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A b s t r a c t .

T c e l l s  r e c o g n i s e  a n t i g e n  o n l y  on t h e  s u r f a c e  o f  

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

a s s o c i a t i o n  w i t h  a c e l l  s u r f a c e  m o l e c u l e  encoded by th e  

m a jo r  h i s t o c o m p a t a b i 1 i t y  c o m p le x .  The n a t u r e  o f  t h e s e  

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

i n s t a n c e ,  i t  i s  no t  c l e a r  how many a n t i g e n  b i n d i n g  s i t e s  

a r e  p r e s e n t  on MHC m o l e c u l e s ,  o r  w h e th e r  t h e  T c e l l  

r e c e p t o r  r e c o g n is e s  b o th  a n t i g e n  and MHC, o r  j u s t  th e  

a n t i g e n .  Those r e g i o n s  o f  an a n t i g e n  w h ich  T c e l l s  

r e c o g n i s e  a r e  known as e p i t o p e s  and a t t e m p t s  t o  d e f i n e  

them has been t h e  fo c u s  o f  many s t u d i e s .

The o b j e c t i v e  o f  t h i s  t h e s i s  was t o  i n v e s t i g a t e  T c e l l  

e p i t o p e s  on t h e  p r o t e i n  i n s u l i n .  A h a p te n  group TNP was 

used t o  m o d i fy  t h e  p r o t e i n  and t h e  i n i t i a l  aim was t o  

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

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

d e t e r m i n e  t h e  e f f e c t  o f  t h o s e  changes on resp o n se  t o  th e  

h a p t e n .  However i t  was n o te d  a t  an e a r l y  s t a g e  t h a t  in  

H-2*3 m ic e  t h e  a d d i t i o n  o f  TNP t o  pork  i n s u l i n ,  t o  which  

H -2 ^  m ice  a r e  n o n - r e s p o n d e r s ,  s t i m u l a t e d  a re s p o n s e .  

T h i s  f i n d i n g ,  and t h e  i n v e s t i g a t i o n  o f  t h e  mechanisms  

i n v o l v e d ,  form  t h e  b a s i s  o f  t h i s  t h e s i s .

I t  w i l l  show t h a t  t h e  TNP group  was a l l o w i n g  th e  

r e c o g n i t i o n  o f  an e p i t o p e  w h ic h  in  t h e  u n h a p t e n a t e d  form  

o f  t h e  p r o t e i n  i s  f u n c t i o n a l l y  s i l e n t .  The TNP was not  

d i r e c t l y  i n v o l v e d  in  T c e l l  r e c e p t o r  r e c o g n i t i o n ,  but  

may be a b l e  t o  i n c r e a s e  t h e  a f f i n i t y  o f  b i n d i n g  between
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pork  i n s u l i n  and H-2*3 MHC m o l e c u l e s .

A s t u d y  on t h e  d e r i v a t i s a t i o n  o f  i n s u l i n  i s  d i s c u s s e d .  

The s i t e  o f  h a p t e n a t i o n  on t h e  i n s u l i n  m o l e c u l e  was 

d e t e r m in e d  by h ig h  p e r f o r m a n c e  l i q u i d  c h r o m a to g r a p h y .  

T h i s  showed c l e a r l y ,  c o n t r a r y  t o  p r e v i o u s  r e p o r t s ,  t h e  

t h e  TNP group was b i n d i n g  t o  t h e  g l y c i n e  r e s i d u e  a t  th e  

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

In  a d d i t i o n ,  in  an a t t e m p t  t o  p ro d u ce  h y b r i d  i n s u l i n  

p r o t e i n s ,  s i t e - d i r e c t e d  m u t a g e n e s is  was p e r f o r m e d  on th e  

human p r o i n s u l i n  gene .  The use o f  m o l e c u l a r  b i o l o g y  

t e c h n i q u e s  f o r  t h e  p r o d u c t i o n  o f  t h e s e  h y b r i d s  i s  

d i s c u s s e d .
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C h a p t e r  1: 1 

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

The T ly m p h o c y te  p l a y s  a c e n t r a l  r o l e  in  t h e  immune 

res p o n s e  t o  most a n t i g e n s .  The d i v e r s i t y  o f  th e  

l y m p h o c y te  r e p e r t o i r e  i s  so enormous t h a t  i t  would  

seem l i k e l y  t h a t  t h e r e  a r e  fe w ,  i f  any ,  a n t i g e n i c  

s t r u c t u r e s  t h a t  c o u ld  n o t  be r e c o g n i s e d  by one or  

a n o t h e r  ly m p h o c y te .  I t  i s  e q u a l l y  c l e a r  however t h a t  

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

a n t i g e n s  t o  e l i c i t  an immune r e s p o n s e .  A c e n t r a l  

q u e s t i o n  t h e r e f o r e  i s  what  p r o p e r t i e s  o f  an a n t i g e n  

make i t  more o r  l e s s  s t i m u l a t o r y  t o  t h e  c e l l s  o f  

t h e  immune sys tem  in  g e n e r a l ,  and i n d i v i d u a l  p a r t s  o f  

t h e  sys tem  in  p a r t i c u l a r .  The s t u d y  o f  t h i s  q u e s t i o n  

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

B e r z o v s k y  e t  a l ,  1 9 8 7 ) .

A fu n d a m e n ta l  d i f f e r e n c e  e x i s t s  be tw een r e c o g n i t i o n  

o f  e p i t o p e s  by B c e l l s  and T c e l l s .  The B c e l l ,  

th r o u g h  a n t i b o d y  m o l e c u l e s  on i t s  s u r f a c e ,  can  

i n t e r a c t  d i r e c t l y  w i t h  a n t i g e n .  A n t i g e n - a n t i b o d y  

r e a c t i o n s  can t h e r e f o r e  be reduc ed  t o  a two m o l e c u l e  

s y s te m ,  and can be s t u d i e d  in  s o l u t i o n .  In  c o n t r a s t ,  

t h e  T c e l l  a n t i g e n  r e c e p t o r  i n t e r a c t s  w i t h  a n t i g e n  and 

p r o d u c t s  o f  t h e  genes o f  t h e  m a jo r  h i s t o c o m p a t a b i 1 i t y  

com plex  (MHC) on t h e  s u r f a c e  o f  a n o t h e r  c e l l .  E p i t o p e  

a n a l y s i s  i n  t h e  T c e l l  com partm ent  t h e r e f o r e ,  i n v o l v e s  

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

can o n l y  be s t u d i e d  in  a c e l l u l a r  s ys te m .  A m o l e c u l a r
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model o f  t h e  t r i p a r t i t e  i n t e r a c t i o n  between t h e  T c e l l  

r e c e p t o r ,  a n t i g e n  and MHC m o l e c u l e s  has been 

p roposed  by H e b e r - K a t z  and c o l l e g u e s  ( H e b e r - K a t z  e t  

a l ,  1 9 8 3 ) .  In  t h i s  model an e p i t o p e  i s  d e f i n e d  as t h a t  

p a r t  o f  an a n t i g e n  w h ic h  i n t e r a c t s  w i t h  t h e  T c e l l  

r e c e p t o r .  An a g r e t o p e  i s  t h a t  p a r t  o f  an a n t i g e n  t h a t  

i n t e r a c t s  w i t h  t h e  m a jo r  h i s t o c o m p a t a b i 1 i t y  complex  

(MHC) m o l e c u l e s  on t h e  s u r f a c e  o f  an a n t i g e n  

p r e s e n t i n g  c e l l  (A PC ) .  F u n c t i o n a l  e v i d e n c e  f o r  th e  

e x i s t e n c e  o f  a g r e t o p e s  came i n i t i a l l y  f rom  e x p e r im e n t s  

i n  w h ich  t h e  r e l a t i v e  p o te n c y  o f  two c l o s e l y  r e l a t e d  

a n t i g e n s  f o r  a s i n g l e ,  homogeneous T c e l l  p o p u l a t i o n  

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

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

t h a t  most a n t i g e n s  a r e  r e c o g n is e d  o n l y  a f t e r  t h e y  have  

been p r o t e o l y t i c a l l y  d i g e s t e d  o r  p r o c e s s e d  by t h e  

p r e s e n t i n g  c e l l  ( r e v i e w e d  by C h a in  e t  a l ,  1 9 8 8 ) .  T h is  

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

a r e  n e c e s s a r y  f o r  t h e  i n t e r a c t i o n  w i t h  MHC o r  t h e  T 

c e l l  r e c e p t o r .  The n a t u r e  and e x t e n t  o f  p r o c e s s i n g  i s  

t h e r e f o r e  a n o t h e r  f a c t o r  in  d e t e r m i n i n g  t h e  

im m u n o g e n ic i ty  o f  a p a r t i c u l a r  segment  o f  a complex  

p r o t e i n  a n t i g e n  (H ansburg  e t  a l ,  1 9 8 5 ) .

The s t r u c t u r e  o f  an a n t i g e n  i s  no t  t h e  s o l e  d e c i d i n g  

f a c t o r  in  d e t e r m i n i n g  w h e t h e r  i t  w i l l  e l i c i t  a 

r e s p o n s e .  T h i s  i s  a l s o  d ep enden t  on t h e  b i a s  o f  th e  

immune sys tem  in  a s p e c i f i c  h o s t .  Mammalian p r o t e i n s
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i n j e c t e d  i n t o  mammalian h o s ts  w i l l  be r e g u l a t e d  by t h e  

l e v e l  o f  s e l f  t o l e r a n c e  t o  t h e  homologous h o s t  

p r o t e i n .  Even w i t h  non-mammalian p r o t e i n s  f o r  w h ic h  

t h e r e  i s  no h o s t  c o u n t e r p a r t ,  ( e . g .  v i r a l  o r  b a c t e r i a l  

p r o t e i n s ) ,  s e l f - t o l e r a n c e , immune s u p p r e s s i o n  and  

i d i o t y p i c - a n t i - i d i o t y p i c  n e tw o r k s  w i l l  p l a y  a p a r t  in  

d e t e r m i n i n g  t h e  re s p o n s e .

The aim o f  t h i s  t h e s i s  i s  t o  e x t e n d  our  u n d e r s t a n d i n g  

o f  what  d e t e r m i n e s  t h e  immune re s p o n s e  o f  CD4+ T c e l l s  

t o  a s i m p le  model a n t i g e n  t r i n i t r o p h e n y 1 ( T N P ) -  

i n s u l i n .
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Chapter 1;2
The m o l e c u l a r  b a s i s  o f  T c e l 1 r e c o g n i t i o n .

T c e l l s  r e c o g n i s e  a n t i g e n  v i a  a r e c e p t o r  on t h e i r  

s u r f a c e  ( T c R ) .  In  t h e  mouse t h e  r e c e p t o r  c o n s i s t s  o f  

a h e t e r o d i m e r ,  a 45kD a c h a in  and a 40kD (3 c h a i n ,  

w h ic h  a r e  d i s u l p h i d e  l i n k e d  and g l y c o s y l a t e d  ( A l l i s o n  

e t  a l ,  1 9 8 5 ) .  The a and p c h a i n s  show e x t e n s i v e  

s t r u c t u r a l  homology w i t h  t h e  heavy and l i g h t  c h a i n s  o f  

im m u n o g lo b u l in ,  and t h e  gene o r g a n i s a t i o n  and and 

mechanisms f o r  g e n e r a t i n g  d i v e r s i t y  a r e  s i m i l a r  

( H e d r i c k  e t  a l ,  1984 ,  C h e in  e t  a l ,  1984 ,  S a i t o  e t  a l ,

1984 ,  and G asco ig n e  e t  a l ,  1 9 8 4 ) .

As d is c u s s e d  f u r t h e r  b e lo w ,  T c e l l s  r e c o g n i s e  a n t i g e n  

o n l y  in  t h e  c o n t e x t  o f  MHC m o l e c u l e s .  T h i s  phenomenon 

i s  known as r e s t r i c t i o n  ( Z i n k e r n a g e l  e t  a l ,  1 9 7 9 ) .  A 

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

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

a n t i g e n  and MHC. The q u e s t i o n  o f  w h e t h e r  one r e c e p t o r  

r e c o g n is e d  a n t i g e n  and a n o t h e r  r e c o g n i s e d  MHC, or  

w h e th e r  one r e c e p t o r  r e c o g n is e d  b o th  has been r e s o l v e d  

by e x p e r im e n t s  in  w h ic h  a and p r e c e p t o r  genes w ere  

t r a n s f e c t e d  i n t o  a c y t o t o x i c  T c e l l  h y b r id o m a .  I t  was 

d e m o n s t r a t e d  t h a t  when r e c e p t o r  genes w ere  e x p r e s s e d ,  

b o th  a n t i g e n  s p e c i f i c i t y  and MHC r e s t i c t i o n  w ere  

t r a n s f e r r e d  t o  t h e  r e c i p i e n t  (Dembic  e t  a l ,  1 9 8 6 ) .  The 

gene p r o d u c t s  w h ic h  fo rm  a s i n g l e  r e c e p t o r  c o u ld

t h e r e f o r e  r e c o g n i s e  bo th  t h e  a n t i g e n  and MHC.

I n  o r d e r  t o  accomodate  a "one r e c e p t o r "  model  o f  du a l
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r e c o g n i t i o n ,  i t  has been p roposed  t h a t  p ro c e s s e d  

a n t i g e n  b in d s  d i r e c t l y  t o  t h e  MHC r e s t r i c t i n g  

e l e m e n t s .  In  a d d i t i o n ,  t h i s  model a t t r i b u t e d  

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

a n i m a l s  e x p r e s s i n g  d i f f e r e n t  MHC h a p l o t y p e s  (Immune 

Response ( I r )  gene e f f e c t s ) ,  t o  d i f f e r e n c e s  in  b i n d i n g  

a f f i n i t y  between a n t i g e n  and MHC. D i r e c t  s u p p o r t  f o r  

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

t h e o r y  has come f rom  e x p e r i m e n t s  u s in g  d e t e r g e n t  

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

( I - a )  o f  two d i f f e r e n t  h a p l o t y p e s .  A p e p t i d e  f rom hen 

egg ly s o z y m e ,  known t o  be immunogenic in  mice  

e x p r e s s i n g  one MHC h a p l o t y p e  b u t  n o t  in  mice  

e x p r e s s i n g  t h e  o t h e r ,  was added t o  t h e  p u r i f i e d  MHC 

m o l e c u l e s ,  and t h e  a s s o c i a t i o n  measured by e q u i l i b r i u m  

d i a l y s i s  ( B a b b i t t  e t  a l ,  1 9 8 5 ) .  The p e p t i d e  was shown 

t o  b in d  t o  t h e  a p p r o p r i a t e  MHC m o l e c u l e s ,  d e r i v e d  

f ro m  m ice  a b l e  t o  respond t o  t h e  p e p t i d e ,  w i t h  a 10 -  

f o l d  g r e a t e r  a f f i n i t y  th a n  t o  MHC m o l e c u l e s  f rom  non

r e s p o n d in g  m ic e .  The r e a c t i o n  was a l s o  shown t o  be 

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

d ep enden t  on amino a c i d  sequence and n o t  m e r e l y  

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

O th e r  e x p e r im e n t s  used p h o s p h o l i p i d  v e s i c l e s  

c o n t a i n i n g  I - A 0* MHC a n t i g e n s  w h ic h  when c o a t e d  o n to  a 

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

membrane. A T c e l l  h y b r id o m a ,  s p e c i f i c  f o r  o v a lb u m in
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and r e s t i c t e d  by I - A 0* was added t o  t h e  p l a n a r  

membrane, and in  t h e  p re s e n c e  o f  an o v a lb u m in  p e p t i d e  

known t o  be immunogenic f o r  t h e  h y b r id o m a ,  c o u ld  be 

s t i m u l a t e d  t o  r e l e a s e  I L - 2  ( W a t t s  e t  a l  1 9 8 6 ) .  In  

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

p e p t i d e  showed t h a t  MHC and a n t i g e n  i n t e r a c t  d i r e c t l y ,  

b u t  i n  t h i s  case  o n l y  in  t h e  p r e s e n c e  o f  t h e  T c e l l  

r e c e p t o r .

A m o l e c u l a r  b a s i s  f o r  u n d e r s t a n d i n g  M H C /a n t ig e n  

i n t e r a c t i o n s  has come f rom  t h e  r e c e n t  c r y s t a l l o g r a p h i c  

X - r a y  a n a l y s i s  o f  t h e  s t r u c t u r e  o f  one o f  t h e  human 

C l a s s  I MHC (HLA) m o l e c u l e s .  The human c l a s s  I 

a n t i g e n ,  H L A -A 2 , has r e c e n t l y  been c r y s t a l l i s e d .  The 

a l  and a2 e x t r a c e l l u l a r  domains a r e  h e l i c e s  w h ic h  a r e  

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

p l e a t e d  s h e e t  t o  fo rm  a c l e f t  i n t o  w h ic h  a n t i g e n  i s  

p u t a t i v e l y  bound (B jo rkm an  e t  a l  1 9 8 7 ) .

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

w i t h  an a and a p c h a i n  33 kD and 28 kD r e s p e c t i v e l y .  

Both c h a i n s  have two e x t r a c e l l u l a r  domains and th e  

membrane p r o x i m a l  domains (a 2  and P2) a r e  t h o u g h t  t o  

fo rm  i m m u n o g l o b u l i n - l i k e  s t r u c t u r e s  w i t h  i n t r a c h a i n  

d i s u l p h i d e  bonds.  The d e t a i l  o f  t h e  NH2 ~ t e r m i n a l  

domains i s  unknown, b u t  t h e y  a r e  assumed t o  have a 

s i m i l a r  s i t e  t o  t h a t  d e f i n e d  on c l a s s  I ,  i n t o  w h ich  

p r o t e i n  o r  p e p t i d e  c o u ld  p o s s i b l y  be bound. ( T r a v e r s  

e t  a l , 1 9 8 4 ) .

U n l i k e  T c e l l  r e c e p t o r s ,  MHC m o l e c u l e s  a r e  not
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v a r i a b l e  w i t h i n  an i n d i v i d u a l  and must t h e r e f o r e  b in d  

" p e r m i s s i v e l y " t o  many a n t i g e n s .  However ,  as m e n t io n e d  

abo ve ,  t h i s  i n t e r a c t i o n  shows some s p e c i f i c i t y  s i n c e  

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

c h a r a c t e r i s t i c s .  A number o f  s t u d i e s  have compared  

t h e  s t r u c t u r e  o f  d i f f e r e n t  a n t i g e n s  w h ic h  a r e  known 

t o  be r e s t r i c t e d  by t h e  same MHC e l e m e n t .  T h i s  has 

g i v e n  r i s e  t o  a l g o r i t h m s  w h ic h  have been used t o  

p r e d i c t  e p i t o p e s  on d i f f e r e n t  a n t i g e n s .  One such model  

p ropo ses  t h a t  T c e l l  e p i t o p e s  w i l l  p r e f e r e n t i a l l y  

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

w i t h  h y d ro p h o b ic  r e s i d u e s  on one s i d e  o f  t h e  h e l i x  

and h y d r o p h i l i c  r e s i d u e s  on t h e  o t h e r  (De L i s i  e t  a l

1 9 8 5 ) .

An a l t e r n a t i v e  a l g o r i t h m  based on t h e  a n a l y s i s  o f  th e  

p r i m a r y  s t r u c t u r e  o f  known e p i t o p e s  p ro p o s e s  t h a t  T 

c e l l  e p i t o p e s  c o n t a i n  a c e n t r a l  m o t i f  o f  a c h a rg ed  

amino a c i d  r e s i d u e ,  o r  a g l y c i n e ,  f o l l o w e d  by two  

h y d r o p h o b ic  amino a c i d s .  R e s id u e s  on e i t h e r  s i d e  o f  

t h i s  m o t i f  w i l l  fo rm  c h a r a c t e r i s t i c  sub p a t t e r n s  w h ich  

g i v e  r i s e  t o  t h e  MHC r e s t i c t i o n  p a t t e r n  o b s e rv e d  

( R o t h b a r d  e t  a l  1 9 8 8 a ) .

Assuming t h e  T c e l l  r e c e p t o r  i s  h i g h l y  v a r i a b l e  any  

s t r u c t u r a l  p a t t e r n  o f  immunogenic e p i t o p e s  w ou ld  a r i s e  

f rom  t h e  i n t e r a c t i o n  w i t h  t h e  MHC. In  c e r t a i n  cas es  i t  

may be t h a t  t h e  sequence  m o t i f  p ropo sed  by R o th b a rd  e t  

a l  s e l e c t s  f o r  a c o n f o r m a t i o n a l  s t r u c t u r e  s i m i l a r  t o
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t h a t  p ro p o sed  by De L i s i  e t  a l ,  i n  t h a t  a h e l i c a l  

c o n f i g u r a t i o n  may be a d o p te d .  The h y d r o p h o b ic  m o i e t i e s  

w o u ld  fo rm  one s u r f a c e  o f  t h e  h e l i x  w h i l e  t h e  c h a rg e d  

r e s i d u e s  w ou ld  form  t h e  o t h e r .  T h e r e f o r e  t h i s  may 

p r e s e n t  a p o s s i b l e  c o r r e l a t i o n  between t h e  two  

a l g o r i t h m s  ( R o t h b a r d  e t  a l ,  1 9 8 8 b ) .
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Chapter 1:3.
T c e l 1 e p i t o p e  a n a l y s i s .

T c e l l  e p i t o p e s  have been i n v e s t i g a t e d  in  many

sys te m s ,  and by s e v e r a l  d i f f e r e n t  a p p ro a c h e s .  One o f

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

p r o t e i n  cy to ch ro m e  c .  I n i t i a l  a n a l y s i s  o f  t h e

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

because  o f  t h e  e x i s t e n c e  o f  numerous s p e c i e s  v a r i a n t s  

o f  c y to c h ro m e  c ,  w h ic h  d i f f e r  f rom  each o t h e r  o n l y  a t  

a few d e f i n e d  p o s i t i o n s .  Thus f o r  e x a m p le ,  p e r i t o n e a l  

e x u d a t e  T - l y m p h o c y t e s  f rom  B IO .A  m ice  ( H - 2 a ) immunised  

w i t h  p ig e o n  cy to ch ro m e  c w ere  t e s t e d  a g a i n s t  a p an e l  

o f  s p e c i e s  v a r i a n t s  o f  t h e  p r o t e i n .  The T c e l l s  d i d  

not  respond  t o  a u t o l o g o u s  mouse c y to ch ro m e  c o r  t o  th e  

human v a r i a n t .  They d i d  respond in  a h e t e r o c l i t i c  

manner t o  moth cy to c h ro m e  c ,  and t o  a l e s s e r  e x t e n t  

h ippopotam us  cy to ch ro m e  c .  On a n a l y s i s  o f  th e  

d i f f e r e n c e s  between t h e  v a r i a n t  fo r m s ,  p ig e o n  d i f f e r e d  

f rom  mouse by seven amino a c i d s .  The i m p o r t a n t  

r e s i d u e s ,  based on t h e  co m par ison  o f  t h e  sequence o f  

immunogenic and non- im m unogen ic  fo rm s ,  w ere  d e t e r m in e d  

t o  be a t  p o s i t i o n s  100 and 104. I f  a p a r t i c u l a r  

v a r i a n t  d i d  no t  have t h e  same r e s i d u e s  as t h e  p r i m i n g  

a n t i g e n  a t  t h e s e  p o s i t i o n s  i t  w ou ld  n o t  e l i c i t  a 

re sp o n se  ( S o l i n g e r  e t  a l  1 9 8 0 ) .

A n o th e r  w e l l  s t u d i e d  p r o t e i n ,  in  w h ic h  s p e c ie s  

v a r i a n t s  have been used t o  i d e n t i f y  a n t i g e n i c  s i t e s  i s
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m y o g lo b in .  A s e r i e s  o f  T c e l l  c l o n e s  w e re  p r e p a r e d  

f rom  c e l l  l i n e s  s p e c i f i c  f o r  sperm w h a le

m y o g lo b in .  By com par ing  t h e  r e s p o n s e  t o  numerous  

s p e c i e s  homologues o f  known se q u e n c e ,  i t  was 

d e m o n s t r a t e d  t h a t  t h e r e  w ere  two e p i t o p e s  r e c o g n is e d  

by t h e  c l o n e s .  One group r e c o g n is e d  an e p i t o p e  around  

p o s i t i o n  109 and w ere  r e s t r i c t e d  by I - A ^ ,  w h i l e  a 

second group  r e c o g n is e d  an e p i t o p e  a ro u n d  p o s i t i o n  140 

and w ere  r e s t r i c t e d  by I - E ^  (B e rk o w e r  e t  a l  1 9 8 5 ) .

A second method o f  i d e n t i f y i n g  T c e l l  e p i t o p e s ,  in  

systems w here  no s p e c i e s  v a r i a n t s  e x i s t  has been t o  

s y n t h e s i z e  o v e r l a p p i n g  p e p t i d e s ,  c o v e r i n g  t h e  w ho le  

p r o t e i n  s t r u c t u r e  and t e s t i n g  them on T c e l l  c l o n e s .  

Most T c e l l s  w h ic h  respond  t o  a n a t i v e  p r o e i n ,  a l s o  

r e a c t  w i t h  a p e p t i d e  f r a g m e n t  c o n t a i n i n g  th e  

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

a r e  d e t e r m in e d  p r i m a r i l y  by t h e  amino a c i d  sequence  

and not  t h r e e  d i m e n s i o n a l  c o n f o r m a t i o n .  U s in g  t h i s  

a p p ro a c h ,  B6A F I  c l o n e s  (H -2 *5 x H - 2 a ) s p e c i f i c  f o r  

S t a p h y lo c o c c u s  n u c le a s e  c o u ld  be s e p a r a t e d  i n t o  two  

p o p u l a t i o n s .  H-2*3 r e s t r i c t e d  c l o n e s  w e re  h i g h l y  

r e s p o n s i v e  t o  t h e  p e p t i d e  9 1 - 1 1 0 ,  w h e re a s  H - 2 a 

r e s t r i c t e d  c l o n e s  responded  t o  t h e  p e p t i d e  8 1 - 1 0 0 ,  and 

n e i t h e r  responded  t o  t h e  o t h e r  p e p t i d e  ( F in n e g a n  e t  a l

1 9 8 6 ) .

Ha v in g  e s t a b l i s h e d  w h ic h  r e g i o n  o f  a p r o t e i n  i s  

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

d e f i n e  t h e  s t r u c t u r a l  f e a t u r e s  i n v o l v e d  i n  T c e l l  and
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MHC r e c o g n i t i o n .  For e x a m p le ,  a s e r i e s  o f  s e q u e n t i a l l y  

t r u n c a t e d  p e p t i d e s ,  in  t h e  r e g i o n  o f  r e s i d u e s  8 1 - 1 0 3 ,  

o f  p ig e o n  cy to ch ro m e  c w ere  t e s t e d  on s p e c i f i c  T 

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

c a p a b l e  o f  s t i m u l a t i n g  a f u l l  res p o n s e  was seven amino  

a c i d s  lo n g .  O n ly  c o n s e r v a t i v e  changes made w i t h i n  th e  

seven amino a c i d  p e p t i d e  w ere  a b l e  t o  m a i n t a i n  

im m u n o g e n ic i ty  ( S c h w a r t z  e t  a l ,  1 9 8 5 ) .  A d d i t i o n a l  

r e s i d u e s  w ere  shown not  t o  be d i r e c t l y  i n v o l v e d  in  

b i n d i n g  w i t h  t h e  T c e l l  r e c e p t o r ,  b u t  enhanced  

i m m u n o g e n i c i t y , p e rh a p s  by c o n t r i b u t i n g  t o  th e  

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

t h e  p e p t i d e .
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Chapter 1:4.
Immune re sp o n se  gene e f f e c t s  on e p i t o p e  a n a l y s i s .

The m a jo r  g e n e r a l i s a t i o n  a r i s i n g  f rom  t h e  s t u d i e s  

documented abo ve ,  and many o t h e r s  o f  a s i m i l a r  n a t u r e ,  

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

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

a T c e l l  r e s p o n s e .  For  exam ple  t h e  r e c o g n i t i o n  by a T 

h e l p e r  c e l l ,  t h r o u g h  i t ’ s a n t i g e n  s p e c i f i c  r e c e p t o r ,  

o f  a p e p t i d e  bound t o  a c l a s s  I I  m o l e c u l e  l e a d s  t o  T 

c e l l  a c t i v a t i o n  and in  t u r n  an immune r e s p o n s e  t o  t h e  

a n t i g e n  f rom  w h ic h  t h e  p e p t i d e  was d e r i v e d  ( S e t t e  e t  

a l ,  1987 ,  G u i l l e t  e t  a l ,  1 9 8 7 ) .  F u r t h e r m o r e ,  

immunogenic r e g i o n s  a r e  d e t e r m in e d  b o th  by th e  

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

t h e  h os t  (G erm ain  & M a l i s s e n ,  1 9 8 6 ) .

D i f f e r e n c e s  i n  b o th  o v e r a l l  im m u n o g e n ic i ty  and f i n e  

s p e c i f i c i t y  o f  t h e  re s p o n d in g  T c e l l  p o p u l a t i o n s  t o  a 

p a r t i c u l a r  a n t i g e n ,  w h ic h  can be a t t r i b u t e d  t o  t h e  

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

te rm e d  immune re sp o n se  gene ( I r )  e f f e c t s .  Some o f  t h e  

e a r l i e s t  e v i d e n c e  f o r  g e n e t i c  c o n t r o l  o f  immune 

r e s p o n s e s  came f rom  s t u d i e s  in  g u i n e a  p i g s .  A s o l u b l e  

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

a n t i b o d i e s  f rom r a b b i t  s e r a .  The a b i l i t y  o f  a n t i 

i n s u l i n  a n t i b o d i e s  f rom  s t r a i n  2 and s t r a i n  13 g u i n e a  

p i g s  t o  b in d  t o  t h e  i n s u l i n - c e l l u l o s e  c o n j u g a t e  was 

th e n  t e s t e d .  I t  was shown t h a t  a n t i b o d i e s  f ro m  s t r a i n

24



2 c o u ld  b in d  t o  t h e  c o n j u g a t e  w h i l e  s t r a i n  13 a n im a ls  

c o u ld  no t  ( A r q u i l l a  & F i n n ,  1 9 6 3 ) .  F u r t h e r  e v i d e n c e  

was p r o v i d e d  f rom  e x p e r i m e n t s  u s in g  t h e  b ranc hed  

m u l t i c h a i n  p o l y p e p t i d e  p o l y ( L - T y r ,  L - G l u )  p o l y  D L -A la  

p o l y  L - L y s  (TGA L) .  When CBA and C57XBL m ic e  w ere  

immunised w i t h  t h i s  a n t i g e n  CBA m ice  resp o n d ed  p o o r l y  

w h i l e  C57XBL m ice  responded  w e l l .  S u b s t i t u t i o n  o f  th e  

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

o f  re sp o n se  CBA m ice  responded  w e l l ,  w h i l e  C57XBL d i d  

n o t .  Both a n t i g e n s  e l i c i t e d  a good re s p o n s e  i n  CBA x 

C57 h y b r i d  m ice  ( M c D e v i t t  & S e l a ,  1967 ,  1 9 6 8 ) .  C o n t r o l

e x p e r i m e n t s  r u l e d  o u t  d i f f e r e n c e s  due t o  dose ,  

a d j u v a n t s ,  age o r  s e x ,  and t h e  r e s u l t s  i n d i c a t e d  t h a t  

t h e  m u r in e  resp o n se  t o  TGAL was a g e n e t i c a l l y  

c o n t r o l l e d ,  q u a l i t a t i v e ,  dom inan t  t r a i t .  The d i s c o v e r y  

o f  immune resp o n se  genes in  t h e  I r e g i o n s  o f  t h e  MHC 

( B e n a c e r r a f  & M c D e v i t t  1 9 7 2 ) ,  l e d  t o  t h e  h y p o t h e s i s  

t h a t  I r  gene p r o d u c t s  fo rm  t o g e t h e r  w i t h  a n t i g e n  t o  

g i v e  an immune complex w h ic h  s t i m u l a t e s  T c e l l s .  In  

a d d i t i o n  t h e  I r  gene p r o d u c t  was,  v i a  i t ’ s a b i l i t y  t o  

b in d  a p a r t i c u l a r  a n t i g e n ,  a b l e  t o  d i c t a t e  t h e  T c e l l  

re sp o n se  (Kapp e t  a l ,  1974 ,  B e n a c e r r a f  e t  a l  1974,  

B e n a c e r r a f ,  1 9 7 8 ) .

The phenomenon o f  I r  gene c o n t r o l  o f  immune res p o n s e s  

has been s t u d i e d  i n  g r e a t  d e t a i l  i n  many p r o t e i n  

a n t i g e n  sys tem s such as lysozym e ( A l l e n  e t  a l ,  1 9 8 4 ) ,  

c y to c h ro m e  c (Hannum e t  a l ,  1 9 8 5 a , b ,  Ogasawara  e t  a l ,

1987)  and m y o g lo b in  ( S t r e i c h e r  e t  a l , 1 9 8 4 ) .  These
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s t u d i e s  showed t h a t  f o r  many p r o t e i n  a n t i g e n  systems  

t h e  g e n e t i c  background  o f  t h e  r e c i p i e n t  c o u ld  

d e t e r m i n e  t h e  l e v e l  o f  r e s p o n s e .  The m a jo r  c o n t r o l l i n g  

e l e m e n t s  o f  immune r e s p o n s i v e n e s s  t o  s i m p l e  p r o t e i n  

a n t i g e n s  have been mapped t o  t h e  c l a s s  I I  r e g i o n s  o f  

t h e  MHC com plex .

The mechanism by w h ic h  I r  gene p r o d u c t s  i n f l u e n c e  T 

c e l l  r e s p o n s i v e n e s s  i s  s t i l l  an o u t s t a n d i n g  q u e s t i o n .  

T h re e  m a jo r  h y p o th e s e s  have been s t u d i e d  in  d e t a i l .  

One i s  d e t e r m i n a n t  s e l e c t i o n ,  w h ic h  has been d is c u s s e d  

b r i e f l y  abo ve ,  w hereby  a n t i g e n  r e c o g n i t i o n  depends on 

i t s  a b i l i t y  t o  form  a complex w i t h  some MHC a n t i g e n s ,  

b u t  no t  w i t h  o t h e r s .  The h y p o t h e s i s  s t a t e s  t h a t  t h e r e  

i s  an i n t r i n s i c  a s s o c i a t i o n  between a n t i g e n  and an MHC 

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

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

a v a i l a b l e  t o  a c t i v a t e  T c e l l s  ( R o s e n t h a l  e t  a l  , 1 9 7 8 ) .  

A second h y p o t h e s i s  i s  t h a t  t h e  p a t t e r n  o f  resp o n se  t o  

any p a r t i c u l a r  a n t i g e n  i s  d e t e r m in e d  by t h e  r e p e r t o i r e  

o f  t h e  a d u l t  T c e l l  p o p u l a t i o n .  N o n - r e s p o n s i v e n e s s ,  in  

t h i s  m ode l ,  r e s u l t s  f rom  t h e  f a c t  t h a t  T c e l l s  

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

a d u l t ,  because t h e y  have been d e l e t e d  d u r i n g  o n to g e n y  

i n  t h e  thymus.  T h i s  c l o n a l  d e l e t i o n  i s  a consequence  

o f  " s e l f - t o l e r a n c e " , and low r e s p o n s i v e n e s s  t o  a 

f o r e i g n  a n t i g e n  i s  due t o  a f o r t u i t o u s  c r o s s - r e a c t i o n  

w i t h  s e l f .  S in c e  MHC a n t i g e n s  d e t e r m i n e  t h e  s e l f 
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r e p e r t o i r e  w h ic h  i s  s e l e c t e d ,  t h e y  a l s o  d e t e r m i n e  th e  

a d u l t  T c e l l  r e p e r t o i r e ,  and hence t h e  immune respo nse  

p a t t e r n s .

The t h i r d  t h e o r y  i s  t h a t  c e r t a i n  a n t i g e n s  when bound 

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

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

r e s p o n s e s .

The q u e s t i o n  o f  d i f f e r e n t i a l  b i n d i n g  by MHC has been 

d is c u s s e d  b r i e f l y  above .  The key  q u e s t i o n  in  

d i f f e r e n t i a t i n g  between t h e o r i e s  1 and 2 abo ve ,  has 

been t h a t  o f  e x p e r i m e n t a l l y  d i s t i n g u i s h i n g  between th e  

e f f e c t s  o f  changes i n  a n t i g e n  s t r u c t u r e  on th e  

i n t e r a c t i o n  w i t h  MHC m o l e c u l e s  o r  t h e  T c e l l  

r e c e p t o r s .  A number o f  f u n c t i o n a l  s t u d i e s  have been  

d e v is e d  t o  a t t e m p t  t o  s o l v e  t h i s  p r o b le m .  For  e x a m p le ,  

i t  was shown t h a t  t h e  p e p t i d e  8 6 - 1 0 3  o f  moth 

cy to ch ro m e  c c o u ld  be p r e s e n t e d  t o  t h e  same T c e l l s  in  

t h e  c o n t e x t  o f  b o th  I -A * 5 and I - A ^  w i t h  d i f f e r e n t  

p o t e n c y ,  a phenomenon d e s c r i b e d  as MHC d e g e n e ra c y  

(Hansburg  e t  a l ,  1 9 8 5 ) .  Changes i n  t h e  p e p t i d e  

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

t h e  I - A  m o l e c u l e  w ere  t h e r e f o r e  mapped t o  th e  

" a g r e t o p e  r e g i o n ,  w h i l e  changes w h ic h  a f f e c t e d  T c e l l  

r e c o g n i t i o n  e q u a l l y  on b o th  h a p l o t y p e s  w ere  mapped to  

t h e  e p i t o p e .  However t h e  a g r e t o p e  and e p i t o p e  w ere  

shown t o  o v e r l a p  in  t h i s  sys te m ,  and co m p a r is o n s  u s in g  

d i f f e r e n t  re s p o n d e r  T c e l l s  showed t h a t  i t  was 

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

A more d i r e c t  way o f  a d d r e s s i n g  t h i s  q u e s t i o n  i s  t o  

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

p o t e n t i a l  o f  p e p t i d e s .  B a b b i t t  e t  a l  used an H-2^

r e s t r i c t e d  immunogenic p e p t i d e  and exam ined  t h e  d i r e c t  

b i n d i n g  o f  t h i s  and o t h e r  p e p t i d e  a n a lo g u e s  t o  I - A ^  

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

s t u d i e s .  The m a j o r i t y  o f  t h e  a n a lo g u e s  d i d  no t  

s t i m u l a t e  t h e  T c e l l  h yb r idom as  on w h ic h  t h e y  w ere  

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

immunogenic p e p t i d e .  T h i s  was t r u e  b o th  on p l a n a r  

membrane and in  f u n c t i o n a l  s t u d i e s .  P e rh ap s  most

s u r p r i s i n g  was t h e  f a c t  t h a t  an a u t o l o g o u s  mouse 

lysozym e p e p t i d e  i n h i b i t e d  b i n d i n g  by up t o  85% 

( B a b b i t t  e t  a l ,  1 9 8 6 ) .

The d a t a  i m p l i e s  t h a t  a l t h o u g h  some I r  gene e f f e c t s  

do c o r r e l a t e  w i t h  MHC b i n d i n g  d i f f e r e n c e s ,  o t h e r  non-  

immunogenic p e p t i d e s  can a s s o c i a t e  w i t h  l a  m o l e c u l e s  

b u t  do no t  s t i m u l a t e  p re s u m a b ly  because  o f  an absence  

o f  a p p r o p r i a t e  T c e l l s

E v id e n c e  f o r  c l o n a l  d e l e t i o n  has come f ro m  s t u d i e s

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

t r i n i t r o b e n z o y l s u l p h o n i c  a c i d  (TNB S) ,  by i n t r a v e n o u s  

i n j e c t i o n  (Good e t  a l ,  1 9 8 3 ) .  C y t o t o x i c  T c e l l  

p r e c u r s o r s  w ere  r e c o v e r e d  f rom  t h e s e  m ice  and grown in  

l i m i t  d i l u t i o n  c u l t u r e s ,  in  t h e  p r e s e n c e  o f  Con A 

s u p e r n a t a n t s .  The c e l l s  f rom  t h e  c u l t u r e s  w e re  t e s t e d
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by c y t o t o x i c i t y  a g a i n s t  normal  a l l o g e n e i c  s p l e e n  

c e l l s .  The r e s u l t s  showed t h a t  h a p t e n - s p e c i f i c  Tc 

c e l l s  w ere  much d e p l e t e d  in  h a p te n  p r im e d  m ic e .

More d i r e c t  e v i d e n c e  o f  t h y m ic  c l o n a l  d e l e t i o n  comes 

f rom  s t u d i e s  u s in g  m on o c lo n a l  a n t i b o d i e s  w h ich  

r e c o g n i s e  s p e c i f i c  Vp r e g i o n s  o f  t h e  T c e l l  r e c e p t o r .  

