS, A . ,  RICH, R . , ZAK, F . ,  ZAK, 0 .  ( 1 9 8 5 ) .  F i l a m e n t o u s  

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

B o r d e t e l l a  p e r t u s s i s  t o  c i l i a .  P r o c ,  F o u r t h  I n t .  Symp. P e r t u s s i s ,  

1984.  Deve lopments  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 197-204 ,

(S. Karger, Basel).

TUTA, J . A .  ( 1 9 3 7 ) .  A s t u d y  o f  t h e  l y m p h o c y t o s i s  f o l l o w i n g  i n t r a v e n o u s

injections into rabbits of suspensions and extracts of Haemophilus 

pertussis. Folia Haematologica, Lpz . ,  5 7 , 122 -135 .

UI,  Mo, KATADA, T.  ( 1 9 7 8 ) ,  A n o v e l  a c t i o n  o f  t h e  ' i s l e t - a c t i v a t i n g  

p r o t e i n  ( l A P ) ' t o  m o d i fy  a d r e n e r g i c  r e g u l a t i o n  o f  i n s u l i n  

s e c r e t i o n .  I n  ' I n t e r n a t i o n a l  C o ng re s s  S e r i e s  No. 468.  PROINSULIN, 

INSULIN, C-PEPTIDE. P r o c e e d i n g s  o f  t h e  Symposium on p r o i n s u l i n ,  

i n s u l i n  and C - p e p t i d e ,  Tokush ima,  1 9 7 8 ' .  (Ed .  BABA, S . ,  KANEKO,

To,  YANAIHARA, N . ) p .  1 24 -131 .  E x c e r p t a  M ed ica ,  Amste rdam-Oxford ,

UI ,  M . , KATADA, T . ,  YAJIMA, M. ( 1 9 7 9 ) .  I s l e t - a c t i v a t i n g  p r o t e i n  i n

B o r d e t e l l a  p e r t u s s i s : p u r i f i c a t i o n  and mechanism o f  a c t i o n .  I n  

' I n t e r n a t i o n a l  Symposium on P e r t u s s i s ' ,  (Ed.  MANCLARK, C . R . ,



29 8

HILL, J . C o )  p . 1 6 6 - 1 7 3 .  US DHEW P u b l i c a t i o n  n o .  (NIH) 7 9 -1 8 3 0 ,  

W a sh in g to n ,  D.C.

UI ,  Mo,  NOGIMORI, K o ,  TAMURA, M. ( 1 9 8 5 ) .  I s l e t - a c t i v a t i n g  p r o t e i n ,

p e r t u s s i s  t o x i n :  s u b u n i t  s t r u c t u r e  and mechan ism  f o r  i t s  m u l t i p l e  

b i o l o g i c a l  a c t i o n s .  I n  ' P e r t u s s i s  T o x i n '  (Ed.  SEKURA, R .D . ,

MOSS, J o ,  VAUGHAN, M.) p . 1 9 - 4 3 .  Academic P r e s s  I n c .  (London) ,  L t d .

URISU, A o, COWELL, J . L . ,  MANCLARK, C. R.  ( 1 9 8 5 ) .  I n v o lv e m e n t  o f

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

t o  human WIDR c e l l  c u l t u r e s .  P r o c .  F o u r t h  I n t .  Symp. P e r t u s s i s ,  

1984.  Deve lopm en ts  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 2 0 5 -2 1 4 .

(So K a r g e r ,  B a s e l ) .

VAN HEYNINGEN, S .  ( 1 9 8 2 ) .  B a c t e r i a l  t o x i n s  and c y c l i c  AMP, N a c u r e , 2 9 9 , 

782,

VAN VUNAKIS, H . , FARROW, J . T . ,  GJIKA, H . B . ,  LEVINE, L.  ( 1 9 7 1 ) .  S p e c i f i c i t y  

o f  t h e  a n t i b o d y  r e c e p t o r  s i t e  t o  D - l y s e r g a m i d e ; model  o f  a 

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

Proceedings of the National Academy of Science of the USA, 68, 

1483 -1487 .

VAN VUNAKIS, H . , WASSERMAN, E . , LEVINE, L .  ( 1 9 7 2 ) .  S p e c i f i c i t i e s  o f

antibodies to morphine. Journal of Pharmacology and Experimental 

Therapeutics, 1 8 0 , 514 -5 2 1 .

VILJANEN, M.Ko, RUUSKANEN, 0 . ,  GRANBERG, C . ,  SALMI, T . T .  ( 1 9 8 2 ) .

S e r o l o g i c a l  d i a g n o s i s  o f  p e r t u s s i s :  IgM, IgA and IgG a n t i b o d i e s  

a g a i n s t  B o r d e t e l l a  p e r t u s s i s  m ea s u red  by e n z y m e - l i n k e d  immuno

s o r b e n t  a s s a y  (ELISA).  S c a n d i n a v i a n  J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 

U ,  1 17 -122 .

WADSWORTH, A . ,  QUIGLEY, J . J . ,  SICKLES, G.R.  ( 1 9 3 7 ) .  P r e p a r a t i o n  o f

d i p h t h e r i a  t o x o i d .  The a c t i o n  o f  f o r m a l d e h y d e :  p r e c i p i t a t i o n  by 

c a l c i u m .  J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s ,  61,  2 3 7 - 2 5 0 ,



299

WALKER, HoLo, MCLEOD, C . G . ,  LEPPLA, S . H . ,  MASON, A.D. ( 1 9 7 9 ) .  E v a l u a t i o n  

o f  Pseudomonas a e r u g i n o s a  t o x i n  A i n  e x p e r i m e n t a l  r a t  b u r n  wound 

s e p s i s .  I n f e c t i o n  and Im m u n i ty , 2 5 , 8 2 8 - 8 3 0 .

WALKER, E . , PINKERTON, I . W . ,  LOVE, W .C. ,  CHAUDHURI, A .K .R , ,  DATTA, J . B .  

( 1 9 8 1 ) .  Whooping cough i n  Glasgow, 1969-1980 .  J o u r n a l  o f  

I n f e c t i o n , 2? 1 5 0 - 1 5 8 .

WARDLAW, A.Co,  BOORMAN, L . , REID, R. ( 1 9 7 1 ) .  Assay  o f  e n d o t o x i n  by t h e  

h y p o t h e r m i c  r e s p o n s e  o f  m i c e .  B r i t i s h  J o u r n a l  o f  E x p e r i m e n t a l  

P a t h o l o g y , 5 2 , 1 9 8 -2 0 8 .

WARDLAW, A .C . ,  PARTON, R . , HOOKER, M . J .  ( 1 9 7 6 ) .  Loss o f  p r o t e c t i v e

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

i n  c u l t u r a l  v a r i a n t s  o f  B o r d e t e l l a  p e r t u s s i s . J o u r n a l  o f  M e d ic a l  

M i c r o b i o l o g y , 9_j 8 9 - 1 0 0 .

WARDLAW, A .C . ,  PARTON, R . , BERGMAN, R . K . ,  MUNOZ, J . J .  ( 1 9 7 9 ) .  Loss  o f  

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

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

o f  a p h e n o t y p i c  v a r i a n t  o f  B o r d e t e l l a  p e r t u s s i s . Immunology, 3 7 , 

539 -545 .

WARDLAW, A .C . ,  PARTON, R.  ( 1 9 8 3 a ) .  P e r t u s s i s  v a c c i n e .  I n ,  M e d ic a l

M i c r o b i o l o g y ,  v o l , I I . ' I m m u n i z a t i o n  a g a i n s t  b a c t e r i a l  d i s e a s e ' ,  

(Ed.  EASMON, C . S . E . ,  JELJASZEWICZ, J . ) .  p . 2 0 7 - 2 5 3 ,  Academic 

P r e s s  I n c .  ( L ondon ) ,  L t d .

WARDLAW, A .C . ,  PARTON, R. ( 1 9 8 3 b ) .  B o r d e t e l l a  p e r t u s s i s  t o x i n s .  

P ha rm aco logy  and T h e r a p e u t i c s , 1 9 , 1 - 5 3 .

WARDLAW, A.G. ( 1 9 8 5 ) .  P r a c t i c a l  S t a t i s t i c s  f o r  E x p e r i m e n t a l  B i o l o g i s t s .  

J o h n  Wiley and S ons ,  L t d . ,  C h i c h e s t e r .



300

WARREN, J o R . , SPERO, L . ,  METZGER, J . F . ,  MeGANN, V.G. ( 1 9 7 5 a ) .  Immuno- 

g e n i c i t y  o f  f o r m a l d e h y d e - i n a c t i v a t e d  e n t e r o t o x i n s  A and o f  

S t a p h y l o c o c c u s  a u r e u s . J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 131 , 

535-542.

WARREN, J o R . , SPERO, L„ ,  METZGER, J . F .  ( 1 9 7 5 b ) .  A n t i g e n i c i t y  o f

f o r m a l d e h y d e - i n a c t i v a t e d  S t a p h y l o c o c c a l  e n t e r o t o x i n  B, J o u r n a l  o f  

Immunology, 1 1 1 , 8 8 5 - 8 9 2 ,

WAT AN ABE, M. ( 1 9 8 4 ) .  B i o l o g i c a l  a c t i v i t i e s  o f  p e r t u s s i g e n  from B o r d e t e l l a  

p e r t u s s i s  s t r a i n s  o f  v a r i o u s  a g g l u t i n o g e n  t y p e s .  M i c r o b i o l o g y  and 

Immunology, 2 8 , 5 0 9 - 5 1 5 .

WEARE, J . A . , REICHERT, I . E .  ( 1 9 7 9 a ) .  S t u d i e s  w i t h  c a r b o d i i m i d e - c r o s s -

l i n k e d  d e r i v a t i v e s  o f  b o v i n e  l u t r o p i n .  1. The e f f e c t s  o f  s p e c i f i c  

g roup  m o d i f i c a t i o n s  on r e c e p t o r  s i t e  b i n d i n g  i n  t e s t e s .  J o u r n a l  

o f  B i o l o g i c a l  C h e m i s t r y , 2 5 4 , 6964 -6971 .

WEARE, J . A . , REICHERT, L . E .  ( 1 9 7 9 b ) .  S t u d i e s  w i t h  c a r b o d i i m i d e - c r o s s -

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

l i n k  and i m p l i c a t i o n  f o r  i n t e r a c t i o n  w i t h  t h e  r e c e p t o r s  i n  t e s t e s .  

J o u r n a l  o f  B i o l o g i c a l  C h e m i s t r y , 2 5 4 , 697 2 -6 9 7 9 .

WEIHL, Co, RILEY, H .D . ,  LAPIN, J . H .  ( 1 9 6 3 ) .  E x t r a c t e d  p e r t u s s i s  a n t i g e n .  

American  J o u r n a l  o f  D i s e a s e s  i n  C h i l d r e n , 1 0 6 , 210 -2 1 5 .

WEINER, S .L o ,  TINKER, M . , BRADFORD, W.L. ( 1 9 5 9 ) .  E x p e r i m e n t a l  m eningo-

e n c e p h a l o m y e l i t i s  p r o d u c e d  by Haem ophilus  p e r t u s s i s . AMA A r c h iv e s  

o f  P a t h o l o g y , 6 7 , 6 9 4 - 6 9 9 ,

WEISS, A .A . ,  HEWLETT, E . L . , MYERS, G . A . , FALKOW, S.  ( 1 9 8 4 ) .  P e r t u s s i s

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

o f  B o r d e t e l l a  p e r t u s s i s . J o u r n a l  o f  I n f e c t i o u s  D i s e a s e s , 150,  

2 1 9 - 2 2 2 .



301

WHIPPLE, EoB, ,  RUTA, M. ( 1 9 7 4 ) .  S t r u c t u r e  o f  aqueous  g l u t a r a l d e h y d e .

J o u r n a l  o f  O r g a n i c  C h e m i s t r y , 3 9 , 1666-1668 .

WILLIAMS, Ao, IBRAHIM, I . T .  ( 1 9 8 1 ) .  C a r b o d i i m i d e  c h e m i s t r y :  r e c e n t  

a d v a n c e s .  C h e m ic a l  R e v i e w s , 8 1 , 589 -636 .

WINSNES, Ro, L0NNES, T . ,  M0GSTER, B . ,  BERDAL, B .P .  ( 1 9 8 5 ) .  A n t ibody  

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

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

and a p r o t e i n  b i n d i n g  t o  c o m p l e m e n t - f i x i n g  a n t i b o d i e s  in d u ce d  

d u r i n g  whooping  cough .  P r o c .  F o u r t h  I n t .  Symp. P e r t u s s i s ,  1984.  

Deve lopmen ts  i n  B i o l o g i c a l  S t a n d a r d i z a t i o n , 6 1 , 353-365 (S .  K a r g e r ,  

B a s e l ) .

WONG, S . K . F . ,  MARTIN, B . R . , TOLKOVSKY, A.M. ( 1 9 8 5 ) .  P e r t u s s i s  t o x i n

s u b s t r a t e  i s  a g u a n o s i n e  5 ' - ^ P - t h i o j d i p h o s p h a t e - , N - e t h y l m a l e i m i d e - , 

2 +Mg - ,  and t e m p e r a t u r e - s e n s i t i v e  G T P-b ind ing  p r o t e i n .

B i o c h e m i s t r y  J o u r n a l , 2 3 2 , 1 91 -197 .

WORLD HEALTH ORGANIZATION. ( 1 9 7 9 ) .  R e q u i r e m e n t s  f o r  d i p h t h e r i a  t o x o i d ,  

p e r t u s s i s  v a c c i n e ,  t e t a n u s  t o x o i d ,  and combined  v a c c i n e s .

WHO T e c h n i c a l  R e p o r t  S e r i e s , 6 3 8 , 3 7 -1 1 5 .

YAJIMA, M . , HOSODA, K . , KANBAYASHI, Y . , NAKAMURA, T . ,  NOGIMORI, K . , 

MIZUSHIMA, Y , , NAKASE, Y . , UI ,  M. ( 1 9 7 8 a ) .  I s l e t - a c t i v a t i n g  

p r o t e i n  ( lAP) i n  B o r d e t e l l a  p e r t u s s i s  t h a t  p o t e n t i a t e s  i n s u l i n  

s e c r e t o r y  r e s p o n s e s  i n  r a t s .  J o u r n a l  o f  B i o c h e m i s t r y , 8 3 , 2 9 5 - 3 0 3 .  