The b a s i s  o f  t h e s e  e x p e r i m e n t s  was t h e  f i n d i n g  t h a t  T 

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

a l lo - M H C  a n t i g e n  I - E ,  and t h e  m in or  h i s t o c o m p a t a b i 1 i t y  

a n t i g e n  M i s ,  use r e c e p t o r s  w h ic h  a lm o s t  a lw a y s  c o n t a i n  

a p a r t i c u l a r  Vp r e g i o n s  ( V p 8 . 1  and Vp6 in  t h e  case  o f  

M i s ,  and V p l 7 a  in  t h e  case  o f  I - E s or  I - E ^ .

In  H -2^  and H -2^  a n i m a l s  t h a t  c o n t a i n  f u n c t i o n a l  

g e r m l i n e  genes f o r  b o th  Vp 8 . 1  and t h e  s u r f a c e  

a n t i g e n  M is ,  p e r i p h e r a l  T c e l l s  e x p r e s s i n g  th e  

r e l e v a n t  Vp w ere  s e v e r e l y  d e p l e t e d  ( K a p p l e r  e t  a l ,  

1988.  S i m i l a r  r e s u l t s  w ere  a l s o  o b t a i n e d  w i t h  Vp6 

g e r m l i n e  genes and M is  (M ac d o n a ld  e t  a l ,  1 9 8 8 ) .  In

a d d i t i o n ,  T c e l l  hyb r idom as  w ere  p r e p a r e d  by c r o s s  

l i n k i n g  o f  TcR by a m o n o c lo n a l  a n t i b o d y  a g a i n s t  th e  

r e l e v a n t  Vp t o  a c t i v a t e  t h e  c e l l s  and th e n  exp a n d in g  

i n  I L - 2 ,  b e f o r e  b e in g  fu s e d  w i t h  BW5147 T c e l l  thymoma 

c e l l s .  When t e s t e d  T c e l l  h yb r idom as  e x p r e s s i n g  th e  

r e l e v a n t  Vp w ere  shown t o  r e c o g n i s e  t h e  M is  a n t i g e n .

S i m i l a r  r e s u l t s  w ere  o b t a i n e d  w i t h  T c e l l  hyb r idom as

d e r i v e d  f rom  I - E ” , H - 2 S , SJL m ice  e x p r e s s i n g  Vp 17a.  

SJL m ice  can o n l y  e x p r e s s  t h e  I “ Ea c h a in  and i t  was 

shown t h a t  in  t h e s e  a n i m a l s  V p l 7 a + T c e l l s  form
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a p p r o x i m a t e l y  10% o f  t h e  p e r i p h e r a l  T c e l l  p o o l .  

However ,  when SJL m ice  w ere  c r o s s e d  w i t h  BALB\c m ice  

t h e  r e s u l t a n t  F I  o f f s p r i n g ,  w h ic h  can e x p r e s s  e i t h e r  

I - E ^  o r  I - E ^ ^ s had v i r t u a l l y  no V p l 7 a + T c e l l s  

( K a p p l e r , 1 9 8 7 ) .

These r e s u l t s  s t r o n g l y  s u p p o r t  t h e  t h e o r y  t h a t  

t o l e r a n c e  t o  s e l f  MHC, o r  t o  m o d i f i e d  MHC in  t h e  case  

o f  M is ,  a r e  t h e  r e s u l t  o f  d e l e t i o n  o f  r e a c t i v e  T c e l l s  

b e f o r e  t h e y  become p a r t  o f  t h e  p e r i p h e r a l  p o o l .

A t h i r d  p o s s i b i l i t y  i s  t h e  r o l e  o f  s u p p r e s s o r  

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

s i l e n t  ( r e v i e w e d  D o r f  & B e n a c e r r a f ,  1 9 8 4 ) .

An exam ple  w here  MHC l i n k e d  low re s p o n d e r  s t a t u s ,  has  

been a t t r i b u t e d  t o  s u p p r e s s i o n  i s  t h e  re sp o n se  t o  hen 

egg lyso z ym e .  S t u d i e s  on t h i s  p r o t e i n  a n t i g e n  found  

t h a t  t h e  Th and Ts d e t e r m i n a n t s  w e re  n o n - o v e r l a p p i n g ,  

w i t h  t h e  Ts r e g i o n  s i t u a t e d  a t  t h e  amino t e r m i n a l  and 

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

Ts d e t e r m i n a n t  was removed by c h e m ic a l  c l e a v a g e  and 

t h e  r e m a i n d e r , i n c l u d i n g  t h e  Th e p i t o p e  was used t o  

p r im e  p r e v i o u s l y  n o n - r e s p o n d e r  m ic e .  The m ice  showed 

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

p r o t e i n  (O k i  e t  a l ,  1 9 8 5 ) .

A key  f i n d i n g  in  t h e s e  and s i m i l a r  e x p e r i m e n t s  i s  

t h a t  s u p p r e s s io n  i s  a dom inan t  phenomenon. The s t u d y  

o f  h e l p e r  e p i t o p e s  may t h e r e f o r e  be masked by t h e  

p r e s e n c e  o f  a s i n g l e  " s u p p re s s o r  e p i t o p e "  on t h e
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a n t  i g e n .

The r o l e  o f  MHC r e s t r i c t i o n  in  s u p p r e s s o r  c e l l  

a c t i v i t y  i s  s t i l l  a m a t t e r  o f  c o n t r o v e r s y .  W h i l e  most  

s u p p r e s s o r  c e l l s  a r e  r e p o r t e d  t o  be CD8 p o s i t i v e ,  (and  

t h e r e f o r e  p re s u m a b ly  c l a s s  I r e s t r i c t e d ) ,  t h e r e  i s  now 

g e n e r a l  ag ree m ent  t h a t  t h e s e  e f f e c t o r  c e l l s  a r e  

a c t i v a t e d  by a CD4 p o s i t i v e ,  c l a s s  I I  r e s t r i c t e d  

s u p p r e s s o r  i n d u c e r  c e l l  ( O l i v e i r a ,  e t  a l  1 9 8 8 ) .

The f a c t o r s  w h ic h  d e t e r m i n e  w h e t h e r  an e p i t o p e  g i v e s  

r i s e  t o  " h e l p e r "  o r  " s u p p r e s s o r "  re s p o n s e s  a r e  s t i l l  

l a r g e l y  unknown. However ,  i t  has been s u g g e s t e d  t h a t  

Ts in d u c e r  and Th c e l l s  use d i f f e r e n t  MHC a n t i g e n s  as  

r e s t r i c t i o n  e l e m e n t s .  As I r  gene p r o d u c t s  i n  complex  

w i t h  a n t i g e n  w i l l  s t i m u l a t e  an immune r e s p o n s e ,  immune 

s u p p r e s s i o n , ( I s ) ,  gene p r o d u c t s  w i l l  in  com plex  w i t h  

a n t i g e n  s u p p re s s  a re s p o n s e .  The res p o n s e  t o  t h e  l i v e r  

a n t i g e n  F, w h ic h  i s  s t r i c t l y  MHC d e p e n d e n t ,  shows 

dom inant  n o n - r e s p o n s i v e n e s s  in  t h e  F I  c r o s s  be tw een  H-  

2^ ( r e s p o n d e r )  and H -2 ^  ( n o n - r e s p o n d e r ) .  T h i s  non

r e s p o n s i v e n e s s  can be mapped t o  t h e  I - E  r e g i o n  o f  t h e  

MHC. In  v i t r o  T c e l l  p r o l i f e r a t i o n  i n  r e s p o n d e r  CBA 

( H - 2 ^ )  m ice  was b lo c k e d  by t h e  a p p r o p r i a t e  a - I - A ^  

m on o c lo n a l  a n t i b o d y ,  w h ereas  i t  was enhanced  ( i . e  

s u p p r e s s io n  i n h i b i t e d )  in  t h e  F I  s t r a i n ,  in  t h e  

p r e s e n c e  o f  a - I - E  a n t i b o d i e s  ( O l i v e i r a  e t  a l ,  1 9 8 7 ) .  

I s  gene e f f e c t s  l i n k e d  t o  a p a r t i c u l a r  r e s t r i c t i o n  

e le m e n t  w ere  a l s o  d e m o n s t r a t e d  in  e x p e r i m e n t s  on 

S c h is to s o m a  ja p o n ic u m  in  humans w here  s u p p r e s s i o n  was
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shown t o  be DQ r e s t r i c t e d  ( H i ra y a m a  e t  a l ,  1 9 8 7 ) .

The c o n d i t i o n s  w h ic h  a p p ear  t o  in d u c e  Ts c e l l s

i n c l u d e  e x c e s s  a n t i g e n ,  i n  w h ic h  cas e  s u p p r e s s o r  c e l l s  

p r e v e n t  t h e  w h o le  immune sys tem  b e in g  d i r e c t e d  t o  t h e  

one a n t i g e n ,  and c h r o n i c  i n f e c t i o n  such as p a r a s i t i c  

d i s e a s e s .  In  t h e  l a t t e r  case  s u p p r e s s o r  c e l l s  may 

o p e r a t e  t o  p r e v e n t  t h e  p o s s i b l e  damage, i . e .  immune 

complex f o r m a t i o n ,  caused by an o n g o in g  immune 

r e s p o n s e ,  w h ic h  may have more h a r m f u l  e f f e c t s  th a n  th e  

i n f e c t i o n  i t s e l f  ( M i t c h i s o n  e t  a l ,  1 9 8 6 ) .

On t h e  b a s i s  o f  t h e  above e v i d e n c e  n o n - r e s p o n s i v e n e s s  

i s  r e g u l a t e d  a t  t h e  T c e l l  l e v e l  as w e l l  as by t h e  

MHC. For  a p r o t e i n  o r  a p e p t i d e  t o  be immunogenic i t

must be a b l e  t o  b in d  t o  c l a s s  I I  MHC m o l e c u l e s ,  bu t

b i n d i n g  does not  n e c e s s a r i l y  r e s u l t  in  an immune 

r e s p o n s e .  MHC does n o t  d i s c r i m i n a t e  be tw een  f o r e i g n  

and a u t o l o g o u s  p e p t i d e s ,  b u t  does so between  

s t r u c t u r a l l y  d i f f e r e n t  p e p t i d e s .  Both Ts c e l l s  and 

c l o n a l  d e l e t i o n  may be i n v o l v e d  and w h ic h  t a k e s  

p r e c e d e n c e  may depend on t h e  a n t i g e n  c o n c e r n e d ,  t h e  

a n t i g e n  lo a d  and t h e  r o u t e  o f  e n t r y .

For my t h e s i s  I have employed a d i f f e r e n t  method f o r  

s t u d y i n g  e p i t o p e s .  I n s u l i n  was h a p t e n a t e d  w i t h  

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

t r i n i t r o p h e n y 1 (TNP) g roup t o  t h e  p r o t e i n .  The 

o b j e c t i v e  was t o  p rodu ce  T c e l l  c l o n e s  w h ich  

r e c o g n is e d  t h e  h a p te n  as an e p i t o p e .  The c a r r i e r
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m o l e c u l e  w ou ld  th e n  be a l t e r e d  by t h e  use o f  s p e c ie s  

v a r i a n t s  o f  i n s u l i n ,  o r  o t h e r  i n s u l i n  a n a lo g u e s .  In  

p r i n c i p l e ,  t h i s  method w o u ld  m a i n t a i n  t h e  e p i t o p e  as 

c o n s t a n t  ( t h e  TNP s t r u c t u r e  w i l l  re m a in  in d e p e n d e n t  o f  

t h e  c a r r i e r  s t r u c t u r e )  w h i l e  t h e  a g r e t o p e  w ou ld  be 

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

o f  a g r e t o p e  and e p i t o p e  c o u ld  be s t u d i e d  in  d e t a i l .  

However as w i l l  be shown in  p r a c t i c e  TNP had complex  

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

For  exam ple  in  H -2^  m ice  TNP l i n k e d  t o  a non-  

immunogenic c a r r i e r  p r o t e i n ,  pork  i n s u l i n ,  a l t e r e d  

t h e  m o l e c u l e  t o  r e n d e r  i t  immunogenic .  The 

i n v e s t i g a t i o n  o f  t h i s  r e s u l t  w i l l  fo rm  t h e  b a s i s  o f  

t h i s  t h e s i s .
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Chapter 1:5.
I n s u l i n  as an a n t i g e n .

I n s u l i n  was chosen as a model c a r r i e r  a n t i g e n  f o r  

s e v e r a l  r e a s o n s ,  ( 1 ) i t  i s  a s m a l l  g l o b u l a r  p r o t e i n  

whose s t r u c t u r e  i s  known i n  g r e a t  d e t a i l  f ro m  X - r a y  

c r y s t a l l o g r a p h y  ( B l u n d e l l  e t  a l ,  197 2 )  F i g  1, ( 2 )

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

a v a i l a b l e ,  T a b l e  1, ( 3 )  d i f f e r e n t  c o n g e n ic  MHC mouse 

s t r a i n s  show d i s t i n c t  re sp o n se  p a t t e r n s  t o  d i f f e r e n t  

s p e c i e s  v a r i a n t s  o f  i n s u l i n ,  T a b l e  2 ,  ( 4 )  most

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

on a s i n g l e  s i t e  ( L i ,  1 9 5 6 ) .

In  o r d e r  t o  a n a l y s e  t h e  immune re s p o n s e s  t o  i n s u l i n ,  

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

o f  t h e  m o l e c u l e .  The monomeric  fo rm  o f  i n s u l i n  i s  made 

up o f  two p o l y p e p t i d e  c h a i n s  (A and B ) ,  l i n k e d  t o  each  

o t h e r  by two d i s u l p h i d e  bonds.  The A c h a i n  c o n s i s t s  o f  

21 amino a c i d s ,  and t h e  B c h a in  3 0 .

In  t h e  A c h a in  r e g i o n s  ” Ag and A j g  -  A2Q a r e  

h e l i c a l ,  r u n n in g  a lm o s t  a n t i - p a r a l l e i  t o  each o t h e r .  

Ag -  A j 2 i s  i n t h e  fo rm  o f  a an e x t e n d e d  p o l y p e p t i d e  

c h a i n .  In  t h e  B c h a in  r e g i o n s  B2 “ By and B24 ~ B2 g

a r e  in  t h e  form  o f  a p -  p l e a t e d  s h e e t ,  w h i l e  Bg -  B jg  

i s  a h e l i x .

An i n t r a c h a i n  d i s u l p h i d e  bond be tw een  c y s t e i n e  

m o i e t i e s  a t  p o s i t i o n s  6 and 11 on t h e  A c h a i n  push o u t  

t h e  i n t e r v e n i n g  amino a c i d s  t o  form  a r e g i o n  te rm ed
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Fig 1. Structure of the insulin molecule.

(a) Monomer structure. The disulphide bonds are coloured 
red, and the A chain loop residues and Al glycine are 
label led.

(b) Dimer structure. The interacting side chains are 
coloured orange, and the NH2 terminal groups are
1 abelied.
My thanks to Alistair McLeod for his help in preparing 
these figures.
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Table 1
P i  f  f e r e n c e s  in  i n s u l i n  amino a c i d  sequences  

between s p e c i e s .

Amino A c id  P o s i t i o n  

S p e c ie s  A c h a i n  B c h a in

4 8 9 10 3 30

Mouse D T S I K S

Cow E A S V N A

P ig E T S I N A

Sheep E A G V N A

T a b l e  2
Response t o  i n s u l i n s  in  d i f f e r e n t  s t r a i n s  

o f  m i c e .

I n s u l i n
H a p lo t y p e  Bee f  Pork Sheep

H - 2 b + +

H - 2 d + + +

H - 2 k -
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t h e  A c h a in  lo o p .  Two i n t e r c h a i n  d i s u l p h i d e  bonds  

betw een  Ay and By, and A20 ar|d B jg  m a i n t a i n  th e  

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

In  v i v o ,  i n s u l i n  i s  d e r i v e d  f rom  t h e  s i n g l e  c h a in  

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

p e p t i d e  w h ic h  j o i n s  t h e  C t e r m i n u s  o f  t h e  B c h a i n  and 

t h e  N t e r m i n u s  o f  t h e  A c h a i n .  The C p e p t i d e  i s  th e  

c o n n e c t i n g  p e p t i d e  l e s s  t h e  two b a s i c  amino a c i d  

r e s i d u e s  a t  e i t h e r  end .  Due t o  d i f f i c u l t i e s  i n v o l v e d  

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

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

p ro d u c e d  s y n t h e t i c a l l y  by e x p r e s s i n g  t h e  w ho le  

p r o i n s u l i n  gen e ,  and rem ov ing  t h e  C p e p t i d e  by 

p r o t e o l y s i s .  S t u d i e s  a imed a t  p r o d u c in g  m u tan t  

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

a r e  d is c u s s e d  b e lo w .

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

hexamer e q u i l i b r i u m .  The hexamer i s  fo rm ed  by s i x  

monomers w i t h  two z i n c  io n s  bound i n t o  t h e  s t r u c t u r e .  

I n s u l i n  w i l l  b in d  z i n c  more a v i d l y  w i t h  i n c r e a s i n g  pH 

between 4 . 5  and 8 . Below pH 4 and above pH 8 

d i s s o c i a t i o n  o c c u r s  and t h e  monomeric  a c i d  form and 

t h e  monomeric  b a s i c  fo rm  p r e d o m i n a t e .

D im ers  a r e  formed t h r o u g h  n o n - c o v a l e n t  l i n k a g e  

between t h e  p h e n y l a l a n i n e  group  a t  p o s i t i o n  24 and th e  

t y r o s i n e  a t  p o s i t i o n  26 on t h e  two B c h a i n s .

S e g r e g a t i o n  o f  p o l a r  and n o n - p o l a r  r e s i d u e s  i s  more
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c l e a r l y  d e f i n e d  in  t h e  hexamer th a n  i n  any o f  t h e

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

p o l a r  s i d e  c h a i n s .  Any exposed n o n - p o l a r  s i d e  c h a i n s  

a r e  u t i l i s e d  in  hexamer b i n d i n g .  C o n v e r s e l y ,  in  t h e

monomer t h e  B c h a in  w i l l  have many more h y d r o p h o b ic  

r e s i d u e s  exposed and t h i s  may be o f  im p o r ta n c e  in  

b i n d i n g  t o  MHC o r  t o  t h e  T c e l l  r e c e p t o r .

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

i n  se q u e n c e ,  though t h e  o v e r a l l  s t r u c t u r e  o f  t h e  

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

A t  t h e  A c h a in  loop  r e g i o n  pork  and mouse i n s u l i n

a r e  i d e n t i c a l ,  w h e re a s  b e e f  i n s u l i n  d i f f e r s  by two

amino a c i d s .  These d i f f e r e n c e s  may have an i m p o r t a n t  

r o l e  t o  p l a y  in  t h e  H -2 ^  r e s t r i c t e d  T c e l l  r e s p o n s e s .

T c e l l  res p o n s e s  t o  i n s u l i n  have been t h e  s u b j e c t  o f  

many s t u d i e s .  In  g u i n e a  p i g s  two i n b r e d  s t r a i n s  w h ic h  

d i f f e r  a t  t h e  MHC w ere  immunised w i t h  P I ,  and t h e i r  T 

c e l l  p r o l i f e r a t i v e  r e s p o n s e s  w ere  m eas ured .  S t r a i n  2 T 

c e l l s  responded  s t r o n g l y  t o  PI and w e a k l y  t o  B I . 

S t r a i n  13 responded t o  P I ,  BI and i s o l a t e d  B c h a i n .  

Thus,  s t r a i n  13 g u in e a  p i g s  r e c o g n i s e d  a common 

e p i t o p e  on t h e  B c h a i n ,  w h i l e  s t r a i n  2 g u in e a  p i g s  

w e re  r e c o g n i s i n g  t h e  loop  r e g i o n  o f  t h e  A c h a in  w here  

BI and PI  d i f f e r  ( B a r c i n s k i  e t  a l ,  1 9 7 7 ) .  T h i s  was 

c o n f i r m e d  by im m un is ing  w i t h  i s o l a t e d  B c h a i n .  S t r a i n  

13 responded  t o  P I ,  BI and B c h a i n ,  s t r a i n  2 

responded  t o  none o f  t h e  a n t i g e n s ,  w h i l e  F I  p r im e d  T 

c e l l s  gave  t h e  same p a t t e r n  as s t r a i n  13 c e l l s .  In
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i n s u l i n  r e s p o n s e s ,  t h e r e f o r e ,  as in  o t h e r  a n t i g e n  

sys tem s d e s c r i b e d  abo ve ,  t h e  f i n e  s p e c i f i c i t y  o f  

r e s p o n d in g  T c e l l s  was c o n t r o l l e d  by t h e  MHC 

h a p l o t y p e .

In  m ic e ,  e x p e r i m e n t s  u s in g  a p e r i t o n e a l  e x u d a t e  T 

c e l l  e n r i c h e d  (PETLES) p r o l i f e r a t i o n  a s s ay  system  

d e m o n s t r a t e d  t h a t  T c e l l s  f rom  H - 2 ^ a n i m a l s  responded  

t o  B I ,  b u t  no t  t o  PI  o r  S I , ( i . e  an A - c h a i n  loop  

e p i t o p e ) .  H -2 ^  m ice  responded  t o  B I ,  P I ,  S I  and 

i s o l a t e d  B c h a i n ,  ( i . e .  a B c h a i n  e p i t o p e ) .  Us ing  

r e c o m b in a n t  mouse s t r a i n s  t h e  l o c a t i o n  o f  t h e  c o n t r o l  

o f  t h e  immune r e s p o n s e s  t o  b o th  t h e  B c h a in  

d e t e r m i n a n t  in  H -2 ^  m ice  and t h e  A c h a i n  loop  

d e t e r m i n a n t  i n  H - 2 *3 was mapped t o  t h e  I - A  r e g i o n  o f  

t h e  MHC (Rosenwasser  e t  a l  1 9 7 9 ) .

In  H - 2 *3 m ic e  p o rk  i n s u l i n  f a i l e d  t o  s t i m u l a t e  

a n t i b o d y  o r  p r o l i f e r a t i v e  r e s p o n s e s .  However i f  PI  

p r im e d  H - 2 *3 T c e l l s  a r e  t r a n s f e r r e d  t o  s y g e n e i c  

r e c i p i e n t  m ice  in  a d o p t i v e  t r a n s f e r  e x p e r i m e n t s  t h e y  

w ere  shown t o  p r o v i d e  h e l p  t o  BI p r im e d  B c e l l s .  O th e r  

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

r a t  i n s u l i n  c o u ld  p r im e  T h e l p e r  c e l l s  in  H - 2 *3 and H-  

2^ m ic e ,  b u t  no t  H -2^  m ice  (Bucy e t  a l ,  1983)

The e v i d e n c e  s u g g e s ts  t h a t  d i f f e r e n t  immunodominant  

e p i t o p e s  a r e  r e c o g n is e d  by d i f f e r e n t  s t r a i n s  o f  m ic e .  

I f  t h a t  e p i t o p e  i n v o l v e s  t h e  A c h a in  loop  o n l y  th o s e  

v a r i a n t s  t h a t  d i f f e r  f rom  mouse i n s u l i n  a t  t h i s  r e g i o n
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w i l l  s t i m u l a t e  a r e s p o n s e .  A l l  t h e s e  e x p e r i m e n t s  have  

been i n t e r p r e t e d  in  te rm s  o f  t h e  d e t e r m i n a n t  s e l e c t i o n  

model o f  MHC gene r e s t r i c t i o n .

I r  gene e f f e c t s  in  t h e s e  s t r a i n s  o f  m ic e  a r e  f u r t h e r  

c o m p l i c a t e d  by e x p e r i m e n t s  in  w h ic h  F I  (b  x k )  m ice  

responded  not  o n l y  t o  B I ,  b u t  a l s o  t o  P I  and S I .  Both  

p a r e n t a l  s t r a i n s  a r e  low r e s p o n d e r s  t o  t h e  l a t t e r  two  

a n t i g e n s .  I t  was a l s o  shown t h a t  t h e  F I  T c e l l s  

responded  t o  t h e  t h r e e  i n s u l i n s  on F I  APC, b u t  no t  on 

e i t h e r  o f  t h e  p a r e n t a l  s t r a i n s  ( R e s k e -K u n z  e t  a l  

1 9 8 2 ) .  A l i k e l y  e x p l a n a t i o n  o f  t h e s e  r e s u l t s  i s  t h a t  

n o v e l  MHC r e s t r i c t i o n  e l e m e n t s  a r e  fo rm ed  i n  F I  m ice  

w i t h  an a c h a i n  f rom  one p a r e n t a l  I - A  m o l e c u l e ,  and a 

P c h a i n  f rom  t h e  o t h e r  ( S p a e th  e t  a l ,  1 9 8 3 ) .

An a d d i t i o n a l  u n u su a l  f e a t u r e  o f  T c e l l  r e s p o n s e s  t o  

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

d e p en d en t"  e p i t o p e s .  In  t h e s e  e x p e r i m e n t s ,  F I  (d  x k )  

h ig h  x low r e s p o n d e r  PI  p r im e d  T c e l l s  w e r e  f u s e d  w i t h  

a BW5147, a thymoma l i n e ,  t o  g i v e  c l o n e d  i n s u l i n  

s p e c i f i c  T c e l l  h y b r id o m a s .  The h y b r id o m a s  c o u ld  be 

s e p a r a t e d  i n t o  two g roup s  based on I L - 2  p r o d u c t i o n  in  

respo nse  t o  v a r i o u s  i n s u l i n s .  Group 1 re s p o n d e d  t o  PI  

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

A4 and B3 . Group 2 c o u ld  be s t i m u l a t e d  by P I , B I , S I , H I  

and i s o l a t e d  B c h a i n ,  and w ere  r e c o g n i s i n g  an e p i t o p e  

on t h e  B c h a i n .  The f i n e  s p e c i f i c i t i e s  o f  g roup 1 

h yb r idom as  s u g g e s te d  t h a t  t h e y  w ere  r e c o g n i s i n g  an 

a n t i g e n i c  m o i e t y  t h a t  i n c l u d e d  t h e  A c h a i n  lo o p ,
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a s p a r a g i n e  a t  p o s i t i o n  A4 and g l u t a m a t e  a t  p o s i t i o n  

B3 , w h ic h  w ou ld  su g g e s t  t h a t  t h e  t e r t i a r y  

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

a l ,  1 9 8 3 ) .  T h i s  c o u ld  be p o s s i b l e  as p o s i t i o n s  A4 and  

B3 l i e  c l o s e  t o g e t h e r  in  t h e  t h r e e - d i m e n s i o n a l  

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

A l t h o u g h  d a t a  on T c e l l  p r o l i f e r a t i o n  and ly m p h o k in e  

s e c r e t i o n  has been i n t e r p r e t e d  l a r g e l y  in  t e r m s  o f  

d e t e r m i n a n t  s e l e c t i o n ,  i n d e p e n d e n t  e x p e r i m e n t s  on 

a n t i b o d y  res p o n s e s  have p r o v i d e d  s t r o n g  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  s u p p r e s s o r  c e l l  pa thw ays  i n  t h e s e  

m ic e .  In  H -2 ^  m ice  b o th  BI and PI p r im e d  T c e l l s  a r e  

a b l e  t o  s t i m u l a t e  i n s u l i n  s p e c i f i c  PFC re s p o n s e s  in  

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

P I .  However i f  PI  p r im e d  T c e l l s  w e re  s e l e c t i v e l y  

i r r a d i a t e d ,  th e n  added t o  c u l t u r e s  t h e y  gave s e c o n d a r y  

h e l p  in  a PI  PFC re sp o n se  ( J e n s e n ,  1 9 8 4 ) .  In  a d d i t i o n  

when n o n - i r r a d i a t e d  P I  p r im e d  T c e l l s  w e re  added t o  

i r r a d i a t e d  PI  p r im e d  T c e l l s  t h e  r e s p o n s e  c o u l d  be 

s u p p r e s s e d .  T h i s  d a t a  s u g g e s ts  t h a t  t h e  res p o n s e  t o  PI  

i n  H - 2 *3 m ice  can be su p p re s s e d  by a r a d i o s e n s i t i v e  

s u b s e t  o f  c e l l s .  O n ly  PI  p r im e d  Ts c e l l s  w ere  c a p a b l e  

o f  s u p p r e s s in g  t h e  r e s p o n s e ,  BI p r im e d  T c e l l s  d i d  

n o t .  N e i t h e r  BI nor  P I  p r im e d  c e l l s  i n h i b i t e d  t h e  

r e sp o n se  t o  BI ( Jen se n  e t  a l ,  1 9 8 4 ) .

E x t r a c t s  f rom  H - 2 D CD8 c e l l s  w ere  p r e p a r e d  by 

s o n i c a t i o n ,  f o l l o w e d  by c e n t r i f u g a t i o n  and f i l t r a t i o n
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o f  t h e  s o l u b l e  f r a c t i o n .  These e x t r a c t s  w ere  a b l e  t o  

s u p p r e s s  in  v i t r o  s e c o n d a r y  a n t i b o d y  res p o n s e s  in  H - 2  ̂

m ic e ,  b u t  no t  in  o t h e r  h a p l o t y p e s  (Jen se n  e t  a l ,

1 9 8 6 ) .  As t h i s  f a c t o r  was ab s o rb e d  by pork  bu t  not  

b e e f  i n s u l i n  bound on a Sephadex column i t  s u g g e s ts

t h a t  t h e  Ts f a c t o r  was b i n d i n g  t o  t h e  A c h a in  lo o p .

T h i s  d a t a  s u g g e s t s  t h a t  n o n - r e s p o n s i v e n e s s  i s  

d e t e r m i n e d  by t h e  r e p e r t o i r e  o f  s p e c i f i c  Ts c e l l s  

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

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

E p i t o p e s  b o th  on t h e  A c h a i n  and t h e  B c h a in  can be 

r e c o g n i s e d  by human T c e l l s .  HLA-DR1+Ve c e l l s  f rom a 

s i n g l e  i n s u l i n  t r e a t e d  d i a b e t i c  p a t i e n t  w ere  

s t i m u l a t e d  in  v i t r o , a n d  T c e l l  l i n e s  (TCL)  d e r i v e d .  

Ten l i n e s  w ere  s t u d i e d  f o r  r e s p o n s e s  t o  i n s u l i n  

v a r i a n t s  as measured by (^H )  TdR i n c o r p o r a t i o n .  The 

e i g h t  TCL d e r i v e d  f rom  s t i m u l a t i o n  w i t h  BI showed no 

c r o s s  r e a c t i v i t y  w i t h  PI o r  H I .  The two TCL d e r i v e d  

f rom  s t i m u l a t i o n  w i t h  PI  showed s u b s t a n t i a l  

h e t e r o c l i t i c  res p o n s e s  w i t h  B I , and one was w e a k ly  

a u t o r e a c t i v e  w i t h  HI ( M i l l e r  e t  a l ,  1 9 8 7 ) .  T h e r e f o r e  

t h e  d a t a  on t h e  T c e l l  r e p e t o i r e  f rom  a s i n g l e  donor

i s  s i m i l a r  t o  t h a t  o f  i n b r e d  mouse s t r a i n s  and

i n c l u d e s  f i n e  s p e c i f i c i t y  f o r  one o r  two amino a c i d s  

and r e c o g n i t i o n  o f  a u t o l o g o u s  i n s u l i n .
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Chapter 1:6.
The use o f  h a p te n s  t o  s t u d y  p r o t e i n  a n t i g e n s .

Im m u n o g e n ic i ty  i s  t h e  a b i l i t y  t o  s t i m u l a t e  an immune 

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

t o  be r e c o g n i s e d  by a p r o d u c t  o f  a p r e v i o u s  immune 

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

r e c e p t o r .

A h a p te n  i s  no t  immunogenic a l o n e  b u t ,  when a t t a c h e d  

t o  an immunogenic c a r r i e r  i t  w i l l  e l i c i t  an immune 

r e s p o n s e .  T h e r e f o r e  f r e e  h a p te n  i s  a n t i g e n i c  bu t  not  

immunogen i c .

The a n t i b o d y  re sp o n se  t o  h a p t e n a t e d  p r o t e i n s  has been  

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

a n t i b o d y  re s p o n s e  d i r e c t e d  t o  a h a p te n  c o u ld  be 

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

d i s c o v e r y  o f  T c e l l  h e l p  ( M i t c h i s o n ,  1 9 7 1 ) .

A number o f  i m p o r t a n t  g e n e r a l i s a t i o n s  have been  

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

F i r s t l y ,  t h e  i n t e r a c t i o n  between h a p te n  and a n t i b o d y  

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

However ,  t h e  im m u n o g e n ic i ty  o f  a h a p t e n X c a r r i e r  

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

p r o t e i n .  Where t h e  re sp o n se  t o  a c a r r i e r  p r o t e i n  i s  

under  t h e  c o n t r o l  o f  I r  g e n e s ,  t h e  a n t i b o d y  re sp o n se  

i s  u s u a l l y  d e t e r m in e d  by c a r r i e r  s p e c i f i c  T c e l l s ,  and 

t h e  r e g u l a t i o n  o f  t h e  immune re sp o n se  t o  h a p te n  and 

c a r r i e r  o c c u r s  in  p a r a l l e l  (Wrede e t  a l ,  1 9 7 3 ) .
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T h i s  r e g u l a t i o n  has been s t u d i e d ,  f o r  exam ple  by 

u s in g  i n s u l i n s  h a p t e n a t e d  a t  t h e  E^g s i t e  w i t h  a 

d i n i t r o p h e n y l  g ro u p .  I t  was d e m o n s t r a t e d  t h a t  DNP-PI  

s t i m u l a t e d  a h ig h  t i t r e  o f  bo th  a n t i - D N P  and a n t i -

i n s u l i n  a n t i b o d i e s  in  H -2 ^  m ic e .  In  H -2 ^  and H-2^

m ic e ,  t h e r e  was no re s p o n s e  t o  e i t h e r .  H - 2 *3 mice

p r im e d  w i t h  DNP-BI  gave good r e s p o n s e s ,  w h i l e  H-2^

m ice  d i d  no t  respond  t o  e i t h e r  i n s u l i n  (K e c k ,  1 9 7 5 a ) .  

As t h e  s t r a i n s  d i f f e r e d  o n l y  a t  t h e  H -2  l o c i  t h i s  was 

s t r o n g  e v i d e n c e  f o r  I r  gene c o n t r o l ,  and t h a t  in  H - 2 *3 

m ice  t h e  A c h a in  loop  was i m p l i c a t e d  in  T c e l l

recogn  i  t  i o n .

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

i n d u c i n g  T c e l l  p r o l i f e r a t i o n .  In  c o n t r a s t  t o  B c e l l s ,  

t h e  T c e l l  resp o n se  t o  h a p te n s  a r e  o f t e n  c a r r i e r

s p e c i f i c .  A v e r y  e x t e n s i v e  s t u d y  o f  h a p te n  r e a c t i v e  T 

c e l l s  was c a r r i e d  o u t  by Janeway e t  a l .  G u in e a  p ig s  

immunised w i t h  DNP ( d i n i t r o p h e n y l ) - M y c o b a c t e r i a  showed 

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

a n t i g e n .  T c e l l s  w ere  p u r i f i e d ,  by n y lo n  wool

s e p a r a t i o n ,  f rom  p e r i t o n e a l  e x u d a t e s  f rom  pr im ed  

a n i m a l s ,  and gave in  v i t r o  p r o l i f e r a t i v e  re s p o n ses  t o  

D N P - M y c o b a c t e r i a . In  a d d i t i o n ,  some o t h e r  DNP m o d i f i e d  

p r o t e i n s  c o u ld  a l s o  e l i c i t  p r o l i f e r a t i v e  res p o n s e s  in  

D N P - M y c o b a c te r ia  p r im e d  T c e l l s .  U n c o n ju g a t e d  p r o t e i n s  

f a i l e d  t o  s t i m u l a t e  t h e  T c e l l  p o p u l a t i o n s .  S in c e  not  

a l l  DNP c o n j u g a t e s  w i l l  t r i g g e r  D N P - M y c o b a c te r ia
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p r im e d  T c e l l s  i t  was p o s t u l a t e d  t h a t  t h e  T c e l l  

r e c e p t o r  was not  s t r i c t l y  DNP s p e c i f i c  and t h a t  t h e y  

a l s o  r e c o g n i s e  p a r t  o f  t h e  c a r r i e r  p r o t e i n .  Of th o s e  

m o d i f i e d  p r o t e i n s  w h ic h  w ere  n o n - s t i m u l a t o r y ,  th e  

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

f a c t o r  (J a n e w a y ,  1 9 7 5 ) .

The mechanism by w h ic h  D N P - M y c o b a c te r ia  can p r im e  

T c e l l s  t o  respond  t o  D N P - p r o t e i n s  o t h e r  th a n  t h e  

p r i m i n g  a n t i g e n  i s  unknown. One e x p l a i n a t i o n  i s  t h a t  

t h e  l i p i d  c o a t  o f  M y c o b a c t e r i a  a b s o rb s  f r e e  DNP groups  

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

b i n d  t o  s e l f  a n t i g e n s .  A second p o s s i b i l i t y  i s  t h a t  

t h e  l i p i d  c o a t  c o u ld  f u s e  w i t h  t h e  T c e l l  membrane 

s t a b i l i s i n g  weak a f f i n i t y  i n t e r a c t i o n s  between DNP-  

p r o t e i n  and t h e  T c e l l  r e c e p t o r .  In  ag ree m ent  w i t h  

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

b o v in e  serum a lb u m in  w h ic h  had been f u r t h e r  m o d i f i e d  

by c o n j u g a t i o n  w i t h  f a t t y  a c i d s .  When used t o  immunise  

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

be d e m o n s t r a t e d  t o  s e v e r a l  D N P - p r o t e i n s  ( D a i l e y  e t  

a l ,  1 9 7 4 ) .

The T c e l l  r e c e p t o r  on D N P - M y c o b a c te r ia  p r im e d  g u in e a  

p i g  T c e l l s  was shown t o  r e c o g n i s e  a p o r t i o n  o f  th e  

p r o t e i n  t o g e t h e r  w i t h  t h e  h a p te n .  T h i s  was 

d e m o n s t r a t e d  when DNP was a t t a c h e d  t o  t h e  p r o t e i n  v i a  

a t r i p e p t i d e  l i n k e r .  P r o t e i n s  m o d i f i e d  in  t h i s  way 

c o u ld  no t  s t i m u l a t e  a p r o l i f e r a t i v e  respo nse  

T h e r e f o r e ,  w h i l e  B c e l l s  r e c o g n i s e  h a p te n s  r e g a r d l e s s
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o f  t h e  c a r r i e r ,  T c e l l s  r e c o g n i s e  a more e x t e n s i v e  

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

by amino a c i d s  t o  w h ic h  DNP i s  no t  d i r e c t l y  a t t a c h e d  

(Janew ay  e t  a l ,  1 9 7 6 a ) .

I n d u c e r  T c e l l s  c o u ld  be d e m o n s t r a t e d  by p r i m i n g  w i t h  

TNP and NP, bound t o  s e v e r a l  c a r r i e r s .  The T c e l l  

p o p u l a t i o n  c o u ld  be d i v i d e d  i n t o  two b ro ad  g r o u p s ,  

c o n j u g a t e  s p e c i f i c ,  by f a r  t h e  l a r g e s t  g r o u p ,  w h ich  

a r e  a c t i v a t e d  o n l y  by h a p te n  c o n j u g a t e d  t o  t h e  same 

c a r r i e r  used f o r  p r i m i n g .  The second g r o u p ,  w h ic h  was 

much r a r e r ,  w ere  h a p te n  s p e c i f i c  and r e c o g n i s e d  h ap ten  

on o t h e r  p r o t e i n s  i n c l u d i n g  t h e  a u t o l o g o u s  fo rm .  T h i s  

s u p p o r t s  t h e  f i n d i n g s  o f  Janeway t h a t  t h e  v a s t  

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

a s s o c i a t i o n  w i t h  a d e f i n e d  sequence o f  amino a c i d s .  

( C l a y b e r g e r  e t  a l ,  1 9 8 3 ) .

The use o f  h a p te n s  can i l l u s t r a t e  t h e  f i n e  p r e c i s i o n  

w i t h  w h ic h  T c e l l s  can d i s c r i m i n a t e  betw een  c l o s e l y  

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

w ere  m o d i f i e d  u s in g  2 , 4 , 6 - t r i n i t r o c h l o r o b e n z e n e  and 

d i n i t r o b e n z e n e  s u l p h a t e  t o  g i v e  TNP and DNP p r o t e i n s  

r e s p e c t i v e l y .  G u in e a  p i g s  w ere  p r im e d  t o  th e s e  

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

r e s p o n s e s .  I t  was shown t h a t  most TNP r e a c t i v e  c e l l s  

c o u ld  a l s o  r e a c t  t o  D N P - p r o t e i n s ,  w h i l e  a s u b s t a n t i a l  

p e r c e n t a g e  o f  DNP r e a c t i v e  c e l l s  f a i l e d  t o  be 

s t i m u l a t e d  by TNP d e r i v a t i v e s .  One p o s s i b l e
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e x p l a n a t i o n  f o r  t h i s  r e s u l t  was t h a t  D N P - s p e c i f i c  

s i t e s  on t h e  T c e l l  r e c e p t o r s  may be u n a b le  t o  

accom odate  t h e  l a r g e r  TNP g ro u p .  In  an a t t e m p t  t o  

f u r t h e r  measure  h a p te n  r e c o g n i t i o n  by T c e l l s ,  non

s t i m u l a t o r y  DNP m o d i f i e d  c o n j u g a t e s  w e re  used t o  b l o c k  

p r o l i f e r a t i v e  r e s p o n s e s ,  b o th  in  v i v o  and i n  v i t r o .  

L i t t l e  o r  no i n h i b i t i o n  o f  t h e  re s p o n s e  was found  in  

e i t h e r  s i t u a t i o n  (Janeway e t  a l ,  1 9 7 6 b ) .

H a p t e n a t i o n  o f  i n s u l i n s  w i t h  TNP has g i v e n  some 

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

g o v e r n in g  p r o l i f e r a t i v e  and a n t i b o d y  r e s p o n s e s .  In  

t h i s  sys tem  a n t i b o d y  res p o n s e s  may be r e g u l a t e d  by 

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

p r o l i f e r a t i v e  res p o n s e s  w ere  n o t .  I t  i s  p o s s i b l e  

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

may be r e g u l a t e d  a t  d i f f e r e n t  s t a g e s  o f  T 

c e l l  a c t i v a t i o n  ( F l o r y ,  W a l l a c e ,  O e t t e l  and C h a in  

1 9 8 9 ) .

H a p te n s  have a l s o  been shown t o  m o d i f y  s e l f  p r o t e i n s  

t o  r e n d e r  them immunogenic t o  s y n g e n e i c  T c e l l s .  

BALB/c im m u n o g lo b u l in s  w ere  d e r i v a t i s e d  w i t h  4 -  

h y d r o x y - 3 - n i t r o p h e n y l  a c e t y l  (NP)  and used t o  immunise  

s y n g e n e ic  BALB/c m ic e .  Pr im ed  T c e l l s  w ere  

d e m o n s t r a t e d  by in  v i t r o  p r o l i f e r a t i o n  a s s a y s .  In  

agree m ent  w i t h  t h e  r e s u l t s  found i n  g u i n e a  p i g s ,  

d i s t i n c t  s p e c i f i c i t i e s  w ere  c r e a t e d  by c o u p l i n g  NP t o  

d i f f e r e n t  BALB/c m o n o c lo n a l  a n t i b o d i e s ,  o r  by 

a t t a c h m e n t  v i a  a l i n k e r .  T h e r e f o r e  T c e l l s  w ere
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r e c o g n i s i n g  a d e t e r m i n a n t  o f  t h e  h a p te n  p l u s  a p a r t  o f  

t h e  p r o t e i n  c a r r i e r  ( B i r k o f f  e t  a l ,  1 9 8 2 ) .

In  summary, h a p t e n a t e d  p r o t e i n s  p r o v i d e  a good 

a n t i g e n  sys tem  f o r  s t u d y i n g  e p i t o p e  a n a l y s i s .  

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

s i n g l e  d e f i n e d  d e t e r m i n a n t ,  such as a h a p t e n ,  in  

a s s o c i a t i o n  w i t h  C l a s s  I I  MHC a n t i g e n s  a l l o w s  d i r e c t  

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

can e l i c i t  T c e l l  r e s p o n s e s  w h i l e  t h e  c a r r i e r  m o l e c u l e  

p r o v i d e s  t h e  I r  gene r e s t r i c t i o n .  By s e p a r a t i n g  th e  

two p r o c e s s e s  i n  t h i s  way b o th  t h e  e p i t o p e  and 

a g r e t o p e  can be s t u d i e d .
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C h a p t e r  2 : 1
M a t e r i a l s  and M e t h o d s : C e l l u l a r .

A n i m a l s : M ic e  w ere  o b t a i n e d  f rom  t h e  I m p e r i a l  Cancer

R e search  Fund b r e e d i n g  u n i t ,  and k e p t  under  SPF 

c o n d i t i o n s .  The s t r a i n s  used w e re  C57BL/BlOScSn ( H - 2 ^ ) ,  

B10D2 ( H - 2 d ) ,  BALB/c ( H - 2 d ) ,  and CBA ( H - 2 k ) .

A n t i g e n s : Beef  i n s u l i n ,  pork  i n s u l i n ,  o x i d i s e d  b o v in e  A 

c h a i n  and B c h a i n  w ere  o b t a i n e d  f ro m  Sigma ( S t . L o u i s ,  

U . S . A . ) .  Human i n s u l i n  was s u p p l i e d  by L i l l e y  i n  t h e  

fo rm  o f  Hum ulin  S. D e s o c t a p e p t i d e  i n s u l i n  pork  (DOP) was 

p r e p a r e d  by A l i s t a i r  McLeod a t  t h e  C r y s t a l l o g r a p h y  

D e p a r t m e n t ,  B i r k b e c k  C o l l e g e ,  London.

H e a t - k i l l e d  M y c o b a c te r  i a  t u b e r c u l o s i s  (H37RA) was 

o b t a i n e d  f rom  D i f c o  ( D e t r o i t ,  U . S . A . ) .

O va lbum in  and b o v in e  serum a lb u m in  w ere  p u rch ased  from  

Sigma ( S t . L o u i s  U . S . A . ) .

H a p t e n a t  i o n : h a p t e n a t e d  a n t i g e n s  w ere  p r e p a r e d  by

d i s s o l v i n g  70 mg o f  1 , 3 , 5  -  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  in  1 ml 0 . 1  M sodium b i c a r b o n a t e  (pH 8 . 2 )  j u s t  

p r i o r  t o  use .  An a l i q u o t  was added s l o w l y  t o  i n s u l i n  (1 0  

m g \m l )  in  0 . 1  M sodium b i c a r b o n a t e  (pH 8 . 2 )  t o  g i v e  a 

m o la r  r a t i o  o f  3 : 1  ( T N B S : p r o t e i n ) . The r e a c t i o n  was 

a l l o w e d  t o  p ro ce ed  f o r  two hou rs  a t  room t e m p e r a t u r e  in  

t h e  d a r k .  T N P - p r o t e i n  was s e p a r a t e d  f ro m  u n r e a c t e d  TNBS 

on a Sephadex G25 ( P h a r m a c ia )  column (1 5  x 6 cm ),  p r e 

e q u i l i b r a t e d  in  sodium b i c a r b o n a t e  b u f f e r  (pH 8 . 2 ) .  The 

m a jo r  c o l o u r e d  band was c o l l e c t e d  and l y o p h i l i s e d .

The a b s o rb an ce  o f  a sample  o f  T N P - i n s u l i n  was measured
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a t  280nm and 3 40  nm in  a Pye Unicam S P 8 -4 0 0

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

c a l c u l a t e d  by t h e  e q u a t i o n ;

mg\ml = 0D2qq - 0.34 x OD 3 4 Q
1

w here  1 i s  t h e  m o la r  a b s o r p t i o n  c o e f f i c i e n t  o f  i n s u l i n

The m o la r  c o n c e n t r a t i o n  o f  i n s u l i n  was c a l c u l a t e d  as;

m o l e s X l i t r e  = mg\ml p r o t e i n
6 x 103

t a k i n g  6 x 10^ as t h e  m o l e c u l a r  w e i g h t  o f  i n s u l i n .

The m o la r  c o n c e n t r a t i o n  o f  TNP was c a l c u l a t e d  as;  

m o l e s X l i t r e  “  0 ^ 3 4 0

1. 14 x 104

w here  1 . 1 4  x 104 i s  t h e  m o la r  a b s o r p t i o n  c o e f f i c i e n t  o f

TNP.

U s in g  t h i s  method o f  c o u p l i n g ,  r a t i o s  (TNP : i n s u l i n )

o b t a i n e d  w ere  1 : 1  + 20%. ( M i s h e l l  and S h i g i i ,  1 9 8 0 ) .

I m m u n is a t io n  P r o t o c o l : For  i n j e c t i o n  i n t o  a n i m a l s

a n t i g e n  was p r e p a r e d  a t  a c o n c e n t r a t i o n  o f  2 mgXml and 

e m u l s i f i e d  1:1  w i t h  C o m p le te  F r e u n d ’ s A d j u v a n t ,  u s in g  a 

s o n i c  p robe  ( S o n i f i e r  B - 1 2 ,  Branson S o n ic  Power Co. 

USA),  w h i l s t  k e e p in g  t h e  sample  on i c e .  50ug was 

i n j e c t e d  s u b c u t a n e o u s ly  a t  t h e  base o f  t h e  t a i l .  Ten 

days l a t e r  t h e  a n i m a l s  w ere  s a c r i f i c e d  and t h e  i n g u i n a l  

and p a r a - a o r t i c  lymph nodes w ere  c o l l e c t e d .
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M e d i a .

I s c o v e ’ s M o d i f i e d  D u l b e c c o ’ s Medium ( IM D M );  s o l i d  form  

o b t a i n e d  f rom  G ib c o ,  U K . , w i t h  t h e  a d d i t i o n  o f  

p e n i c i l l i n  ( lOOUXml) ,  s t r e p t o m y c i n  ( lO O u g X m l) ,

i n d o m e t h a c in  ( l u g X m l ) ,  sodium s e l e n i t e  ( 5 n g \ m l ) ,  f e r r i c  

c h l o r i d e  ( 0 . 3 u g \ m l ) ,  2 - m e r c a p t o e t h a n o l  ( 5  x 10*"®M), and 

sodium p y r u v a t e  ( Im M ) .

R o s w e l l  Park  M e m o r ia l  I n s t i t u t e  1640 (R P M I ) ;  

su p p le m e n te d  w i t h  g l u t a m i n e ,  p e n i c i l l i n  ( lO O U X m l) ,  

s t r e p t o m y c i n  ( lOOugXml) and b u f f e r e d  w i t h  sodium  

b i c a r b o n a t e  o b t a i n e d  f rom  ICRF.

M in i m a l  E s s e n t i a l  Medium (MEM); o b t a i n e d  f rom  ICRF.

P r o l i  f e r a t  io n  A s s a y s .

F o e t a l  c a l f  serum (FCS)  was o b t a i n e d  f rom  G ib c o  UK. and 

b e f o r e  use was i n c u b a t e d  a t  6 6 *C t o  d e s t r o y  com plem ent .  

Normal  mouse serum(NMS) was p r e p a r e d  by c o l l e c t i n g  b lo o d  

f rom  BlOScSn m ice  and a l l o w i n g  i t  t o  c l o t  f o r  1 hour a t  

3 7 #C, th e n  1 hour a t  4 * C .  The serum was p o o l e d ,  2 -  

m e r c a p t o e t h a n o l  was added ( f i n a l  con c .  5 x 10” ®M) and 

t h e  serum d i a l y s e d  f o r  48 hours  a g a i n s t  s e v e r a l  changes  

o f  s a l i n e .  More m e r c a p t o e t h a n o l  was th e n  added(same  

f i n a l  c o n c . )  and t h e  serum s t o r e d  a t  - 2 0 * C . ( C h a i n  e t  a l ,

1 9 8 7 ) .

S t a n d a r d  Assay:  ( C o r r a d i n  e t  a l ,  1977)  used f o r  c e l l  

l i n e s  and c l o n e s .  C e l l s  f rom  c u l t u r e  w ere  h a r v e s t e d  and 

washed t w i c e  in  MEM, c o u n te d  and made up t o  th e
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a p p r o p r i a t e  c o n c e n t r a t  i o n , ( 1 - 2  x 10®) in  IMDM c o n t a i n i n g  

5% FCS and 5 0 u l  added t o  each w e l l  i n  a r o u n d -b o t t o m e d  

9 6 - w e l l  p l a t e .  S y n g e n e ic  s p l e e n s  w ere  c o l l e c t e d ,  

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

mesh, washed t w i c e  in  MEM, and made up t o  a 

c o n c e n t r a t i o n  o f  1 x 1 0 ^ \ m l , i n  IMDM -5% FCS. The c e l l s  

w ere  th e n  i r r a d i a t e d  ( 3 0 0 0  ra d s  f rom  a ®®Co s o u rc e  and  

5 0 u l  w ere  added t o  each w e l l .  100 u l  o f  a n t i g e n  a t  

a p p r o p r i a t e  c o n c e n t r a t i o n ( I M D M  -  5% FCS) w ere  added t o  

t h e  c o r r e c t  w e l l s ,  and t h e  p l a t e  i n c u b a t e d  in  5% C02 a t  

37 c i n  a h u m i d i f i e d  i n c u b a t o r  (LEEC) f o r  t h r e e  day s .  

The c e l l s  w ere  th e n  p u l s e d  w i t h  lu C i  (^H ) t h y m i d i n e  f o r  

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

i n  a l i q u i d  s c i n t i l l a t i o n  c o u n t e r .

M o d i f i e d  P r o l i f e r a t i o n  Assay ( C h a in  e t  a l ,  1 9 8 7 ) :  ( s e e

A ppend ix  1) was used f o r  p r i m a r y  lymph node a s s a y s  as  

t h i s  method g r e a t l y  d e c r e a s e s  background  i n c o r p o r a t i o n  

o f  t h y m i d i n e .

Lymph nodes f rom  p r im e d  m ice  w e re  c o l l e c t e d  and 

d i s s o c i a t e d  i n t o  a s i n g l e  c e l l  s u s p e n s io n  by passage  

t h r o u g h  a n y lo n  mesh. The c e l l s  w ere  washed t w i c e  in  MEM 

c o u n te d  on an Improved Neubauer  h a e m o c y t o m e t e r , th e n  

made up t o  f i n a l  c o n c e n t r a t i o n  ( 1 x 1 0 ^ )  in  IMDM 

c o n t a i n i n g  1% NMS.

5 0 u l  o f  c e l l s  w e re  added per  w e l l  ( ro u n d  - b o t t o m e d ,  

Nunc U K . )  g i v i n g  a c o n c e n t r a t i o n  o f  5 x lO ® .  A n t i g e n s  

p r e p a r e d  a t  t h e  a p p r o p r i a t e  c o n c e n t r a t i o n s  w ere  added in  

5 0 u l  o f  t h e  same medium, t h e  p l a t e s  w ere  i n c u b a t e d ,  as
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above f o r  t h r e e  day s .  On t h e  t h i r d  day lOOul o f  IMDM 

medium c o n t a i n i n g  5% f o e t a l  c a l f  serum was added t o  a l l  

w e l l s .  The c o n t e n t s  o f  each w e l l  w ere  resu s p en d e d  by 

p i p e t t i n g  lOOul up and down f o u r  o r  f i v e  t i m e s ,  and 

lOOul  o f  c o n t e n t s  o f  each w e l l  w e re  t r a n s f e r r e d  t o  lOOul  

o f  IMDM c o n t a i n i n g  a s o u rc e  o f  I L - 2  ( s e e  b e lo w )  in  w e l l s  

o f  a 9 6 - w e l l  p l a t e  ( f l a t - b o t t o m e d ,  Nunc, U . K . ) .  The 

second p l a t e s  w e re  i n c u b a t e d  a f u r t h e r  two d a y s ,  and 

p r o l i f e r a t i o n  was measured by a d d in g  1 uCi ( H ) t h y m i d i n e  

(Amersham) f o r  16 h o u r s ,  h a r v e s t i n g  t h e  c e l l s  o n t o  g l a s s  

f i l t e r  p a p e r  in  a c e l l  h a r v e s t e r  ( D y n a te c h  UK) and 

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

s c i n t i l l a t i o n  c o u n t e r  (L K B ) .

Ant  ig e n  S p e c i  f  i c  T c e l 1 L i n e s : lymph node c e l l s  f rom  

a n t i g e n  p r im e d  m ic e  w ere  c u l t u r e d  a t  2 x 10° \ m l  in  th e  

p r e s e n c e  o f  a n t i g e n ( 100u g \ m l ) f o r  t h r e e  days in  6% 

C0 2 >3 7 # c . At  t h e  end o f  t h i s  p e r i o d  t h e  v i a b l e  c e l l s  

w e re  h a r v e s t e d  on F i c o l 1- H y p a q u e , ( s t o c k  s o l u t i o n s ;  14% 

F i c o l l  3 2 .8 %  Hypaque.  M ix  12 p a r t s  F i c o l l  s t o c k  w i t h  6 

p a r t s  Hypaque s t o c k ,  a u t o c l a v e  and s t o r e  i n  t h e  d a r k ) ,  

t o  remove dead c e l l s ,  d e b r i s  and e x c e s s  a n t i g e n ,  then  

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

exogenous  s o u rc e  o f  I L - 2 .  On t h e  s e v e n t h  day  t h e  c e l l s  

w ere  h a r v e s t e d ,  washed t w i c e  in  MEM t o  remove I L - 2 ,  and 

e i t h e r  used f o r  a s s a y  o r  p u t  back on a n t i g e n  t o  r e p e a t  

t h e  c y c l e .  For  r e s t i m u l a t i o n  t h e  c e l l s  w ere  s e t  up a t  2 

x 10® \m l  and c o c u l t u r e d  w i t h  s y g e n e i c  i r r a d i a t e d  s p le e n
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c e l l s ,  5 x 10®\ml and a n t i g e n .

P r e p a r a t  io n  o f  T c e l 1 C l o n e s : a s t o c k  m i x t u r e  c o n t a i n i n g  

5 x 10 ® \m l  i r r a d i a t e d ( 3 0 0 0  ra d s  f ro m  ®^Co s o u r c e ) ,  

s y n g e n e i c  s p l e e n  c e l l s ,  a n t i g e n  a t  200  p g \m l  and I L - 2  a t  

10%. The c e l l s  t o  be c l o n e d  w e re  p r e p a r e d  a t  v a r i o u s  

c o n c e n t r a t i o n s  t o  g i v e  f i n a l  numbers o f  3 0 0 ,  3 0 ,  3 ,  and 

0 . 3  p e r  w e l l ,  and w e re  m ixed  1 :1  w i t h  t h e  s t o c k .  20 p i  

w e re  th e n  added t o  each w e l l  on a 60  w e l l  T e r a s a k i  

p l a t e .  The p l a t e s  w ere  i n c u b a t e d  i n  6% CO2 a t  3 7 °C  f o r  

one w eek .  The p l a t e s  w ere  th e n  ch e cked  f o r  p o s i t i v e s  

w h ic h  w e r e  c o l l e c t e d  and expanded on a n t i g e n \ f e e d e r  

c e l l s  -  I L - 2  c y c l e s  as d e s c r i b e d  a b o v e .  A p l a t e  

c o n t a i n i n g  f e e d e r  c e l l s  o n l y  was used as a n e g a t i v e  

c o n t r o l .

I L - 2  S o u r c e s . two s o u rc e s  o f  exogenous I L - 2  have been 

u s e d ,  a r e c o m b in a n t  fo r m ,  w h ic h  was a g i f t  f ro m  D r .  M. 

Fe ld m an n ,  S u n le y  R e search  C e n t r e ,  C h a r i n g  Cross  

H o s p i t a l ,  L o n d o n . ,  used a t  a c o n c e n t r a t i o n  o f  0 . 0 5  

u g \ m l , and s u p e r n a t e n t  f rom  a g ib b o n  c e l l - l i n e  MLA-144 .

Each b a t c h  o f  s u p e r n a t a n t  was t e s t e d  on t h e  I L - 2  

d e p e n d a n t  c e l l  l i n e  CTLL, in  a 24 hour  a s s a y  and 

p r o l i f e r a t i o n  measured by t h y m i d i n e  i n c o r p o r a t i o n .  On 

t h e  b a s i s  o f  t h e s e  ass a y s  t h e  c o n c e n t r a t i o n  a t  w h ich  

each b a t c h  o f  s u p e r n a t a n t  was d e t e r m i n e d .

S p le e n  A d h e r e n t  C e l I s  f o r  use as F e e d e r s . s p l e e n s  w ere  

c o l l e c t e d  f ro m  m ice  o f  t h e  a p p r o p r i a t e  H - 2  h a p l o t y p e  and 

p r e p a r e d  as a s i n g l e  c e l l  s u s p e n s io n  in  RPMI c o n t a i n i n g
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5% FCS, a t  a f i n a l  d i l u t i o n  o f  5 ml per  s p l e e n .  5 ml 

a l i q u o t s  o f  c e l l s  w ere  th e n  added t o  t i s s u e  c u l t u r e  

d i s h e s  ( 9 0  mm, s i n g l e  v e n t ,  B ec to n  D i c k s o n ,  USA) and 

s w i r l e d  around  t o  co v e r  t h e  s u r f a c e .  The d i s h e s  w ere  

i n c u b a t e d  a t  3 7 #C f o r  2 h o u rs ,  t h e  medium removed,  and 

t h e  d i s h e s  washed 4 t im e s  in  5ml o f  RPMI-5%FCS t o  remove  

t h e  n o n - a d h e r e n t  c e l l s .  A f u r t h e r  5 ml o f  medium was 

added and t h e  d i s h e s  l e f t  f o r  16 h o u rs .  The medium 

c o n t a i n i n g  c e l l s  w h ic h  had become n o n - a d h e r e n t  d u r i n g  

t h e  i n c u b a t i o n  was c o l l e c t e d ,  t h e  c e l l s  washed t w i c e  in  

RPMI/5%FCS and s e t  up a t  t h e  a p p r o p r i a t e  c o n c e n t r a t i o n  

i n  IMDM -  6% FCS f o r  use in  p r o l i f e r a t i o n  a s s a y s .  SAC 

w ere  r o u t i n e l y  used a t  5 x 10^.

A n t i b o d i e s ; t h e  a n t i b o d y  T IB 1 2 0  (monomorphic  a n t i - m o u s e  

C l a s s  I I  MHC) , HB38 ( Ig M  a n t i - I - A b ) and H 0 1 3 . 4  ( a n t i - T h y  

1 . 2 )  w ere  o b t a i n e d  f rom  ATCC. 3 . 1 6 8 . 8 . 1  ( a n t i - C D 8 ) ,  H40 -  

4 8 1 . 3  ( a n t i - I - A ^ )  and H I2 9  ( a n t i  CD4) w ere  a k i n d  g i f t  

f rom  D r .  F . W . F i t c h ,  U n i v e r s i t y  o f  C h ic a g o ,  USA.

I d e n t  i  f  i c a t  io n  o f  t h e  S i t e  o f  H a p t e n a t  io n  by High  

P r e s s u r e  L i q u i d  C h r o m a to g ra p h y . ( s e e  A p pend ix  2 )

C h ro m a tog ra phy  was c a r r i e d  o u t  on a V a r i a n  5000  

l i q u i d  ch ro m a to g ra p h  u n i t ,  w i t h  a C18 uBondapak r e v e r s e d  

phase c a r t r i d g e  i n  a Z module h o l d e r  ( W a t e r s ,  M i l f o r d  

MA. U S A . ) .  A bsorbance  was measured a t  280nm. For  

a n a l y s i s  o f  i n s u l i n  and i t ’ s a n a lo g u e s ,  t h e  aqueous  

phase used was 0 . 1M p h o sp h a te  b u f f e r  ( p H 3 ) ,  w h i l e  f o r  

s e p a r a t i o n  o f  T N P y l a t e d  and d a n s y l a t e d  amino a c i d s  th e  

aqueous phase was 0 . 1% t r i f l u o r o a c e t i c  a c i d .
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A c e t o n i t r i l e  was t h e  o r g a n i c  m o d i f i e r  in  a l l  c a s e s .  

D e t a i l s  o f  g r a d i e n t s  and f l o w  r a t e s  a r e  g i v e n  f o r  each  

s e p a r a t i o n  i n  A p pend ix  2 .

D a n s y l a t i o n  o f  I n s u l i n s .

Samples o f  p r o t e i n  w ere  r e c o n s t i t u t e d  in  a s m a l l  

volume o f  0 . 1M sodium b i c a r b o n a t e  b u f f e r  ( f i n a l  

c o n c e n t r a t i o n  a p p r o x i m a t e l y  5 m g \m l ) and 0 . 1  ml o f  0 .25%  

d a n s y l  c h l o r i d e  (S igm a U K . )  in  a c e t o n e  was added.  The  

r e a c t i o n  was l e f t  i n  t h e  d a rk  a t  room t e m p e r a t u r e  f o r  1 

h o u r ,  th e n  t h e  s o l v e n t  was removed in  a r o t a r y  

e v a p o r a t o r  ( S a v a n t  UK) .

I f  t h e  p r o t e i n  was t o  be used d i r e c t l y  f o r  a n a l y s i s  

th e n  i t  was r e d i s s o l v e d  in  0 .1%  TFA t o  be run on t h e  

HPLC, a l t e r n a t i v e l y  i t  was h y d r o l y s e d  f o r  a n a l y s i s  o f  

i n d i v i d a l  amino a c i d s .

A c id  H y d r o l s i s .

P r o t e i n s  w ere  h y d r o l y s e d  in  6M h y d r o c h l o r i c  a c i d  f o r  

16 hours  a t  1 1 0 *C, in  s e a l e d  e v a c u a t e d  h y d r o l y s i s  tu b e s  

( S t e r i l i n ,  U K . ) .  H y d r o l y s a t e s  w ere  d r i e d  in  a r o t a r y  

e v a p o r a t o r  and s t o r e d  a t  - 2 0 * C  u n t i l  r e q u i r e d ,  and 

r e c o n s t i t u t e d  in  0 .1%  TFA b e f o r e  r u n n i n g  on t h e  HPLC.

TNP and d a n s y l  amino a c i d  s t a n d a r d s  w ere  o b t a i n e d  f rom  

Sigma,  w i t h  t h e  e x c e p t i o n  o f  T N P - g l y c i n e  w h ic h  was 

s y n t h e s i s e d  by r e a c t i n g  e q u im o l a r  amounts o f  TNBS and 

g l y c i n e  in  0 . 1M sodium b i c a r b o n a t e  (pH 8 . 2 ) .
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Chapter 2:2.

M a t e r i a l s  and M e t h o d s : M o l e c u l a r  B i o l o g y .

C u l t u r e  o f  p l a c  2 8 9 X P I .

The b a c t e r i a  w e re  grown on a YT a g a r  p l a t e ,  ( 0 .8 %  w \v  

t r y p t o n e ,  0 .5 %  w \ v  y e a s t  e x t r a c t ,  0 .5 %  w \ v  N a C l , 1.5%

w \ v  a g a r ,  and 25  u g \m l  a m p i c i l l i n ) ,  and a s i n g l e  c o lo n y  

was p i c k e d  up on a lo o p  and used t o  i n o c u l a t e  a f l a s k .  

The medium used was M in i m a l  G a r l a n d ’ s Medium;

2 . 8 mM k 2 hpo4

1 2 .8 mM k h 2 po4

1 1 . 5 mM Na2 S04

1 .0 mM C i t r i c ac

1 .2 mM M gCl2 . 6H2i

50 uM MnCl2 . 4H2'

90 uM F e C l 3 . 6H2

100 uM C a C l 2 . 2H2

T h i s  was k e p t  as a 10 x s t o c k  and f o r  u s e ,  1.0% w \v  

t r y p t o n e ,  0 .5%  w \ v  y e a s t  e x t r a c t  and 1.0% w \ v  sodium  

s u c c i n a t e  was added ,  and t h e  medium a u t o c l a v e d .  A f t e r  

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

added;  50% w \ v  monosodium g l u t a m a t e  t o  g i v e  1% f i n a l  

c o n c e n t r a t i o n ,  and 100 mg\ml a m p i c i l l i n  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  25 u g \ m l .

F l a s k s  w ere  shaken a t  250  rpm i n  a 3 7 * C  chamber.
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A f t e r  4 ho u rs  i n c u b a t i o n  i s o p r o p y l  B - D -

t h i o g a l a c t o p y r a n o s i d e  was added 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  3 mM. A f t e r  a f u r t h e r  18 hours

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

1 0 ,0 0 0 rp m  f o r  10 m i n s . (Beckman UK ) .  The c e l l  p e l l e t  

was s t o r e d  a t  - 2 0 #C u n t i l  r e q u i r e d .

D i s r u p t  io n  o f  C e l I s  and E x t r a c t  io n  o f  P r o i n s u l i n  

F u s io n  P r o t e i n .

The c e l l  p e l l e t  was resus pende d  in  5 ml 50  mM T r i s -  

HC1, 5 mM EDTA pH 8 . 0 .  1 mg\ml o f  lysozym e and 100 u g \m l

DNAase w ere  added and l e f t  f o r  1 hour a t  room

t e m p e r a t u r e .  The l y s a t e  was th e n  s o n i c a t e d  x 4 ,  f o r  20  

sec o n d s ,  k e e p in g  t h e  sample  on i c e  and a l l o w i n g  i t  t o  

c o o l  down between each s o n i c a t i o n .  The sam ple  was th e n  

t r a n s f e r r e d  t o  a 50 ml u l t r a c e n t r i f u g e  t u b e , a n d  t h e  tu b e  

f i l l e d  w i t h  50 mM T r i s - H C l ,  0 . 2  M NaCl pH 8 . 0 ,  and spun 

f o r  10 m in s .  a t  1 0 , 0 0 0  rpm. The p e l l e t  was resu s p en d e d  

i n  T r i s - N a C l  and s t o r e d  a t  - 2 0 * C .  (D r  S. C o c k l e ,  p e r s .  

com. )

S D S - P o l y a c r y 1amide G el  E l e c t r o p h o r e s i s . ( L a e m m l i ) .

G e ls  w ere  run e i t h e r  on BRL. ( C a m b r i d g e , U . K . )

a p p a r a t u s , ( p l a t e  s i z e s  1 9 x 1 9 . 5cm and 1 6 x 1 9 . 5 c m ) ,  o r  t h e  

M i n i - P r o t e a n  ( B i o - R a d  U . K . )  sys tem  ( p l a t e  s i z e s  8 . 3 x 1 0 . 2  

and 7 . 3 x 1 0 . 2 ) .  A l l  g e l s  w ere  10% f i n a l  a c r y l a m i d e  

c o n c e n t r a t i o n  u s in g  a d i s c o n t i n u o u s  b u f f e r  s y s te m .  The
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r e s o l v i n g  g e l  was p r e p a r e d  by a d d in g  10ml a c r y l a m i d e  

s t o c k  s o l u t i o n  (30% a c r y l a m i d e ,  0 .8%  b i s a c r y l a m i d e ) ,  

3 . 7 5  ml r e s o l v i n g  g e l  b u f f e r  (3M T r i s - H C l  pH 8 . 8 ) ,  0 . 3 m l  

10% sodium d o d e c y l  s u l p h a t e  ( S D S ) ,  1 .5m l  o f  1.5% 

ammonium p e r s u l p h a t e ,  1 4 .4 5 m l  o f  w a t e r  and 15u l  o f  

N , N , N ’ , N ’ -  t e t r a m e t h y l e t h y l e n e d i a m i n e  (TEMED). T h is  

m i x t u r e  was poured  i n t o  t h e  g e l  t a n k  and when 

p o l y m e r i s e d  t h e  s t a c k i n g  g e l  was added c o n t a i n i n g  2 . 5  ml 

a c r y l a m i d e  s t o c k ,  5 . 0 m l  s t a c k i n g  g e l  b u f f e r  ( 0 .5 M  T r i s -  

HCL pH 6 . 8 ) ,  0 . 2 m l  10% SDS, 1 .0m l  o f  1.5% ammonium

p e r s u l p h a t e ,  11 .3m l  w a t e r ,  and 15u l  o f  TEMED. When t h i s  

mix was poured  t h e  a p p r o p r i a t e  comb was i n s e r t e d  and th e  

g e l  l e f t  t o  p o l y m e r i s e .

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

as a f u s i o n  p r o t e i n ,  w ere  s o l u b i l i s e d  by b o i l i n g  i n  a 

l o a d i n g  b u f f e r  c o n t a i n i n g  0 .0 6 2 5 M  T r i s - H C l  pH 6 . 8 , 4M 

u r e a ,  2% w / v  2 - m e r c a p t o e t h a n o l , 2% SDS, 10% g l y c e r o l  and 

0 . 0 0 2 % bromophenol  b l u e ,  b e f o r e  l o a d i n g  o n t o  t h e  g e l .

The g e l  was run in  a b u f f e r  c o n t a i n i n g  0 .0 2 5 M  T r i s ,  

0 .1 9 2 M  g l y c i n e  pH 8 . 3 .  a t  2 5 - 3 0  mA f o r  BRL g e l s ,  o r  40  

mA f o r  t h e  B io - R a d  sys te m .

P r e - s t a i n e d  s t a n d a r d s  ( 3 6 - 1 8 0 , 0 0 0  Sigma U . K . ) , o r  

u n s t a i n e d  low m o l e c u l a r  w e i g h t  s t a n d a r d s  ( 10- 1 0 0 ,0 0 0  

B i o - R a d ) ,  w ere  run on each g e l  as m a r k e r s .

G e ls  w ere  s t a i n e d  i n  Coomassie B lu e  R250 ( 0 . 1 % )  in

w a t e r : m e t h a n o l : g l a c i a l  a c e t i c  a c i d  ( 5 : 5 : 2  by vo lum e)  f o r  

4 hours  and exc e s s  s t a i n  was removed by w ash in g  in  12.5%  

m e t h a n o l :  10% a c e t i c  a c i d  u n t i l  p r o t e i n  bands were
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clearly visible.

W e s te rn  B l o t t i n g  

G e ls  w e re  b l o t t e d  in  e i t h e r  a T rans -M em brane  B l o t ™  

C e l l ,  o r  t h e  M i n i  T r a n s  B l o t  E l e c t r o p h o r e t i c  T r a n s f e r  

C e l l  ( B i o - R a d  U . K . ) ,  as f o l l o w s .  The p r e s s  was opened ,  

one h a l f  submerged in  t r a n s f e r  b u f f e r , ( 20mM T r i s ,  150mM 

g l y c i n e ,  200ml m e t h a n o l ,  make up t o  1 l i t r e  w i t h  

d i s t i l l e d  w a t e r ) , a n d  a p r e - s o a k e d  f i b r e  pad p l a c e d  on 

t h e  p r e s s .  P r e - s o a k e d  3MM f i l t e r  p ap er  f o l l o w e d  by t h e  

g e l  w ere  p l a c e d  on to p  o f  t h e  f i b r e  pad ,  and a s e c t i o n  

o f  n i t r o c e l l u l o s e  membrane f i l t e r ,  0 .4 5 u m ,  ( S c h l e i c h e r  + 

S c h e u l l ,  West Germany)  was added e n s u r i n g  t h a t  t h e r e  

w e re  no b u b b le s  between p ap er  and g e l .  A second p i e c e  o f  

f i l t e r  p ap er  and a second f i b r e  pad w ere  p l a c e d  on to p  

i n  t h a t  o r d e r  and t h e  p r e s s  c l o s e d .  The p r e s s  was p l a c e d  

i n  t h e  ta n k  w i t h  t h e  n i t r o c e l l u l o s e  s h e e t  to w a rd s  t h e  

anode ,  and t h e  t a n k  f i l l e d  w i t h  t r a n s f e r  b u f f e r .  B l o t s  

w ere  run a t  250mA o v e r n i g h t  i n  t h e  l a r g e  t r a n s f e r  t a n k ,  

and a t  100mA f o r  1 hour in  t h e  m in i  t a n k .

B l o t s  w ere  e i t h e r  s t a i n e d  u s in g  0 .1 %  amido b l a c k  

( n a p h t h e l e n e  b l a c k ,  BDH UK ) in  45% m e t h a n o l ,  10% a c e t i c  

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

w i t h  an a n t i - i n s u l i n  a n t i b o d y  (S igm a UK) and p e r o x i d a s e  

l a b e l l i n g  t o  v i s u a l i s e  t h e  i n s u l i n  band.

P e r o x i d a s e  s t a i n i n g  on n i t r o c e l l u l o s e  b l o t s  t o  

i d e n t i f y  s p e c i f i c  bands was c a r r i e d  o u t  as f o l l o w s ;  non

60



s p e c i f i c  b i n d i n g  was f i r s t  b l o c k e d  w i t h  3% b o v in e  serum  

a lb u m in  i n  T r i s  b u f f e r e d  s a l i n e  pH 7 . 4 ,  (TBS, 0 .9%  NaCl  

i n  lOmM T r i s )  f o r  1 hour a t  room t e m p e r a t u r e .  The g u i n e a  

p i g  a n t i - i n s u l i n  a n t i b o d y ,  (S igma U . K . )  1 : 1 0 0 0 ,  i n  3% 

BSA in  TBS c o n t a i n i n g  lOOmM l y s i n e  and 0 .05%  Tween, was 

added and i n c u b a t e d ,  w i t h  g e n t l e  s h a k i n g ,  f o r  one hour  

a t  room t e m p e r a t u r e .  Excess a n t i b o d y  was removed w i t h  

f i v e  20 m in u t e  washes i n  100ml o f  TBS - 0 . 0 5 %  Tween, th e n  

t h e  second l a y e r  a n t i - g u i n e a  p i g  IgG b i o t i n  c o n j u g a t e  

(S igm a U . K . )  1 : 1 0 0 ,  in  TBS-Tween was added f o r  1 hour a t  

room t e m p e r a t u r e  w i t h  g e n t l e  s h a k i n g .  The b l o t  was 

washed as above and t h e  t h i r d  l a y e r  s t r e p a v i d i n  

p e r o x i d a s e  (S igma U . K . )  1 : 1 0 0  i n  TBS-Tween was used t o  

b in d  t h e  enzyme t o  t h e  a n t i b o d y .  A f t e r  a f i n a l  s e r i e s  o f  

washes p o s i t i v e  bands w ere  v i s u a l i s e d  by a d d in g  4 -  

c h l o r o n a p h t h o l  (24mg) d i s s o l v e d  in  m e t h a n o l ,  made up t o  

40ml w i t h  TBS and 16u l  o f  hydrogen p e r o x i d e  u n t i l  bands  

a p p e a r e d ,  th e n  t h e  r e a c t i o n  was s to p p e d  by w ash ing  in  

TBS.

P la s m id  P r e p a r a t i o n s .

B u lk  p r e p . :  300  ml o f  b a c t e r i a ,  o r  c e l l s  p l u s  M13

s u p e r n a t a n t  was grown as an o v e r n i g h t  c u l t u r e , t h e n  spun

a t  8000rpm f o r  10 m in s .  The s u p e r n a t a n t  was d i s c a r d e d

and t h e  p e l l e t  resuspended  i n  6 ml o f  i c e  c o l d  25%



s u c r o s e ,  0 . 0 5  M t r i s  pH 8 . 0 .

1 . 2  ml o f  0 . 0 5  M t r i s  pH 8 . 0 ,  0 . 0 1  M EDTA, 5 mg\ml  

lysozym e w ere  added,  and t h e  mix  g e n t l y  ro cke d  f o r  5 

m i n s .

2 . 4  ml o f  0 . 2 5  M t r i s  pH 8 . 0 ,  0 . 2 5  M EDTA w ere  added  

and ro c k e d  g e n t l y  f o r  5 m in s .

9 . 6  ml o f  0 . 0 5  M t r i s  pH 8 . 0 ,  0 . 0 1  M EDTA ,2% T r i t o n  

X 1 00 ,  w ere  added and r o c k e d  g e n t l y  f o r  10 m in s .

The l y s a t e  was th e n  spun a t  1 8 ,0 0 0 rp m  f o r  1 hour a t  

4°C  The s u p e r n a t a n t  was c o l l e c t e d  and 1 gm\ml o f  caes ium  

c h l o r i d e ,  2 . 5  ml e t h i d i u m  b ro m id e  (5mg\ml  s t o c k )  w ere  

added ,  and t h e  p la s m id  banded a t  3 8 , 0 0 0  rpm a t  20 *C  f o r  

20 hours  ( V T I  50  Beckman UK ) .  The banded DNA was 

c o l l e c t e d  under  UV l i g h t ,  and t h e  e t h i d i u m  brom ide  

removed by e x t r a c t i n g  w i t h  b u t a n - 2 - o l .  The DNA was 

p r e c i p i t a t e d  by a d d in g  3 vo lumes o f  d i s t i l l e d  w a t e r : l  

volume o f  DNA and 8 vo lum es o f  e t h a n o l .  The sample  was 

s t o r e d  a t  - 2 0 #C o v e r n i g h t  and th e n  spun t o  c o l l e c t  th e  

DNA,which was resu s p en d e d  in  TE b u f f e r  ( 1 0  mM t r i s -  

H C l ,p H  8 . 0 , 1  mM EDTA.)  and s t o r e d  a t  - 2 0 #C.

M i n i - P r e p :  10 ml o f  b a c t e r i a  c o n t a i n i n g  p l a s m i d ,  or

c e l l s  p l u s  M13 s u p e r n a t a n t ,  was grown o v e r n i g h t  a t  3 7 * C .  

The c e l l s  w ere  h a r v e s t e d  by s p i n n i n g  a t  2500  rpm. f o r  10 

m i n s . , t h e n  resu s p en d e d  i n  200  p i  o f  25  mM t r i s  pH 8 . 0 ,  

50 mM g l u c o s e ,  10 mM EDTA. 400  p i  o f  f r e s h l y  p r e p a r e d  1% 

SDS in  0 . 2  M NaOH was added , t h e n  200  p i  3 M p o ta s s iu m  

a c e t a t e  pH 4 . 8 .  The l y s a t e  was v o r t e x e d  v i g o r o u s l y ,  and 

spun f o r  10 m in s .  a t  1 0 , 0 0 0  rpm. The s u p e r n a t a n t  was
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c o l l e c t e d  i n t o  an e p p e n d o r f  tu b e  ( S a r s t e d t ,  U K ) ,  w h ic h  

was f i l l e d  up w i t h  60 % i s o p r o p a n o l ,  v o r t e x e d  and spun  

f o r  5 m in s .  a t  1 0 , 0 0 0  rpm . The s u p e r n a t a n t  was removed

and t h e  p e l l e t  washed in  70  % e t h a n o l ,  d r i e d ,

resu s p en d e d  in  TE b u f f e r ,  and s t o r e d  a t  - 2 0 * C .