YAJIMA, M . , HOSODA, K . , KANBAYASHI, Y . , NAKAMURA, T . ,  TAKAHASHI, I . ,

UI ,  M. ( 1 9 7 8 b ) .  B i o l o g i c a l  p r o p e r t i e s  o f  i s l e t - a c t i v a t i n g  

p r o t e i n  ( lAP)  p u r i f i e d  from t h e  c u l t u r e  medium o f  B o r d e t e l l a  

p e r t u s s i s . J o u r n a l  o f  B i o c h e m i s t r y , 8 3 , 3 0 5 - 3 1 2 .



302

YAMADA, H . ,  KUROKI, R . ,  HIRATA, M . , IMOTO, T,  ( 1 9 8 3 ) .  I n t r a m o l e c u l a r  

c r o s s - l i n k i n g  o f  ly sozym e .  I m i d a z o l e  c a t a l y s i s  o f  t h e  

f o r m a t i o n  o f  t h e  c r o s s - l i n k  b e tw e e n  L y s i n e - 1 3 ( 0 - amino)  and 

L e u c in e - 1 2 9  ( a - c a r b o x y l )  by c a r b o d i i m i d e  r e a c t i o n .  

B i o c h e m i s t r y , 2 2 , 4 5 5 1 - 4 5 5 6 .



APPENDICES



1 1

A p p e n d ix  1 .

1% Casamino a c i d s  s o l u t i o n .

Casamino a c i d s  ( D i f c o  T e c h n i c a l )  1 0 . 0  g

MgCl2 o6 H2 0  0 . 1  g

CaClg 0 .0 1 5  g

NaCl 5 . 0  g

The i n g r e d i e n t s  were  d i s s o l v e d  i n  930 ml d i s t i l l e d  w a t e r  and 

pH a d j u s t e d  to  7 . 1  w i t h  IN NaOH. A l i q u o t s  were d i s p e n s e d  and a u t o c l a v e d

a t  IZ l^ C ,  1 0 3 ,4  kPa f o r  15 m in .  Fo r  s t o c k  c u l t u r e s ,  g l y c e r o l  (10% v / v )

was added b e f o r e  a u t o c l a v i n g .

B o r d e t  Gengou (BG) a g a r  p l a t e s .

The BG a g a r  b a s e  (9 g) was d i s s o l v e d  i n  250 ml d i s t i l l e d  w a t e r  

c o n t a i n i n g  g l y c e r o l  (47. v / v ) ,  a u t o c l a v e d  a t  121°C,  1 0 3 .4  kPa f o r  15 min 

and c o o l e d  to  45^C. D e f i b r i n a t e d  h o r s e  b lo o d  (50 ml) was added 

a s e p t i c a l l y  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  17% ( v / v ) ,  mixed g e n t l y  

w i t h  t h e  a g a r  and p o u r e d  i n t o  p l a s t i c  p e t r i  d i s h e s .  These  were a l l o w e d  

t o  s e t ,  s t o r e d  a t  4°C and used  w i t h i n  2 weeks o f  m a n u f a c t u r e .

N u t r i e n t  a g a r  p l a t e s ,

Oxoid n u t r i e n t  a g a r  (28 g)  was d i s s o l v e d  i n  1 . 0  l i t r e  o f  

d i s t i l l e d  w a t e r  and s t e r i l i z e d  by a u t o c l a v i n g  a t  121°C,  103 ,4  kPa f o r  

15 m in .  The a g a r  was pou red  i n t o  p l a s t i c  p e t r i  d i s h e s ,  s e t  and s t o r e d  

a t  4°C.

SS-X l i q u i d  medium.

1 . L - g l u t a m a t e  (monosodium s a l t ;  BDH) 10 .7 2  g

2 . L - p r o l i n e  (Sigma) 0 . 2 4  g

3. NaCl 2 . 5  g

4. KH^PO^ 0 . 5  g

5. KCl 0 . 2  g



I l l

6 0  MgCl^.ôH^O 0 . 1  g

7 .  CaCl^ 0 .0 2  g

8 . T r i s ( h y d r o x y m e t h y l - m e t h y l a m i n e )  1 ,52  g

(Koch L i g h t  L a b o r a t o r y ,  C o l n b r o o k ,  B u c k s . ,  Eng land)

9 .  L - c y s t e i n e  (BDH) 0 . 0 4  g

1 0 . FeS0^ .7H20 0 . 0 1  g

11.  A s c o r b i c  a c i d  (BDH) 0 .0 2  g

12.  N i c o t i n i c  a c i d  (BDH) 0 .0 0 4  g

13 .  G l u t a t h i o n e  (S igma) 0 .1  g

I n g r e d i e n t s  1-8 were  d i s s o l v e d  i n  800 ml o f  d i s t i l l e d  w a t e r  

and pH a d j u s t e d  t o  7 . 6  w i t h  2.5N HCl, The volume was made up t o  990 ml 

and a u t o c l a v e d  a t  121^0,  10 2 ,4  kPa f o r  15 min .  To o b t a i n  c y c l o d e x t r i n -  

m o d i f i e d  SS-X, 1 . 0  g o f  Me(3CD was added  t o  i n g r e d i e n t s  1-8 b e f o r e  

a u t o c l a v i n g .

I m m e d ia t e l y  b e f o r e  u s e ,  i n g r e d i e n t s  9 -13  w ere  d i s s o l v e d  i n  

1 0  ml d i s t i l l e d  w a t e r  and  f i l t e r - s t e r i l i z e d  w i t h  a m i l l i p o r e  f i l t e r  o f  

0 . 4 5  pM p o r e  s i z e  ( M i l l i p o r e  (UK) L t d . ,  Har row,  M i d d l e s e x ) .  T h i s  was 

added a s e p t i c a l l y  t o  t h e  b u l k  medium.

C y c l o d e x t r i n  l i q u i d  (CL) medium ( Im a iz um i  e_t a l . , 1 9 8 3 ) .

I n g r e d i e n t s  1-8 As f o r  SS-X l i q u i d  medium

9. L -c ys  t e i n e 0 . 0 4  g

1 0 . FeSO.,7H.O 4 2
0 . 0 1  g

1 1 . A s c o r b i c  a c i d 0 . 4  g

1 2 . N i c o t i n i c  a c i d - 0 . 0 0 4  g

13. G l u t a t h i o n e 0 .1 5  g

14. Casamino a c i d s 1 0 . 0  g

15. Me (3 CD loO g
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I n g r e d i e n t s  1 - 8 ,  14 and 15 w e re  d i s s o l v e d  i n  800 ml d i s t i l l e d  

w a t e r ,  pH a d j u s t e d  t o  7 . 6  w i t h  2.5N HCl and t h e  volume made up to  990 ml 

w i t h  d i s t i l l e d  w a t e r .  Th i s  was a u t o c l a v e d  as  d e s c r i b e d  a b o v e .  

I n g r e d i e n t s  9 -1 3  were  d i s s o l v e d  i n  d i s t i l l e d  w a t e r ,  f i l t e r - s t e r i l i z e d  and 

added  t o  t h e  b u l k  medium as  d e s c r i b e d  a b o v e .

Appendix  2 .

S o r e n s e n ' s  p h o s p h a t e  b u f f e r ,  pH 7 .2  

S t o c k  s o l u t i o n s :

- 1A. 1/15M m o n opo ta s s ium  p h o s p h a t e  9 .0 8  g KH^PO^ L

Be 1/15M d i s o d i u m  p h o s p h a t e  11 .8 8  g Na2 HPO^,2 H2 0  L ^

X ml A +  ( 1 0 0 - x )  ml B.