I s o l a t i o n  o f  t h e  Human P r o i n s u l i n  Gene f r a g m e n t  

f rom  p la s m id  p l a c  2 8 9 X P I .

p l a c  289XPI  was p r e p a r e d  as above and 1 p i  o f  DNA (1  -  

5 pg) was i n c u b a t e d  f o r  1 h o u r ,  a t  3 7 * C ,  w i t h  1 p i  

E c o R I , ( 1 0  u n i t s ) ,  1 p i  Bam HI ( 1 2  u n i t s ) ,  ( b o t h  f rom

B e th e s d a  R e search  L a b o r a t o r i e s ,  U S A . )  and 1 p i  10 x h ig h  

s a l t  b u f f e r ,  100 mM T r i s  pH 7 . 4 ,  100 mM M g C l2 » 1 mgXml 

b o v in e  serum a l b u m i n ,  10 mM d i t h i o t h r e i t o l , (BRL. U S A . ) .  

1 p i  o f  DNAase f r e e  RNAase (S ig m a ,  UK) was added and t h e  

m i x t u r e  was made up t o  10 p i  w i t h  d i s t i l l e d  w a t e r .

A f t e r  i n c u b a t i o n  t h e  c l e a v e d  DNA was run on a 1% 

a g a ro s e  g e l  ( P h a r m a c ia  U K . )  w i t h  an a l i q u o t  o f  t h e  un c u t  

DNA and a H i n d i  11 o f  lambda DNA d i g e s t  as s t a n d a r d s .  The  

g e l  was p r e p a r e d  by d i s s o l v i n g  1 gm o f  a g a r o s e  in  100 ml 

o f  TAE b u f f e r  ( 1 . 6  M T r i s ,  0 . 8  M sodium a c e t a t e . 3 H2O , 40  

mM EDTA, a d j u s t  t o  pH 7 . 2  w i t h  a c e t i c  a c i d )  in  a

m ic ro w ave  ove n .  When t h e  a g a ro s e  had c o o l e d  t o  6 0 °C  i t

was poured  in  a g e l  f o r m e r  ( B i o - R a d  U K . )  and a l l o w e d  t o  

s e t ,  w i t h  a w e l l - f o r m i n g  comb in  p l a c e .  The g e l  was th e n  

p l a c e d  in  t h e  e l e c t r o p h o r e s i s  t a n k ,  t h e  comb rem oved,  

and c o v e r e d  w i t h  TAE b u f f e r .  The sam ples  t o  be run w ere
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m ix ed  w i t h  10% v \ v  l o a d i n g  b u f f e r  (50% g l y c e r o l ,  1%

brom ophenol  b l u e ,  1% x y l e n e  c y a n o l  i n  TAE b u f f e r ,  and

lo a d e d  i n t o  t h e  w e l l s .  The g e l  was run a t  120 V u n t i l  

t h e  dye f r o n t  re a c h e d  t h e  bo t to m  e d g e ,  th e n  t h e  g e l  was 

removed f rom  t h e  t a n k  and s t a i n e d  in  a s o l u t i o n  o f

e t h i d i u m  brom ide  ( 5  M9 \m l  i n  TAE) f o r  10 m in s .  The 

unbound e t h i d i u m  b ro m id e  was washed o u t  in  s e v e r a l  

changes o f  w a t e r  and t h e  DNA bands v i s u a l i s e d  u s in g  a UV 

t r a n s i 1 lu m in a t o r ( U V P  I n c .  U K . ) .

I f  t h e  i n s u l i n  gene f r a g m e n t  was d e t e c t a b l e  a l a r g e r  

a l i q u o t  o f  p la s m id  DNA was d i g e s t e d  and t h e  c l e a v e d

sam ple  was run on a 1% g e l  p r e p a r e d  u s in g  low m e l t i n g  

p o i n t  a g a r o s e ( Sigma U K . ) .  A f t e r  t h e  DNA had been 

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

u s in g  a f r e s h  s c a l p e l  b l a d e ,  p l a c e d  in  an e p p e n d o r f  

tu b e  w i t h  3 00  p i  o f  TE b u f f e r ,  and i n c u b a t e d  in  a 65*C  

w a t e r  b a t h  u n t i l  t h e  a g a ro s e  had d i s s o l v e d .  An e q u a l  

amount o f  w a t e r - s a t u r a t e d  pheno l  ( R a t h b u r n  C h e m ic a ls ,  

U K . )  was added,  t h e  m i x t u r e  v o r t e x e d  and spun a t  1 0 ,0 0 0  

rpm f o r  5 m in s .  The u p p e r ,  aqueous phase was c a r e f u l l y  

removed and t h e  pheno l  e x t r a c t i o n  r e p e a t e d  u n t i l  p r o t e i n  

c o u ld  no lo n g e r  be seen a t  t h e  i n t e r f a c e  between t h e  two 

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

t h e  same m anner ,  and t h e  aqueous phase was a g a in  

c o l l e c t e d .  The DNA was p r e c i p i t a t e d  by a d d in g  10% v \ v  3 

M sodium a c e t a t e  pH 7 . 0 ,  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  0 . 3  M, and 2 . 5  vo lum es o f  i c e - c o l d  e t h a n o l .  The tu b e  

was p l a c e d  e i t h e r  on d r y  i c e  f o r  20  m i n s . , o r  a t  - 2 0 #C
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f o r  16 h o u rs .  The sample  was th e n  spun a t  1 0 , 0 0 0  rpm f o r  

15 m in s .  a t  4 #C, and t h e  s u p e r n a t a n t  c a r e f u l l y  

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

removed by w a s h in g  in  5 0 0 p l  o f  80% e t h a n o l ,  and s p i n n i n g  

a t  4 #C f o r  2 m in s .  The s u p e r n a t a n t  was a g a in  d i s c a r d e d ,  

t h e  p e l l e t  a i r - d r i e d ,  and f i n a l l y  resus pende d  in  TE 

b u f f e r  t o  be s t o r e d  a t  - 2 0 * C .

L i g a t i o n  o f  I n s u l i n  Gene I n s e r t  i n t o  L i n e a r i s e d  M13 

V e c t o r .

M13mpl9 was c u t  w i t h  EcoRI and BamHI t o  g e n e r a t e  a 

c l o n i n g  s i t e  i n  t h e  p o l y l i n k e r  r e g i o n  w i t h  ends  

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

m e l t i n g  p o i n t  a g a ro s e  g e l  by t h e  method d e s c r i b e d  above .  

The l i g a t i o n  was p e r f o r m e d  u s in g  1 p i  o f  l i n e a r  M13 

v e c t o r  (2  -  5 pg DNA), 1 -  3 p i  o f  i n s e r t  DNA ( a f o u r  -

f o l d  m o la r  e x c e s s  t o  v e c t o r  DNA), 2 p i  o f  10 x T4 DNA

l i g a s e  b u f f e r  ( 0 . 5  M T r i s  pH 7 . 4 ,  0 . 1  M M gCl2 » 0 . 2  M 

d i t h i o t h r e i t o l , 10 mM ATP pH 7 . 0 ,  100 pg b o v in e  serum

a l b u m i n ) ,  1 p i  T4 DNA l i g a s e  ( P h a r m a c ia  U K . ) ,  i n  a t o t a l

volume o f  20 p i  and i n c u b a t e d  f o r  16 hou rs  a t  1 4 #C.

L i g a t i o n s  w ere  s t o r e d  a t  - 2 0 * C  u n t i l  r e q u i r e d .

P r e p a r a t  ion  o f  Competent  h os t  C e l  I s .

C o l o n i e s  o f  JM101 c e l l s  w ere  p i c k e d  f rom  a m in im a l  

e s s e n t i a l  medium p l a t e  w i t h  a f l a m e  s t e r i l i s e d  loop  and 

used t o  i n o c u l a t e  50  ml o f  2 x TY medium, (16  gm b a c to
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t r y p t o n e  ( D i f c o  U K . ) ,  10 gm y e a s t  e x t r a c t  (S igma U K . )

and 5 gm NaCl in  1 l i t r e  o f  d i s t i l l e d  w a t e r ) .  The c e l l s  

w e re  i n c u b a t e d  a t  3 7 * C  w i t h  s h a k in g  u n t i l  t h e  O .D .  a t  

600  nm was a p p r o x i m a t e l y  0 . 3 ,  i n d i c a t i n g  t h a t  t h e y  w ere  

i n  log  phase g r o w th ,  th e n  w ere  spun a t  2600  rpm f o r  5 

m in s .  The medium was d i s c a r d e d  and t h e  c e l l  p e l l e t  

re s u s p en d e d  i n  20  ml o f  50  mM c a l c i u m  c h l o r i d e  and 

i n c u b a t e d  on i c e  f o r  20  m in s .  The c e l l s  w e re  th e n  spun 

a g a i n ,  a t  2 50 0  rpm f o r  5 m in s .  and resus pende d  in  4 ml 

o f  50 mM C a C l . The c o m p e ten t  c e l l s  w ere  e i t h e r  used  

i m m e d i a t e l y  o r  s t o r e d  a t  4 *C  f o r  up t o  36 h ou rs  b e f o r e  

u s e .

T r a n s f o m a t i o n  o f  JM 101 C e l I s  w i t h  Recom binant  M13 DNA.

5 p i  o f  l i g a t i o n  mix was added t o  300  p i  o f  com peten t  

JM101 c e l l s ,  and w ere  i n c u b a t e d  on i c e  f o r  40  m in s .  The 

c e l l s  w e re  th e n  h e a t  shocked a t  4 2 * C  f o r  t h r e e  mins and 

r e t u r n e d  t o  t h e  i c e  b a t h .  A m i x t u r e  c o n t a i n i n g  40 p i  o f  

100 mM IPTG, 40 p i  o f  X - g a l ,  and 200  p i  o f  a 1 :1 0 0  

d i l u t i o n  o f  a f r e s h  o v e r n i g h t  c u l t u r e  o f  JM101 c e l l s  was 

p r e p a r e d  and added t o  each l i g a t i o n .  The h e a t  shocked  

co m p e ten t  c e l l s  and 4 m is  o f  m o l t e n  ( 4 2 #C) H to p  a g a r ,  

( 1 0  gm t r y p t o n e ,  8 gm N a C l ,  8 gm a g a r  per  l i t r e ) ,  w ere  

th e n  added,  t h e  tu b e  m ixed  by g e n t l y  s h a k i n g ,  and poured  

i m m e d i a t e l y  o n t o  a prewarmed ( 3 7 #C) H p l a t e ,  ( 1 0  gm 

t r y p t o n e ,  8 gm N a C l ,  12 gm a g a r ) ,  and l e f t  t o  s e t .  The 

p l a t e s  w ere  i n v e r t e d  and i n c u b a t e d  o v e r n i g h t  a t  3 7 #C.
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C o n t r o l  p l a t e s  i n c l u d e d ,  u n c u t  M13 -  1 n g \ p l a t e ,  c u t  M13 

-  10 n g \ p l a t e ,  and c u t  and r e l i g a t e d  M13 -  10 ng \m l  as a 

l i g a t i o n  c o n t r o l .

The p l a t e s  w ere  exam ined  t h e  f o l l o w i n g  day f o r  b l u e  (no  

i n s e r t )  o r  w h i t e  ( i n s e r t  p r e s e n t )  p l a q u e s .

P r e p a r a t i o n  o f  S i n g l e - S t r a n d e d  DNA.

1 . 5  ml o f  2 x TY medium i n  a 25 ml u n i v e r s a l  ( S t e r i l i n  

U K . ) was i n o c u l a t e d  w i t h  100 p i  o f  an o v e r n i g h t  c u l t u r e  

o f  JM101 c e l l s ,  and a s i n g l e  w h i t e  p l a q u e  p i c k e d  f ro m  an 

a g a r  p l a t e .  The t u b e s  w ere  shaken a t  3 7 * C  f o r  5 h o u rs ,  

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

and spun a t  1 0 , 0 0 0  rpm f o r  5 m in s .  The s u p e r n a t a n t  was 

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

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

w i t h  c e l l s .  The c e l l s  w ere  k e p t  f o r  p r e p a r a t i o n  o f  

d o u b le  -  s t r a n d e d  D N A , (s e e  a b o v e ) .  S u p e r n a t a n t s  in  t h i s  

fo rm  c o u ld  be s t o r e d  a t  4 *C  f o r  s e v e r a l  weeks .

To p r e p a r e  SS DNA 1 .5  ml o f  2 x TY medium was 

i n o c u l a t e d  w i t h  100 p i  o f  JM101 c e l l s  and 20 p i  o f  M13 

s u p e r n a t a n t ,  i n c u b a t e d  a t  3 7 * C  f o r  5 hou rs  and t h e  c e l l s  

removed.  200  p i  o f  20% p o l y e t h y l e n e  g l y c o l  in  2 . 5  M NaCl  

was added t o  t h e  s u p e r n a t a n t  and l e f t  f o r  15 m in s .  a t  

room t e m p a r a t u r e  b e f o r e  s p i n n i n g  a t  1 0 , 0 0 0  rpm f o r  5 

m in s .  The s u p e r n a t a n t  was d i s c a r d e d ,  a l l  t r a c e s  o f  PEG 

removed and t h e  p e l l e t  resu s p en d e d  i n  200  p i  o f  TE 

b u f f e r .  200  p i  o f  w a t e r  s a t u r a t e d  p he no l  was added,  th e
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sample  v o r t e x e d  and spun a t  1 0 , 0 0 0  rpm f o r  3 m in s .  The 

upper  aqueous phase was c o l l e c t e d  i n t o  a f r e s h  

m i c r o c e n t r i f u g e  t u b e ,  20 p i  o f  3 M sodium a c e t a t e  and 

440  p i  o f  e t h a n o l  w e re  added and t h e  sample  i n c u b a t e d  a t  

- 2 0 ° C  f o r  16 h o u rs  t o  p r e c i p i t a t e  t h e  DNA. The DNA was 

c o l l e c t e d  by c e n t r i f u g i n g  a t  1 0 , 0 0 0  rpm f o r  15 m in s .  a t  

4 ° C .  The p e l l e t  was washed in  1 ml o f  c o l d  e t h a n o l ,  t o  

remove any s a l t ,  w h ic h  was th e n  c a r e f u l l y  d e c a n t e d ,  and 

t h e  p e l l e t  l e f t  t o  d r y .  The p e l l e t  was f i n a l l y  

r e s u s p e n d e d  in  20 p i  o f  TE b u f f e r  and s t o r e d  a t  - 2 0 8C.

S i t e  2 . P i r e c t e d  M u t a g e n e s i s .

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

w e re  s y n t h e s i s e d  by t h e  ICRF, C l a r e  H a l l .  The 

o l i g o n u c l e o t i d e s  w ere  5 -  p h o s p h o r y l a t e d  by a d d in g  2 . 5

p i  o f  t h e  o l i g o n u c l e o t i d e  s t o c k  s o l u t i o n ,  (5

0 . D . u n i t s \ m l ) t o  3 p i  o f  10 x k i n a s e  b u f f e r ,  1 M T r i s  

HC1 pH 8 . 0 ,  100 mM M gCl2 » TO mM d i t h i o t h r e i t o l , 10 mM

ATP, 2 u n i t s  o f  T4 k i n a s e .  The m i x t u r e  was i n c u b a t e d  a t  

3 7 #C f o r  15 m i n s . ,  th e n  7 0 *C  f o r  10 m in s .  t o  d e s t r o y  t h e  

enzym e.

A l l  m u t a t i o n s  w e re  p r e p a r e d  u s in g  t h e  o l i g o n u c l e o t i d e  -  

d i r e c t e d  in  v i t r o  m u t a g e n e s is  sys tem  f ro m  Amersham.

The p h o s p h o r y l a t e d  o l i g o  and a s i n g l e  s t r a n d e d  DNA

t e m p l a t e  (M13 m p l8 )  w ere  a n n e a le d  and t h e  m u ta n t  DNA

s t r a n d  was s y n t h e s i s e d  u s in g  Klenow f r a g m e n t  and T4 DNA

l i g a s e ,  and a n u c l e o t i d e  mix c o n t a i n i n g  t h i o l a t e d  dCTP.
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Any r e m a i n in g  s i n g l e  -  s t r a n d e d  ( n o n - m u t a n t )  DNA was 

removed by f i l t r a t i o n  and t h e  d o u b le  -  s t r a n d e d  DNA 

c o l l e c t e d  by e t h a n o l  p r e c i p i t a t i o n .

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

r e s i s t a n t  t o  c l e a v a g e  by t h e  r e s t r i c t i o n  enzyme N e i l ,

w h e re a s  t h e  non -  m u ta n t  s t r a n d  w i l l  be n i c k e d .  

E x o n u c le a s e  111 was th e n  added and t h e  non -  m u tan t  

s t r a n d  was d i g e s t e d ,  l e a v i n g  t h e  m u ta n t  s t r a n d  w h ic h  was 

r e p o l y m e r i s e d  u s in g  DNA p o ly m e r a s e  1 and T4 l i g a s e .  The 

m u ta te d  d o u b le  -  s t r a n d e d  DNA was th e n  used t o  t r a n s f o r m  

c o m p e ten t  JM101 c e l l s .

S c r e e n i n g  o f  M13 P la q u e s  w i t h  a R a d i o l a b e l l e d  Probe t o  

D e t e c t  M u t a n t s .

L a b e l l e d  p ro b e s  w e re  p r e p a r e d  by i n c u b a t i n g  0 . 5  pg o f  

m u ta n t  o l i g o n u c l e o t i d e ,  15 u n i t s  o f  T4 k i n a s e ,  200  pCi  

o f  r - ^ P - A T P ,  in  k i n a s e  b u f f e r ,  f o r  45  m in s .  a t  3 7 * C .  

The sample  was th e n  in c u b a t e d  a t  6 5 *C  f o r  5 m in s .  t o  

i n a c t i v a t e  t h e  enzyme.

Columns w ere  p r e p a r e d  by p a c k in g  1 ml s y r i n g e  b a r r e l s

w i t h  G -5 0  Sephadex and w ash ing  th r o u g h  s e v e r a l  column

volumes o f  wash b u f f e r ,  50 mM N a C l ,  0 .1%  SDS in  TE 

b u f f e r ,  and s t o p p i n g  t h e  f l o w  w i t h  100 p i  l e f t  on t o p .  

B e f o r e  l o a d i n g  t h e  p ro b e  sample  t h e  column was spun a t  

1600 g f o r  2 m i n s . ,  i n  a 15 ml F a lc o n  t u b e ,  t h e  sample  

was lo a d e d  w i t h  400  p i  o f  wash b u f f e r  and t h e  column was 

p l a c e d  in  a new 15 ml tu b e  and spun a g a in  a t  1600 g f o r

69



2 m in s .  T h i s  p r o c e d u r e  s e p a r a t e s  l a b e l l e d  sam ple  from  

u n i n c o r p o r a t e d  ^ P - A T P .  j^ ©  e l u e n t  c o n t a i n i n g  th e  

l a b e l l e d  p ro b e  was c o l l e c t e d  f rom  t h e  F a lc o n  tu b e  and 

s t o r e d  a t  - 2 0 ° C  u n t i l  r e q u i r e d .

DNA was l i f t e d  f rom  a g a r  p l a t e s  c o n t a i n i n g  p l a q u e s ,  

w h ic h  had been a i r - d r i e d  f o r  30  m in s .  a t  room

t e m p e r a t u r e  by p l a c i n g  a n i t r o c e l l u l o s e  f i 1t e r , ( 0 . 45pm 

S c h l e i c h e r  and S c h e u l l ,  West Germany)  o n t o  t h e  agar  

s u r f a c e .  H o le s  w ere  punched a s y m m e t r i c a l l y  t h r o u g h  t h e  

f i l t e r  i n t o  t h e  a g a r  w i t h  an 18 -g au g e  n e e d le  t o  a l l o w  

r e o r i e n t a t i o n  a f t e r  h y b r i d i s a t i o n ,  and t h e  f i l t e r s  l e f t  

i n  p l a c e  f o r  20  m in s .  t o  ab s o rb  DNA f ro m  t h e  p l a q u e s .  

The f i l t e r s  w ere  c a r e f u l l y  p e e l e d  o f f ,  l e f t  t o  d r y  a t  

room t e m p e r a t u r e  f o r  30  m i n s . ,  th e n  s e q u e n t i a l l y  

immersed f o r  1 m in .  in  t h e  f o l l o w i n g  s o l u t i o n s ,  ( a ) 0 . 2 M  

NaOH, 1.5M NaCl ( b ) 2 x  SSC (2 0 x  s t o c k  i s ,  3M NaCl  0 .3M

N a g c i t r a t e . 2 H2O a d j u s t  t o  pH 7 . 0  w i t h  1M H C 1 ) ,  0 .4 M  T r i s

pH 7 . 4  ( c )  2x SSC. The f i l t e r  was th e n  d r i e d  a t  room

t e m p a r a t u r e ,  p la q u e  s i d e  up, f o r  1 h o u r ,  th e n  d r i e d  in  a 

vacuum oven a t  8 0 #C f o r  2 h o u rs .

The d r i e d  f i l t e r  was th e n  p l a c e d  in  a p l a s t i c  bag and

15ml o f  h y b r i d i s a t i o n  b u f f e r  added ( 50% fo rm a m id e ,  5x

SSC, 0 .5 M  p h o s p h a te  b u f f e r  pH 6 . 4 ,  0 . 5  mg\ml  salmon

sperm DNA, lx  PM (10% F i c o l l ,  10% BSA, 10% P V P ) ,  0 .1%  

SDS).  The l a b e l l e d  o l i g o n u c l e o t i d e  p ro b e  was added t o  

g i v e  a c o n c e n t r a t i o n  o f  5 n g \ m l , a i r  was e x p e l l e d ,  and 

t h e  bag was s e a l e d ,  and in c u b a t e d  a t  4 2 °C  f o r  16 h o u rs .
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The f i l t e r  was removed f rom t h e  bag and washed t h r e e  

t im e s  in  250ml o f  2x SSC f o r  30  m in s .  each wash,  then  

b l o t t e d  d r y  on Whatman 3MM p a p e r .  When f u l l y  d r y  th e  

f i l t e r  was wrapped i n  c l e a r  p l a s t i c  ( S a r a n w r a p ,  G e n e t i c  

R e search  I n s t r u m e n t a t i o n ,  UK) and exposed t o  X - r a y  f i l m  

(XAR-5  f i l m ,  Kodak USA) ,  w i t h  i n t e n s i f y i n g  s c r e e n s ,  a t  -  

7 0 *C  f o r  24 h o u rs ,  o r  u n t i l  p o s i t i v e  s i g n a l s  were  

d e t e c t e d .

S e q u en c in g  DNA f rom  P o s i t i v e  P l a q u e s .

P la q u e s  i d e n t i f i e d  as p o s i t i v e  by o l i g o n u c l e o t i d e  

h y b r i d i s a t i o n  w ere  s e l e c t e d  and s i n g l e  s t r a n d e d  DNA was 

o b t a i n e d .  T h i s  was th e n  used as a t e m p l a t e  f o r  

s e q u e n c in g  u s in g  t h e  c h a i n  t e r m i n a t i o n  method  

( S a n g e r , F . ,  e t  a l ,  1 9 7 7 ) .  The enzyme S e q u e n a s e ™  

( T a b o r , S . ,  and R i c h a r d s o n , C . C . , 1987)  was used in  k i t

fo rm  o b t a i n e d  f rom  Cam b ridge  B i o s c i e n c e s  UK. The method  

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

u n i v e r s a l  M13 o l i g o  t h a t  b i n d s  u p s t r e a m  o f  th e

p o l y l i n k e r  seq u e n c e )  t o  t h e  s i n g l e - s t r a n d e d  DNA 

t e m p l a t e .  S y n t h e s i s  i s  i n i t i a t e d  a t  t h i s  s i t e  b u t  i s  

t e r m i n a t e d  by i n c o r p o r a t i o n  o f  2 , 3 , - d i d e o x y n u c l e o s i d e  

5 - t r i p h o s p h a t e s ( ddNTP) w h ich  l a c k  t h e  3 -OH group  

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

d e o x y n u c l e o t i d e  t r i p h o s p h a t e s ( dNTP) and one o f  t h e  fo u r  

ddNTPs a r e  p r e p a r e d  and t e r m i n a t i o n  o f  enzyme c a t a l y s e d  

p o l y m e r i s a t i o n  a t  each s i t e  w here  t h e  ddNTP i s



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

r e a c t i o n s  each w i t h  a d i f f e r e n t  ddNTP and i n c o r p o r a t i n g  

a l a b e l l e d  dNTP(a-^®S dATP, Amersham UK) l a b e l l e d  c h a in s  

o f  v a r i o u s  l e n g t h s  c o u ld  be i d e n t i f i e d  and t h e  sequence  

d e t e r m i n e d .

To v i s u a l i s e  t h e  c h a i n s  t h e  r e a c t i o n  was t e r m i n a t e d  by 

t h e  a d d i t i o n  o f  a s t o p  s o l u t i o n  (95% fo rm a m id e ,  20mM 

EDTA, 0 .0 5 %  bromophenol  b l u e  and 0 .0 5 %  x y l e n e  c y a n o l  FF)  

and t h e  c h a i n s  s e p a r a t e d  by h ig h  r e s o l u t i o n  

e l e c t r o p h o r e s i s .  The g e l  was p r e p a r e d  by d i s s o l v i n g  7M 

u l t r a p u r e  u r e a  (S igma UK) in  7 . 5 m l  o f  a c r y l a m i d e  s to c k  

(38g  a c r y l a m i d e ,  2g b i s a c r y l a m i d e ) and 5ml o f  lOxTBE 

b u f f e r  ( 1M T r i s ,  1M b o r i c  a c i d  and 20mM E D T A ) , made up

t o  50ml w i t h  w a t e r ,  and warmed t o  4 2 * C .  When t h e  u re a

had d i s s o l v e d  3 0 0 p l  o f  f r e s h l y - m a d e  10% ammonium 

p e r s u l p h a t e  and 5 0 p l  o f  TEMED (NNN’ 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 ) w ere  added and t h e  g e l  

p o u re d .  A BRL S2 model g e l  t a n k  was used t o  g i v e  g e l  

d im e n s io n s  o f  40  x 32 x 0 .0 4 c m .

When t h e  g e l  had p o l y m e r i s e d  i t  was p r e - r u n  f o r  1 hour  

a t  t h e  r u n n in g  c u r r e n t  35mA t o  i n c r e a s e  t h e  g e l

t e m p e r a t u r e  t o  p r e v e n t  t h e  DNA f rom  r e n a t u r i n g .  P r i o r  t o  

l o a d i n g  t h e  DNA sam ples  a r e  h e a te d  i n  a 9 5 #C w a t e r  b a th  

f o r  3 m i n s . ,  and th e n  2 . 5 p l  w ere  lo a d e d  i n t o  th e

a p p r o p r i a t e  l a n e .  The g e l  was run a t  35mA u n t i l  t h e  dye 

f r o n t  had r e a c h e d  t h e  bo t to m  edge.

The p l a t e s  w ere  th e n  c a r e f u l l y  s e p a r a t e d  and t h e  g e l  

immersed in  a 10% a c e t i c  a c i d ,  10% m e th a n o l  s o l u t i o n  f o r
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15 m in s .  t o  remove t h e  u r e a ,  th e n  t h e  g e l  was 

t r a n s f e r r e d  t o  a s h e e t  o f  Whatman 3MM f i l t e r  paper  and 

d r i e d ,  a t  8 0 #C f o r  1 h o u r .  The d r i e d  g e l  was th e n  

exposed t o  X - r a y  f i l m  (RX f i l m ,  F u j i  Photo  F i l m  Co.  

J a p a n )  f o r  24 hou rs  a t  - 7 0 * C .
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Chapter 3:1.
P r o l i f e r a t i v e  r e s p o n s e s  t o  i n s u l i n  in  d i f f e r e n t  in b r e d  

mouse s t r a i n s .

P r e v i o u s  r e p o r t s  have shown t h a t  i n b r e d  MHC co n g e n ic  

mouse s t r a i n s  have d i f f e r e n t  r e s p o n s e  p a t t e r n s  to  

i n s u l i n .  To c o n f i r m  t h a t  p a t t e r n  H-2*3 (B lOScSn)  mice  

w ere  p r im e d  w i t h  BI  and a f t e r  e i g h t  days t h e  lymph nodes  

w ere  removed and t e s t e d  in  a p r o l i f e r a t i v e  ass a y  w i t h  

re s p o n s e  b e in g  measured by l a b e l l e d  t h y m id in e  

i n c o r p o r a t  i o n . The c e l l s  responded  t o  t h e  p r i m i n g  

a n t i g e n  B I ,  b u t  n o t  t o  PI  o r  HI ( T a b l e  3 ) .  In  c o n t r a s t ,  

c e l l s  f rom  H - 2 C* m ic e  p r im e d  w i t h  PI  responded  t o  P I ,  and 

a l s o  BI and HI ( T a b l e  3 ) .  F I  m ic e  (b  x d )  p r im e d  w i t h  PI  

responded  t o  b o th  P I  and BI ( T a b l e  3 ) .  When t e s t e d  H-2*3 

m ice  n e v e r  responded  t o  P I  ( d a t a  n o t  show n) .

The r e s u l t s  c o n f i r m  p r e v i o u s  s t u d i e s ,  and show t h a t  H-  

2^ m ice  a r e  n o n - r e s p o n d e r s  t o  P I .  An i m p o r t a n t  r e g i o n  o f  

t h e  i n s u l i n  m o l e c u l e  i n v o l v e d  i n  T c e l l  a c t i v a t i o n  in  

t h e s e  m ice  must be t h e  A - c h a i n  l o o p ,  s i n c e  t h i s  i s  th e  

o n l y  d i f f e r e n c e  in  p r i m a r y  amino a c i d  sequence  between  

P I ,  and BI w h ic h  does e l i c i t  a r e s p o n s e  in  H-2*3 m ic e .

H -2 ^  m ice  responded  t o  a l l  t h r e e  i n s u l i n  v a r i a n t s  

t e s t e d  and t h e r e f o r e  must s h a r e  a common e p i t o p e .  T h is  

e p i t o p e  c a n n o t ,  t h e r e f o r e  i n c l u d e  t h e  A - c h a i n  loop  

r e g i o n ,  w here  BI d i f f e r s  f rom  b o th  PI  and H I ,  nor t h e  C 

t e r m i n a l  amino a c i d  on t h e  B c h a i n  as HI  d i f f e r s  from
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b o th  BI and P I .

Responder  x n o n - r e s p o n d e r  F I  m ice  r e c o g n i s e  b o th  BI and 

P I .  In  t h e s e  a n i m a l s  t h e  re s p o n s e  t o  P I  i s  i n h e r i t e d  as 

a d om inan t  t r a i t ,  and i s  p re s u m a b ly  r e s t r i c t e d  by th e
J

p a r e n t a l  H - 2 a m o l e c u l e s ,  o r  p e rh a p s  a h y b r i d  d / b  MHC 

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

I r  gene phenomena and a l s o  a r g u e s  a g a i n s t  s u p p r e s s io n  

b e in g  i n v o l v e d  in  t h e  n o n - r e s p o n s i v e n e s s  t o  PI  in  H-2*3 

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

as a dom inan t  n o n - r e s p o n d e r  p h e n o ty p e .  The d a t a  c o n f i r m s  

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

v a r i a n t s  in  i n b r e d  mouse s t r a i n s .

The te r m  p r i m a r y  a s s a y  used i n  t h e  f o l l o w i n g  t e x t  and 

t a b l e s  d e n o te s  an a s s a y  on c e l l s  i m m e d i a t e l y  a f t e r  t h e i r  

rem ova l  f rom  t h e  lymph nodes o f  p r im e d  m ic e ,  as opposed  

t o  c e l l s  f rom  l i n e s  o r  c l o n e s .

U n le s s  o t h e r w i s e  s t a t e d ,  c e l l s  w ere  used a t  5 x 

1 0 ® / w e l l  i n  p r i m a r y  a s s a y s ,  w h i l e  c e l l  l i n e s  w e re  t e s t e d  

a t  5 x 1 0 ^ / w e l l ,  w i t h  s y g e n e i c  i r r a d i a t e d  s p l e e n  c e l l s  

a t  5 x 10® as f e e d e r  c e l l s .
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T a b l e  3 .

H -2  ^ m ice  p r im e d  t o  B I .

A n t i g e n  C o n c e n t r a t i o n .  ( p g \ m l )

100 10 _1 

BI 1 0 7 .8  ± 6 . 4  2 4 . 0  ± 2 . 4  1 2 . 0  ± 1 .2

PI  1 8 . 4  ± 1 . 6  1 1 .2  ± 0 . 7  8 . 9  ± 0 . 7

MED 8 . 0  ± 0 . 4

H -2 ^  m ice  pr  imed w i t h  P I .

A n t i g e n  C o n c e n t r a t i o n  ( p g \ m l )

BI  1 8 . 4  ± 1 . 2  1 4 . 2  ± 5 . 4  9 . 4  ± 1 . 7

PI  2 3 . 3  ±  1 .1  1 7 . 2  ± 1 . 6  9 . 6  ± 2 . 5

HI  1 9 .1  ±  4 . 2  1 7 .1  ± 2 . 3  1 5 . 4  ± 1 . 7

Medium 5 . 4  ± 1 . 8

P r o l  i  f  e r a t  i v e  re s p o n s e  o f  F 1 ( b x m ic e  pr  imed t o  

PI t o  h a p t e n a t e d  and u n h a p t e n a t e d  i n s u l i n s .

A n t i g e n  C o n c e n t r a t i o n  ( p g \ m l )

100 K> I

BI 1 9 . 9  ± 0 . 5  1 0 .3  ± 1 .2  7 . 9  ± 1 . 0

PI  1 8 . 2  ± 2 . 7  1 1 . 8  ± 3 . 1  6 . 5  ± 1 . 4

Medium 3 . 9  ± 0 . 5

A l l  r e s u l t s  cpm x 1 0 ° .
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Chapter 3:2.
T N P - M y c o b a c t e r i a  and TBI can p r im e  a h a p te n  dependent  

r e s p o n s e .

I n i t i a l l y ,  as s t a t e d  abo ve ,  t h e  o b j e c t  was t o  o b t a i n  

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

t o  d e t e r m i n e  w h ic h  s i t e s  a r e  i n v o l v e d  i n  T c e l l  

a c t i v a t i o n .  Two s t r a t e g i e s  w ere  employed t o  o b t a i n  a 

p r o l i f e r a t i v e  resp o n se  t o  TBI i n  H-2*5 m ic e .  The f i r s t  

was t o  p r im e  m ic e  t o  TNP d e r i v a t i s e d  M y c o b a c te r  i a  

t u b e r c u l o s i s , (H37 RA) ,  w h ic h  had been shown t o  p r im e  a 

c r o s s  r e a c t i v e  re sp o n se  t o  a number o f  h a p te n a te d  

p r o t e i n s  i n  an a n a lo g o u s  sys tem  in  t h e  g u in e a  p ig  

(Janew ay e t  a l ,  1 9 7 5 ) .  A s i m i l a r  r e s u l t  was o b t a i n e d  in  

t h e  mouse ( T a b l e  4 ) .  These r e s p o n s e s  w ere  l a r g e l y  hap ten  

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

t o  s t i m u l a t e  a re s p o n s e  i_n v i t r o . I n  t h i s  sys te m ,  

h o w eve r ,  p r o l i f e r a t i o n  was r a t h e r  low ,  and a t t e m p t s  t o  

grow long  te r m  l i n e s  w ere  u n s u c c e s s f u l .

The second s t r a t e g y  was t o  p r im e  t h e  a n i m a l s  w i t h  

h a p t e n a t e d  b e e f  i n s u l i n  ( T B I ) .  T h i s  gave  a v e r y  s t r o n g  

p r o l i f e r a t i v e  re sp o n se  t o  T B I ,  and a w eaker  but  

s i g n i f i c a n t  re sp o n se  t o  B I .  T h i s  c o u ld  p re s u m a b ly  j u s t  

be c a r r i e r  p r i m i n g  f o r  a c a r r i e r  re sp o n se  as TBI was th e  

p r i m i n g  a n t i g e n .  T h e re  was a l s o  a s t r o n g  resp o n se  t o  

h a p t e n a t e d  pork  i n s u l i n  ( T P I ) ,  b u t  n o t  t o  P I  a l o n e .  The 

i n i t i a l  i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  was t h a t  as 

hoped TBI p r im e d  a m i x t u r e  o f  T N P - s p e c i f i c  T c e l l s ,

77



which  c o u l d  r e c o g n i s e  t h e  TNP m o i e t y  on P I  o r  B I , and BI  

s p e c i f i c  c e l l s ,  w h ic h  r e c o g n i s e  BI and T B I ,  b u t  no t  PI  

o r  TP I .

I t  was a l s o  shown t h a t  m ice  p r im e d  t o  M y c o b a c t e r i a  

a l o n e  gave no i_n v i t r o  p r o l i f e r a t i o n  t o  any o f  t h e  

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

o f  a c r o s s  r e a c t i v e  re sp o n se  w i t h  t h e  h a p t e n a t e d  forms  

o f  i n s u l i n .
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C h a p t e r  3 : 3 .

H a p t e n a t i o n  o f  pork  i n s u l i n  makes i t  immunogenic  in  H - 2 ^ 

m i c e .

I t  was re a s o n e d  t h a t ,  as PI  i s  no t  r e c o g n i s e d  in  H-2*3 

m ic e ,  p r i m i n g  H-2*3 and H -2 ^  m ic e  w i t h  TP I  s h o u ld  g i v e  a

p o p u l a t i o n  c o n s i s t i n g  p r e d o m i n a n t l y  o f  T N P - s p e c i f i c

c e l l s  w h ic h  c o u ld  be r e a d i l y  c l o n e d .  In  a d d i t i o n  i t

w o u ld  be p o s s i b l e  on such a c e l l  p o p u l a t i o n  t o  d e t e r m in e  

i f  t h e r e  w e re  any p u t a t i v e  s u p p r e s s o r  e p i t o p e s  on P I ,  

w h ic h  c o u ld  s u p p re s s  TPI  r e s p o n s e s  by a mechanism o f

l i n k e d  s u p p r e s s i o n .  TBI p r im e d  H -2 ^  m ic e  gave good 

r e s p o n s e s  t o  b o th  h a p t e n a t e d  and u n h a p t e n a t e d  i n s u l i n s ,  

and a s i m i l a r  p a t t e r n  was seen when t h e y  w e re  p r im e d  t o  

TPI  ( T a b l e  5 ) .  In  most c a s e s  t h e  re s p o n s e  t o  t h e  p r o t e i n  

was i n c r e a s e d  when t h e  h a p te n  was added .  T h i s  w i l l  be 

d i s c u s s e d  f u r t h e r  b e lo w .

H-2*3 m ice  when p r im e d  t o  TBI respo nded  t o  T B I ,  TPI and 

B I ,  b u t  n o t  t o  u n h a p t e n a t e d  PI ( f i g  2 ,  T a b l e  6 ) .  When 

t e s t e d  TPI  p r im e d  m ice  gave an i d e n t i c a l  respo nse  

( T a b l e  7 ) .  The re sp o n se  t o  t h e  h a p t e n a t e d  p r o t e i n s  was 

as e x p e c t e d ,  w i t h  a h e t e r o c l i t i c  re s p o n s e  t o  T B I .  

However t h e  u n e x p e c te d  f i n d i n g  was t h a t  TP I  p r im e d  a 

c r o s s - r e a c t i v e  re sp o n se  t o  u n h a p t e n a t e d  B I . A s  BI c o u ld  

s t i m u l a t e  ^n v i t r o  p r o l i f e r a t i o n  in  c e l l s  f rom  TPI  

p r im e d  m ice  b o th  a n t i g e n s  must be r e c o g n i s e d  v i a  th e  

same e p i t o p e ,  and t h i s  c a n n o t  be t h e  A - c h a i n  loop
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r e g i o n ,  as t h e  two a n t i g e n s  d i f f e r  a t  t h i s  s i t e .

The i_n v i t r o  re sp o n se  t o  BI  was shown t o  be 

I r  gene r e s t r i c t e d  as i t  c o u ld  be b lo c k e d  by a n t i - l a * 3 

m o n o c lo n a l  a n t i b o d i e s  ( T a b l e  8 ) .  T h i s  r u l e s  o u t  t h e  

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

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

T h i s  f i n d i n g  o f  c r o s s - r e a c t i v i t y  be tw een TPI  and BI was 

t h e  f i r s t  i n d i c a t i o n  t h a t  TNP was no t  a c t i n g  s i m p ly  as 

an e p i t o p e ,  s i n c e  TNP e p i t o p e s  w ere  c l e a r l y  no t  p r e s e n t  

on B I .
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T a b l e  5 .

P r o l i  f e r a t  i v e  r e s p o n s e s  o f  H -2 ^  m ice  t o  h a p t e n a t e d  i n s u l i n s  .

M ic e  pr  imed w i t h  T B I .

A n t i g e n  C o n c e n t r a t i o n  ( p g \ m l )

100 _10 _1

TBI 5 2 . 6  ± 0 . 8 5 6 . 6 + 8 . 9 NT

TPI 6 4 . 2  ± 1 0 . 5 5 2 . 5 + 3 . 3 NT

BI 5 2 . 9  ± 0 . 5 4 3 . 5 + 1 2 . 8 NT

PI 4 0 . 3  ± 2 . 7 4 6 . 7 + 0 . 2 NT

Med iurn 1 9 . 9  ± 2 . 2

M ic e  pr  imed w i t h  TP I . 

A n t i g e n  C o n c e n t r a t i o n .

100 10 _1_

TBI 1 8 . 5  ± 4 . 5 1 1 .6  ± 2 . 3 1 1 . 2 + 1. 1

TPI 3 3 . 0  ± 8 . 9 1 6 . 7  ± 7 . 4 16. 1 + 1 .3

BI 1 2 . 6  ± 1 . 0 1 1 . 6  ± 1 .9 1 0 . 8 + 1 .4

PI 1 4 .3  ± 2 . 3 1 3 . 0  ± 1 .3 1 2 . 5 + 1 .2

Medium 7 . 2  ± 2 .  1

A l l  r e s u l t s  as cpm x 10^.
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Table 6.
TNP i n c r e a s e s  t h e  i m m u n o g e n ic i ty  o f  b e e f  and pork  

i  n s u l i  n .

Pr im a ry  ass ay  on H-2*3 TBI pr  imed m i c e .

Exper  im ent  1.

A n t i g e n  C o n c e n t r a t i o n  ( p g \ m l ) .

100 10

TBI 5 3 .  1 + 1 .2 3 6 . 4  ± 2 . 3 3 0 . 0 + 1 .9

TPI 5 2 . 5 + 6 . 5 2 1 . 2  ± 2 . 7 2 5 . 7 + 1 .4

BI 3 9 . 4 + 4 . 3 2 7 . 2  ± 0 . 4 2 7 . 2 + 3 . 7

PI 2 3 . 8 + 2 . 9 2 1 . 9  ± 1 . 7 2 0 . 4 + 4 . 2

Med i  urn 1 7 .2 + 2 . 9

A l l  r e s u l t s  cpm x 10^.

E x p e r im e n t  2 .

A n t i g e n  C o n c e n t r a t i o n .  
(100 M9\ml)

TBI 7 8 . 5  ± 6 . 1

TPI  1 0 7 .0  ± 2 . 2

BI  3 7 . 7  ± 4 . 8

PI  0 . 8  ± 0 . 3

Medium 0 . 5  ± 0 . 2

A l l  r e s u l t s  cpm x 10^.
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Table 7.
TNP i n c r e a s e s  t h e  i m m u n o g e n ic i ty  o f  b e e f  and pork

i n s u l i  n s .

E x p e r im e n t  3 .

Pr im a ry  ass a y  on H-2*3 m ice  pr  imed w i t h  T P I .

A n t i g e n  C o n c e n t r a t i o n .
( 1 0 0  p g \ m l )

TBI 6 8 . 9  ± 1 7 .3

TPI  5 8 . 8  ± 3 . 5

BI 3 3 .  1 ± 6 . 0

PI 0 . 9  ± 0 . 2

Medium 0 . 8  ± 0 . 3

A l l  r e s u l t s  cpm x 10^.
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Table 8.
TPI  s p e c i f  i c  p r o l i f e r a t i v e  re s p o n s e  can be i n h i b i t e d  by 

a n t i  C l a s s  11 a n t i b o d i e s .

H - 2 b m ice  pr  imed t o  TP I .

C o n c e n t r a t  ion  
M9\ml T I B - 1 2 0

Ant i b o d y . 

HB38* H 4 0 - 4 8 1 . 3

20 2 7 . 7 2 4 . 7 7 1 . 8

10 2 1 . 9 3 1 . 9 5 1 . 9

5 1 7 . 9 4 0 . 4 4 8 . 8

2 . 5 1 7 .2 4 0 . 5 4 1 . 7

Med 2 1 . 4

TPI  100 ng \m l 4 1 . 8

A l l  r e s u l t s  cpm x 103 . SE w ere  l e s s  th a n 15% o f  th e

m eans .

A n t i b o d i e s :  T I B - 1 2 0  ( a n t i  l a  monomorphic)

HB38 ( IgM a n t i  I a b )

H 4 0 - 4 8 1 . 3  ( a n t i  I a k )

Lymph node c e l l s  w ere  i n c u b a t e d  a t  2 . 5  x 1 0 ^ / w e l l  i n  th e  

p r e s e n c e  o f  t h e  a p p r o p r i a t e  a n t i b o d y  and TPI  100 M g \m l . 

*HB38 was used as a s u p e r n a t a n t  and t h e  c o n c e n t r a t i o n s  

g i v e n  do not  a p p l y .  The s u p e r n a t a n t  was used a t  

d i l u t i o n s  1, 1 \ 2 ,  1 \ 4 ,  and 1 \ 8 .

A l l  a n t i b o d i e s  w ere  o b t a i n e d  f rom  ATCC.
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Chapter 3:4.
P r e p a r a t  io n  o f  T c e l  1 1 i n e s .

Lymph nodes w ere  c o l l e c t e d  f rom  b o th  TBI and TPI p r im ed  

m ice  and a p r o p o r t i o n  used f o r  a p r i m a r y  a s s a y .  The 

r e m a in d e r  w ere  c u l t u r e d  in  t h e  p re s e n c e  o f  t h e  

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

M e t h o d s ) .  The l i n e s  w ere  ass ayed  a t  t h e  end o f  each  

a n t i g e n \ I L - 2  c y c l e  t o  d e t e r m i n e  t h e  resp o n se  p a t t e r n .  

Both TBI and TPI  p r im e d  l i n e s  c o u ld  be m a i n t a i n e d  

th r o u g h  s e v e r a l  c y c l e s ,  and i t  was shown t h a t  t h e i r  

a n t i g e n i c  s p e c i f i c i t y  d i d  no t  v a r y .  PI  n e v e r  s t i m u l a t e d  

any o f  t h e  l i n e s  when t e s t e d ,  and t h e  c r o s s  r e a c t i v e  

re s p o n s e  t o  BI i n  TPI  p r im e d  l i n e s  was s t r o n g e r  th a n  in  

t h e  p r i m a r y  ass ays  ( T a b l e s  9 ,  10,  F i g  3 ) .  The r e s u l t s  

shown a r e  a l l  a f t e r  a t  l e a s t  two c y c l e s  o f  A g / I L - 2  

g r o w t h .

To exam ine  t h e  p h e n o ty p e  o f  t h e  c e l l s  in  t h e  long  te rm

l i n e s  t h e y  w ere  s t a i n e d  w i t h  a p a n e l  o f  m onoc lona l

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

added and t h e  c e l l s  exam ined by f l u o r e s c e n t  m ic ro s c o p y

( T a b l e  1 1 ) .  The g r e a t  m a j o r i t y  o f  T c e l l s  p r e s e n t  w ere

shown t o  be CD4+ , w i t h  v e r y  few CD8+ . The few CD8+

p r e s e n t  c o u ld  be due t o  c y t o t o x i c  T c e l l s  o r  t o  d o u b le  

4 ftp o s i t i v e  CD v C D °  c e l l s ,  r a t h e r  th a n  s u p p r e s s o r  c e l l s .  

T h i s  r e s u l t  w o u ld  a rg u e  t h a t  t h e  low re sp o n se  PI  

resp o n se  in  t h e s e  l i n e s  i s  no t  due t o  CD8+ s u p p r e s s o r  

c e l  I s .
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Table 9.
The p a t t e r n  o f  p r o l i f e r a t i v e  re s p o n s e s  t o  h a p t e n a t e d  

and u n h a p t e n a t e d  i n s u l i n s  was m a i n t a i n e d  in  c e l  1 1 in e s

der  i v e d  f rom H-2*3 m ice  pr  imed w i t h  TPI  .

E x p e r im e n t  1.

A n t i g e n  C o n c e n t r a t  i o n ( p g \ m l )

100 10 J.

TBI 5 0 .  1 + o00 1 8 . 2 + 3 . 7 4 .  1 + o CO

TPI 3 6 . 2 + o00 7 . 0 + 2 . 7 4 . 4 + 1 . 1

BI 2 2 . 9 + 2 . 8 1 7 . 0 + 5 .  1
CO + 2 . 9

PI

CD1^ + 1 .  1

oCO + oCM 3 . 4 + 0 . 7

Medium 5 . 0 + 2 .  1

E x p e r im e n t  2 .

A n t i g e n  C o n c e n t r a t i o n  
C100 M9\ml)

TBI 5 . 0 1 0 . 1

TPI  3 . 8 1 0 . 1

BI  5 . 0  1 0 . 7

PI 0 . 3  1 0 . 0 2

Medium 1 . 0  1 0 . 7

A l l  r e s u l t s  cpm x 10^.

E x p e r im e n t  2 -  means and SE based on d u p l i c a t e  r e s u l t s
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Table 10.
The p a t t e r n  o f  p r o l i f e r a t i v e  res p o n s e  t o  h a p t e n a t e d  

and u n h a p t e n a t e d  i n s u l i n s  was m a i n t a i n e d  in  c e l  1 

1 i nes der  i v e d  f  rom H -2 ^  m ice  pr  imed w i t h  T B I .

A n t i g e n  C o n c e n t r a t i o n  (pgXm l)  

100 10 1

TBI 1 1 . 0 + 0 . 2

oCD C\l

+1 \rCO ± 0 . 6

TPI 6 . 7 + 0 . 7 5 . 8 ± 0 . 0 2 5 . 5 ± 0 . 0 3

BI 5 . 3 + 0 . 5 7 .  1 ± 1 .5 6 . 1 ± 0 . 0 4

PI 2 . 8 + 0 NT NT

HI 1 . 8 + 0 . 5 1 . 8 ± 0 . 2 1 . 6 ± 0

Medium 1 . 9 + 0 . 2

A l l  r e s u l t s cpm X 103
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Table 11.
A n a l y s i s  o f  t h e  p h e n o ty p e  o f  c e l I s  in  TBI and TPI  1 i n e s .

% + ve

A n t i b o d y  TBI TPI

1. 8 6 . 5  7 6 . 0

2 .  4 . 0  2 . 0

3 .  7 0 . 5  7 1 . 0

4 .  1 . 0  NT

A n t i b o d i e s :  1. H 0 1 3 . 4  -  a n t i  Thy 1 .2

2 .  3 . 1 6 8  -  a n t i  CD8

3 .  H 129 -  a n t i  CD4

4 .  C o n t r o l  -  no f i r s t  a n t i b o d y .

C e l l s  a t  3 x 10® w ere  in c u b a t e d  w i t h  t h e  f i r s t  a n t i b o d y  

f o r  30  m in s ,  th e n  washed t w i c e  i n  medium ( s e r u m - f r e e ) .

Second l a y e r  -  b i o t i n  a n t i  r a t  f o r  30  m i n s . ,  th e n  wash 

t w i c e  in  medium ( s e r u m - f r e e )

T h i r d  l a y e r  -  F I T C -  a n t i  b i o t i n  f o r  30  m in s .  Wash t w i c e  

th e n  c e l l s  w ere  c o u n te d  by f l u o r e s c e n t  m ic r o s c o p y .

200  c e l l s  f rom  each group  w ere  c o u n te d .
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Chapter 3:5.
P r e p a r a t  io n  o f  T c e l  1 c l o n e s  f  rom TBI and TP I 1 i n e s .

T c e l l  c l o n e s  w e re  p roduced  in  o r d e r  t o  s t u d y  th e  

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

f o r  t e s t i n g  o f  i n s u l i n  a n a lo g u e s  o b t a i n e d  by 

m u t a g e n e s is .  C e l l s  w ere  i n c u b a t e d  w i t h  f e e d e r  c e l l s  and 

p l a t e d  o u t  by l i m i t i n g  d i l u t i o n  i n  T e r a s a k i  p l a t e s .  

A f t e r  e i g h t  days c e l l s  f rom  p o s i t i v e  w e l l s  were  

c o l l e c t e d  and expanded .

An exam ple  o f  a c l o n e  o b t a i n e d  f ro m  a TBI p r im e d  l i n e  

i s  g i v e n  i n  T a b le  12. I t  shows a dose d ep enden t  respo nse  

t o  T B I ,  and was a l s o  s t i m u l a t e d  by TPI  and BI a t  th e  

h i g h e s t  c o n c e n t r a t i o n .

A p a n e l  o f  c l o n e s  was d e r i v e d  f rom  a TPI  p r im e d  l i n e  

( T a b l e  1 3 ) .  H a l f  o f  th o s e  t e s t e d ,  3 , 6 , 7 , 9  and 10 gave  

t h e  same p a t t e r n  o f  r e a c t i v i t y  as t h e  p r i m a r y  a s s ays  and 

t h e  l i n e s ,  w i t h  no res p o n s e  t o  P I ,  b u t  a c r o s s  r e a c t i v e  

re sp o n se  t o  B I .  The o t h e r  c l o n e s  a l s o  d e m o n s t r a t e d  some 

i n t e r e s t i n g  r e s u l t s .  C lo n e s  1 and 2 gave a good exam ple  

o f  t h e  " a u t o r e a c t i v e  resp o n se"  seen in  some l i n e s  The 

c e l l s  respond  no t  t o  a n t i g e n  b u t  t o  t h e  s y n g e n e ic  s p le e n  

c e l l s  used as f e e d e r  c e l l s .  O th e r  c l o n e s ,  i . e .  8 , appear  

t o  be TNP s p e c i f i c  i n  t h a t  t h e y  do no t  respond  t o  th e  

u n h a p t e n a t e d  i n s u l i n s .
L  .

TBI and TPI  p r im e d  H - 2 D T c e l l  l i n e s  a lw a y s  gave a 

good re sp o n se  t o  T P I ,  b u t  n e v e r  t o  P I .  The f a c t  t h a t  no 

c i o n  by t h e  same c e l l s .

T h e re  a r e  s e v e r a l  p o t e n t i a l  e x p l a n a t i o n s  f o r  th e s e
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f i n d i n g s .  One p o s s i b i l i t y  i s  t h a t  t h e  m o d i f i c a t i o n  o f  PI  

by TNP in d u c e s  a c o n f o r m a t i o n a l  change in  t h e  c a r r i e r  

m o l e c u l e  t h a t  m im ics  BI and i n c r e a s e s  a f f i n i t y  w i t h

e i t h e r  MHC o r  t h e  T c e l l  r e c e p t o r .

A second mechanism i s  t h a t  t h e  TNP m o i e t y  c o u ld

i n t e r a c t  w i t h  m o l e c u l e s  on t h e  s u r f a c e  o f  APC’ s i n  some 

n o n - s p e c i f i  by t h e  same c e l l s .

T h e re  a r e  s e v e r a l  p o t e n t i a l  e x p l a n a t i o n s  f o r  t h e s e  

f i n d i n g s .  One p o s s i b i l i t y  i s  t h a t  t h e  m o d i f i c a t i o n  o f  PI  

by TNP in d u c e s  a c o n f o r m a t i o n a l  change in  t h e  c a r r i e r  

m o l e c u l e  t h a t  m im ics  BI  and i n c r e a s e s  a f f i n i t y  w i t h

e i t h e r  MHC o r  t h e  T c e l l  r e c e p t o r .

A second mechanism i s  t h a t  t h e  TNP m o i e t y  c o u ld

i n t e r a c t  w i t h  m o l e c u l e s  on t h e  s u r f a c e  o f  APC’ s in  some 

n o n - s p e c i f i c  way,  t h e r e b y  a l l o w i n g  p r e s e n t a t i o n  o f  th e  

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

A t h i r d  p o s s i b i l i t y  i s  t h a t  t h e  TNP group i s  b i n d i n g  to  

t h e  MHC a n t i g e n  t o  form  a new a g r e t o p e  a l l o w i n g  th e  

p r e s e n t a t i o n  o f  a e p i t o p e  common t o  b o th  BI  and P I  t o  be 

r e c o g n i s e d .

These p o s s i b l e  mechanisms w i l l  be d i s c u s s e d  in  th e  

f o l l o w i n g  c h a p t e r s .
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Table 12.
T c e l l  c l o n e  d e r i v e d  f rom  a TBI l i n e .

A n t i g e n  C o n c e n t r a t i o n  ( p g \ m l )  

100 10 1

TBI 1 3 . 8 6 . 7 1 . 8

TPI 9 . 7 0 . 7 0 . 7

BI 2 .  1 0 . 7 0 . 7

PI 0 . 4 0 . 8 0 . 7

Med 0 . 3

T c e l l  c l o n e s  w ere  s e t up a t 1 X 10^ c e l l s / w e l

w i t h s y n g e n e i c  f e e d e r s c e l  I s a t  5 x 10® / w e l 1 .

A l l r e s u l t s  cpm x 10^ .
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Table 13.
T c e l 1 c l o n e s  der  i v e d  f  rom a TP I 1 i n e .

Ant  ig e n  
( 1 0 0  p g \ m l )

C lo n e  No TBI TPI § 1 PI Med

1 . 5936 5827 6562 1432 4756

2 . 5065 2900 5761 4187 4815

3 . 4102 4508 3366 541 1048

4 . 998 887 2245 447 531

5. 2877 1409 1749 1283 345

6 . 3139 6361 2316 452 330

7. 11072 13150 1332 482 484

8 . 7200 4728 1413 2575 2337

9. 6898 10827 2096 685 706

1 0 . 11422 17725 5066 3776 3813

T c e l l  c l o n e s  w e re  s e t  up a t  1 x 10^ \  w e l l ,  w i t h  a n t i g e n  

a t  lOOpgXml and s y n g e n e ic  f e e d e r  c e l l s  a t  5 x l O ® \ w e l l .

D a ta  has been c o r r e c t e d  f o r  SE.
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Chapter 3:6.
P r o l i f e r a t i v e  res p o n s e s  t o  TNP on o t h e r  p r o t e i n s  and 

d i f f e r e n t  h a p te n s  on i n s u l i n .

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

t h e s e  T c e l l  l i n e s  w ere  u n a b le  t o  r e c o g n i s e  TNP 

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

w ere  h a p t e n a t e d  w i t h  TNP ( T a b l e  1 4 ) .  None o f  t h e  t h r e e  

p r o t e i n s  t e s t e d  gave a re sp o n se  in  e i t h e r  t h e  h a p t e n a t e d  

or  u n h a p t e n a t e d  fo rm .  T h i s  d e m o n s t r a t e d  t h a t  th e  TNP 

group  a l o n e  was no t  b e in g  r e c o g n i s e d  by t h e  T c e l l  

1 i  n e s .

In  a c o n v e r s e  e x p e r i m e n t  i n s u l i n  was m o d i f i e d  by 

d i f f e r e n t  h a p te n s  ( T a b l e  1 6 ) .  O x a z a lo n e  and f l u o r o s c e i n  

b o th  augmented t h e  BI res p o n s e  though no t  t o  t h e  same 

d e g re e  as TNP. In  c o n t r a s t ,  w h i l e  o x a z a l o n e - P I  gave a 

good r e s p o n s e ,  f l u o r o s c e i n - P I  was a poor  s t i m u l a t o r  by 

compar i s o n .

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

r e c e p t o r  i s  no t  r e c o g n i s i n g  t h e  TNP g r o u p .  M o d i f i c a t i o n  

by e i t h e r  TNP o r  o x a z a l o n e  a p p e a r s  t o  c o n v e r t  PI  f rom a 

n o n - r e s p o n d e r  t o  a r e s p o n d e r  by a mechanism t h a t  does  

n ot  i n v o l v e  t h e  T c e l l  r e c e p t o r  d i r e c t l y  as two  

d i f f e r e n t  h a p te n s  c o u ld  g i v e  t h e  same e f f e c t .  I t  must  

a l s o  be c o n s i d e r e d  t h a t  t h e  same s i d e  c h a i n s  may be 

p r e s e n t e d  t o  t h e  T c e l l  on bo th  o x a z a l o n e  and TNP. The 

f i n d i n g  t h a t  f l u o r o s c e i n - P I  was n o n - s t i m u l a t o r y  c o u ld  be 

e x p l a i n e d  by t h e  d i f f e r e n c e  in  s i z e  o f  t h e  t h r e e  h a p ten s  

( F i g  4 ) .  F l u o r o s c e i n  i s  a much l a r g e r  g roup  th a n  e i t h e r
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o x a z a l o n e  o r  TNP and t h e r e f o r e  i f  t h e  h a p te n  group  i s  

i n v o l v e d  in  MHC b i n d i n g  f l u o r o s c e i n  may be t o o  l a r g e  to  

a c h i e v e  t h i s .  As BI h as ,  a n a t u r a l  a g r e t o p e  f o r  H - 2 ^ ,  

h a p te n s  in  t h i s  sys tem  may no t  be d i r e c t l y  i n v o l v e d  in  

a n t ig e n \M H C  i n t e r a c t i o n s .  They may h e l p  t o  s t a b i l i s e  

t h i s  b i n d i n g ,  b u t  in  t h i s  case  t h e  s i z e  o f  t h e  h a p te n  i s  

n ot  as i m p o r t a n t  .

H 0

R -  A -  d N02
\  /  \

| 0 | 0 |
/  20N \  /  N02

N -  C OHA
OXAZALONE TRINITROPHENYL

HO 0  0
\/ \ / \ / \//

W w ' w 1

/  \COONa

' w '
N = C = S 

FLUOROSCEIN

F i g  4 : S t r u c t u r e s  o f  t h e  h a p te n s  used in  t h i s  s t u d y
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Table 14.

Response o f  a TBI 1 i  ne t o  TNP bound t o  o t h e r  
p r o t e i n s .

Ant  ig en

100

TBI 2 1 . 4 + 1 .5

TPI 2 4 . 5 + 2 . 9

TBSA 1 .9 + o CJl

TOVA 2 . 3 + 0 . 9

TKLH 2 . 6 + 0 . 5

BI 5 . 6 + 0 . 2

PI 0 . 7 + 0 . 2

OVA 1 . 2 + 0 . 3

KLH 0 . 9 + 0 . 0 2

Medium 0 . 9 + 0 . 0 8

A l l  r e s u l t s  as cpm x 10^.

C o n c e n t r a t i o n .  ( n g \ m l )  

10 1

COCD + 1 . 2 1 .6 5 + 0

3 . 4 + 0 . 6 2 . 2 + 0 . 0 2

1 . 7 + 0 . 2 1 .7 + 0 . 0 1

1 . 6 + 0 . 5 1 . 1 + 0 . 0 1

1 . 6 + 0 . 4 1 .7 + 0 . 2

3 . 9 + 3 . 6 2 . 7 + 1 . 2

1 . 1 + 0 . 7 1 .4 + 0 . 1

1 . 0 + CDo
1 . 4 + 0 . 2

O 00 + 0 . 2 1 . 2 + 0 . 4
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Table 15.

The e f f e c t  o f  d i f f e r e n t  h a p te n s  on b e e f  and pork  
i  n s u l i n s .

A n t i g e n  C o n c e n t r a t i o n .  
C100 M 9 \ m l )

TBI 7 1 . 6

TPI 4 3 . 4

BI 3 5 . 3

PI 0 . 5

BI  -  ox 4 5 . 0

BI -  f l 5 4 . 7

PI  -  ox 2 5 . 0

PI  -  f l 7 .  1

Med 0 . 8

ox = o x a z a lo n e f l  = f
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C h a p te r  3 ; 7 .  The r o l e  o f  s u p p r e s s o r  c e l  I s  in  PI non

r e s p o n s i v e n e s s  .

As d is c u s s e d  i n  t h e  i n t r o d u c t i o n ,  n o n - r e s p o n s i v e n e s s  t o  

PI in  H - 2 *3 m ice  has been a s c r i b e d  t o  s u p p r e s s i o n .  T h i s  

h y p o t h e s i s  h o ld s  t h a t  I - A ^  MHC a n t i g e n  i n  complex w i t h  

PI p r e f e r e n t i a l l y  s t i m u l a t e s  a p o p u l a t i o n  o f  s u p p r e s s o r  

i n d u c e r  c e l l ,  w h ic h  in  t u r n  a c t i v a t e  a CD8 + 

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

To i n v e s t i g a t e  t h i s  mechanism H -2 ^  m ic e  w e re  p r im e d  t o  

T P I ,  and a n a ly s e d  i_n v i t r o  a g a i n s t  a p a n e l  o f  m o n o c lo n a l  

a n t i b o d i e s  and complement ( T a b l e  1 6 ) .  A n t i - T h y  1 

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

a n t i - C D 4  a n t i b o d i e s  p a r t i a l l y  i n h i b i t e d  t h e  re s p o n s e  as 

e x p e c t e d .  However a n t i - C D 8 a n t i b o d y  n e v e r  enhanced th e  

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

p o s s i b l e  e x p l a n a t i o n  o f  t h i s  phenomenon may be t h a t  in  

v i v o  a c t i v a t e d  CD8 + c e l l s  a r e  d e p l e t e d  by b y s t a n d e r  

k i l l i n g ,  o r  t h a t  t h e  CD8 + c e l l s  w e re  p r o l i f e r a t i n g  and 

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

r e s p o n s e .  However t h e  d a t a  in  T a b l e  11 shows o n l y  a 

s m a l l  number o f  CD8 + c e l l s  a r e  p r e s e n t  i n  t h e  c e l l  l i n e s  

and t h i s  w ou ld  a rg u e  a g a i n s t  t h e  second p o s s i b i l i t y .

These e x p e r i m e n t s  have been r e p e a t e d  by two s t u d e n t s  in  

t h e  l a b . ,  as p a r t  o f  t h e i r  BSc p r o j e c t s ,  and t h e  same 

r e s u l t s  w ere  o b t a i n e d .
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In  a d d i t i o n  t h e  c e l l  l i n e s  and c l o n e s  d e s c r i b e d  e a r l i e r  

m a i n t a i n e d  t h e  p a t t e r n  o f  n o n - r e s p o n s i v e n e s s  t o  PI  under  

c o n d i t i o n s  w here  no e v i d e n c e  f o r  CD8 + s u p p r e s s o r  c e l l s  

c o u l d  be fo u n d .

T h i s  p r o v i d e s  s t r o n g  e v i d e n c e  t h a t  s u p p r e s s i o n  i s  no t  a 

m a jo r  r e g u l a t o r y  mechanism i n v o l v e d  i n  p r o l i f e r a t i v e  

n o n - r e s p o n s i v e n e s s  t o  P I ,  though  s t u d i e s  on a n t i b o d y  

p r o d u c t i o n  have shown a d i f f e r e n t  p i c t u r e  ( F l o r y ,  

W a l l a c e ,  O e t t e l  and C h a in ,  1 9 8 9 ) .
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Table 16.
A n a l y s i s  o f  p h e n o ty p e  o f  t h e  c e l  I s  p r o l i f e r a t  in g  t o

h a p t e n a t e d  and u n h a p t e n a t e d  i n s u l i n s .

Ant  ig en  
Mg\ml Med

Ant  ib o d y  

aCD8 aCD4 aThy

TBI 1 5 .  1 2 . 4 1 . 9 1 .9

10 1 3 . 5 5 .  1 5 . 8 0 . 2

100 3 3 . 4 1 9 .9 1 4 .6 2 . 6

TP I 1 3 . 7 2 . 2 4 . 3 0 . 7

10 8 . 4 2 . 8 3 . 7 1 . 6

100 4 0 . 6 2 9 . 6 1 6 .3 1 .4

BI  1 3 . 8 1 .4 3 . 0 1 . 6

10 4 . 0 1 . 8 4 . 4 1 .4

100 6 . 6 2 . 4 4 . 2 2 . 7

PI  1 2 . 0 1 .3 3 . 6 1 .5

10 3 . 9 3 . 3 4 . 8 0 . 8

100 5 . 9 3 . 2 6 . 5 2 . 6

MED 4 . 0 2 . 1 3 . 9 0 . 3

A l l  r e s u l t s  cpm x 10^. SE w ere  w i t h i n  16% o f  t h e  means.

A n t i b o d i e s  a r e  l i s t e d  in  t h e  M ethods s e c t i o n .

T c e l l s  w ere  e n r i c h e d  on n y lo n  wool  and 1 x 10^ c e l l s  

in c u b a t e d  in  1 0 - 2 5  pg o f  a n t i b o d y  f o r  46  m in s .  a t  4 °C .  

C e l l s  w ere  th e n  p e l l e t e d  by c e n t r i f u g a t i o n  and 

resus pende d  in  a 1 \ 1 0  d i l u t i o n  o f  r a b b i t  complement  

(B u x te d  U K . )  f o r  30  mins a t  3 7 c .  A f i n a l  c o n c e n t r a t i o n  6 

x 10^ c e l l s \ w e l l  was used
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Chapter 3:8.
D i f f e r e n t  s i t e s  o f  h a p t e n a t  ion  a f  f e c t  th e

im m u n o g e n ic i ty  o f  TP I .

To answer t h e  q u e s t i o n  o f  w h e t h e r  t h e  e f f e c t  o f  

m o d i f i c a t i o n  o f  P I ,  was s p e c i f i c  o r  due t o  n o n - s p e c i f i c  

" s t i c k i n e s s  " t o  a n t i g e n  p r e s e n t i n g  c e l l  s u r f a c e  i t  

was n e c e s s a r y  t o  d e t e r m i n e  t h e  s i t e  o f  h a p t e n a t i o n .  In  

a d d i t i o n ,  p r e v i o u s  r e p o r t s  have shown t h e  t h a t  TNP group  

p r e f e r e n t i a l l y  b i n d s  t o  B2 q l y s i n e  ( L i ,  1 9 5 6 ) .  I f  t h i s  

was t h e  same f o r  o u r  h a p t e n a t e d  i n s u l i n s  i t  w o u ld  be 

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

on t h a t  s i t e  c o u ld  a f f e c t  t h e  A - c h a i n  lo o p  r e g i o n .

The q u e s t i o n  was answered  by t h e  use o f  r e v e r s e d  phase  

h ig h  p r e s s u r e  l i q u i d  c h ro m a to g ra p h y  ( s e e  A p pend ix  2 ) .  I t  

was shown t h a t  our  method o f  h a p t e n a t i o n  p r e f e r e n t i a l l y  

l i n k e d  t h e  TNP group  t o  t h e  g l y c i n e  a t  A j ,  n o t  B29  

l y s i n e .  The i m p o r t a n t  f a c t o r  was t h e  pH a t  w h ic h  th e  

r e a c t i o n  was c a r r i e d  o u t .  The i n i t i a l  e x p e r i m e n t s  by L i  

w e re  a t  pH 11, w h e re a s  we h a p t e n a t e d  a t  pH 8 . 4 .

Both  h a p t e n a t e d  form s w ere  p r e p a r e d  and t e s t e d  ^n v i t r o  

on H - 2 *3 m ice  p r im e d  t o  BI ( T a b l e  1 7 ) .  The r e s u l t s  show t h a t  

f o r  T B I ,  and p a r t i c u l a r l y  T P I ,  t h e  A j  H a p t e n a t e d  forms  

a r e  more p o t e n t  s t i m u l a t o r s  th a n  t h e  B29 f o r m s .  The 

e f f e c t  o f  h a p t e n a t i o n  t h e r e f o r e  depends on t h e  s i t e  a t  

w h ic h  t h e  TNP m o l e c u l e  i s  a t t a c h e d  and i s  n o t  a random 

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

r e c e p t o r s .
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Table 17.
D i f f e r e n t  s i t e s  o f  h a p t e n a t  io n  a f  f e c t  th e

i m m u n o g e n ic i ty  o f  T P I .

E x p e r im e n t  1. H~2^ m ice  p r im e d  w i t h  BI  .

A n t i g e n  C o n c e n t r a t i o n  ( p g \ m l )

100 10 1 

TBI mix 1 0 8 .8  ± 9 . 0  9 2 . 9  ± 9 . 8  2 7 . 8  ± 1 0 .6

T B I -A 1  1 0 2 .2  ± 1 . 2  6 9 . 1  ± 8 . 2  1 7 . 4  ± 3 . 8

T B I - B 2 9  7 9 . 1  ± 7 . 5  3 9 . 6  ± 1 . 7  1 4 . 6  ± 3 . 9

TPI  mix 8 1 . 3 ± 7 . 6 1 7 . 7  ± 10. 1 6 . 0 + 0 .

T P I - A 1 78 .  1 ± 5 . 4 3 4 . 9  ± 1 . 7 1 0 . 6 + 2 .

T P I - B 2 9 2 8 . 8 ± 5 . 7 7 . 0  ± 0 . 2 6 . 7 + 0 .

Medium 6 . 4 ± 3 . 8

Exper  iment 2 .  H-■2^ m ice pr  imed t o  B I .

Ant  igen C o n c e n t r a t  io n ( p g \ m l ) .

100 10 _1

TP I - A 1 7 3 . 6 ± 2 . 5 4 5 . 8  ± 2 . 8 2 8 . 0 + 2 . 2

T P I - B 2 9 4 8 . 3 ± 3 . 1 2 0 . 2  ± 1 . 2 1 5 . 4 + 0 . 6

BI 3 9 . 2 ± 1 . 6 3 8 . 3  ± 0 . 6 2 3 . 2 + 0 . 8

PI 1 9 .8 ± 2 . 8 16 .1  ± 1 . 1 15.  1 + 0 . 6

Medium 1 4 . 0 ± 1 . 9

T P I - A 1  was p r e p a r e d  as i n  t h e  methods s e c t i o n  in  
0 . 1  M sodium b i c a r b o n a t e  pH 8 . 4 .
T P I - B 2 9  was p r e p a r e d  in  0 . 1  M sodium c a r b o n a t e  pH 11.  
The isom ers  w ere  s e p a r a t e d  by r e v e r s e  phase HPLC.
The mix sample  i s  a l s o  p r e p a r e d  a t  pH 8 , b u t  no t  run  
on HPLC and w i l l  c o n t a i n  a s m a l l  amount o f  B 29 isom er .
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Chapter 3:9.
P r o l i f e r a t i v e  r e s p o n s e s  t o  d e s o c t a p e p t i d e  i n s u l i n .

D e s o c t a p e p t i d e  i n s u l i n  (DOP) i s  p r e p a r e d  by t r e a t m e n t  

w i t h  t r y p s i n  w h ic h  c l e a v e s  t h e  l a s t  e i g h t  amino a c i d s  

f rom  t h e  B c h a i n .  I t  i s  known t h a t  t h i s  r e g i o n  i s  

i n v o l v e d  in  d im er  f o r m a t i o n  and in  b i n d i n g  t o  th e  

i n s u l i n  r e c e p t o r  ( P u l l e n ,  1 9 7 6 ) .

When t e s t e d  F I  (b  x d )  m ice  p r im e d  t o  P I ,  gave a v e r y  

s t r o n g  d o s e -d e p e n d e n t  re sp o n se  t o  DOP. The s t i m u l a t i o n  

was a l s o  shown t o  be a c o n v e n t i o n a l  MHC c l a s s  I I  

r e s t r i c t e d  re sp o n se  by i n h i b i t i o n  w i t h  a m on o c lo n a l  

a n t i - l a  a n t i b o d y  ( T a b l e  1 8 ) .

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

t e r m i n a l  amino a c i d s  on t h e  B c h a in  a r e  no t  r e q u i r e d  f o r  

T c e l l  a c t i v a t i o n  in  H -2 ^  m ic e .

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

re s p o n s e  t o  DOP may be t h a t  w i t h o u t  t h o s e  e i g h t  amino  

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

l a r g e  r e m a in d e r  o f  t h e  B c h a in  v i s i b l e .  N a t i v e  i n s u l i n s  

w o u ld ,  a t  t h e  c o n d i t i o n s  o f  t h e  a s s a y ,  be a b l e  t o  form  

d im e r s  w h ic h  c o u ld  s h i e l d  p o t e n t i a l  T c e l l  e p i t o p e s .

105



Table 18.

The e f f e c t  o f  rem ova l  o f  t h e  e i g h t  c a r b o x y  t e r m i n a 1 

ami no a c i d s  on t h e  B c h a in  ( d e s o c t a p e p t  id e  DOP) of  

i  n s u l  i  n on PI pr  imed F 1 ( b x d_̂  m i c e .

E x p e r im e n t  1.

A n t i g e n  C o n c e n t r a t i o n  ( p g \ m l )
100 10 I

BI 1 8 .2  ± 0 . 3  1 1 . 5  ± 1 . 2  5 . 5  ± 1 . 4

DOP 1 1 1 . 3 1 6 . 5  3 3 . 2 1  1 . 6  4 . 3 1  1 . 9

Medium 4 . 5  1 0 . 8

P r i m a r y  a s s ay  in  NMS.
A l l  cpm x 10 .

E x p e r im e n t  2 .  - t h e  above c e l l s  w ere  grown as a l i n e  and 

t e s t e d  on BI and DOP w i t h  and w i t h o u t  a - I a .

A n t i g e n  C o n c e n t r a t i o n  ( p g \ m l )

100 10

BI 3 9 . 3  1 3 . 1  3 1 . 9  1 4 . 2  2 9 . 4  1 2 . 5

BI + a I a 5 . 0  1 0 . 8  3 . 6  1 0 . 4  3 . 5  1 0 . 4

DOP 2 9 . 1 1 1 . 5 2 7 . 8  1 7 . 2  2 6 . 5 1 3 . 5

DOP + a l a  5 . 2  1 0 . 3  3 . 1  1 0 . 2  3 . 3  1 0 . 7

Medium 3 . 0  1 0 . 0 6

A l l  r e s u l t s  cpm x 10^.

a l a  was T IB  -  120 a t  c o n c e n t r a t i o n  1 100 .
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Chapter 3:10.
P r o l i f e r a t i v e  r e s p o n s e s  t o  h a p t e n a t e d  and u n h a p t e n a t e d  

s i n g l e  c h a i n s  o f  i n s u l i n .

In  H -2^  m ice  i t  has been r e p o r t e d  t h a t  t h e  B c h a in  o f  

i n s u l i n  a l o n e  can s t i m u l a t e  T c e l l  p r o l i f e r a t i v e  

re s p o n s e s .  T h e r e f o r e  bo th  t h e  e p i t o p e  and t h e  a g r e t o p e  

must be p r e s e n t  on t h a t  c h a i n .  To t e s t  t h i s  r e s u l t  H -2^  

and H - 2 *5 m ic e  w ere  p r im e d  t o  t h e  s i n g l e  c h a i n s  o f  

i n s u l i n  bo th  i n  h a p t e n a t e d  and u n h a p t e n a t e d  fo rm s .  In  

a l l  e x p e r i m e n t s  shown t h e  A - c h a i n  used was t h e  p o r c i n e  

v a r  i a n t .

H -2^  TNP-B c h a i n  p r im e d  T c e l l s  w e re  shown t o  be v e r y  

s t r o n g l y  s t i m u l a t e d  i_n v i t r o  by TBI and t o  a l e s s e r  

d e g re e  by T P I .  TNP-A c h a in  p r im e d  T c e l l s  respo nded  o n l y  

a t  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  TBI and T P I .  The 

u n h a p t e n a t e d  c h a i n s  d i d  no t  ap p e a r  t o  p r i m e  a r e s p o n s e  in  

H - 2 *5 m ice  ( T a b l e  1 9 ) .

H - 2 0* B c h a in  p r im e d  T c e l l s  gave good i_n v i t r o

p r o l i f e r a t i v e  res p o n s e s  t o  TBI and T P I ,  and t o  BI and PI

a t  t h e  h i g h e s t  c o n c e n t r a t i o n s  ( T a b l e  2 0 )  O n ly  TBI and 

TPI  s t i m u l a t e d  TNP-B c h a in  p r im e d  T c e l l s  t o  a

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

w i t h  TNP-A c h a i n  s u g g e s t  t h a t  i t  may be m i t o g e n i c  as 

e l i c i t s  a good re sp o n se  f rom  B c h a i n  p r im e d  T c e l l s  but
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n o t  f rom BI p r im e d  T c e l l s .

Taken t o g e t h e r  t h e s e  r e s u l t s  c o n f i r m  t h a t  H - 2 0* 

r e c o g n i s e  t h e  B c h a i n  a l o n e ,  and s u g g e s t  t h a t  th e  

e p i t o p e  and a g r e t o p e  a r e  b o th  p r e s e n t  on t h i s  c h a i n .

In  H - 2 *3 m ic e ,  n e i t h e r  o f  t h e  s i n g l e  c h a i n s  e l i c i t  a 

r e s p o n s e ,  t h e r e f o r e  i t  w o u ld  seem t h a t  b o th  c h a in s  a r e  

r e q u i r e d .  The two most l i k e l y  e x p l a n a t i o n s  a r e  t h a t  

e i t h e r  t h e  e p i t o p e  i s  on one c h a i n  and t h e  a g r e t o p e  on 

t h e  o t h e r ,  o r  t h a t  one o r  b o th  o f  t h e  s i t e s  a r e  made up 

o f  r e s i d u e s  f rom  b o th  c h a i n s .