For  a b u f f e r  a t  pH 7 . 2 ,  285 ml o f  s o l u t i o n  A and 715 ml o f  

s o l u t i o n  B were m ix e d .

Append ix  3 .

P r e p a r a t i o n  o f  p y r o g e n - f r e e  g l a s s w a r e  and s a l i n e .

P y r o g e n - f r e e  g l a s s w a r e  was p r e p a r e d  as  f o l l o w s :

( i )  g l a s s w a r e  was s o a k e d  o v e r n i g h t  i n  a 1 % (w/v)  s o l u t i o n  o f  t h e  

d e t e r g e n t  E - T o x a - C le a n  ( S ig m a ) ,

( i i )  i t  was r i n s e d  8 - 1 0  t im e s  i n  warm, r u n n i n g  t a p  w a t e r  and f i v e  t im e s  

i n  d i s t i l l e d  w a t e r  b e f o r e  b a k i n g  i n  a n  o ve n  a t  ISO^C f o r  4h .

P y r o g e n - f r e e  s a l i n e  was p r e p a r e d  by d i s s o l v i n g  baked NaCl i n  

f r e s h l y  drawn d i s t i l l e d  w a t e r  t o  g i v e  a 0.85% (w/v)  s o l u t i o n ,  w h ich  was 

a u t o c l a v e d  a t  121°C,  1 0 3 .4  kPa f o r  15 m in .
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A p p e n d ix  4 .

ELISA m e t h o d o l o g y .

C o a t i n g  b u f f e r ,  0.05M c a r b o n a t e  b u f f e r ,  pH 9 . 6 .

Na^ CO3  1 .5 9  g

Na HCO^ 2 . 9 3  g

Both  i n g r e d i e n t s  were  d i s s o l v e d  i n  1 . 0  l i t r e  o f  d i s t i l l e d  

w a t e r  and used  w i t h i n  2 weeks o f  m a n u f a c t u r e .

W a s h i n g / i n c u b a t i o n  b u f f e r ,  PBST, pH 7 . 4 .

NaCl 8 . 0  g

ICH^PO^ 0 . 2  g

Na^HPO^ 1 .1 5  g

KCl 0 . 2  g

I n g r e d i e n t s  were  d i s s o l v e d  i n  1 . 0  l i t r e  o f  d i s t i l l e d  w a t e r  

t o  w h ic h  was added  Tween-20 ( p o l y o x y e t h y l e n e  s o r b i t a n  m o n o - l a u r a t e , 

0 .057. ( v / v )  f i n a l  c o n c e n t r a t i o n ) .

0.15M c i t r a t e - p h o s p h a t e  b u f f e r ,  pH 5 . 0  

S o l u t i o n  A: O.lM c i t r i c  a c i d  ( 2 1 .0 1  g L ^)

S o l u t i o n  B: 0.2M d i s o d i u m  p h o s p h a t e  ( 3 5 . 6  g L ^ ) .

X ml A +  ( lO O-x)m l  B.

For  a 0.15M b u f f e r ,  pH 5 . 0 ,  49 ml o f  s o l u t i o n  A was mixed 

w i t h  51 ml o f  s o l u t i o n  B. The s u b s t r a t e  b u f f e r  was f i l t e r e d  th r o u g h  

Whatman n o .  I  (Whatman L t d . ,  M a i d s t o n e ,  K e n t ,  Eng land )  b e f o r e  u s e .

Appendix  5 .

R e a g e n t s  f o r  p r o t e i n  e s t i m a t i o n .

R e a g e n t  A: Na2 C0 ^,  57. (w/v)  i n  d i s t i l l e d  w a t e r .

R e a g e n t  B; CuSO^.5 H2 0 , 17. (w/v)  i n  d i s t i l l e d  w a t e r .

Sodium p o t a s s i u m  t a r t r a t e ,  27. (w/v)  i n  d i s t i l l e d  w a t e r .
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Equal  volum es  w ere  mixed b e f o r e  u s e .

R e a g e n t  C: t o  50 ml o f  R e a g e n t  A was added 2 ml o f  R e a g e n t  B. T h i s

was p r e p a r e d  and u s e d  i m m e d i a t e l y .

R e a g e n t  D: F o l i n  and C i o c a l t e u  P he no l  R eagen t  (BDH), u s e d  as  a

s o l u t i o n  o f  50% ( v / v )  i n  d i s t i l l e d  w a t e r .

A p p e n d i x  6 .

SDS-PAGE s o l u t i o n s ,

lo A cry lam ide  3 0 .0  g

N ,N * - m e t h y l e n e b i s a c r y l a m i d e  0 .8  g

The r e a g e n t s  were  d i s s o l v e d  i n  100 ml d i s t i l l e d  w a t e r ,  f i l t e r e d  

and s t o r e d  a t  4°C.

2 .  IM T r i s - H C l  b u f f e r ,  pH 8 , 8 ,

2M T r i s  50 ml

IN HCl 16 .2  ml

d i s t i l l e d  w a t e r  33 .8  ml

3. 0.5M T r i s - H C l  b u f f e r ,  pH 6 , 8 ,

IM T r i s  50 ml

IN HCl 45 ml

d i s t i l l e d  w a t e r  5 ml

B u f f e r  was s t o r e d  f r o z e n .

4o T r i s - g l y c i n e  b u f f e r ,  pH 8 . 3  (Running  b u f f e r ) .

G l y c in e  72 ,0 6  g

T r i s  1 5 .1 4  g

SDS 5 . 0  g

R e a g e n t s  were  d i s s o l v e d  i n  5 . 0  l i t r e s  o f  d i s t i l l e d  w a t e r  and  

s t o r e d  a t  4°C.
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5o Ammonium p e r s u l p h a t e ;  0.8% (w/v )  i n  d i s t i l l e d  w a t e r .

T h i s  was made f r e s h  e a c h  t im e  and d i s c a r d e d  a f t e r  u s e .

6 . SDS: 20% (w/v)  i n  d i s t i l l e d  w a t e r ,

7 .  Bromophenol  b l u e :  0.1% (w/v )  i n  d i s t i l l e d  w a t e r .

8 . S o l u b i l i z i n g  b u f f e r .

T r i s  0 . 0 2 4  g

EDTA 0 .0 5 8  g

SDS (20% w /v )  2 0 . 0  ml

p - m e r c a p t o e t h a n o l  1 0 . 0  ml

G l y c e r o l  2 0 . 0  ml

Bromophenol  b l u e  4 . 0  ml

The pH was a d j u s t e d  t o  8 . 0  w i t h  IN HCl and t h e  volume made up 

t o  1 0 0  ml w i t h  d i s t i l l e d  w a t e r .

9 .  F i x i n g - s t a i n i n g  s o l u t i o n ,

Coomassie  b l u e  R250 1 .2 5  g

M e th a n o l ,  50% ( v / v )  4 5 4 .0  ml

G l a c i a l  a c e t i c  a c i d  4 6 . 0  ml

10.  D e s t a i n i n g  s o l u t i o n .

M e tha no l  50 ml

G l a c i a l  a c e t i c  a c i d  75 ml

D i s t i l l e d  w a t e r  875 ml

P r e p a r a t i o n  o f  g e l  p l a t e s .

These  were  p r e p a r e d  w i t h  g l a s s  p l a t e s  s e p a r a t e d  w i t h  s p a c e r s  

and s e a l e d  on t h r e e  s i d e s  w i t h  a d h e s i v e  t a p e .  The c o r n e r s  were  s e a l e d  

by d i p p i n g  i n  m o l t e n  p a r a f f i n  wax.

P r e p a r a t i o n  o f  s e p a r a t i n g  g e l ,

A c ry la m id e  36 ,7  ml

IM T r i s - H C l ,  pH 8 . 8  3 7 .5  ml
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SDS (20% w /v )  0 . 5  ml

TEMED 2 5 . 0  p l

(N ,N , N ' , N * - t e t r a m e t h y l - e t h y l e n e d i a m i n e )

Ammonium p e r s u l p h a t e  1 0 .0  ml

D i s t i l l e d  w a t e r  1 5 .3  ml

The s o l u t i o n s  w ere  mixed t h o r o u g h l y  w i t h o u t  a e r a t i o n .  The g e l  

p l a t e s  w ere  f i l l e d  t o  t h r e e - q u a r t e r s  o f  t h e i r  volume w i t h  t h i s  s o l u t i o n .  

B e f o r e  p o l y m e r i z a t i o n ,  t h e  m e n i s c u s  was removed from t h e  g e l  s u r f a c e  by 

c a r e f u l l y  o v e r l a y i n g  w i t h  e t h a n o l  (5% v / v ) .

P r e p a r a t i o n  o f  s t a c k i n g  g e l .

Ac ry la m ide 3 . 4 ml

0.5M T r i s - H C l ,  pH 6 . 8 5 .0 ml

SDS (20% w /v ) 0 . 1 ml

TEMED 1 0 . 0 p i

Ammonium p e r s u l p h a t e 2 . 5 ml

D i s t i l l e d  w a t e r 9 . 0 ml

2 0 . 0  ml

The s t o c k  s o l u t i o n s  were  mixed t h o r o u g h l y  w i t h o u t  a e r a t i o n .

The e t h a n o l  o v e r l a y  was removed and t h e  s e p a r a t i n g  g e l  b l o t t e d  d r y .  The 

g e l  p l a t e  was t h e n  f i l l e d  w i t h  s t a c k i n g  g e l  s o l u t i o n  t o  3 -4  mm from t h e  

t o p .  Sample ' c o m b s ’ w e re  s u s p e n d e d  i n  t h e  s o l u t i o n  and any  r e m a i n i n g  

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

combs were  removed u n d e r  r u n n i n g  b u f f e r .

E l e c t r o p h o r e s  i s

A low er  e l e c t r o d e  v e s s e l  was f i l l e d  w i t h  r u n n i n g  b u f f e r .  A f t e r  

r e m o v a l  o f  t h e  s e a l i n g  t a p e  from t h e i r  b a s e s ,  t h e  g e l  p l a t e s  were  

i n s e r t e d  i n t o  t h e  to p  e l e c t r o d e  v e s s e l  w i t h  a l i b e r a l  amount  o f  g r e a s e
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a r o u n d  t h e  g a s k e t s  t o  p r e v e n t  l e a k a g e .  The u p p e r  e l e c t r o d e  v e s s e l  was 

r e p l a c e d  and f i l l e d  w i t h  b u f f e r .  Samples  were c a r e f u l l y  p i p e t t e d  i n  

vo lumes  o f  50-100  p i  i n t o  t h e  w e l l s .

The e l e c t r o d e  v e s s e l  was c o n n e c t e d  t o  a power s u p p l y  and r u n  a t  

a c o n s t a n t  c u r r e n t  o f  15 m A /g e l .  When t h e  t r a c k i n g  dye r e a c h e d  t h e  end 

o f  t h e  g e l ,  power was s w i t c h e d  o f f  and t h e  p l a t e s  r emoved.

A ppendix  7 .

HEPES b u f f e r e d  s a l i n e  (HBS)

NaCl 8 . 0  g

KCl 0 . 4  g

MgCl^oôH^O 0 .2  g

CaCl^ 0 . 1 4  g

G lucose  1 . 0  g

HEPES ( h y d r o x y e t h y l p i p e r a z i n e

s u l p h o n i c  a c i d ,  Sigma) 2 .3 8 8  g

The c h e m i c a l s  w ere  d i s s o l v e d  i n  900 ml o f  d i s t i l l e d  w a t e r  and 

pH a d j u s t e d  t o  7 , 4  w i t h  IN NaOH, The volume was made up t o  1 , 0  l i t r e  

w i t h  d i s t i l l e d  w a t e r  and a u t o c l a v e d  a t  121°C,  1 0 3 ,4  kPa f o r  15 m in .  The 

d i v a l e n t  c a t i o n - f r e e  HBS-EDTA was p r e p a r e d  by t h e  o m i s s i o n  o f  Ca- and 

M g - c o n t a i n i n g  s a l t s  and t h e  a d d i t i o n  o f  0 .292  g o f  monosodium EDTA,

Append ix 8 .

R e c o n s t i t u t i o n  b u f f e r ,  pH 3 .5

D L - a - a l a n i n e  6 ,7 8  g

Formic  a c i d  (HCOOH) 0 .7  g

C h em ica ls  w ere  d i s s o l v e d  i n  1 . 0  l i t r e  o f  d i s s o l v e d  w a t e r  and 

t h e  b u f f e r  s t o r e d  a t  4^C.



L y o p h i l i z e d  s a m p le s  w ere  r e s u s p e n d e d  i n  t h i s  low pH b u f f e r  

and i m m e d i a t e l y  d i l u t e d  w i t h  a n  e q u a l  volume o f  0.05M T r i s - H C l  b u f f e r ,  

pH 8 . 0  c o n t a i n i n g  l.OM NaCl.
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C a l c u l a t i o n  o f  t h e o r e t i c a l  An t ib ody  U n i t s  ml  ̂ se rum (AblJ ml ^ )

2 0 1

R e f e r e n c e ,  RA

T e s t

0)Ü
CoJ
O

1 0 -

0 2 - maximum

backg ro und

N - 4  -6 -8  -10 -12 -14
Log^ a n t i s e r u m  d i l u t i o n

Volume o f  

s e rum sample  

a s s a y e d  ( p i )
200 50 12 .5 0 . 8  0 .2  

-1

0 .0 5 O.Ol

AbU ml - I

By a s s i g n i n g  an  a r b i t r a r y  u n i t a g e  o f  100 AbU ml t o  t h e  r e f e r e n c e  a n t i s e r u m ,

RA, t h e r e f o r e ;

_________________ 100 25 6 . 2 5  1 .5  0 .4  0 . 1  0 .0 2 5  0 .00 5

By compa r i ng  l i n e a r  p o r t i o n s  o f  c u r v e s  and i n t e r p o l a t i n g  f rom t e s t  t o  r e f e r e n c e  

a n t i s e r u m ,  RA, a s  shown a b o v e ,  T e s t ^  a t  a d i l u t i o n  o f  c o n t a i n s

1 .5  Abu  ml ^ s e r um ,  i e : 48 AbU ml  ̂ n e a t  mouse se rum 

T e s t ^ ,  a t  t h e  same d i l u t i o n  c o n t a i n s  0 , 1  AbU ml  ̂ s e rum,  i e :

3 . 2  Abu ml  ̂ n e a t  mouse s e r u m .