The s t r o n g  re s p o n s e s  o f  TNP-B c h a i n  t o  TBI may be due 

t o  t h e  TNP group  a c t i n g  as an a g r e t o p e ,  and p r e s e n t i n g  

an e p i t o p e  on t h e  B c h a i n ,  o r  an a g r e t o p e  on t h e  B c h a in  

p r e s e n t i n g  t h e  TNP g r o u p .  As t h e  res p o n s e  t o  TPI i s  much 

lo w e r  t h e  f i r s t  e x p l a n a t i o n  w ou ld  be f a v o u r e d .
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C h a p t e r  3 : 1 1 .

S i t e - d i r e c t e d  m u ta g e n e s is  o f  human p r o i n s u l i n .

As s t a t e d  p r e v i o u s l y ,  i n s u l i n  v a r i a n t s  d i f f e r  by o n l y  a 

few amino a c i d s .  To a s s e s s  t h e  r o l e  o f  t h e s e  p a r t i c u l a r  

r e s i d u e s  in  T c e l l  a c t i v a t i o n ,  h y b r i d  i n s u l i n s  were  

produ ced  by s i t e - d i r e c t e d  m u t a g e n e s is .

The e x p r e s s i o n  p la s m id  p l a c  2 8 9 / P I  c o n t a i n i n g  t h e  human 

p r o i n s u l i n  c o d in g  sequence  f u s e d ,  th r o u g h  a met c o d o n , t o
9

a 5 -s e q u e n c e  o f  t h e  p - g a l a c t o s i d a s e  gene ,  was o b t a i n e d  

f o r  Dr S te v e n  C o c k l e ,  Connaught R e search  I n s t i t u t e ,  

O n t a r i o ,  Canada,  ( F i g  5 ) .  The gene p r o d u c t ,  B H P I P - 2 8 9 / P I  

( B i o s y n t h e t i c  Human P r o i n s u l i n  P r e c u r s o r ) ,  c o m p r is e d  a 

2 8 9 -a m in o  a c i d  l e a d e r  e n d in g  in  a Met  r e s i d u e ,  a t t a c h e d  

t o  t h e  p r o i n s u l i n  s e q u en ce .  The c o m p o s i te  gene was under  

t h e  c o n t r o l  o f  a w i l d - t y p e  l a c  p ro m o te r  w h ic h  can be 

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

(C R P ) .  T h i s  i s  t h e  i n h i b i t i o n  o f  t r a n s c r i p t i o n  o f  genes  

f o r  enzymes needed in  c a t a b o l i s m  o f  l a c t o s e ,  and o t h e r  

e n e r g y - y i e l d i n g  s u b s t r a t e s ,  when t h e  more e f f i c i e n t  

e n e r g y  s o u rc e  g l u c o s e  i s  a v a i l a b l e .  cAMP s t i m u l a t e s  th e  

i n i t i a t i o n  o f  t r a n s c r i p t i o n  o f  many o p e ro n s  in  b a c t e r i a ,  

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

g l u c o s e  causes  a d e c r e a s e  in  t h e  l e v e l  o f  cAMP. Due t o  

t h i s  t h e  g ro w th  medium s p e c i f i e d  l a c k s  s u g a r s .

The p la s m id  does no t  have a f u n c t i o n a l  l a c  r e p r e s s o r  

g en e ,  b u t  c o u ld  be grown i n  E . Co1 i  s t r a i n s  such as JM101 

w h ic h  i s  an o v e r p r o d u c e r  o f  t h e  l a c  r e p r e s s o r .  The 

p r o i n s u l i n  c o u ld  t h e r e f o r e  be in d u ce d  by i s o p r o p y l t h i o -
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p - g a l a c t o s i d a s e  ( I P T G ) .  T h i s  o p e r a t e s  by i n t e r a c t i n g  

w i t h  t h e  r e p e s s o r  p r o t e i n  and i n h i b i t s  i t s  b i n d i n g  t o  

t h e  o p e r a t o r .

An a m p i c i l l i n  r e s i s t a n c e  gene p r e s e n t  in  t h e  p la s m id  

p r o v i d e d  a p o s i t i v e  s e l e c t i o n  mechanism d u r i n g  g r o w th .  

The b a c t e r i a  w ere  grown i n  medium c o n t a i n i n g  a m p i c i l l i n  

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

r e p l i c a t e .

The b a c t e r i a  w ere  grown in  Minimum G a r la n d s  Medium and 

i n d u c e d  w i t h  IPTG. The b a c t e r i a  w ere  d i s r u p t e d  by 

s o n i c a t i o n  and c e l l  l y s a t e s  w ere  run on SDS-PAGE t o  

i d e n t i f y  t h e  p r e s e n c e  o f  p r o i n s u l i n  ( F i g  6 ) .  To c o n f i r m  

t h a t  t h e  band was in d e e d  p r o i n s u l i n ,  p r o t e i n s  w ere  a l s o  

t r a n s f e r r e d  by W e s te rn  b l o t t i n g  t o  n i t r o c e l l u l o s e ,  and 

s t a i n e d  w i t h  a n t i - i n s u l i n  a n t i b o d y  ( F i g  7 ) .

P u r i f i c a t i o n  o f  i n s u l i n  f rom  c e l l  l y s a t e s  was a long  

and complex p r o c e d u r e .  P r e v i o u s  s t u d i e s  have r e p o r t e d  

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

s t i m u l a t i n g  a p r o l i f e r a t i v e  re sp o n se  in  p r im e d  T c e l l s  

(Lamb e t  a l ,  1 9 8 7 ) .  To t e s t  w h e t h e r  t h i s  method would  

work in  t h e  p r o i n s u l i n  sys tem  a n t i g e n s  w ere  s p o t t e d  o n to  

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

p l a c e d  in  w e l l s  w i t h  F I  (b  x d )  T c e l l s  p r im e d  t o  PI  

( T a b l e  2 1 ) .  Though t h e  r e s u l t s  w ere  v a r i a b l e  as shown by 

t h e  h ig h  SE. i t  was d e m o n s t r a t e d  t h a t  p r im e d  T c e l l s  

c o u ld  be s t i m u l a t e d  in  t h i s  way.  The r e s u l t s  w e re  b e t t e r  

i n  most c a s es  when 100 pg o f  p r o t e i n  w ere  added t o  th e
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d i s c ,  b u t  w ere  s t i l l  s t i m u l a t o r y  a t  20  p g . B a c t e r i a l  

c e l l  l y s a t e  c o n t a i n i n g  p r o i n s u l i n  was shown t o  g i v e  a 

p o s i t i v e  r e s u l t ,  b u t  t h i s  c o u ld  be due t o  some non

s p e c i f i c  p r o l i f e r a t i o n  caused by b a c t e r i a l  c e l l  

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

p r im e d  T c e l l s  a b a c t e r i a l  c e l l  l y s a t e  was s e p a r a t e d  on 

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

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

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

i n  w e l l s  o f  a 9 6 - w e l l  p l a t e .  P r im ed  T c e l l s  w e re  added  

and a s t a n d a r d  p r o l i f e r a t i o n  ass ay  p e r f o r m e d  ( T a b l e  2 2 ) .  

The r e s u l t s  show t h a t  p r o i n s u l i n  bound t o  n i t r o c e l l u l o s e  

can s t i m u l a t e  p r im e d  T c e l l s .  T h i s  method was t h e r e f o r e  

a p o s s i b l e  ass ay  sys tem  f o r  any m u t a te d  i n s u l i n s  

pro d u ced  by s i t e - d i r e c t e d  m u t a g e n e s is  ( s e e  b e l o w ) .

The p la s m id  was p u r i f i e d ,  c u t  by r e s t r i c t i o n  enzyme  

d i g e s t  u s in g  EcoRI and Bam H I .  The f ra g m e n t  

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

2% low m e l t i n g  p o i n t  a g a ro s e  g e l  ( F i g  8 ) .  The band was 

c u t  o u t  f rom  t h e  g e l  and t h e  DNA p u r i f i e d  by 

p h e n o l / e t h a n o l  e x t r a c t i o n . The p u r i f i e d  f r a g m e n t  was th en  

l i g a t e d  i n t o  t h e  c l o n i n g  v e c t o r  M13.

M13 i s  a f i l a m e n t o u s  c o l i p h a g e  w h ic h  c o n t a i n s  a 

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

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

p i l i ,  a l t h o u g h  t h e  e x a c t  mechanism by w h ic h  t h e  phage  

genome g e t s  i n s i d e  t h e  c e l l  i s  unknown. R e p l i c a t i o n  o f  

phage DNA does not  r e s u l t  in  h o s t  c e l l  l y s i s .  R a t h e r ,
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i n f e c t e d  c e l l s  c o n t i n u e  t o  grow and d i v i d e ,  a l b e i t  a t  a 

s lo w e r  r a t e  th a n  u n i n f e c t e d  c e l l s ,  and e x t r u d e  i n f e c t i v e  

v i r a l  p a r t i c l e s .  The s i n g l e - s t r a n d e d  phage DNA e n t e r s  

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

r e p l i c a t i v e  form  ( R F ) .  The RF m u l t i p l i e s  r a p i d l y  u n t i l  

a p p r o x i m a t e l y  100 RF m o l e c u l e s  a r e  formed i n s i d e  th e  

c e l l .  R e p l i c a t i o n  o f  t h e  RF th e n  becomes a s y m m e tr ic  due 

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

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

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

a r e  s y n t h e s i s e d .  These p ro g e n y  s i n g l e  s t r a n d s  a r e  

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

T h e re  a r e  a number o f  a d v a n t a g e s  o f  u s in g  s i n g l e 

s t r a n d e d  c l o n i n g  v e c t o r s .  The RF fo rm  can be p u r i f i e d  

and m a n i p u l a t e d  i_n v i t r o  j u s t  l i k e  a p l a s m i d .  S e c o n d ly ,  

b o th  RF and s i n g l e - s t r a n d e d  DNA w i l l  t r a n s f e c t  com pe ten t  

E . Co1 i  c e l l s  t o  fo rm  e i t h e r  p l a q u e s  o r  i n f e c t e d  

c o l o n i e s .  T h i r d l y ,  t h e  s i z e  o f  t h e  phage p a r t i c l e  i s  

g o v e rn e d  by t h e  s i z e  o f  t h e  v i r a l  DNA and t h e r e f o r e  

t h e r e  a r e  no p a c k a g in g  c o n s t r a i n t s  (M e s s in g  e t  a l ,  

1 9 8 1 ) .  F i n a l l y ,  w i t h  phages i t  i s  v e r y  e as y  t o  d e t e r m in e  

t h e  o r i e n t a t i o n  o f  t h e  i n s e r t  (B a r n e s  e t  a l ,  1 9 8 0 ) .

The p r o i n s u l i n  gene f ra g m e n t  was l i g a t e d  i n t o  M13mpl9  

w h ic h  i n c l u d e d  t h e  c o r r e c t  p o l y l i n k e r  t o  g i v e  t h e  c o r r c t  

o r i e n t a t i o n .  The phage m o l e c u l e  was c u t  w i t h  EcoRI and 

Bam HI t o  g e n e r a t e  a c l o n i n g  s i t e  in  t h e  p o l y l i n k e r  

r e g i o n  w i t h  ends c o m p a t i b l e  w i t h  t h e  i n s e r t .  The
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f ra g m e n t  was l i g a t e d  i n t o  t h e  c u t  M13,  and t h e  l i g a t e d  

phage used t o  t r a n s f o r m  c o m p e ten t  JM101 c e l l s .  P la q u e s  

w ere  h a r v e s t e d  f ro m  an a g a r  p l a t e ,  and RF DNA was 

p r e p a r e d  f rom  t h e  c e l l s  ( F i g  9 ) .  S i n g l e - s t r a n d e d  DNA was 

p u r i f i e d  f rom  t h e  s u p e r n a t a n t  and t o  c o n f i r m  th e  

p r e s e n c e  o f  t h e  p r o i n s u l i n  gene was sequenced ( F i g s .  

1 0 , 1 1 ) .

S i t e -  d i r e c t e d  m u t a g e n e s is  was p e r f o r m e d  on t h e  s i n g l e 

s t r a n d e d  DNA u s in g  o l i g o n u c l e o t i d e s  c o n t a i n i n g  a s i n g l e  

base m is m a tc h .  I n i t i a l l y ,  t h r e e  m u t a t i o n s  w ere  

a t t e m p t e d ,  A3 t h r e o n i n e  t o  a l a n i n e ,  A jq  i s o l e u c i n e  t o  

v a l i n e ,  and b o th  changes t o g e t h e r  w h ic h ,  i n  e f f e c t ,  

a l t e r s  human i n s u l i n  t o  b e e f  i n s u l i n  a t  t h e  A c h a in  

lo o p  r e g i o n .  The l a t t e r  m u t a t i o n  was t o  be used as a 

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

Agar  p l a t e s  c o n t a i n i n g  w h i t e  ( p o s i t i v e )  p l a q u e s  were  

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

l a b e l l e d  o l i g o n u c l e o t i d e s  ( F i g  1 2 ) .  P o s i t i v e s  w ere  

p i c k e d  and seq uence d .  Both t h e  A3 and t h e  d o u b le  

m u t a t i o n  w ere  o b t a i n e d  ( F i g  1 3 ) ,  however no p la q u e s  

c o n t a i n i n g  t h e  A jq  m u t a t i o n  have y e t  been i d e n t i f i e d .

M13 c o n t a i n i n g  t h e  m u ta te d  p r o i n s u l i n  gene f ra g m e n t s  

w e re  grown in  c o m p e ten t  c e l l s ,  and t h e  f r a g m e n t  e x c i s e d  

w i t h  r e s t r i c t i o n  e n d o n u c l e a s e s .  A t t e m p t s  w ere  made t o  

l i g a t e  t h e  i n s e r t  back i n t o  p l a s m i d s ,  in  o r d e r  t o  

p ro d u ce  m u ta n t  p r o i n s u l i n s  f o r  f u n c t i o n a l  s t u d i e s .  Both  

pKK and p l a c  2 8 9 / P I ,  w i t h  t h e  o r i g i n a l  p r o i n s u l i n  gene  

f r a g m e n t  removed,  w ere  used b u t  no p o s i t i v e  c o l o n i e s
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w e re  fo u n d .

Due t o  a l a c k  o f  t i m e  a t  t h e  end 

c o u ld  no t  pu rsu e  t h i s  work f u r t h e r ,  

t h a t  i t  may be c o n t i n u e d  by a n o t h e r  

f u t u r e .

o f  my s t u d e n t s h i p  I 

However  i t  i s  hoped 

s t u d e n t  i n  t h e  near
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Table 21.

P r o l  i  f  e r  a t  i  ve res p o n s e s  o f  F 1 ( b x k_  ̂ P_I_ pr  imed T c e l  I s  

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

A n t i g e n  C o n c e n t r a t i o n .

100 20

TBI 1 6 2 .3 + 5 7 .  1 4 4 . 2 + 5 . 2

BI 6 7 . 4 + 4 . 4 5 6 .  1 ± 1 6 .2

PI 5 3 . 4 + 1 9 . 5 5 1 . 8 ± 1 2 . 2

L y s a t e 7 5 . 6 + 3 1 . 7 5 0 . 4 ± 2 0 . 4

MED 2 3 . 4 + 4 . 7
z

C e l l s  w e re  added a t  5x 1 0 ® \ w e l l .

A l l  c o u n ts  cpm x 10^.

D i s c s  w e re  added t o  t h e  w e l l s ,  th e n  a n t i g e n  was s p o t t e d  

d i r e c t l y  o n t o  them. The p l a t e s  w e re  i n c u b a t e d  in  UV 

l i g h t  f o r  30  m in s .  t o  s t e r i l i s e  t h e  f i l t e r s ,  b e f o r e  th e  

c e l l s  w ere  added.
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T a b l e  22 .

H~2^ TBI pr  imed T c e l I s  c u l t u r e d  w i t h  human p r o i  n s u l i  n 

on n i t r o c e l l u l o s e  s t r i p s .

S e c t i o n  Number.

Band 1 . 2 . 3 . 4 . 5 . 6 . 7 . 8 .

1 . 13. 1 1 2 .5 9 . 3 2 . 7 4 . 5 2 .6 1 .5 1 .2

2 . 1 1 . 7 7 . 2 5 . 9 1 1 . 9 6 .8 1 1 . 4 7 . 0 5 . 7

3 . 3 . 4 1 5 .3 1 2 . 7 1 2 . 9 1 5 .3 2 3 . 7 3 3 . 5 1 1 .2

c e l l s  + n i t r o c e l l u l o s e  1 .2

The n i t r o c e l l u l o s e  band c o n t a i n i n g  human p r o i n s u l i n  was 

f i r s t  c u t  l e n g t h w i s e  i n t o  t h r e e  t h i n  bands .  Each band 

was th e n  c u t  i n t o  e i g h t  s m a l l  s q u a r e s ,  and each s q u are  

i n t o  a w e l 1.

C e l l s  w ere  added a t  5 x 10®, and c u l t u r e d  in  a s t a n d a r d  

p r o l i f e r a t i o n  a s s a y .
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Ndel 6-0

*/  lac promoter

Sail 4 ' r  3-85

pT
Bam

lac Z leader

EcoRI

Fig. 5. R e s t r i c t i o n  m a p  of p l a s m i d  p l a c  239\PI.
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Fig. 6. SDS-PAGE showing induction of BHPIP in 

cells.
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IPTG induced insulin from p289

Fig. 7. Western blot showing staining of BHPIP 

anti-insulin antibody.

with
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f«nn

5 3 5  bp

BHPIP

125 bp

Fig. 8. BHPIP gene fragment separated on 2% agarose gel. 

Standards are lambda DNA cut with Hind III.
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Fig. 9. RF DNA from positive M13 plaques containing the 

BHPIP gene fragment.
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A chain

C peptide

B chain

A C G  T

Fig. 10. Autoradiograph of sequencing gel showing human 

proinsulin.
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F i g  11.

Sequence o f  human p r o i n s u l i n  gene i n  phage M ins  7

TTT GTG AAC CAG CAC CTT TGT GGT TCT CAC CTG

Phe V a l Asn Gin H is Leu Cys G ly Ser H is Leu

GTG GAG GCT CTG TAC CTG GTG TGT GGG GAA CGT

V a l G lu A la Leu Tyr Leu V a l Cys G ly G lu Arg

GGT TTC TTC TAC ACA CCC AAG ACC | CGT CGT GAA

G ly Phe Phe Tyr Thr Pro Lys Thr  | Arg Arg G lu

GCT GAA GAC CTT CAA GTG GGT CAA GTT GAA CTT

A la G lu Asp Leu Gin V a l G ly Gin V a l G lu Leu

GGT GGG GGT CCT GGT GCG GGT TCT CTT CAA CCT

G ly G ly G ly Pro G ly A l a G ly Ser Leu Gin Pro

TTG GCT CTC GAG GGA TCA CTT CAA AAG CGT | GGC

Leu A l a Leu G lu G ly Ser Leu G in Lys > ■t <Q G ly

ATT GTG GAG CAG TGC TGC ACC AGC ATC TGC TCC

H e V a l G lu Gin Cys Cys Thr Ser H e Cys Ser

CTC TAC CAA CTG GAA AAT TAC TGC ACC

Leu Tyr Gin Leu G lu Asn Tyr Cys Asn

R e a d in g  f rom  t h e  5 p r im e  t o  3 p r im e  f rom  s e q u e n c in g  
g e l  o f  s i n g l e  s t r a n d e d  DNA f rom  p la q u e  M in s  7 ,  see  
F i g  .

| d e n o te s  t h e  t h r e e  r e g i o n s  o f  p r o i n s u l i n  in  t h e  
o r d e r  B c h a in  : C p e p t i d e  : A c h a i n .
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Fig. 12. Autoradiograph of hybridisation of A 

with labelled oligonucleotide.

mutant
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A C G T  ( a )  A C G T  ( b )  A C G T

Fig. 13. Autoradiographs showing the (a) the 

of native insulin (b) the Aq -A^q mutant (c) 

the Ag mutant. --  = site of mutation.

( c )

sequence
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C h a p t e r  4 .

D i s c u s s i o n .

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

T N P - s p e c i f i c  T c e l l  c l o n e s  f rom  m ic e  p r im e d  t o  

h a p t e n a t e d  i n s u l i n s .  H ow ever ,  a t  an e a r l y  s t a g e ,  i t  was 

n o te d  t h a t  a d d ing  a TNP group  o n t o  pork  i n s u l i n  made t h e  

p r o t e i n  immunogenic i n  H - 2 *3 m ic e ,  w h i l e  t h e  u n h a p t e n a t e d  

pork  i n s u l i n  rem ained  n o n - im m u n o g e n ic .

T h e re  w ere  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  

r e s u l t ,  and e x p e r i m e n t s  d e s ig n e d  t o  t e s t  t h e s e  

mechanisms form  t h e  b a s i s  o f  t h i s  t h e s i s .

I n i t i a l l y ,  i t  was shown H -2 ^  m ice  respo nded  t o  b ee f  

i n s u l i n  bu t  not  t o  pork  i n s u l i n ,  as has been r e p o r t e d  by 

o t h e r  g roups  (Rosenwasser  e t  a l ,  1979 ,  Reske-Kunz  e t  a l ,  

1 9 8 2 ) ,  ( T a b l e  3 ) .  H ow ever ,  i t  was shown t h a t  on 

h a p t e n a t i o n  w i t h  a TNP group  pork  i n s u l i n  becomes 

immunogenic f o r  H -2 ^  m ic e  ( F i g  2 ,  T a b l e  7 ) .

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

w h e t h e r  t h e  TNP m o i e t y  was b i n d i n g  t o  e i t h e r  t h e  T c e l l  

r e c e p t o r  and b e in g  r e c o g n i s e d  by i t ,  o r  was p erhaps  

i n v o l v e d  in  b i n d i n g  t o  t h e  H - 2 *3 MHC m o l e c u l e .  TNP was 

c o n j u g a t e d  t o  o t h e r  p o t e i n s  such as b o v in e  serum a lb u m in  

and k e y h o l e  l i m p e t  hemocyanin and t h e s e  c o n j u g a t e s  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 t i m u l a t e  T N P - i n s u l i n  p r im ed

T c e l l s  ( T a b l e  1 4 ) .  I t  was shown t h a t  none o f  t h e s e

c o n j u g a t e s  gave a r e s p o n s e  much above t h e  r e l e v a n t

u n c o n ju g a t e d  p r o t e i n ,  p a r t i c u l a r l y  when compared t o  t h e  

respo nse  t o  T P I .  T h i s  i s  s t r o n g l y  s u g g e s t i v e  t h a t  t h e
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TNP group  i s  no t  b e in g  r e c o g n is e d  by t h e  T c e l l  

r e c e p t o r ,  a t  l e a s t  no t  as a s i n g l e  e n t i t y .  T h i s  would  

s u p p o r t  t h e  r e s u l t s  o f  C l a y b e r g e r  e t  a l ,  1983 ,  t h a t  th e  

l a r g e  m a j o r i t y  o f  T c e l l s  p r im e d  by h a p t e n - c a r r i e r  

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

T N P - p r o t e i n  c o n j u g a t e s  t o  s t i m u l a t e  T N P - i n s u l i n  p r im e d  T 

c e l l s  may be due t o  t h e  T c e l l  r e c e p t o r  r e c o g n i s i n g  not  

o n l y  t h e  h a p te n  group b u t  a l s o  few s u r r o u n d in g  amino  

a c i d s  (Janew ay  e t  a l ,  1 9 7 6 a ) .  The o t h e r  h a p t e n a t e d  

p r o t e i n s  may no t  have p roduced  an i d e n t i c a l  s i t e  w h ich  

c o u l d  be r e c o g n is e d  by T c e l l s  p r im e d  t o  T N P - i n s u l i n .  

However  t h a t  o t h e r  h a p te n s  such as o x a z a l o n e ,  when used  

t o  m o d i f y  pork  i n s u l i n ,  c o u ld  a l s o  r e n d e r  i t  immunogenic  

i n  H - 2 *3 m ice  ( T a b l e  15) a rg u e s  s t r o n g l y  t h a t  t h e  hap ten  

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

by T c e l l s .

A more i m p o r t a n t  f i n d i n g  was t h a t  t h e  e p i t o p e  

r e c o g n i s e d  by TPI  p r im e d  T c e l l s  i s  a l s o  p r e s e n t  on B I ,  

as t h e  c r o s s - r e a c t i v e  re sp o n se  between TPI  and BI shows 

( T a b l e  7 ) .  T h i s  re sp o n se  was m a i n t a i n e d  i n  c e l l  l i n e s  

( T a b l e s  9 & 10, F i g .  3 ) ,  w h ic h  w ere  c u l t u r e d  f o r  up t o  

f o u r  months a t  a t i m e ,  and T c e l l  c l o n e s  ( T a b l e  1 3 ) .  The 

p r o l i f e r a t i v e  re sp o n se  o f  H - 2 *3 m ice  t o  TPI  was a l s o  

shown t o  be MHC r e s t i c t e d  by b l o c k i n g  w i t h  a n t i - I - A *3 

a n t i b o d y  b u t  n o t  a n t i -  I - A ^  a n t i b o d y  ( T a b l e  8 ) .  These  

r e s u l t s  show t h a t  t h e  e p i t o p e  s h a re d  by BI  and T P I ,  and 

r e c o g n i s e d  by T c e l l s  p r im e d  t o  e i t h e r  a n t i g e n ,  can not
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i n c l u d e  t h e  A c h a in  loop  r e g i o n  as a t  t h i s  s i t e  BI  and 

PI d i f f e r  ( T a b l e  1 ) .  R a th e r  i t  w ou ld  ap p e a r  t h a t  in  H -2^  

m ic e  t h e  A c h a in  loop  and t h e  TNP group  a r e  i n v o l v e d  in  

b i n d i n g  o f  t h e  a n t i g e n  t o  t h e  MHC. The s t u d i e s  on DOP 

i n s u l i n  show a l s o  t h a t  t h e  e i g h t  c a r b o x y  t e r m i n a l  amino  

a c i d s  on t h e  B c h a i n  a r e  n o t  i n v o l v e d  in  t h e  T c e l l  

r e s p o n s e  t o  i n s u l i n  ( T a b l e  1 8 ) .

Numerous s t u d i e s  have d e m o n s t r a t e d  t h a t  most T c e l l  

a n t i g e n  r e c e p t o r s  do n o t  r e c o g n i s e  t h e  n a t i v e  

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

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

o f  s t i m u l a t i n g  T c e l l s  i n  t h e  absence  o f  n a t i v e  

c o n f o r m a t i o n  (C h es n u t  e t  a l ,  1980 ,  Thomas e t  a l ,  1 9 8 1 ) .  

Rosenwasser  e t  a l ,  1979 ,  showed t h a t  in  H -2 ^  m ic e  p r im e d  

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

c o n t a i n s  b o th  t h e  e p i t o p e  and t h e  a g r e t o p e .  Us ing  

h a p t e n a t e d  and u n h a p t e n a t e d  s i n g l e  c h a i n s  o f  i n s u l i n  1 

was a b l e  t o  c o n f i r m  t h i s  f i n d i n g  i n  H - 2 ^ m ice  ( T a b l e  

2 0 ) .  However ,  in  s i m i l a r  e x p e r i m e n t s  w i t h  H -2 ^  mice  

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

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

t o  e l i c i t  a re s p o n s e  ( T a b l e  1 9 ) .  How ever ,  when TNP-B 

c h a i n  p r im e d  m ice  w ere  s t i m u l a t e d  jijn v i t r o  w i t h  TBI and 

t o  a l e s s e r  e x t e n t  T P I ,  a good res p o n s e  was shown ( T a b l e  

1 9 ) .  T h i s  w ou ld  s u g g e s t  t h a t  t h e  e p i t o p e  r e c o g n i s e d  i s  

on t h e  B c h a i n  o f  i n s u l i n , a n d  t h a t  t h e  TNP i s  a c t i n g  as 

an a g r e t o p e .

S t u d i e s  have s u g g e s te d  t h a t  a p e p t i d e  fo rm s an a h e l i x
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w i t h  one s i d e  in  c o n t a c t  w i t h  an MHC m o l e c u l e  and th e  

o t h e r  w i t h  t h e  TcR ( A l l e n  e t  a l ,  1 9 8 7 ) .  I n s u l i n  i n c l u d e s  

t h r e e  h e l i c a l  r e g i o n s  A2 “ Ag, A j 3 ~A2 q a n d B g - B j g .  i t  

w ould  t h e r e f o r e  be p o s s i b l e  f o r  a h e l i c a l  r e g i o n  on t h e  

A c h a i n  t o  form one b i n d i n g  s i t e  and a second r e g i o n  on 

t h e  B c h a i n  t o  form  t h e  o t h e r .

S e v e r a l  p h y s i c a l  f a c t o r s  such as t h e  s i t e  o f  l i n k a g e ,  

and t h e  c h e m ic a l  bond formed have been shown t o  a f f e c t  

t h e  im m u n o g e n ic i ty  o f  a h a p te n  c a r r i e r  sy s te m .  C o v a l e n t  

l i n k a g e  o f  t h e  h a p te n  t o  t h e  p r o t e i n  c a r r i e r  has been 

shown t o  be more 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 b o d y  

r e s p o n s e  t o  t h e  drug c h l o r o h e x i d i n e  l i n k e d  t o  KLH th a n  a 

s i m p l e  e l e c t r o s t a t i c  l i n k a g e  ( L a y t o n  G .T .  e t  a l ,  1 9 8 7 ) .  

The im m u n o g e n ic i ty  o f  t h i s  sys tem  was r e l a t e d  t o  th e  

d e g r e e  o f  c o n j u g a t i o n  o f  h a p te n  t o  c a r r i e r ,  w i t h  t h e  

c o v a l e n t  l i n k a g e  in d u c i n g  a T c e l l  d e p e n d a n t  respo nse  

w h i l e  t h e  e l e c t r o s t a t i c  l i n k a g e  c o u l d  n o t  ( L a y t o n  e t  a l ,

1 9 8 6 ) .  R e p o r ts  a l s o  show t h a t  t h e  s i t e  o f  c o u p l i n g  i s  

i m p o r t a n t ,  w here  t h e  drug amino c h l o r o - q u i n o l i n e  was 

l i n k e d  t o  KLH. S p e c i f i c  a n t i b o d i e s  w e re  p ro d u ced  bu t  i t  

was shown t h a t  t h e y  r e a c t e d  b e s t  t o  compounds w h ic h  w ere  

s u b s t i t u t e d  on t h e  e x o c y c l i c  amino g r o u p .  A t  t h i s  s i t e  a 

b r i d g e  was formed between t h e  h a p te n  and t h e  c a r r i e r  

w h ic h  gave a 1 0 0 0 - f o l d  i n c r e a s e  i n  a f f i n i t y  ( F r e i e r  e t  

a l ,  1 9 8 6 ) .

To d e t e r m i n e  t h e  s i t e  o f  h a p t e n a t i o n  i n  t h e  T N P - i n s u l i n  

s y s te m  t h e  h a p t e n a t e d  a n t i g e n  was i n v e s t i g a t e d  by HPLC
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( s e e  A p pend ix  2 ) .  The r e s u l t s  c l e a r l y  showed t h a t  

i n s u l i n  was b e in g  h a p t e n a t e d  on t h e  amino group  of  

g l y c i n e  a t  p o s i t i o n  1 on t h e  A c h a i n .  The p o s s i b i l i t y  

e x i s t e d  t h a t  t h e  TNP m o i e t y  was not  a c t i n g  s p e c i f i c a l l y  

b u t  t h a t  i t  was i n c r e a s i n g  u p t a k e  o f  t h e  i n s u l i n  by non

s p e c i f i c  b i n d i n g  t o  some s u r f a c e  r e c e p t o r  on t h e  APC. To 

t e s t  t h i s  i n s u l i n  was h a p t e n a t e d  a t  d i f f e r e n t  pH, pH 8 

w h ic h  bound t h e  TNP t o  t h e  A l  s i t e ,  and pH 11 w h ich

bound t h e  TNP t o  t h e  B29 s i t e  ( L i ,  1 9 5 6 ) .  I t  was shown

t h a t  B29 TPI  was a much l e s s  p o t e n t  a n t i g e n  t o  BI  p r im ed  

T c e l l s  th a n  was A j  TPI  ( T a b l e  1 7 ) .  T h i s  i m p l i e s  t h a t

t h e  e f f e c t  o f  TNP i s  n o t  a g l o b a l  one on th e

i m m u n o g e n i c i t y  o f  t h e  w h o le  m o l e c u l e ,  b u t  depends on th e  

p r e c i s e  r e l a t i v e  p o s i t i o n s  o f  t h e  TNP group  and o t h e r  

s t r u c t u r e s  on t h e  c a r r i e r .

The p o s s i b l e  b i n d i n g  o f  T N P - i n s u l i n  t o  i n s u l i n  

r e c e p t o r s  on e i t h e r  T c e l l s  o r  APCs can a l s o  be

d i s c o u n t e d .  U n s t i m u l a t e d  T ly m p h o c y te s  do no t  e x p r e s s  

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

and o n l y  re a c h  m e a s u r a b le  l e v e l s  a f t e r  s t i m u l a t i o n  by 

a n t i g e n  o r  m i to g e n  (H e ld e rm a n  e t  a l ,  1977 ,  He lderm an  e t  

a l , 1 9 7 8 ) .  In  a d d i t i o n  i n s u l i n  was shown t o  be o n l y  a

m in o r  g ro w th  f a c t o r  t o  T l y m p h o c y te s ,  a c t i n g  in  c o n c e r t  

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

s t i m u l a t e d  by I L - 2  th r o u g h  t h e  G1 and S phases o f  

a c t i v a t i o n  (Snow, 1 9 8 5 ) .  T h i s  e f f e c t  has been 

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

i n  r e s p o n s e  t o  m i to g e n  o r  a n t i g e n  c h a l l e n g e  (Kumagai e t



a l ,  1981 ,  Snow e t  a l ,  1 9 8 1 ) .  I n s u l i n  r e c e p t o r s  a r e  

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

m acroph ages ,  b u t  t h e  p r e s e n c e  o f  i n s u l i n  has been shown 

t o  have no o b v io u s  e f f e c t  on t h e  c e l l u l a r  m e t a b o l is m  

( S c h w a r t z  e t  a l ,  1 9 7 5 ) .  T h e r e f o r e  t a k e n  t o g e t h e r  w i t h  

t h e  r e s u l t s  d e m o n s t r a t i n g  t h a t  t h e  re s p o n s e  o f  H - 2 *3 T 

c e l l s  t o  TPI  can be b l o c k e d  w i t h  a n t i - I - A *3 m o noc lona l  

a n t i b o d y  ( T a b l e  8 ) ,  and t h e  d i f f e r e n t i a l  res p o n s e s  t o  

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

t h a t  t h e  e f f e c t  o f  h a p t e n a t i o n  i s  n o n - s p e c i f i c .  

C o n v e r s e l y ,  t h e  TNP group  has an i m p o r t a n t  and s p e c i f i c  

r o l e  t o  p l a y  in  t h e  t r i m o l e c u l a r  s t r u c t u r e  formed by t h e  

T c e l l  r e c e p t o r ,  TP I  and t h e  MHC m o l e c u l e .  

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

t h a t  t h e  a d d i t i o n  o f  a TNP group  t o  po rk  i n s u l i n  can  

a l t e r  i t ’ s im m u n o g e n ic i ty  in  H - 2 ^ m ic e .  S t u d i e s  by 

Jensen and Kapp ( 1 9 8 4 ,  1986)  have s u g g e s te d  a r o l e  f o r  T

s u p p r e s s o r  c e l l s  i n  n o n - r e s p o n s i v e n e s s  o f  P I  in  H -2^  

m ic e .  They found t h a t  s e l e c t i v e  i r r a d i a t i o n  o f  PI p r im ed  

c e l l  l i n e s  e l i c i t e d  good a n t i - P I  a n t i b o d y  res p o n s e s  in  

s e c o n d a r y  i_n v i t r o  a s s a y s .  The p o s s i b i l i t y  e x i s t e d  

t h e r e f o r e  t h a t  t h e  TNP group  may have been mask ing a 

s u p p r e s s o r  c e l l  e p i t o p e  on P I ,  t h e r e b y  f r e e i n g  th e  

h e l p e r  res p o n s e  f rom  r e s t r a i n t .  However in  o u r  system  no 

e v i d e n c e  f o r  s u p p r e s s i o n  was fo u n d .  When t h e  phenotype  

o f  t h e  c e l l  l i n e s  was t e s t e d  CD8 + c e l l s  w ere  v i r t u a l l y  

a b s e n t  ( T a b l e  1 1 ) .  In  a d d i t i o n ,  t r e a t m e n t  o f  p r im ed
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c e l l s  w i t h  a n t i  CD8 a n t i b o d y  d i d  n o t  enhance t h e  PI  

r e s p o n s e ,  w h ic h  w ou ld  be e x p e c t e d  i f  s u p p r e s s i o n  was 

i n v o l v e d  ( T a b l e  1 6 ) .  Taken t o g e t h e r  w i t h  t h e  f a c t  t h a t  

PI s t i m u l a t e d  l i n e s  a lw a y s  f a i l e d  t o  grow and t h a t  TPI  

and BI s t i m u l a t e d  l i n e s  d i d  n o t  respond  t o  PI  in  th e  

absence  o f  CD8 + c e l l s ,  s u p p r e s i o n  was no t  a m a jo r  f a c t o r  

in  t h e  re s p o n s e  t o  h a p t e n a t e d  P I .

A second p o s s i b l e  e x p l a n a t i o n  i s  t h a t  TNP c o u l d  be 

m o d i f y i n g  t h e  c o n f o r m a t i o n  o f  PI  i n  such a way t h a t  i t  

m im ics  BI a t  t h e  A c h a i n  lo o p  r e g i o n ,  and i s  t h e r e f o r e  

r e c o g n i s e d .  I t  has been shown t h a t  m o d i f y i n g  groups  

l i n k e d  t o  A l  can a l t e r  t h e  h e l i c a l  r e g i o n  A 2 -A 8 ,  however  

t h i s  has a r e l a t i v e l y  m in im a l  e f f e c t  on t h e  A - c h a i n  loop  

r e g i o n  i t s e l f  ( C h o t h i a  e t  a l ,  1 9 8 3 ) .  I t  has t h e  e f f e c t  

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

d e m o n s ta te d  was i n s u f f i c i e n t  t o  a l l o w  PI  t o  m im ic  BI  a t  

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

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

r e s i d u e s  w h ic h  fo rm  t h e  d i s u l p h i d e  bonds.  The p o s s i b l i t y  

t h a t  t h e  TNP group bound t o  A j  g l y c i n e  c o u l d  p h y s i c a l l y  

i n t e r a c t  w i t h  t h e  A - c h a i n  loop  can be d i s c o u n t e d  due t o  

t h e  d i s t a n c e  i n v o l v e d  (Dr  S . P .  Wood, p e r s o n a l  

c o m m u n i c a t i o n ) .  The q u e s t i o n  o f  t h e  p h y s i c a l  e f f e c t  o f  

h a p t e n a t i n g  i n s u l i n  can o n l y  be f u l l y  answ ered  by 

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

kno w led g e  t h i s  e x p l a n a t i o n  w ou ld  seem u n l i k e l y .

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

i s  t h a t  t h e  TNP group  i s  no t  d i r e c t l y  i n v o l v e d  in  th e
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re sp o n se  b u t  t h a t  i t  may a f f e c t  t h e  p r o c e s s i n g  o f  th e  

a n t i g e n  ( S h a s t r i  N. e t  a l ,  1984 ,  B u c h m u l le r  Y. e t  a l ,  

1 9 8 2 ) .  T h i s  was d e m o n s t r a t e d  i n  s t u d i e s  on hen egg 

lysozym e s p e c i f i c  T c e l l  c l o n e s  w h ic h  w e re  fo u n d  t o  be 

more s e n s i t i v e  t o  an a n t i g e n i c  a n a lo g u e ,  p h e a s a n t  

l ysoym e,  in  p r o l i f e r a t i o n  a s s a y s .  When t h e  c l o n e s  w ere  

s t i m u l a t e d  by cyanogen b r o m i d e - c l e a v e d  p e p t i d e s  f rom  th e  

a n t i g e n s  known t o  c o n t a i n  d e t e r m i n a n t s  r e c o g n i s e d  by th e  

c l o n e s ,  t h e  h e t e r o c l i t i c  res p o n s e  was l o s t  and th e  

c l o n e s  responded  e q u a l l y  t o  b o th  p e p t i d e s .  The a u t h o r s  

s u g g e s te d  t h a t  amino a c i d s  d i f f e r e n c e s  be tw een  t h e  two 

a n a lo g u e s ,  b u t  d i s t a n t  t o  t h e  T c e l l  e p i t o p e s  r e c o g n is e d  

by t h e  T c e l l  c l o n e s ,  c o u ld  have an a f f e c t  on 

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

p e p t i d e s  ( S h a s t r i  e t  a l ,  1 9 8 4 ) .  W h i l e  t h i s  re m a in s  a 

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

t h e s i s  i t  w ou ld  ap p ear  t h a t  t h e  s i t e  o f  h a p t e n a t i o n  (A^)  

i s  v e r y  c l o s e  t o  t h e  d e t e r m i n a n t  s i t e s  (A q - A j q ) ,  and 

t h e r e f o r e  i s  more l i k e l y  t o  be i n v o l v e d  in  t h e  response  

th a n  in  any a l t e r a t i o n  t o  p r o c e s s i n g  o f  t h e  a n t i g e n .  