I f  t he  l i n e a r  p o r t i o n  o f  t h e  t e s t  t i t r a t i o n  cu rve  was s i g n i f i c a n t l y  n o n - p a r a l l e l  

t o  t h e  r e f e r e n c e ,  t h e n  3 o r  more i n t e r p o l a t i o n s  f rom t e s t  t o  r e f e r e n c e  we re  made and a n  a v e r a g e  

t a k e n .

In  t a b l e s ,  r e s u l t s  w e re  e x p r e s s e d  a s  t h e  g e o m e t r i c  mean and 95% c o n f i d e n c e  l i m i t s .
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C a l c u l a t i o n  o f  a c t u a l  a n t i b o d y  t i t r e s

2 0 -,
Y

R e f e r e n c e ,  RA

T e s t

<u
H
-2o
g

T e s t
<3

T e s t
N.

maximum
ba c k g ro u n d

N -2  - 4 -6
X

- 8 10 -12 -14

l og^ a n t i s e r u m  d i l u t i o n  

The l i n e a r  p o r t i o n s  o f  c u r v e s  a r e  compared by c a l c u l a t i n g  t e s t / r e f e r e n c e  r a t i o s  

f o r  a b s o r b a n c e  (Y a x i s )  and l o g 2 a n t i s e r u m  d i l u t i o n  (X a x i s )  a s  f o l l o w s .

I X

r a t i o  o f  t e s t / r e f e r e n c e  i s ] ) ’0 . 5 >  0 . 5 Then h i g h  t i t r e  r e a d i n g  i s  v a l i d

> 0 . 5 < 0 . 5 " low " "

< 0 . 5 > 0 . 5 T i t r e  i s  i n v a l i d ,  s t a t e  Y/X r a t i o

< 0 . 5 <  0 . 5 Then low t i t r e  r e a d i n g  i s  v a l i d

I n  t h e  above  exam ple ,

Y X

t ^ / R  = 0 . 8 5 0 . 8 6 High t i t r e  v a l i d

t ^ / R  = 0 . 4 5 0 . 7 1 T i t r e  i n v a l i d  (Y/X v a l u e )

t ^ / R  = 0 , 3 5 0 . 3 6 Low t i t r e  v a l i d

The r e s u l t s  shown i n  t a b l e s  a r e  t h e  g e o m e t r i c  mean and 95% c o n f i d e n c e  l i m i t s ;  

d a t a  f o r  i n d i v i d u a l  s e r a  ( i n c l u d i n g  Y/X v a l u e s )  a r e  shown i n  t h e  r e l e v a n t  a p p e n d i c e s  t o  f o l l o w .  

An t ib od y  t i t r e  i s  t h e  ' r e c i p r o c a l  a n t i l o g  o f  t h e  ( l o g 2 ) a n t i s e r u m  d i l u t i o n ' .



Appendix 11. ELISA da t a , as a c t u a l  an t i bo dy t i t r e s ,  f o r  Table  30

Anti -PT IgG an t i bod y

Sample code 

(dose/mouse) Y ( t e s t / r e f e r e n c e ) X ( t e s t / r e f e r e n c e ) log^ t i t r e  o r  ( Y/X)

(AP-I6)TZl (27 pg) 0.47 0 .5 -6 . 8
0.59 0 .61 - 8 .4
0.61 0.64 -8 . 8

- - ND*
- - ND

(9 pg) 0.66 0 .74 - 1 0 . 3
0 .5 0.71 - 9 . 9
0 .55 0.66 - 9 . 0
0.45 0.62 (0 .73)
0.36 0.62 (0 .58 )

(3 pg) 0 .54 0 .61 -6 .7
0.33 0.57 (0 .58 )
0.32 0 .44 - 6 . 0
0.23 0.43 -5 . 8

- * ND

(AP-I6)T22 (27 pg) 1.3 0 .96 -13 ,6
0.89 1.0 -1 4 .5
0.95 0 .94 -13 .3
0 .90 0 .94 -1 3 .2
0.44 0.77 (0 .57 )

(9 pg) 0 .99 0 .99 -14 .1
0.92 0.92 - 1 3 . 0
0 .85 0 .88 -1 2 .5
0.85 0.97 -12 .4
0,81 0.85 - 12 . 0

(3 pg) 1 .0 0.87 -11 .9
0.8 0.82 - 1 1 .3
0 .94 0 .74 -10 .1
0.7 0.77 -10 .6
0 .6 0.69 -9 . 5

(AP-16)T23 (27 pg) 1 .0 1.10 -13 .9
0 .89 0.92 - 1 2 . 3
0.88 0 .75 -12 .1
0 .94 0 .59 - 1 3 . 0
0.58 0 .5 - 8 . 0

(9 pg) 1 .0 0.89 -11 .9
0.92 0.89 -11 .8
0 .53 0 .74 -10 .8
0.36 0.72 (0 .5 )
0 .23 0.68 (0 .34)

(3 pg) 1 .3 0.88 -11 .7
0 .8 0 .85 -1 1 .3
0.7 0.78 -1 0 .4
0.7 0.77 -10 .2
0 .43 0.74 (0 .58)

(AP-16)T24 (27 pg) 1.0 0.87 -11 .9
0 .9 0.85 -11 .7
0.76 0.85 -11 .6
0.75 0.84 -11 .5
0.76 0.81 -11 .2

(9 pg) 0 .76 0 .85 -11 .0
0.67 0.7 - 9 .9
0 .53 0.72 -11 .0
0.47 0.77 (0.61)
0 .43 0.75 (0 .57)

(3 pg) 0 .6 0 .63 - 10 .6
0.61 0.62 - 1 0 . 4
0.68 0.73 -11 .0
0.49 0.64 (0.77)
0.45 0.56 (0 .80 )

WCV (5 on,ml) 0.72 0.66 -8 .6
0 .7 0 .65 -8 . 5
0 .3 0 .63 (0 .48 )
0.2 0.58 (0 .34 )

- - NO



Anti-FHa IgG antibody

Sample
(dose/mouse) Y ( t e s t / r e f e r e n c e ) X ( t e s t / r e f e r e n c e ) log^ t i t r e  or  (V/X)

----
(AP-I6)T21 (27 pg) 0.79

0.77
0 .79
0.27

0.78
0.77
0,71
0.54

-11 .7
-1 1 .5
-1 0 .6

(0 .5 )
ND

(9 pg) 0 .78 0.74 - 11 .0
0 .84 0.72 -10 .8
0 .74 0,69 -10 .3
0 .70 0.68 -10 .2

- - ND

(3 pg) 0 .6 0.6 -9 .1
0.62 0.5 -7 .6
0.48 0.55 (0 .87)
0 .47 0.54 (0 .87 )
0.51 0.48 - 7 .4

(AP-I6)T22 (27 pg) 1 .0 0.02 -11 .6
0 .9 0.9 -1 1 .3
0.97 0.86 -10 .8
0 .94 0.85 -10 .7

_ - ND .......... ..... .

(9 pg) 0 ,74 0.8 -12 .2
0.69 0.76 -11 .6
0.69 0.76 -11 .6
0.64 0.74 -1 1 . 3
0.56 0.68 -1 1 . 0

(3 pg) 0.75 0.76 -11 .6
0.71 0.75 - 1 1 . 4
0.66 0.71 -10 .8
0 .64 0.66 - 1 0 .0
0.63 0 .63 -9 . 6

(AP-L6)T23 (27 pg) 0 .94 0.83 -12 .2
0.84 0.86 -1 2 .6
0.85 0.8 -11 .8
0.64 0.75 -1 1 . 0
0.40 0.57 (0 ,7 )

(9 pg) 0.72 0.76 -10 .8
0.66 0.73 -1 0 .4
0.47 0,77 (0 .61)
0.16 0.54 (0.30)

- - ND

(3 pg) 0.76 0.69 -9 . 3
0.6 0,64 -8 . 6
0.57 0.6 -8 . 5
0 .5 0.6 -8 . 3
0.48 0.55 (0 .87)

(AP-I6)T24 (27 pg) 0 .6 0.86 -12 .7
0.58 0.81 -12
0.56 0.8 -11 .8
0.57 0.74 -11
0.45 0.66 10.681

(9 pg) 0.62 0.75 -11 .4
0.62 0.72 -11
0.53 0.72 -11
0.59 0.71 -10 .8
0 .53 0.66 -10 .1

(3 pg) 0.68 0.77 -9 . 5
0.64 0.59 -8 . 8
0.47 0.47 -7 .1
0.46 0.46 -6 .9
0.39 0.52 (0 .75)

WCV (5 ou.ml) 1.27 0.56 - 8 . 3
1.2 0.55 -8 , 2
0.88 0.62 -9 . 3
1.1 0.64 - 8 . 0
0 .64 0 .5 -7 .5

*ND, not d e tec ted



Append ix  12 , ELISA d a t a ,  a s  a c t u a l  a n t i b o d y  l i t r e s ,  f o r  T a b l e  31
XIV

Serum A n t i - P T  IgG a n t i b o d y Serum An t i -FHa  IgG a n t i b o d y

Sample code 
(d o s e / m o us e ) Y X

l o g 2 t i t r e  
o r  ( Y/X) Y X

l o g 2 t i t r e  
o r  { Y/X)

(AP-17)T33 (5 pg) 0 .6 4 0 .8 3 - 1 1 . 6 0 . 6 5 0 .6 1 - 8 . 3
0 .6 0 . 8 - 1 1 . 2 0 .61 0 . 5 5 - 7 . 4 8
0 . 67 0 .7 - 9 . 8 0 .6 1 0 .5 5 - 7 . 4 8
0 . 67 0 . 69 - 9 . 6 0 . 5 0 .5 4 - 7 . 2 4
0 . 57 0 . 7 3 -1 0 . 2 0 . 4 2 0 .4 5 - 6 01
0 . 52 0 . 7 4 - 1 0 . 4 0 .42 0 .4 4 - 5 . 9
0 .4 6 0 .7 6 ( 0 . 6 1 ) 0 .4 1 0 .4 4 - 5 . 9
0 .5 7 0 .6 4 - 8 . 9 0 . 4 0 .4 3 - 5 . 8
0 . 4 0 .6 1 ( 0 . 6 6 ) 0 .3 4 0 . 39 - 5 . 3
0 .3 6 0 . 5 4 (0 . 6 7 ) - - Nl>''

(25 pg) 1 .0 0 . 9 5 - 1 2 . 5 1 .0 0 .8 5 - 1 1 . 5
1 .0 0 . 9 3 - 1 2 . 3 0 . 89 0 .9 - 1 2 . 2
0 .8 5 0 .86 - 1 1 . 3 0 .5 6 0 . 8 4 - 1 1 . 4
0 .5 4 0 .8 8 - 1 1 . 6 0 . 5 3 0 .7 9 - 1 0 , 8
0 . 5 3 0 . 8 6 - 1 1 . 4 0 .61 0 .7 2 0 .9 8

(AP- I7 )T34  (5 pg) 0 . 5 6 0 .6 2 - 8 . 6 0 . 6 4 0 .67 - 9 . 8
0 . 5 3 0 .6 6 - 8 . 3 0 .6 0 .6 1 - 8 . 9
0 .5 9 0 .6 1 - 8 . 7 0 . 8 3 0 .5 7 - 8 . 3
0 .4 3 0 . 4 3 - 6 . 1 0 .57 0 . 59 “ 8 . 6
0 .1 5 0 . 3 3 - 4 . 8 0 .57 0 . 58 - 8 . 4
0 .4 6 0 . 8 1 ( 0 . 5 7 ) 0 . 76 0 .5 3 - 7 . 7
0 . 42 0 .6 9 ( 0 . 6 1 ) 0 .7 3 0 . 54 - 7 . 9
0 . 3 3 0 .6 5 ( 0 . 5 1 ) 0 .2 9 0 .4 8 - 7 . 0
0 . 3 3 0 .6 4 (0 . 5 1 ) 0 . 26 0 . 45 - 6 . 5
0 . 3 3 0 . 5 6 ( 0 . 5 9 ) 0 . 25 0 . 4 0 - 5 . 8

(25 pg) 1 . 0 0 . 9 6 -13 1 .1 0 .9 1 - 1 1 . 7
1 .1 0 .8 9 -12 0 .92 0 .9 2 - 1 1 . 8
0 . 86 0 . 92 - 1 2 . 4 0 .9 0 .9 1 - 1 1 . 6
0 .7 2 0 . 91 - 1 2 . 3 0 . 7 3 0 .8 4 - 1 0 . 8
0 . 89 0 . 8 4 - 1 1 . 4 0 .5 5 0 .77 - 9 . 8

(AP-17)T35 (5  pg) 0 .8 2 0 . 8 4 - 1 1 . 9 0 .7 5 0 .82 - 1 1 . 2
0 .7 4 0 . 8 3 - 1 1 . 7 0 .6 2 0 .7 - 9 . 6
0 .77 0 .8 2 - 1 1 . 6 0 .6 1 0 . 6 9 - 9 . 4
0 ,7 2 0 .8 1 - 1 1 . 4 0 .47 0 .7 ( 0 . 6 7 )
0 .72 0 .8 - 1 1 . 3 0 .4 6 0 .6 9 ( 0 . 6 7 )
0 .7 6 0 .7 5 - 1 0 . 6 0 .47 0 .6 1 ( 0 . 7 7 )
0 .7 0 .7 4 - 1 0 . 4 0 .4 5 0 .5 9 ( 0 . 7 6 )
0 .6 8 0 .7 - 9 . 9 0 .4 5 0 .5 8 ( 0 . 7 8 )
0 . 6 3 0 . 6 5 - 9 . 2 0 .32 0 .5 8 ( 0 . 5 5 )
0 , 4 0 .5 2 ( 0 . 7 7 ) 0 .28 0 .6 1 ( 0 . 4 6 )

(25 pg) 0 , 9 6 0 . 8 4 - 1 1 . 3 1 .0 0 .9 9 - 1 2 . 5
0 , 8 5 0 .8 6 - 1 1 . 7 0 .97 0 .98 - 1 2 . 3
0 . 82 0 .8 4 - 1 1 . 4 0 .98 0 .9 4 - 1 1 . 8
0 .77 0 .8 1 - 1 0 . 9 1 . 0 0 .89 - 1 1 . 2
0 .41 0 . 5 9 ( 0 . 6 9 ) 0 . 6 3 0 . 65 - 8 . 2