The q u e s t i o n  o f  p r o c e s s i n g  o f  i n s u l i n  w i l l  be d is c u s s e d  

l a t e r .

The e x p l a n t i o n  f o r  t h e  above d a t a  t h a t  I f a v o u r  i s  t h a t  

t h e  TNP m o l e c u l e  i s  e n h a n c in g  t h e  i n t e r a c t i o n  between PI  

and MHC a n t i g e n s .  I n c r e a s e d  b i n d i n g  t o  t h e  T c e l l  

r e c e p t o r  can be d i s c o u n t e d  by t h e  r e s u l t  t h a t  o t h e r  

h a p t e n s ,  such as o x a z a l o n e ,  c o u ld  a l s o  a l t e r  th e
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imm unogenic i  t y  o f  P I .  In  a d d i t i o n  TP I  p r im e d  H - 2 *3 T 

c e l l s  respond  t o  BI in  i t ’ s u n h a p t e n a t e d  fo rm  and t h i s  

w ould  a rg u e  a g a i n s t  a r o l e  f o r  TNP b i n d i n g  t o  t h e  T c e l l  

r e c e p t o r .  An enhanced i n t e r a c t i o n  w i t h  MHC a l l o w s  th e  

p r e s e n t a t i o n  o f  an e p i t o p e ,  common t o  b o th  BI and P I ,  t o  

be p r e s e n t e d  t o  t h e  T c e l l  r e c e p t o r  in  t h e  c o r r e c t  

o r i e n t a t i o n .  The f i n d i n g  t h a t  h a p t e n i c  g ro u p s  can a c t  as 

a g r e t o p e s  have been r e p o r t e d  by o t h e r  g r o u p s .  U s in g  t h e  

s i m p le  immunogen L - t y r o s i n e  a z o b e n z e n e a r s e n a t e  and a

s e r i e s  o f  a n a lo g u e s  i t  was shown t h a t  t h e  e p i t o p e

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

c h a in  o f  t y r o s i n e .  The a g r e t o p e  was d e f i n e d  as b e in g  th e  

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

( G o d f r e y  e t  a l ,  1984 ,  M o r i t a  e t  a l ,  1 9 8 6 ) .  I n  a d d i t i o n ,  

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

p e p t i d e s  o f  hen egg lysozym e was shown t o  i n c r e a s e  th e  

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

( L u e s c h e r  e t  a l ,  1 9 8 8 ) .

In  b o th  cas es  d e s c r i b e d  above t h e  h y d r o p h o b i c i t y  o f  th e  

groups b i n d i n g  t o  MHC app ear  t o  be i m p o r t a n t .  TNP, due

t o  t h e  p re s e n c e  o f  t h e  benzene r i n g ,  i s  a l s o  somewhat

h y d r o p h o b i c ,  a l t h o u g h  t h e  NO2 groups  a r e  h y d r o p h i l i c .  

The e p i t o p e  model p roposed  by R o th b a r d  and T a y l o r  

s t r e s s e s  t h e  r e q u i r e m e n t  o f  h y d ro p h o b ic  r e s i d u e s .  At  t h e  

A c h a in  loop  on B I , b o th  A g - a l a n i n e  and A j Q - v a l i n e  a r e  

h y d r o p h o b ic .  In  P I ,  o n l y  th e  A j Q - i s o l e u c i n e  i s  

h y d ro p h o b ic  t h e r e f o r e  t h e  b i n d i n g  t o  MHC may not  be o f  

an a f f i n i t y  h ig h  enough t o  p r e s e n t  t h e  e p i t o p e  in  th e
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c o r r e c t  o r i e n t a t i o n .  The TNP g r o u p ,  due t o  i t ’ s c l o s e  

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

t h r o u g h  i t ’ s h y d ro p h o b ic  r e g i o n s ,  a l l o w i n g  p r e s e n t a t i o n .  

E v id e n c e  has shown t h a t  o n l y  a few amino a c i d s  need t o  

d i f f e r  t o  a f f e c t  a n t i g e n  p r e s e n t a t i o n  ( A d o r i n i  e t  a l ,

1 9 8 8 ) .  M u ta n t  I a bm* 2 o n l y  d i f f e r s  f ro m  t h e  p a r e n t  l a *3 

m o l e c u l e  a t  t h r e e  amino a c i d  s i t e s  ( M c I n t y r e  e t  a l ,  

1 9 8 4 ) .  B e e f - i n s u l i n  s p e c i f i c  T c e l l  c l o n e s  f rom  C57BL/6  

m ic e  c o u ld  o n l y  respond  t o  a n t i g e n  p r e s e n t e d  on B6 (H -  

2 b ) APC, bu t  no t  B6 .C ( H - 2 bm12) APC ( S p i n e l l a  e t  a l ,  

1 9 8 7 ) .  T h e r e f o r e  o n l y  a s m a l l  a l t e r a t i o n  in  e i t h e r  th e  

MHC m o l e c u l e  o r  p re s u m a b ly  t h e  a n t i g e n  can l e a d  t o  

d i f f e r e n t  re sp o n se  c h a r a c t e r i s t i c s .

T h a t  t h e  A c h a in  loop  r e g i o n  was i n v o l v e d  in  th e  

i n t e r a c t i o n  o f  PI  A c h a in  and C l a s s  I I  m o l e c u l e s  has 

r e c e n t l y  been d e m o n s t r a t e d  in  H - 2 b x H -2^  F I  mice  

( P l a c h o v  e t  a l ,  1 9 8 8 ) .  The a u t h o r s  s t a t e  t h a t  p o te n c y  

d i f f e r e n c e s  between i n s u l i n  v a r i a n t s ,  in  t h e s e  m ic e ,  

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

w i t h  I - A  m o l e c u l e s .  T h i s  w ou ld  s u p p o r t  our  h y p o t h e s i s  

t h a t  t h e  A c h a in  lo o p  r e g i o n  i s  a c t i n g  as an a g r e t o p e  in  

H - 2 b m ic e ,  and t h a t  t h e  d i f f e r e n c e  seen in  t h e  respo nses  

t o  PI  and BI a r e  due t o  t h e  a f f i n i t y  o f  t h e  i n t e r a c t i o n .  

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

p o s i t i o n  A4 as p l a y i n g  a c r u c i a l  r o l e  in  PI  r e c o g n i t i o n .  

The c u r r e n t  h y p o t h e s i s  on t h e  need f o r  a n t i g e n  

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

r e c e p t o r  a n d / o r  t h e  a p p r o p r i a t e  MHC m o l e c u l e  ( B a b b i t  e t  

a l  1985 ,  Berkower e t  a l  1986 ,  C h a in  e t  a l  1 9 8 8 ) .  A4 

g l u t a m a t e  and a s p r a g i n e  a t  p o s i t i o n  B3 , a r e  t h e  o n l y  

d i f f e r e n c e s  between PI  and mouse i n s u l i n  in  c l o s e  

p r o x i m i t y  t o  th e  A c h a i n  loop  r e g i o n  and c o u l d  t h e r e f o r e  

have a r o l e  t o  p l a y  e i t h e r  as p a r t  o f  t h e  a g r e t o p e  o r  as 

p a r t  o f  t h e  e p i t o p e .  A c o m p re h e n s iv e  s t u d y  o f  p r o c e s s i n g  

and p r e s e n t a t i o n  o f  i n s u l i n  has shown t h a t  a d i s u l p h i d e  

l i n k e d  p e p t i d e  A j - A ^ X B y - B j s  was immunogenic f o r  b o th  H-  

2^ PI  and H - 2 b BI s p e c i f i c  h y b r id o m a s .  F u r t h e r  rem ova l  

o f  r e s i d u e s  r e s u l t e d  in  a l o s s  o f  r e s p o n s i v e n e s s .  These  

r e s u l t s  w ou ld  app ear  t o  e l i m i n a t e  t h e  B3 r e s i d u e  f rom  

b e in g  i n v o l v e d  in  T c e l l  r e c o g n i t i o n ,  b u t  t h e  A4 s i t e  

was c l e a r l y  n e c e s s a r y .  (N a q u e t  e t  a l ,  1 9 8 7 ) .  T h i s  w ou ld  

seem t o  s u p p o r t  our  d a t a  ( C h a p t e r  3 : 1 0 )  t h a t  in  H - 2 b 

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

b o th  c h a i n s  o f  t h e  p r o t e i n  a r e  r e q u i r e d ,  and t h a t  

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

e i g h t  t e r m i n a l  amino a c i d s  on t h e  B c h a i n  a r e  not  

r e q u i r e d  f o r  immune r e c o g n i t i o n  ( T a b l e  1 8 ) .

As s t a t e d  abo ve ,  i f  b o th  c h a i n s  a r e  r e q u i r e d  t h e r e  a r e  

two p o s s i b l e  e x p l a n a t i o n s .  One i s  t h a t  t h e  e p i t o p e  

e x i s t s  on one c h a in  and t h e  a g r e t o p e  on t h e  o t h e r ,  th e  

second i s  t h a t  e le m e n t s  o f  one o r  bo th  s i t e s  a r e  

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

d e t e r m i n a n t s .  W h i le  c o n f o r m a t i o n a l  e p i t o p e s  have been  

shown in  a n t i b o d y  re s p o n s e s  t h e y  re m a in  a c o n t e n t i o u s
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i s s u e  in  T c e l l  r e c o g n i t i o n .  They w e re  r e p o r t e d  in  

i n f l u e n z a  h a e m a g g l u t i n i n  as e p i t o p e s  w h ic h  w ere  

d e s t r o y e d  by p r o c e s s i n g  i_n v i t r o , ( M i l l s  e t  a l ,  1 9 8 6 ) ,  

and p r e v i o u s l y  f o r  i n s u l i n  ( G l im c h e r  e t  a l ,  1 9 8 3 ) .  

However  t h e  d a t a  f rom  Naquet  w ou ld  s u g g e s t  t h a t  l i m i t e d  

p r o t e o l y s i s  may be n e c e s s a r y  f o r  p r e s e n t a t i o n  o f  i n s u l i n  

t o  T c e l l s .  T h i s  may n o t  i n v o l v e  t h e  lyso so m a l  

com partm ent  o f  t h e  a n t i g e n  p r e s e n t i n g  c e l l ,  r a t h e r  

a s s o c i a t i o n  may t a k e  p l a c e  a t  a n o t h e r  s i t e  such as th e  

p lasm a membrane o r  a p o s t  G o l g i  s t o r a g e  r e g i o n  (Buus e t  

a l , 1 9 8 6 ) .  An i n t e r m e d i a t e  v e s i c l e  a l s o  c o n t a i n i n g  l a

m o l e c u l e s  has been s u g g e s te d  as an a l t e r n a t i v e  f a t e  f o r  

a n t i g e n  r a t h e r  th a n  e n t e r i n g  lysosomes ( W e r d e l i n ,  1986,  

Unanue e t  a l ,  1 9 8 7 , ) .  In  t h i s  v e s i c l e  t h e  a n t i g e n  w i l l  

und erg o  p r o c e s s i n g  by p r o t e o l y t i c  enzymes u n t i l  i t  has 

been a l t e r e d  enough t o  b in d  t o  l a .  Once bound no f u r t h e r  

p r o c e s s i n g  can o c c u r  and t h e  I a \ A g  complex i s  

t r a n s p o r t e d  t o  t h e  c e l l  s u r f a c e  (D onerm eyer  e t  a l ,

1 9 8 9 ) .  In  t h e  case  o f  i n s u l i n ,  l i m i t e d  p r o t e o l y s i s  in  an 

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

n e c e s s a r y  t o  h o ld  t h e  two c h a i n s  t o g e t h e r ,  b u t  c o u ld  

expose  s e q u e s t e r e d  e p i t o p e s ,  o r  t h a t  t h e  rem ova l  o f  

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

m o l e c u l e  t o  assume a d i f f e r e n t  c o n f o r m a t i o n  n e c e s s a ry  

f o r  r e c o g n i t i o n  by T c e l l s .

A n t i g e n  i n t e r a c t i o n s  w i t h  MHC, as d i s c u s s e d  abo ve ,  have  

been t h e  s u b j e c t  o f  many s t u d i e s .  V i r t u a l l y  a l l  th e
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r e s i d u e s  in  t h e  A j - A ^ X B g - B  j y  p e p t i d e  a r e  s i t u a t e d  

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

w ould  t h e r e f o r e  s u p p o r t  t h e  model p ropo sed  by De L i s i  e t  

a l ,  1985 .  The g l u t a m i c  a c i d  r e s i d u e  a t  p o s i t i o n  A4 

c l e a r l y  has an i m p o r t a n t  r o l e  i n  t h e  immune r e s p o n s e  t o  

pork  i n s u l i n  in  t h a t  i t  i s  t h e  o n l y  amino a c i d  i n  t h i s

p e p t i d e  t h a t  d i f f e r s  f rom  mouse i n s u l i n .  T o g e t h e r  w i t h

p o s i t i o n s  Ag and A jq  in  t h e  A c h a in  loop  A4 w o u ld  appear  

t o  h o ld  t h e  answer t o  t h e  q u e s t i o n  o f  n o n - r e s p o n s i v e n e s s  

o f  PI  i n  H - 2 *3 m ic e .  P e p t i d e s  made f rom  t h e  i n d i v i d u a l  A 

o r  B c h a i n s  r e g i o n s  may have p r o v i d e d  some i n f o r m a t i o n  

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

o f  t h e  i n s u l i n  m o l e c u l e  as an a n t i g e n  i t  was f e l t  t h a t  

a n o t h e r  app ro ach  was r e q u i r e d .

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

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

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

The o n l y  n a t u r a l l y  o c c u r r i n g  c l a s s  I I  m u t a n t  i s  t h e  

B6 . CH-H-2*3m^  mouse and t h i s  m u t a t i o n  has p r o v i d e d

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

r e l a t i o n s h i p  o f  c l a s s  I I  m o l e c u l e s  and a n t i g e n  (Kanam ori  

e t  a l ,  1985 ,  S p i n e l l a  e t  a l ,  1 9 8 7 . ) .  A p o i n t  m u t a t i o n  in  

I -A** a c h a i n  g e n e r a t e d  by e t h y l  m e t h a n e s u lp h o n a t e  

a b o l i s h e d  t h e  m u t a n t ’ s a b i l i t y  t o  p r e s e n t  a n t i g e n  t o  two 

o f  a l a r g e  p a n e l  o f  a n t i g e n - s p e c i f i c  I - A ^  r e s t r i c t e d  T 

c e l l  h y b r id o m as  ( G r i f f i t h  e t  a l ,  1 9 8 7 ) .  S i t e  d i r e c t e d  

m u t a g e n e s is  has been used t o  c o n s t r u c t  m u t a n t s  o f  I - A *3 a 

c h a in  (Cohn e t  a l ,  1986)  and HLA-A2 in  human s t u d i e s
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(Hogan e t  a l ,  1988a ,  Hogan e t  a l ,  1 9 8 8 b ) .  T h i s  d a ta  

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

o f  t h e  MHC m o l e c u l e s  used .  I t  was d e c id e d  t h a t  a n a l y s i s  

o f  t h e  i n s u l i n  p r o t e i n  c o u ld  be s t u d i e d  in  t h i s  way and

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

b i n d i n g  o f  t h e  a n t i g e n  t o  b o th  MHC and t h e  T c e l l  

r e c e p t o r .

To t h i s  end I have a l r e a d y  p r e p a r e d  an Ag t h r e o n i n e  t o  

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

t h i s  s i t e  may i n c r e a s e  t h e  i m m u n o g e n ic i ty  o f  human 

i n s u l i n  in  H -2 ^  m ic e ,  by p r o v i d i n g  an e x t r a  MHC b i n d i n g  

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

In  a d d i t i o n ,  a h y b r i d  c o n t a i n i n g  m u t a t i o n s  a t  b o th  Ag 

and A jq has been p r e p a r e d ,  e f f e c t i v e l y  c h a n g in g  human 

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

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

t h e  A4 and B3 s i t e s  t o  d e t e r m i n e  t h e i r  r o l e  i n  T c e l l

r e s p o n s e s .  T h i s  method s h o u ld  p r o v i d e  t h e  o p p o r t u n i t y  t o  

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

have p ro d u c e d .

In  c o n c l u s i o n ,  I have shown t h a t  t h e  b i n d i n g  o f  a 

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

p r o t e i n  f rom  b e in g  non - im m unogen ic  t o  b e in g  immunogenic  

in  H - 2 *3 m ic e .  The h a p te n  group  i s  no t  i n v o l v e d  d i r e c t l y  

i n  T c e l l  r e c e p t o r  b i n d i n g ,  bu t  may enhance t h e  a f f i n i t y  

o f  b i n d i n g  between t h e  p r o t e i n  and MHC m o l e c u l e s .  T h i s  

c o u ld  be o f  s i g n i f i c a n t  im p o r ta n c e  i n  f i e l d s  o u t s i d e
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i n s u l i n  im m u n ob io log y .  For e x a m p le ,  in  autoimmune  

d i s e a s e ,  w here  s m a l l  o r g a n i c  g ro u p s  may b in d  t o  s e l f 

p r o t e i n s  a l l o w i n g  them t o  be r e c o g n i s e d  by t h e  immune 

s y s te m .  In  a d d i t i o n ,  h a p te n  m o d i f i c a t i o n  may have a r o l e  

t o  p l a y  in  v a c c i n e  d e s i g n ,  w here  a s m a l l  w e a k l y  

immunogenic p e p t i d e  may be m o d i f i e d  t o  i n c r e a s e  i t ’ s 

e f f e c t i v e n e s s .  T h i s  app ro ach  i s  c u r r e n t l y  b e in g  

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

l a b o r a t o r y .
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Appendix 1.
P r o l i  f e r a t  io n  A s s a y s .

A n t i g e n  d ep enden t  T c e l l  a c t i v a t i o n  i s  commonly 

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

p o p u l a t i o n  i n  re s p o n s e  t o  a n t i g e n i c  c h a l l e n g e  ( S c h w a r t z ,  

e t  a l ,  1975 ,  C o r r a d i n  e t  a l ,  1 9 7 7 ) .  T h i s  a s s ay  i n v o l v e s  

i n c u b a t i n g  p r im e d  T c e l l s  w i t h  a n t i g e n  f o r  72 h o u rs ,  

th e n  p u l s i n g  w i t h  ( H) t h y m i d i n e  f o r  16 h o u rs ,  

h a r v e s t i n g  t h e  c e l l s  o n t o  f i l t e r  p ap er  and c o u n t i n g  

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

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

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

t r u e  in  lymph node a s s a y s  and seems t o  depend c r i t i c a l l y  

on t h e  b a t c h  o f  f o e t a l  c a l f  serum (FCS) used .  The 

m o d i f i c a t i o n  d e s c r i b e d  be low  r e l i e s  on m i n i m i s i n g  t h e  

b a c kg ro u n d  s i g n a l  by c a r r y i n g  o u t  i n c u b a t i o n s  in  

homologous normal  mouse serum (N M S ) , and a m p l i f y i n g  th e  

i n i t i a l  a n t i g e n - d r i v e n  s i g n a l  by e x p a n s io n  o f  th e  

a c t i v a t e d  c e l l s  i n  I L - 2 .

Both  t h e  FCS ass ay  and t h e  NMS a s s ay  a r e  d e s c r i b e d  in  

t h e  Methods s e c t i o n ,  and w i l l  n o t  be r e p e a t e d  h e r e .  

T a b l e  23 shows t h e  r e s u l t s  o f  a c o m p a r is o n  ass ay  on H-2®  

m ic e  p r im e d  t o  B I .  I t  i s  c l e a r l y  shown t h a t  t h e  s i g n a l  

t o  n o i s e  r a t i o  i s  g r e a t l y  a l t e r e d .  The background  

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

a n t i g e n  w ere  s u b s t a n t i a l l y  i n c r e a s e d .

The e f f e c t s  w ere  shown t o  be i n f l u e n c e d  by s e v e r a l  

f a c t o r s .  The re s p o n s e  was o p t i m a l  u s in g  a ro u n d  5 x 10®
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c e l l s / w e l l ,  a l t h o u g h  c l e a r  r e s p o n s e s  c o u l d  be o b t a i n e d  

o v e r  a w id e  ran g e  o f  c e l l  numbers. The i n c u b a t i o n  t im e  

i n  NMS was c r i t i c a l ,  w i t h  an optimum o f  72 h o u rs .  Any 

l e s s  and a h ig h  b ackground  c o u ld  s t i l l  be d e t e c t e d  

p r e s u m a b ly  due t o  c e l l s  a c t i v a t e d  t o  e x p r e s s  I L - 2  

r e c e p t o r s  jm v i v o . At  lo n g e r  i n c u b a t i o n  t i m e s ,  th e

a n t i g e n i c  resp o n se  was d i m i n i s h e d ,  p o s s i b l y  due t o  a

n o n - s p e c i f i c  t o x i c  e f f e c t  o f  NMS, s i n c e  numbers o f  

v i a b l e  c e l l s  a l s o  f e l l .  A f i n a l  f a c t o r  i n v o l v e d  in  t h e  

re s p o n s e  was t h e  i n c u b a t i o n  t i m e  in  exogenous I L - 2 .  

P r o l i f e r a t i o n  began t o  r i s e  a f t e r  24 hours  and c o n t i n u e d  

t o  do so f o r  s e v e r a l  da y s .  Assays w ere  r o u t i n e l y  p u ls e d  

a f t e r  48 hours  b u t  t h i s  was somtimes v a r i e d  a f t e r  

m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  c u l t u r e s  ( C h a in  e t  a l ,

1 9 8 7 ) .

In  t h e  more c o n v e n t i o n a l  FCS a s s a y ,  a n t i g e n  t r i g g e r s  

t h e  p r o d u c t i o n  o f  I L - 2 ,  as w e l l  as I L - 2  r e c e p t o r  

e x p r e s s i o n  (T s e  e t  a l ,  1 9 8 0 ) .  I t  i s  t h i s  endogenous I L - 2  

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

In d e e d  i t  i s  l i k e l y  t h a t  i t  i s  t h i s  1 1 - 2  p r o d u c t i o n  

w h ic h  i s  t h e  s p e c i f i c  s t e p  in  t h i s  a s s a y ,  and many

b y s t a n d e r  c e l l s  e x p r e s s i n g  I L - 2  r e c e p t o r s  (p e r h a p s  from  

i  n v i v o  a c t i v a t i o n )  p a r t i c i p a t e  in  t h e  measured

p r o l i f e r a t i o n  ( A u g u s t i n  e t  a l ,  1979 ,  Tse e t  a l ,  1980,  

P e t i t  e t  a l ,  1 9 8 6 ) .  I n  t h e  m o d i f i e d  a s s ay  exogenous I L - 2  

i s  added t o  t h e  c u l t u r e s ,  t h e r e f o r e  t h e  ass a y  i s  a 

m easure  o n l y  o f  a n t i g e n  dep en d en t  I L - 2  r e c e p t o r
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e x p r e s s i o n .  The e x p r e s s i o n  o f  t h e s e  r e c e p t o r s  seems t o  

r e q u i r e  T c e l l  r e c e p t o r / a n t i g e n  b i n d i n g  t o  t a k e  p l a c e ,  

b u t ,  in  c o n t r a s t  t o  t h e  p r o d u c t i o n  o f  I L - 2 ,  does not  

r e q u i r e  t h e  c r o s s - l i n k i n g  o f  t h e  T c e l l  r e c e p t o r  (Meuer  

e t  a l ,  1 9 8 4 ) .  T h i s  may e x p l a i n  t h e  g r e a t e r  s e n s i t i v i t y  

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

w eaker  a n t i g e n s .  However ,  i t  i s  i m p o r t a n t  t o  r e a l i s e  

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

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

and ly m p h o k in e  p r o d u c t i o n  may n o t  a lw a y s  o c c u r  in  

p a r a l l e i .

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

improvement  in  t h e  s i g n a l  t o  n o i s e  r a t i o  in  t h e  a n t i g e n  

system  s t u d i e d .  I t  was r o u t i n e l y  used in  a l l  p r i m a r y  

p r o l i f e r a t i o n  ass ays  d e s c r i b e d  in  t h i s  t h e s i s .

T h i s  work was done i n  c o n j u n c t i o n  w i t h  D r s .  B.M. Cha in  

and P.W. A s ken a se ,  and I a n  M c C a f f e r t y  who w orked  as 

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

d a t a  p r e s e n t e d  i s  my own.
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Table 23.
Compar is o n  o f  pr  im a ry  p r o l i f e r a t  io n  u s i n g  th e

s t a n d a r d  f o e t a l  c a l f  serum ass a y  and t h e  m odif  ied  

normal  mouse serum a s s a y .

H - 2 b m ice  p r im e d w i t h BI  .

Ant  ig en C o n c e n t r a t  ion ( n g \ m l )

FCS NMS

100 10 _1 100 1 2 I

BI 3 5 . 0 1 8 . 7 1 9 . 9 1 0 7 .8 2 4 . 0 12 . 0

PI 2 1 . 5 1 7 .3 18. 1 1 8 . 4 1 1 . 2 8 . 9

HI 1 7 .7 1 5 .3 1 6 .6 1 2 . 0 1 0 . 6 10 .3

Medium 1 8 .5 8 . 0

A l l  r e s u l t s  cpm x 10^.
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Appendix 2.
D e t e r m i n a t i o n  o f  t h e  s i t e  o f  h a p t e n a t i o n  by r e v e r s e d  

phase h ig h  p e r f o r m a n c e  1 i q u i d  c h ro m a to g r a p h y  ( H P L C ) .

R e v e rs e d  phase c h r o m a to g r a p h y  i n v o l v e s  a n o n - p o l a r  

s t a t i o n a r y  p hase ,  w h ic h  b in d s  sam ple  components t o  i t ’ s 

s u r f a c e  by h y d ro p h o b ic  s e l e c t i v i t y .  A p o l a r  m o b i le  phase  

e l u t e s  t h e  d i f f e r e n t  components a t  d i f f e r e n t  

c o n c e n t r a t i o n s  d ep enden t  on how s t r o n g l y  i t  i s  bound.

The s t a t i o n a r y  phase c o n s i s t e d  o f  C j 0 a l k y l  

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

fo rm  t h e  column p a c k i n g .

A r a d i a l  c o m p res s io n  s e p a r a t i o n  sys tem  was used ,  as 

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

t h e  p a c k in g  d e c r e a s e s  v o i d  space w i t h i n  t h e  bed and 

g i v e s  a more homgeneous packed s t r u c t u r e .

The o r g a n i c  component o f  t h e  m o b i l e  phase was,  in  a l l  

c a s e s ,  a c e t o n i t r i l e ,  w h i l e  t h e  aqueous component v a r i e d  

w i t h  r e q u i r e m e n t s .  The m o b i le  phase can be run e i t h e r  as 

a l i n e a r  g r a d i e n t ,  o r  a t  a c o n s t a n t  c o n c e n t r a t i o n  known 

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

I n s u l i n  v a r i a n t s  w i t h  m in im a l  d i f f e r e n c e s  in  s t r u c t u r e  

can be s e p a r a t e d  by r e v e r s e  phase HPLC (McLeod e t  a l ,  

1 9 8 4 ) .  I n s u l i n  m o d i f i e d  by h a p t e n a t i o n  w i t h  TNP e l u t e d  

a t  a h i g h e r  c o n c e n t r a t i o n  th a n  t h e  n a t i v e  i n s u l i n  due t o  

t h e  h y d r o p h o b i c i t y  o f  t h e  h a p te n  g r o u p .  T N P - i n s u l i n  

c o n s i s t e n t l y  gave a s i n g l e  component when s e p a r a t e d  on a 

l i n e a r  w i t h  0 .1 M  p h o s p h a te  b u f f e r ,  pH 3 . 6  as t h e  aqueous  

s o l v e n t  ( F i g  1 4 a ) .  When t h i s  m a jo r  peak was c o l l e c t e d
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and run under  i s o c r a t i c  c o n d i t i o n s  o n l y  one component  

c o u l d  be d e t e c t e d  ( F i g  1 4 b ) .  T h i s  c o n f i r m e d  p r e v i o u s  

r e p o r t s  t h a t  T N P - i n s u l i n  c o n s i s t s  p r e d o m i n a n t l y  o f  a 

s i n g l e  h a p t e n a t e d  fo rm .

Both  i n s u l i n  and T N P - i n s u l i n  w ere  d a n s y l a t e d  and th e  

f r e e  amino g ro u p s  s e p a r a t e d  a t  i s o c r a t i c  c o n d i t i o n s ,  and 

r e a d i l y  i d e n t i f i e d  w i t h  co m m e rc ia l  d a n s y l  amino a c i d  

s t a n d a r d s  ( F i g .  1 5 ) .  The t h r e e  d a n s y l a t e d  amino a c i d s  o f  

i n t e r e s t  in  t h i s  s t u d y  ( g l y c i n e  A j ,  l y s i n e  B2 9 , and 

p h e n y l a l a n i n e  B j )  w ere  found in  t h e  a c i d  h y d r o l y s a t e s  o f  

d a n s y l a t e d  i n s u l i n .  I d e n t i c a l  d a n s y l a t i o n  o f  T N P - i n s u l i n  

showed an a lm o s t  t o t a l  absence o f  d a n s y 1- g l y c i n e , 

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

d a n s y l a t i o n  by p r i o r  m o d i f i c a t i o n  by TNP.

I n  o r d e r  t o  c o n f i r m  t h i s  f i n d i n g  a p r e p a r a t i o n  o f  TNP-  

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

shown i n  F i g .  14. The sam ples  c o r r e s p o n d i n g  t o  t h e  m a jo r  

peak w ere  c o l l e c t e d ,  p o o le d  and th e n  s u b j e c t e d  t o  t h e  

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

( F i g .  1 6 ) .  As shown d a n s y l a t i o n  and h y d r o l y s i s  o f  t h i s  

m a t e r i a l  r e v e a l e d  t h a t  b o th  B29 l y s i n e  and Bj  

p h e n y l a l a n i n e  c o u ld  be d e t e c t e d ,  b u t  d a n s y l  g l y c i n e  was 

a b s e n t .  The agree m ent  between t h e  r e s u l t s  o b t a i n e d  on 

a n a l y s i s  o f  t h e  u n s e p a r a t e d  T N P - i n s u l i n  and t h e  m a jo r  

peak o b t a i n e d  a f t e r  c h ro m a to g ra p h y  c o n f i r m s  t h a t  TNBS 

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

To c o n f i r m  d i r e c t l y  t h i s  r e s u l t ,  an a c i d  h y d r o l s a t e  o f
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T N P - i n s u l i n  was a n a ly s e d  f o r  t h e  p r e s e n c e  o f  TNP-  

g l y c i n e .  T h i s  a n a l y s i s  was g r e a t l y  s i m p l i f i e d  by th e  

f a c t  t h a t  TNP groups  a b s o rb  a t  280  nm, u n l i k e  most f r e e  

amino a c i d s .  The TNP amino a c i d s  w ere  i d e n t i f i e d  by 

c o m p a r is o n  t o  6 - T N P - l y s i n e  and T N P - g l y c i n e  ( F i g .  1 7 ) .  

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

T N P - g l y c i n e ,  b u t  no t  T N P - l y s i n e  in  t h e  h y d r o l y s a t e .

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

c o n d i t i o n s  used ,  TNBS r e a c t s  p r e d o m i n a n t l y  w i t h  t h e  a -  

amino group  o f  A j  g l y c i n e .  The o n l y  p u b l i s h e d  s t u d i e s  o f  

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

Keck e t  a l ,  w h ic h  b o th  f o l l o w  t h e  same p r o t o c o l .  Under  

t h e s e  c o n d i t i o n s  (pH 1 1 . 5 ,  2 4 h r s )  DNBS r e a c t s  

p r e d o m i n a n t l y  w i t h  t h e  B2 g l y s i n e  g ro u p .  We d i d  not  

f o l l o w  t h i s  p r o t o c o l  s i n c e  t h e  i n s u l i n  m o l e c u l e  may 

und ergo  s t r u c t u r a l  m o d i f i c a t i o n s  a t  t h e s e  h ig h  pH 

v a l u e s .

A n a lo g u e s  w i t h  s u b s t i t u e n t  g roup s  on t h e  A^ amino group  

have been s t u d i e d  e x t e n s i v e l y  t o  d e t e r m i n e  t h e i r  

b i o l o g i c a l ,  s p e c t r o s c o p i c  and s t r u c t u r a l  p r o p e r t i e s  

( F r e i s s e n  e t  a l ,  1976 ,  C h o t h i a  e t  a l ,  1 9 8 3 ) .  As w e l l  as 

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

gro u p s  t o  t h i s  r e g i o n  o f  t h e  m o l e c u l e  has been shown t o  

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

monomer, p a r t i c u l a r l y  t h e  h e l i c a l  r e g i o n  A2 ~Aq.  

Compar ison o f  t h e  d i f f e r e n t  monomer c o n f o r m a t i o n s  found  

i n  d i f f e r e n t  c r y s t a l  form s has shown t h a t  changes  

a f f e c t i n g  t h i s  h e l i x  a r e  a s s o c i a t e d  w i t h  r e l a t i v e
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movements o f  o t h e r  r e g i o n s  o f  t h e  m o l e c u l e  ( C h o t h i a  e t  

a l , 1 9 8 3 ) ,  i n c l u d i n g  c o n f o r m a t i o n s  o f  t h e  Aq - A jq r e g i o n .

S t u d i e s  u s in g  com puter  

i n s u l i n  a r e  in  p r o g r e s s  t o  

and t o  r e l a t e  them t o  

reco g n  i  t  i o n .

m o d e l l i n g  o f  TNP m o d i f i e d  

t r y  t o  p r e d i c t  t h e s e  changes  

changes  in  im m u n o lo g ic a l
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Hi ns ..

Fig 14. (a) Preparative separation of insulin

derivatives by reaction with TNBS. TNP-insulin was 

prepared as described in Methods, and separated by 

reverse phase chromatography on a C18 column.

Aqueous solvent- sodium phosphate (0.1M, pK 3.6).

Organic solvent- acetonitrile.

The acetonitrile concentration was maintained at 25% for 

10 mins. after loading the sample, then increased 

linearly to 75% over 60 mins. Flow rate = lml\min.

Arrow indicates peak collected for further analysis.
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rig 14 (b) . Analysis of major peak collected as

in 14 (a) . This was carried out at

conditions with acetonitrile at 36%.
isocraiic

shown 

lution

152



Fig 15: Analysis of free amine groups on insulin and

TNP-insulin, by dansvlation and hydrolysis as described 

in Methods. Dansyl amino acids were separated by reverse 

phase chromatography, and identified by comparison to 

dansyl amino acid standards. Aqueous solvent- 0.1% 

trifluoroacetic acid. Organic solvent- acetonitrile. 

Isocratic elution using (a) 5% acetonitrile. (b) 20%

acetoni trile.

--------- insulin

--------  TNP-insulin.

Dansyl standards. A - glycine. 3 - lysine.

C -phenylalanine
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Fig 15B: See heading under Fig 15A
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Fig 16: Analysis of free amino groups in purified TNP- 

insulin. The major peak identified in F i g j- 4 a was 

collected, dansylatea and hydrolysed. Dansyl amino acids 

were separated as for Fig A .5. , and identified by 

comparison to dansyl amino acid standards.

(a) 3% acetonitrile. (b) 26% acetonitrile.

-------  TNP-insulin.

-------  dansyl standards. A - glycine. B - lysine.

C - phenylalanine.
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Fig 17: Direct identification of TNP-amino acids in

TNP-insulin. TNP-insulin was hydrolysed, and the amino 

acids separated as in Fig.}-1? The elution profile of TNP- 

glycine and T N P - lysine is shown for comparison. 

Chromatography was carried out at 22% acetonitrile. 

-------  TNP-insulin.

-------  TNP-standards. (a) glycine (b)lysine.

157



References.
A d o r i n i ,  L . ,  S e t t e ,  A . ,  Buus, S . ,  G r e y ,  H . M . , D a r s l e y ,  

M . , Lehmann, P . V . , D o r i a ,  G . , Nagy,  Z . A .  & A p p e l l a ,  E. 

( 1 9 8 8 )  I n t e r a c t i o n  o f  an immunodominant e p i t o p e  w i t h  l a  

m o l e c u l e s  in  T - c e l l  a c t i v a t i o n .  P r o c .  N a t l .  Acad.  S c i .  

U . S . A .  8 5 ,  5 1 8 1 .

A l l e n ,  P.M.  & Unanue,  E .R .  ( 1 9 8 4 )  D i f f e r e n t i a l  

r e q u i r e m e n t s  f o r  a n t i g e n  p r o c e s s i n g  by m acrophages f o r  

l y s o z y m e - s p e c i f i c  T c e l l  h y b r id o m a s .  J . Im m u n o l .  132,  

1077.

A l l e n ,  P .M .  ( 1 9 8 7 )  A n t i g e n  p r o c e s s i n g  a t  t h e  m o l e c u l a r  

l e v e l .  Immunol .  Today.  8 , 2 7 0 .

A l l i s o n ,  J . P .  & L a n i e r ,  L . L .  ( 1 9 8 5 )  I d e n t i f i c a t i o n  o f  

a n t i g e n  r e c e p t o r  a s s o c i a t e d  s t r u c t u r e s  on m u r in e  T 

c e l l s .  N a t u r e .  3 1 4 ,  107.

A r q u i l l a ,  E .R .  & F i n n ,  J .  ( 1 9 6 3 )  G e n e t i c  d i f f e r e n c e s  in  

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

S c ie n c e  142 ,  4 0 0 .

A u g u s t i n ,  A . A . ,  J u l i u s ,  M .H .  & C o s e n z a ,  H. ( 1 9 7 9 )  

A n t i g e n - s p e c i f i c  s t i m u l a t i o n  and t r a n s - s t i m u l a t i o n  o f  T 

c e l l s  in  long  te r m  c u l t u r e .  E u r . J .  Immunol.  9 ,  66 5 .

B a b b i t t ,  B . B . ,  A l l e n ,  P . M . ,  M a ts u e d a ,  G . , H a b e r ,  E. & 

Unanue, E. ( 1 9 8 5 )  B i n d i n g  o f  immunogenic p e p t i d e s  t o  l a  

h i s t o c o m p a t a b i 1 i t y  m o l e c u l e s .  N a t u r e ,  3 1 7 ,  3 5 9 .

158



B a b b i t t ,  B . P . ,  M a ts u e d a ,  G . R . ,  H a b e r ,  E . ,  Unanue, E .R .  

& A l l e n ,  P.M.  1986 A n t i g e n i c  c o m p e t i t i o n  a t  th e  l e v e l  o f  

t h e  p e p t i d e - I a  b i n d i n g .  P ro c .  N a t l .  Acad.  S c i .  U . S . A .  

8 3 ,  4 6 0 9 .

B a r c i n s k i ,  A.M. & R o s e n t h a l ,  A .S .  ( 1 9 7 7 )  Immune 

re s p o n s e  gene c o n t r o l  o f  d e t e r m i n a n t  s e l e c t i o n .  I .  

I n t r a m o l e c u l a r  mapping o f  t h e  immunogenic s i t e s  on 

i n s u l i n  r e c o g n is e d  by g u i n e a  p i g  T and B c e l l s .  J .  Exp.  

Med. 145 ,  7 2 6 .

B a r n e s ,  W.M. ( 1 9 8 0 )  DNA c l o n i n g  w i t h  s i n g l e - s t r a n d e d  

phage v e c t o r s .  In  G e n e t i c  E n g i n e e r i n g ,  v o l  2 ,  ed .  S e t lo w  

J . K .  & H o l l a e n d e r  A . ,  Plenum P r e s s ,  New Y o rk .

B e n a c e r r a f ,  B. & M c D e v i t t ,  H .O .  1972

H i s t o c o m p a t i b i l i t y - l i n k e d  immune re s p o n s e  gen es .  S c ie n c e  

175 ,  2 7 3 .

B e n e c e r r a f ,  B . , Kapp, J . A . ,  P i e r c e ,  C.W. & K a t z ,  D .H .  

( 1 9 7 4 )  G e n e t i c  c o n t r o l  o f  immune r e s p o n s e s  in  v i t r o  IV .  

J.  Exp.  Med. 140, 185.

B e n a c e r r a f ,  B. ( 1 9 7 8 )  A h y p o t h e s i s  t o  r e l a t e  th e  

s p e c i f i c i t y  o f  T ly m p h o c y te s  and t h e  a c t i v i t y  o f  I 

r e g i o n - s p e c i f i c  I r  genes i n  macrophages and B 

l y m p h o c y te s .  J . Im m u n o l .  120, 1809 .

159



B e r k o w e r , I . ,  Kawamura, H . , M a t i s . ,  L . A .  & B e r z o f s k y ,

J . A .  ( 1 9 8 5 )  T c e l l  c l o n e s  t o  two m a jo r  T c e l l  e p i t o p e s  

o f  m y o g lo b in :  e f f e c t  o f  I - A / I - E  r e s t r i c t i o n  on e p i t o p e  

dom inance .  J .  Immunol.  135, 2 6 2 8 .

B e rk o w e r ,  I . ,  B u cken m e yer , G .K .  & B e r z o f s k y ,  J . A .  