WCV (5 o u .ml) 0 .5 9 0 .57 - 7 . 6 0 .8 0 .6 - 7 . 7
0 .5 9 0 .57 - 7 . 6 1 .0 0 .6 2 - 7 . 9
0 .4 9 0 .59 ( 0 . 8 3 ) 1 . 0 0 .5 8 - 7 . 4
0 .42 0 .62 ( 0 . 6 8 ) 1 .0 0 ,62 - 8 . 0
0 .42 0 .62 ( 0 . 6 8 ) 1 .0 0 . 62 5 - 8 . 0

*ND, n ot  d e t e c t e d
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Append ix  17 , ELISA d a t a ,  a s  a c t u a l  a n t i b o d y  t i t r e s ,  f o r  T a b l e  36

Serum a n I i - P T  IgG a n t i b o d y Serum a n t i - F H a  Ip,G a n t i b o d y

Sample code 
(d o s e / m o us e )

S t o r a g e
c o n d i t i o n s Y X

log^  t i t r e  

o r  (Y/X) Y X
log^  t i t r e  

o r  (Y/X)

(AP-17)T33 14 days  a t
(20 |4g) -20°C 1 .1 0 .9 4 -1 3 . 7 5 0 . 7 9 0 . 81 - 1 1 . 4

0 .7 6 0 .8 3 -1 2 . 0 5 0 . 7 4 0 . 76 - 1 0 . 6
0 . 7 4 0 .82 - 1 1 . 9 5 0 . 6 9 0 . 7 - 9 . 8
0 .67 0 . 7 5 - 1 0 . 9 0 . 6 7 0 .69 - 9 . 6
0 , 6 6 0 .7 4 - 1 0 . 7 5 0 . 6 7 0 .67 - 9 . 4

" 4°C 0 .8 1 0 .9 4 - 1 3 . 5 0 .8 5 0 .82 - 1 1 . 4
0 . 7 0 .88 - 1 2 . 6 0 . 8 3 0 .81 - 1 1 . 2
0 . 66 0 . 8 8 - 1 2 . 7 0 . 7 6 0 .7 6 - 1 0 . 5
0 . 64 0 .87 - 1 2 . 5 5 0 . 7 6 0 .7 4 - 1 0 . 3

- - ND* - - ND

37°C 0 .8 4 0 . 8 8 - 1 2 . 3 5 0 , 9 4 0 .92 - 1 3 . 6
0 . 8 3 0 .8 6 -12 0 .8 4 0 .88 -1 3
0 . 76 0 . 8 6 -12 0 . 9 1 0 .82 - 1 2 . 2
0 . 59 0 .7 6 - 1 0 . 7 0 .77 0 .78 - 1 1 . 6
0 .57 0 .7 4 - 1 0 . 3 0 . 7 4 0 . 7 2 - 1 0 . 6

28 days a t 1 .0 0 .9 4 - 1 2 . 3 0 .85 0 .88 -1 3
37°C 0 . 8 3 0 . 8 8 - 1 1 . 5 0 .72 0 .81 - 1 1 . 9

0 . 7 8 0 . 8 3 - 1 0 . 8 0 .56 0 .79 - 1 1 . 6
0 . 7 3 0 .7 9 - 1 0 . 3 0 .46 0 .8 ( 0 . 5 8 )
0 . 6 0 0 . 8 0 - 1 0 . 4 0 .62 0 . 66 - 9 . 8

56 days a t 0 . 8 5 0 . 9 3 - 1 2 . 9 0 .89 0 .88 -13
4°C 0 .9 3 0 . 88 - 1 2 . 3 0 .8 0 .87 - 1 2 . 8

0 .7 7 0 .8 6 -12 0 .79 0 .8 4 - 1 2 . 4
0 .6 9 0 . 8 3 - 1 1 . 6 0 .7 5 0 .79 - 1 1 . 6
0 .5 9 0 .8 1 - 1 1 . 3 0 .62 0 .68 -10

" 37°C 0 .7 9 0 . 8 4 - 1 1 . 3 0 .7 0 .7 4 - 1 1 . 2
0 .6 5 0 .77 - 1 0 . 3 0 . 6 9 0 .7 3 -11
0 . 6 0 0 . 7 4 - 9 . 9 0 .69 0 . 7 3 - 1 0 . 9
0 . 51 0 . 7 0 - 9 . 4 0 .6 4 0 . 6 3 - 9 . 4
0 .3 2 0 . 6 4 (0 . 4 9 ) 0 ,48 0 .48 - 7 . 2

WCV 14 days  a t 0 .3 6 0 . 52 ( 0 . 6 9 ) 0 ,7 4 0 . 75 -11
(5 o u . ml) 4°C 0 .3 5 0 . 5 1 ( 0 .6 9 ) 0 . 6 6 0 . 7 4 - 9 . 4

0 .3 4 0 .5 1 (0 . 6 6 ) 0 . 6 0 .6 3 - 8 . 7
0 .3 1 0 . 4 9 - 7 . 2 0 .5 3 0 . 6 - 8 . 8

- - ND 0 .4 4 0 . 46 - 7 . 6

28 days  a t 0 .3 1 0 . 5 8 (0 . 5 3 ) 0 .77 0 . 75 - 1 1 . 3
4°C 0 . 2 8 0 . 51 (0 . 5 5 ) 0 . 6 5 0 .66 - 9 . 9

0 . 3 4 0 .42 - 6 . 0 0 . 6 3 0 . 65 - 9 . 8
0 .1 6 0 .5 1 (0 . 3 1 ) 0 .58 0 . 6 - 9

- - ND 0 .4 9 0 .49 - 7 . 4

56 days  a t  
4°C ^  no d e t e c t a b l e  r e s p o n s e no do t e c t a b l e r e s p o n s e

i n  any  s e r a i n  any s e r a  /

*ND, n o t  d e t e c t e d
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1 6 1 5  BIOLOGICAL ACTIVITIES OF A TOXOIDED CULTURE FLUID EXTRACT FROM BORDETELLA
PERTUSSIS . M, Christocioulides , R. Parton, D.Ë.S. S t e w art-Tull, Department 

of Microbiology, University of Glasgow.

There is a great deal of current interest in the development of acellular pertussis 
vaccines. Whole-cell vaccines have been described as compromises that accept a certain 
level of toxicity in order to achieve an acceptable level of potency (Manclark and 
Cowell, 1984). Recently, the Japanese made a significant step forward in the pr eparat
ion of acellular vaccines with greatly reduced toxicity (Sato > 1984).

Attempts have been made in this study to detoxify further, a mixture of ext ra 
cellular products of B. pertussis containing predominantly pertussis toxin (PT) and 
filamentous haeraagglutinin (FHA) . B. pertussis was grown statically in Stainer and 
Scholte medium or in a medium containing 8-methyl cyclodextrin (Imiazurai e^ , 1983) 
in which large amounts of FHA and PT were released into the culture supernate. These 
were recovered by dye-ligand chromatography for toxoiding studies. Treatment with the 
cross-linking reagent 1-ethy1- 3-(3-dimethylaminopropyl) carbodiimide HCl yielded a 
product which - 1) did not affect normal weight gain in mice, 21 had <1% of the original 
PT activity as measured by histamine sensitization, 3) did not induce significant leuk o
cytosis, but ,.4) was both highly antigenic and immunogenic compared to the untoxoided 
m a t e r i a l .
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