( 1 9 8 6 )  M o l e c u l a r  mapping o f  a h i s t o c o m p a t a b i 1 i t y  

r e s t i c t e d  immunodominant T c e l l  e p i t o p e  w i t h  s y n t h e t i c  

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

s t r u c t u r e .  J.  Immunol .  136,  2 4 9 8 .

B e r z o f s k y ,  J . A . ,  C e ase ,  K . B . ,  C o r n e t t e ,  J . L . ,  Spouge,  

J . L . ,  M a r g a l i t ,  H . , B e rk o w e r ,  I . J . ,  Good, M . F . ,  M i l l e r ,  

L . H .  & De L i s i ,  C. ( 1 9 8 7 )  P r o t e i n  a n t i g e n i c  s t r u c t u r e s  

r e c o g n i s e d  by T c e l l s :  P o t e n t i a l  a p p l i c a t i o n s  f o r

v a c c i n e  d e s i g n .  Immunol .  R e v ie w s .  9 8 ,  9.

B i r k o f f ,  E. ( 1 9 8 2 )  T c e l l  p r o l i f e r a t i v e  r e s p o n s e  to  

h a p t e n - m o d i f i e d  s e l f - im m u n o g lo b u l in s : R e c o g n i t i o n  o f

c o n j u g a t e  s p e c i f i c  d e t e r m i n a n t s .  P r o c .  N a t l .  Acad.  S c i .  

USA. 7 9 ,  4 1 5 6 .

B jo rk m a n n ,  P . J . ,  S a p e r , M . A . ,  S a m r a o n i ,  B . ,  B e n n e t t ,  

V I . S . ,  S t r o m i n g e r ,  J . L .  & W i l e y ,  D . C.  ( 1987)  S t r u c t u r e  o f  

t h e  human C la s s  I h i s t o c o m p a t a b i 1 i t y  a n t i g e n ,  H L A -A 2 . 

N a t u r e ,  2 3 9 ,  5 06 .

160



B l u n d e l l ,  T . ,  Dodson,  G . , H o d g k in ,  D. & M e r c o l a ,  D.

( 1 9 7 2 )  I n s u l i n :  t h e  s t r u c t u r e  in  t h e  c r y s t a l  and i t ’ s 

r e f l e c t i o n  in  c h e m i s t r y  and b i o l o g y .  Adv.  P r o t e i n  Chem. 

2 6 ,  279 .

B u c h m u l le r ,  Y. & C o r r a d i n ,  G. P .  ( 1 9 8 2 )  Lymphocyte  

s p e c i f i c i t y  t o  p r o t e i n  a n t i g e n s .  V.  C o n f o r m a t i o n a l  

dependence o f  a c t i v a t i o n  o f  cy to c h ro m e  c - s p e c i f i c  T 

c e l l s .  E u r . J .  Immunol.  12,  4 1 2 .

Bucy,  R . P .  & Kapp, J . A .  ( 1 9 8 3 )  I r  gene c o n t r o l  o f  

immune re s p o n s e s  t o  i n s u l i n s .  J .  Immunol.  130 ,  2 0 6 2 .

Buus, S . ,  C o lo n ,  S . ,  S m i t h ,  C . J . ,  F r e e d ,  J .  A . ,  M i l e s ,  

C. & G re y ,  H.M. ( 1 9 8 6 )  I n t e r a c t i o n  betw een a " p ro c e s s e d  

o v a lb u m in  p e p t i d e  and l a  m o l e c u l e s .  P r o c .  N a t l .  Acad.  

S c i .  U . S . A .  8 3 ,  3 9 6 8 .

C h a in ,  B . M . , M c C a f f e r t y ,  I . ,  W a l l a c e ,  G. R.  & A skenase ,  

P.W.  ( 1987 )  Improvement  o f  t h e  i_n v i t r o  T c e l l  

p r o l i f e r a t i o n  a s s ay  by a m o d i f i e d  method t h a t  s e p a r a t e s  

t h e  a n t i g e n  r e c o g n i t i o n  and I L - 2  d e p e n d e n t  s t e p s .  J.  

Im m u n o lo g ic a l  M e th ods .  99 ,  2 2 1 .

C h a in ,  B . M . , Kaye,  P .M. & Shaw, M. A . ( 1 9 8 8 )  The

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

Im m u n o lo g ic a l  R e v ie w s .  106, 3 3 .

161



C h e s n u t ,  R. , E n d ie s ,  R. & G re y ,  H. ( 1980)  A n t i g e n i c  

r e c o g n i t i o n  by T c e l l s  and B c e l l s :  r e c o g n i t i o n  o f

c r o s s - r e a c t i v i t y  between n a t i v e  and d e n a t u r e d  form s o f  

g l o b u l a r  a n t i g e n s .  C l i n .  Immunol.  Immunnopath. 15, 3 9 7 .

C h ie n ,  Y . H . ,  B e c k e r ,  D . M . , L i n d s t e n ,  T . ,  Okamura,  M . , 

Cohen, D . I .  & D a v i s ,  M.M. ( 1 9 8 4 )  A t h i r d  t y p e  o f  m u r in e  

T - c e l l  r e c e p t o r  gene.  N a t u r e ,  3 0 9 ,  7 5 7 .

C h o t h i a ,  C . , L e s k , A . ,  Dodson,  G.G.  & H o d g k in ,  ( 1 9 8 3 )  

T r a n s m i s s i o n  o f  c o n f o r m a t i o n a l  change in  i n s u l i n .  N a t u r e  

3 0 2 ,  5 0 0 .

C l a y b e r g e r ,  C . , D e k r u y f f ,  R . H . ,  A i n s b e r g ,  J.  & C a n t o r ,  

H. ( 1 9 8 3 )  H a p t e n - r e a c t i v e  i n d u c e r  T c e l l s .  J .  Exp.  Med.  

157, 1906.

Cohn, L . E . ,  G l i m c h e r ,  L . H . ,  Waldmann, R . A . ,  S m i th ,  

J . A . ,  Ben-N un ,  A . ,  Se idm an,  J .G .  & C h o i ,  E. ( 1 9 8 6 )  

I d e n t i f i c a t i o n  o f  f u n c t i o n a l  r e g i o n s  on t h e  I -A*3 

m o l e c u l e  by s i t e - d i r e c t e d  m u t a g e n e s is .  P r o c . Nat  1 . A c a d . 

S c i .  USA. 8 3 ,  7 47 .

C o r r a d i n ,  G . , E t l i n g e r ,  H.M. & C h i l l e r ,  J .M .  ( 1 9 7 7 )  

Lymphocyte  s p e c i f i c i t y  t o  p r o t e i n  a n t i g e n s .  I .  

C h a r a c t e r i s a t i o n  o f  t h e  a n t i g e n  in d u c e d  ^n v i t r o  T c e l l  

dep enden t  p r o l i f e r a t i v e  immune r e s p o n s e  w i t h  lymph node 

c e l l s  f rom  pr im e d  m ic e .  J . Im m u n o l .  119 ,  1048.

162



D a i l e y ,  M.O.  & H u n t e r ,  R . L .  ( 1 9 7 4 )  The r o l e  o f  l i p i d  in  

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

h y p e r s e n s i t i v i t y  and c o n t a c t  s e n s i t i v i t y .  J .  Immunol.  

112 ,  1526 .

De L i s i ,  C. & B e r z o f s k y ,  J . A .  ( 1 9 8 5 )  T c e l l  a n t i g e n i c  

s i t e s  te n d  t o  be a m p h i p a t h i c  s t r u c t u r e s .  P ro c .  N a t l .  

Acad.  S c i .  USA. 8 2 ,  7 0 4 8 .

Dem bic ,  Z . ,  Haas,  W . , Zamoyska,  R . , P a rn e s ,  J . , 

S t e i n m e t z ,  M. & von Boehm er , H. ( 1 9 8 7 )  T r a n s f e c t i o n  o f  

t h e  CD8 gene enhances T c e l l  r e c o g n i t i o n .  N a t u r e .  362  

5 1 0 .

D o n e m e y e r , D . L .  & A l l e n ,  P.M.  ( 1 9 8 9 )  B i n d i n g  t o  l a  

p r o t e c t s  an immunogenic p e p t i d e  f rom  p r o t e o l y t i c  

d e g r a d a t i o n .  J .  Immunol .  142 ,  1063 .

D o r f , M. E .  & B e n a c e r r a f ,  B. ( 1 9 8 4 )  S u p p r e s s o r  T c e l l s  

and i immunoregulat  i o n . Ann. Rev. Immunol .  2 ,  127.

F i n n e g a n ,  A . ,  S m i th ,  M . A . ,  S m i t h , J . A . ,  B e r z o f s k y ,  J . A . ,  

S a ch s ,  D. H.  & Hodes,  R . J .  ( 1 9 8 6 )  The T c e l l  r e p e r t o i r e  

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

J.  Exp.  Med. 164 8 9 7 .

163



F l o r y ,  M . , W a l l a c e ,  G . R . ,  O e t t e l ,  K. & C h a in ,  B.M.

( 1 9 8 8 )  The T c e l l  res p o n s e  t o  h a p t e n a t e d  i n s u l i n s :  I I

The a n t i b o d y  r e s p o n s e .  Immunology 6 6 ,  4 5 .

F r e i e r ,  C . , A l b e r i c i ,  G . F . ,  A n d r i e u x ,  J .  & Bohuon, C.

( 1 9 8 6 )  M o n o c lo n a l  a n t i b o d i e s  t o  l i p o p h i l i c  and s h o r t 

s i z e d  h a p te n s :  a p p l i c a t i o n  t o  t h e  $ - a m i n o - q u i n o l i n e

a n t i m a l a r i a l  d r u g s .  M o l .  Immunol .  2 3 ,  7 9 3 .

F r i e s s e n ,  H - J . , B r a n d e n b u rg ,  D . , D i a c o n e s c u ,  C . ,

G a t t n e r ,  H - G . , N a i t h a n i ,  V . K . ,  Nowak, J . , Zahn,  H . ,

Docker  i l l ,  S . P . ,  Wood, S . P .  & B l u n d e l l ,  T . L .  ( 1 9 7 7 )  in  

P r o c e e d in g s  o f  t h e  5**1 A m er ican  P e p t i d e  Symposium, 1977,  

John W i l e y  and Sons,  New Y o rk ,  pg 26 .

G a s c o ig n e ,  N . J . R . ,  C h ie n ,  Y . H . ,  B e c k e r ,  D . M . , K a v a l e r ,  

J.  & D a v i s ,  M.M. ( 1 9 8 4 )  Genomic o r g a n i s a t i o n  and

sequence o f  t h e  T - c e l l  r e c e p t o r  b e t a  c h a i n  c o n s t a n t  and 

j o i n i n g  r e g i o n s .  N a t u r e .  3 1 0 ,  3 8 7 .

G e r m a in ,  R. N.  & M a l i s s e n ,  B. ( 1 9 8 6 )  A n a l y s i s  o f  t h e

e x p r e s s i o n  and f u n c t i o n  o f  c l a s s - I I  m a jo r  

h i s t o c o m p a t i b i l i t y  c o m p le x -e n c o d e d  m o l e c u l e s  by DNA-

m e d i a t e d  gene t r a n s f e r .  Ann. Rev.  Immunol .  4 ,  2 81 .

G l i m c h e r ,  L . H . ,  S c h r o e r ,  J . A . ,  Chan, C. & Shevach ,  E.M.

( 1 9 8 3 )  F i n e  s p e c i f i c i t y  o f  c l o n e d  i n s u l i n - s p e c i f i c  T 

c e l l  hyb r id o m as :  e v i d e n c e  f o r  a s u p p o r t i n g  r o l e  f o r

t e r t i a r y  c o n f o r m a t i o n .  J . Im m u n o l .  131 ,  2 8 6 8 .

164



G o d f r e y ,  W . L . ,  L e w is ,  G. K.  & Goodman, J. W.  ( 1 9 8 4 )  The 

anatomy o f  an a n t i g e n  m o l e c u l e :  F u n c t i o n a l  s u b r e g io n s  o f  

L - t y r o s i n e - p - a z o b e n z e n e a r s o n a t e . M o l .  Immunol .  2 1 ,  969 .

G o o d ,M .F .  & N o s s a l ,  G . J . V .  ( 1 9 8 3 )  F u n c t i o n a l  c l o n a l  

d e l e t i o n  and s u p p r e s s i o n  as c o m p l i m e n t a r y  mechanisms  

o p e r a t i v e  i n  a d u l t  h a p t e n - i n d u c e d  c y t o t o x i c  T c e l l  

t o l e r a n c e .  J .  Immunol .  131 ,  2 6 6 2 .

G r i f f i t h ,  I . J . ,  C h o i ,  E .M.  & G l i m c h e r ,  L . H .  ( 1 9 8 7 )  A 

s i n g l e  base m u t a t i o n  in  an I - A  a - c h a i n  gene a l t e r s  T -  

c e l l  r e c o g n i t i o n .  P r o c .  N a t l .  Acad.  S c i .  USA. 8 4 ,  1090.

G u i l l e t ,  J - G . , L a i ,  M - Z . ,  B r i n e r ,  T . J . ,  Buus, S . ,  

S e t t e ,  A . ,  G re y ,  H . M . , S m i t h ,  J . A .  & G e f t e r ,  M. L .  ( 1 9 8 7 )  

Im m u n o lo g ic a l  s e l f ,  n o n - s e l f  d i s c r i m i n a t i o n .  2 3 5 ,  865 .

Hansb u rg ,  D. & A p p e l l a ,  E. ( 1 9 8 5 )  The s i t e s  o f  a n t i g e n -  

T c e l l  and a n t i g e n -  MHC i n t e r a c t i o n s  o v e r l a p .  136 , 3 7 1 2 .

Hannum, C .H .  & M a r g o l i a s h ,  E. ( 1 9 8 5 a )  Assembled  

t o p o g r a p h 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 ig e o n  cy toch ro m e  

c .  J.  Immunol .  135,  3 3 0 3 .

Hannum, C . H . ,  M a t i s ,  L . A . ,  S c h w a r t z ,  R. H.  & M a r g o l i a s h ,

E. ( 1 9 8 5 b )  The B I O . A  mouse B c e l l  re s p o n s e  t o  p igeon  

c y to c h ro m e  c i s  d i r e c t e d  a g a i n s t  t h e  same a r e a  o f  th e  

p r o t e i n  t h a t  i s  r e c o g n is e d  by B I O . a  T c e l l s  in  

a s s o c i a t i o n  w i t h  t h e  E ^ : E^ l a  m o l e c u l e .  J .  Immunol .  135 

3 3 1 4 .

165



H e b e r - K a t z ,  E . ,  H a nsburg ,  D. & S c h w a r t z ,  R. H.  ( 1 9 8 3 )  

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

c r u c i a l  r o l e  on immune res p o n s e  gene r e g u l a t i o n  o f  T 

c e l l  a c t i v a t i o n .  J .  M o l .  C e l l .  Immunol.  1, 3 .

H e d r i c k ,  S . M . ,  N i e l s e n ,  E . A . ,  K a v a l e r ,  J . , Cohen, D . I .  

& D a v i s ,  M.M. ( 1 9 8 4 )  Sequence r e l a t i o n s h i p s  between  

p u t a t i v e  T - c e l l  r e c e p t o r  p o l y p e p t i d e s  and

im m u n o g lo b u l in s .  N a t u r e .  3 0 8 ,  153.

H e ld e rm a n ,  J . H .  & S t ro m ,  T . B .  ( 1 9 7 7 )  Emergence o f  

i n s u l i n  r e c e p t o r s  upon autoimmune T c e l l s  i n  t h e  r a t .  J.  

C l i n .  I n v e s t .  5 9 ,  3 3 8 .

H e ld e rm a n ,  J . H . ,  R e y n o ld s ,  T . C .  & S t ro m ,  T . B .  ( 1 9 7 8 )  

The i n s u l i n  r e c e p t o r  as a u n i v e r s a l  m a rk e r  o f  a c t i v a t e d  

l y m p h o c y te s .  E u r . J .  Immunol .  8 ,  5 8 9 .

H i r a y a m a ,  K . , M a t s u s h i t a ,  S . ,  K i k u c h i ,  I . ,  I u c h i ,  M . , 

O h t a ,  N. & S a s z u k i ,  T.  ( 1 9 8 7 )  HLA-DQ i s  e p i s t a t i c  t o  

HLA-DR in  c o n t r o l l i n g  t h e  immune resp o n se  t o  

s c h is t o s o m a l  a n t i g e n  in  humans. N a t u r e .  3 2 7 ,  4 2 6 .

Hogan,  K . T . ,  C l a y b e r g e r ,  C . , B e r n h a r d ,  E . J . ,  W a lk ,  

S . F . ,  R id g e ,  J . P . ,  Parham, P . ,  K r e n s k y ,  A. M.  & 

E n g e l h a r d ,  V . H .  ( 1 9 8 8 a )  I d e n t i f i c a t i o n  by s i t e - d i r e c t e d  

m u t a g e n e s is  o f  amino a c i d  r e s i d u e s  c o n t r i b u t i n g  t o  

s e r o l o g i c  and C T L - d e f i n e d  e p i t o p e  d i f f e r e n c e s  between  

H L A -A 2 .1  and H L A - A 2 .3 .  J . Im m u n o l .  141 ,  2519

166



Hogan,  K . T . ,  S h im o jo ,  N . , W a lk ,  S . F . ,  E n g e l h a r d ,  V . H . ,  

M a l o y ,  W . L . ,  C o l i g a n ,  J . E .  & B i d d i s o n ,  W.E.  ( 1 9 8 8 b )  

M u t a t i o n s  in  t h e  a2 h e l i x  o f  HLA-A2 a f f e c t  p r e s e n t a t i o n  

b u t  do no t  i n h i b i t  b i n d i g  o f  i n f l u e n z a  v i r u s  m a t r i x  

p e p t i d e .  J . E x p .M e d .  168 ,  7 2 5 .

Janeway,  C . A . ,  Cohen,  B . E . ,  B e n -S a s s o n ,  S . Z .  & P a u l , 

W. E.  ( 1 9 7 5 )  The s p e c i f i c i t y  o f  t h e  c e l l u l a r  immune 

r e s p o n s e  in  g u i n e a  p i g s .  I .  T c e l l s  s p e c i f i c  f o r  2 - 4  

D N P - o - t y r o s y 1 r e s i d u e s .  J . E x p .M e d .  141, 4 2 .

Janeway,  C . A . ,  M au er ,  P . H . ,  D a i l y ,  M.O.  & i n m a n , J . K .  

( 1 9 7 6 a )  The s p e c i f i c i t y  o f  t h e  c e l l u l a r  immune resp o n se  

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

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

Exp.  Med. 144 ,  1621 .

Janeway,  C . A.  & P a u l ,  W.E.  ( 1 9 7 6 b )  The s p e c i f i c i t y  o f  

t h e  c e l l u l a r  immune re sp o n se  in  g u i n e a  p i g s .  J .  Exp.  

Med. 144 ,  1641.

J e n s e n ,  P . E . ,  P i e r c e ,  C.W.  & Kapp, J .  A. ( 1 9 8 4 )  

R e g u l a t o r y  mechanisms in  immune re s p o n s e s  to  

h e t e r o l o g o u s  i n s u l i n s .  I I .  S u p p re s s o r  T c e l l  a c t i v a t i o n  

w i t h  n o n - r e s p o n s i v e n e s s  in  H-2*3 m ic e .  J .  Exp. Med. 160,  

1027.

167



Jen sen ,  P . E .  & Kapp, J . A .  ( 1 9 8 6 )  I n s u l i n - s p e c i f i c  

s u p p r e s s o r  f a c t o r s .  J . Im m uno l  136 ,  1309 .

K a n a m o r i ,  S . ,  W a lsh ,  W . D . ,  Hansen,  T . H .  & Tse ,  H . Y .

( 1 9 8 4 )  Assessment  o f  a n t i g e n  s p e c i f i c  r e s t r i c t i o n  s i t e s  

on l a  m o l e c u l e s  as d e f i n e d  by t h e  bml2 m u t a t i o n .  J.  

Immunol.  133 ,  2 8 1 1 .

Kapp, J . A . ,  P i e r c e ,  C.W.  & B e n a c e r r a f ,  B. ( 1 9 7 4 )  

G e n e t i c  c o n t r o l  o f  immune r e s p o n s e s  i n  v i t r o  I I I .  J .  

Exp.  Med. 140,  172.

K a p p l e r ,  J . W . , Roehm, N. & M a r r a c k ,  P. ( 1 9 8 7 )  T c e l l  

t o l e r a n c e  by c l o n a l  e l i m i n a t i o n  in  t h e  thymus.  C e l l  4 9 ,  

2 7 3 .

K a p p l e r ,  J . W . , S t a e r z ,  U . , W h i t e ,  J .  M a r r a c k ,  P. ( 1 9 8 8 )  

S e l f  t o l e r a n c e  e l i m i n a t e s  T c e l l s  s p e c i f i c  f o r  M l s -  

m o d i f i e d  p r o d u c t s  o f  t h e  m a jo r  h i s t o c o m p a t a b i 1 i t y  

com plex .  N a t u r e  3 3 2 ,  3 5 .

Keck,  K. ( 1 9 7 5 )  I r - g e n e  c o n t r o l  o f  i m m u n o g e n ic i ty  o f  

i n s u l i n  and A - c h a i n  loop  as a c a r r i e r  d e t e r m i n a n t .  

N a t u r e  2 5 4 ,  74 .

Kumagai ,  J . , A k iyam a,  H . , I w a s h i s t a ,  S . ,  I i d a ,  H. 

Y a h a r a ,  I .  ( 1 9 8 1 )  In  v i t r o  r e g e n e r a t i o n  o f  r e s t i n g  

l y m p h o cy tes  f rom  s t i m u l a t e d  ly m p h o c y te s  and i t ’ s 

i n h i b i t i o n  by i n s u l i n .  J .  Immunol .  126,  1249.

168



Lae m m l i ,  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  assem bly  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 ,  68 0 .

Lamb, J . R .  & Young,  D. B.  ( 1 9 8 7 )  a n o v e l  ap p ro ach  t o  th e  

i d e n t i f i c a t i o n  o f  T - c e l l  e p i t o p e s  i n  M y c o b a c te r  ium

t u b e r c u l o s i s  u s in g  human T - l y m p h o c y t e  c l o n e s .

Immunology,  6 0 ,  1.

L a y t o n ,  G . T . ,  S t a n w o r t h ,  D . R.  & Amos, H . E .  ( 1 9 8 6 )  

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

drug c h l o r o h e x i d i n e  i n  m ic e .  The r o l e  o f  t h e  c a r r i e r  and 

a d j u v a n t s  i n  t h e  i n d u c t i o n  o f  IgE  and IgG a n t i - h a p t e n  

r e s p o n s e s .  Immunology,  6 9 ,  4 5 9 .

L a y t o n ,  G . T . ,  S t a n w o r t h ,  D . R.  & Amos, H . E .  ( 1 9 8 7 )  

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

drug  c h l o r o h e x i d i n e  in  m ic e .  M o l e c u l a r  r e q u i r e m e n t s  f o r  

t h e  i n d u c t i o n  o f  IgE  and IgG a n t i - h a p t e n  a n t i b o d i e s .  

M o l .  Immunol .  2 4 ,  133.

L i ,  T . H .  ( 1 9 6 6 )  P r e p a r a t i o n  and p r o p e r t i e s  o f  o f  

d i n i t r o p h e n y l  NH E - i n s u l i n .  N a t u r e ,  178 ,  1402.

L u e s c h e r ,  I . F . ,  A l l e n ,  P.M.  & Unanue,  E . R .  ( 1 9 8 8 )  

B i n d i n g  o f  p h o t o r e a c t i v e  lysozym e p e p t i d e  t o  m u r in e  

h i s t o c o m p a t a b i 1 i t y  C l a s s  I I  m o l e c u l e s .  P r o c .  N a t l .  Acad.  

S c i .  86 ,  8 7 1 .

169



M c D e v i t t ,  H .O .  & S e l a ,  M. ( 1 9 6 7 )  G e n e t i c  c o n t r o l  o f  

a n t i b o d y  r e s p o n s e .  I .  J .  Exp. Med. 122 ,  6 1 7 .

M c D e v i t t ,  H .O .  & S e l a ,  M. ( 1 9 6 8 )  G e n e t i c  c o n t r o l  o f  

a n t i b o d y  r e s p o n s e .  I I  J .  Exp.  Med. 126 ,  9 69 .

M acD o na ld ,  H . R . ,  S c h n e i d e r ,  R . , L e e s ,  R . K . ,  Howe, R . C . ,  

A c h a - O r b e a ,  H . , F e s t e n s t e i n ,  H . , Z i n k e r n a g e l ,  R.M.  & 

H e n g a r t n e r ,  H. ( 1 9 8 8 )  T - c e l l  r e c e p t o r  Vp use p r e d i c t s  

r e a c t i v i t y  and t o l e r a n c e  t o  M ls - e n c o d e d  a n t i g e n s .  N a t u r e  

3 3 2 ,  4 0 .

McLeod, A. & Wood S . P .  ( 1 9 8 4 )  H i g h - p e r f o r m a n c e  l i q u i d  

c h r o m a to g r a p h y  o f  i n s u l i n .  J .  C h ro m a to g ra p h y .  2 8 5 ,  3 1 9 .

M c I n t y r e ,  K. R.  & Se idm an,  J . G .  ( 1 9 8 4 )  N u c l e o t i d e  

sequences  o f  m u ta n t  I - A p k m l2  gene i s  e v i d e n c e  f o r  

g e n e t i c  exchange  between mouse immune res p o n s e  genes .  

N a t u r e ,  3 0 8 ,  5 5 1 .

M e s s in g ,  J .  , C r e a ,  R. & S e e b u r g ,  P . H .  ( 1 9 8 1 )  A system  

f o r  sho tgu n  DNA s e q u e n c in g .  N u c l e i c  A c id s  Res. 9 ,  3 0 9 .

M e u e r , S . C . ,  Hussey ,  R . E . ,  C a n t r e l l ,  D. A.  Hodgon,  J . C .  

S ch lo ssm an ,  S . F . ,  S m i th ,  K . A.  & R e i n h e r z ,  E . L .  ( 1 9 8 4 )  

T r i g g e r i n g  o f  t h e  T 3 - T i  a n t i g e n  r e c e p t o r  complex r e s u l t s  

in  c l o n a l  T c e l l  p r o l i f e r a t i o n  an th r o u g h  I L - 2  dep enden t  

a u t o c r i n e  p a th w a y .  P ro c .  N a t l .  Acad.  S c i .  USA. 8 1 ,  1509.

170



M i l l s ,  K . H . G . ,  S k e h e l , J . J .  & Thomas, D. B.  ( 1 9 8 6 )  

C o n f o r m a t i o n a l  d e t e r m i n a n t  r e c o g n i t i o n  o f  i n f l u e n z a  

v i r u s  HA by m u r in e  T h e l p e r  c e l l  c l o n e s .  E u r . J.  

Im m un o l . 16,  2 7 6 .

M i l l e r ,  G . G . ,  P o l l a c k ,  M . S . ,  N e l l ,  L . J .  & Thomas, J.W.

( 1 9 8 7 )  I n s u l i n - s p e c i f i c  human T c e l l s .  139 ,  3 6 2 2 .

M i s h e l l ,  B & S h i g i i ,  J .  S e l e c t e d  methods in  c e l l u l a r  

immunology.  C h a p t e r  16. Freeman P r e s s ,  San F r a n c i s c o .

M i t c h i s o n ,  N. A.  ( 1 9 7 1 )  The c a r r i e r  e f f e c t  in  t h e

s e c o n d a r y  re sp o n se  t o  h a p te n  p r o t e i n  c o n j u g a t e s .  I I

C e l l u l a r  c o o p e r a t i o n .  E u r .  J .  Immunol.  1, 18.

M i t c h i s o n ,  N. A.  & O l i v e i r a ,  D . B . G .  ( 1 9 8 6 )  

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

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

s u p p r e s s o r  c e l l s .  P r o g r e s s  in  Immunolgy ,  V I .  ed B. 

C i n a d e r  & R. G.  M i l l e r .  Academic P r e s s ,  London.

M o r i t a ,  C . T . ,  G o d f r e y ,  W. L.  Goodman, J. W.  & L e w is ,  G. K.

( 1 9 8 6 )  A r s o n a t e  s p e c i f i c  m u r in e  T c e l l  c l o n e s .  J.  

Immunol .  137 ,  2 1 3 9 .

N a q u e t ,  P . ,  E l l i s ,  J . , S in g h ,  B . , Hodges,  R . S .  & 

D e l o v i t c h ,  T . L .  ( 1 9 8 7 )  P r o c e s s in g  and p r e s e n t a t i o n  o f  

i n s u l i n .  I .  An a n a l y s i s  o f  immunogenic p e p t i d e s  and

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

s p e c i f i c  T c e l l s .  J .  Immunol .  139 ,  3 9 5 5 .

171



O gasaw ara ,  K. , M a lo y ,  W. L.  & S c h w a r t z ,  R. H.  ( 1 9 8 7 )  

F a i l u r e  t o  f i n d  h o l e s  in  t h e  T c e l l  r e p e r t o i r e .  N a t u r e ,  

3 2 5 ,  4 5 1 .

O k i ,  A.  & S e r c a r z ,  E. ( 1 9 8 5 )  T c e l l  t o l e r a n c e  s t u d i e d  

a t  t h e  l e v e l  o f  a n t i g e n i c  d e t e r m i n a n t s .  J .  Exp. Med.  

161, 8 9 7 .

O l i v e i r a ,  D . B . G .  & N a r d i ,  N. B.  ( 1 9 8 7 )  Immune 

s u p p r e s s i o n  genes c o n t r o l  t h e  a n t i - F  a n t i g e n  re sp o n se  in  

F I  h y b r i d s  and r e c o m b in a n t  i n b r e d  s t r a i n s  o f  m ic e .  

Im m u n o g e n e t ic s . 2 6 ,  3 5 9 .

O l i v e i r a ,  D . B . G .  & M i t c h i s o n ,  N. A.  ( 1 9 8 8 )  Immune 

s u p p r e s s i o n  gen es .  C l i n .  Exp.  Med. i n  p r e s s .

P e t i t ,  C. & J u l i u s ,  M .H .  ( 1 9 8 6 )  T r a n s - s t i m u l a t i o n  o f  T 

c e l l s :  C h a r a c t e r i s a t i o n  o f  t a r g e t s  and i n v o l v m e n t  in

l o s s  o f  a l l o r e a c t i v i t y . Scand.  J .  Immunol.  2 3 ,  45 .

P l a c h o v ,  D . ,  F i s c h e r ,  H - G . , R e s k e - K u n z , A . B .  & Rude, E.

( 1 9 8 8 )  The s p e c i f i c i t y  o f  t h e  i n t e r a c t i o n  betw een th e  

a g r e t o p e  o f  an a n t i g e n  and an I a - m o l e c u l e  can depend on 

t h e  T c e l l  c l o n o t y p e .  M o l .  Immunol .  2 5 ,  611 .

P u l l e n ,  R . A . ,  L i n d s a y ,  D . G . ,  Wood, S . P . ,  T i c k l e ,  I . J . ,  

B l u n d e l l ,  T . L . ,  W o l lm e r ,  A . ,  K r a i l ,  G . , B r a n d e n b u rg ,  D . , 

Zahn,  H . , G l ie m a n n ,  J .  & G a m m e l t o f t ,  S.  ( 1 9 7 6 )  R e c e p to r  

b i n d i n g  r e g i o n  o f  i n s u l i n .  N a t u r e .  2 5 9 ,  3 6 9 .

172



R e s k e -K u n z ,  A. B.  & Rude, E. ( 1 9 8 2 )  F i n e  s p e c i f i c i t y  o f  

a T c e l l  r e a c t i v e  l i n e  t o  b o v in e  i n s u l i n .  J .  Immunol.  

128,  1252.

R o s e n t h a l ,  A . S .  ( 1 9 7 8 )  D e t e r m i n a n t  s e l e c t i o n  and 

macrophage f u n c t i o n  in  g e n e t i c  c o n t r o l  o f  t h e  immune 

r e s p o n s e .  Immunol.  Rev.  4 0 ,  136.

R o senw asser ,  L . J . ,  B a r c i n s k i ,  M . A . ,  S c h w a r t z ,  R. H.  & 

R o s e n t h a l ,  A . S .  ( 1 9 7 9 )  Immune r e s p o n s e  gene c o n t r o l  o f  

d e t e r m i n a n t  s e l e c t i o n .  J .  Immunol .  123 ,  4 7 1 .

R o t h b a r d ,  J . B .  & T a y l o r ,  W.R.  ( 1 9 8 8 )  A sequence  p a t t e r n  

common t o  T c e l l  e p i t o p e s .  EMBO. 7 ,  93 .

S a i t o ,  H . , K r a n z ,  D . M . , T a k a g a k i ,  Y . , Hayday ,  A . C . ,  

E i s e n ,  H .N .  & Tonegawa,  S. ( 1 9 8 4 )  C o m p le te  p r i m a r y  

s t r u c t u r e  o f  a h e t e r o d i m e r i c  T - c e l l  r e c e p t o r  deduced  

f ro m  cDNA s e q u en ce s .  N a t u r e .  3 0 9 ,  7 5 7 .

S a n g e r ,  F . ,  N i c k l e n ,  S. & C o u ls o n ,  A . S .  ( 1 9 7 7 )  DNA 

s e q u e n c in g  w i t h  c h a in  t e r m i n a t i n g  i n h i b i t o r s .  P roc .  

N a t l .  Acad.  S c i .  USA. 7 4 ,  5 4 6 3 .

S e t t e ,  A . ,  Buus, S . ,  C o lo n ,  S . ,  S m i t h ,  J . A . ,  M i l e s ,  C. 

& G re y ,  H.M. ( 1 9 8 7 )  S t r u c t u r a l  c h a r a c t e r i s t i c s  o f  an 

a n t i g e n  r e q u i r e d  f o r  i t ’ s i n t e r a c t i o n  w i t h  l a  and 

r e c o g n i t i o n  by T c e l l s .  N a t u r e  3 2 8 ,  3 9 5 .

173



S c h w a r t z ,  R . H . ,  B ia n c o ,  A . R . ,  H a n d w e rg e r ,  B . S .  & Kahn,  

C. R .  ( 1 9 7 5 )  D e m o n s t r a t i o n  t h a t  m oncytes  r a t h e r  th an  

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

p r e p a r a t i o n s  o f  human p e r i p h e r a l  b lo o d  m ononuclear  

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

s t a t e s  in  man. P r o c .  N a t l .  Acad.  S c i .  U . S . A .  72 ,  4 7 4 .

S c h w a r t z ,  R . H . ,  Ja c k s o n ,  L.  & P a u l ,  W. E.  ( 1 9 7 5 )  T

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

r e l i a b l e  ass a y  f o r  a n t i g e n - i n d u c e d  T lym phocy te

p r o l i f e r a t  i o n . J .  Immunol.  115 ,  1330.

S c h w a r t z ,  R . H . ,  Fox ,  B . S . ,  F r a g a ,  E . ,  Chen,  C. & S in g h ,  

B. ( 1 9 8 5 )  t h e  T lym p h o cy te  res p o n s e  t o  cy to c h ro m e  c .  J.  

Immunol.  135 ,  2 5 9 8 .

S h a s t r i ,  N . , M i l l e r ,  A. & S e r c a r z ,  E . E .  ( 1 9 8 6 )  Amino 

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

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

a n t i g e n s .  J .  Immunol .  136,  3 7 1 .

Snow, E . C . ,  F e l d b u s h ,  T . L .  & Oaks,  J . A .  ( 1 9 8 1 )  The 

e f f e c t  o f  g ro w th  hormone and i n s u l i n  upon MLC respo nses  

and t h e  g e n e r a t i o n  o f  c y t o t o x i c  ly m p h o c y te s .  J.  Immunol.  

126,  161.

Snow, E . C.  ( 1 9 8 5 )  I n s u l i n  and g ro w th  hormone f u n c t i o n  

as m in or  g ro w th  f a c t o r s  t h a t  p o t e n t i a t e  lym phocy te

a c t i v a t i o n .  J .  Immunol.  135,  7 7 6 .

174



S p a e t h ,  E. & Rude, E. ( 1 9 8 3 )  E p i t o p e  s p e c i f i c i t y  and l a  

r e s t r i c t i o n  t o  i n s u l i n  in  a sys tem  o f  c o m p le m e n t in g  I r  

genes:  a n a l y s i s  w i t h  p r im e d  lymph node T c e l l s  and long  

te r m  c u l t u r e  c e l l  l i n e s .  E u r . J .  Immunol .  13,  7 5 6 .

S p i n e l l a ,  D . G . ,  Hansen,  T . H . ,  W a ls h ,  W . D . ,  B e h l k e ,  

M . A . ,  T i l l i n g h a s t ,  J . P . ,  Chou, H . S . ,  W h i t e l y ,  P . J . ,  

Kapp, J . A . ,  P i e r c e ,  C . W . , Sh evach ,  E .M .  & L o h , D . Y .

( 1 9 8 7 )  R e c e p t o r  d i v e r s i t y  o f  i n s u l i n  s p e c i f i c  T c e l l  

l i n e s  f rom  C57BL (H-2*3 ) m ic e .

S o l i n g e r ,  A . M . ,  U l t e e ,  M . F . ,  M a r g o l i a s h ,  E. & S c h w a r t z ,  

R. H.  ( 1 9 8 0 )  T - l y m p h o c t e  res p o n s e  t o  cy to c h ro m e  c .  J.  

Exp. Med. 150 ,  8 30 .

S t r e i c h e r ,  H . z . ,  B e r k a u e r ,  I . J . ,  Busch,  M. , Gurd ,

F . R . N .  & B e r z o f s k y ,  J . A .  ( 1 9 8 4 )  A n t i g e n  c o n f o r m a t i o n  

d e t e r m i n e s  p ro ce ss im g  r e q u i r e m e n t s  f o r  T c e l l  

a c t i v a t i o n .  P r o c .  N a t l .  Acad.  S c i .  USA. 8 1 ,  6 8 3 1 .

T a b o r ,  S.  & R ic h a r d s o n ,  C .C .  ( 1 9 8 7 )  DNA sequence  

a n a l y s i s  w i t h  a m o d i f i e d  b a c t e r i o p h a g e  T7 DNA 

p o ly m e r a s e .  P r o c .  N a t l .  Acad.  S c i .  8 4 ,  4 7 6 7 .

175



Thomas, J . W . , Danho, W . W . , B u l l e s b a c h ,  E . ,  F o h l e s ,  J .  & 

R o s e n t h a l ,  A . S .  ( 1 9 8 1 )  Immune re sp o n se  gene c o n t r o l  o f  

d e t e r m i n a n t  s e l e c t i o n  I I I .  P o l y p e p t i d e  f r a g m e n t s  o f  

i n s u l i n  a r e  d i f f e r e n t i a l l y  r e c o g n is e d  by T c e l l s  , bu t  

n o t  by B c e l l s  i n  i n s u l i n  immune g u i n e a  p i g s .  J.  

Immunol.  126,  1095.

T r a v e r s ,  P . ,  B l u n d e l l ,  T . L .  S t e r n b e r g ,  M . J .  & Bodmer, W 

S t r u c t u r a l  and e v o l u t i o n a r y  a n a l y s i s  o f  HLA-D r e g i o n  

p r o d u c t s .  N a t u r e .  3 1 0 ,  2 3 5 .

T s e ,  H . Y . ,  S c h w a r t z ,  R. H.  & P a u l ,  W.E.  ( 1 9 8 0 )  C e l l - c e l l  

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

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

n o n - s p e c i f i c  T c e l l  r e c r u i t m e n t .  J .  Immunol .  125,  4 9 1 .

Unanue,  E . R .  & A l l e n ,  P . M . ( 1 9 8 7 )  The b a s i s  f o r  th e  

im m u n o r e g u la t o r y  r o l e  o f  m acrophages and o t h e r  a c c e s s o r y  

c e l l s .  S c ie n c e  2 3 6 ,  5 5 1 .

W a t t s ,  T . H . ,  Gaub, H . E .  & M c C o n n e l l ,  H.M. ( 1 9 8 6 )  T c e l l  

m e d i a t e d  a s s o c i a t i o n  o f  p e p t i d e  a n t i g e n s  and t h e  m a jo r  

h i s t o c o m p a t a b i 1 i t y  complex p r o t e i n  d e t e c t e d  by e n e rg y  

t r a n s f e r  in  an e v a n e s c e n t  f i e l d .  N a t u r e .  3 2 0 ,  179 .

W e r d i l i n ,  0 .  ( 1 9 8 6 )  D e t e r m i n a n t  p r o t e c t i o n .  A

h y p o t h e s i s  f o r  t h e  a c t i v i t y  o f  immune re s p o n s e  genes in  

t h e  p r o c e s s i n g  and p r e s e n t a t i o n  o f  a n t i g e n s  by 

m acroph ages .  Scand.  J .  Immunol.  2 4 ,  62 5 .

176



W rede,  J . , Rude, E . , Thumb, R. & M e y e r - D e l i u s , M.

( 1 9 7 3 )  C a r r i e r  f u n c t i o n  o f  t h e  p o l y p e p t i d e s  ( T , G ) - A - L  

and ( H , G ) - A - L  in  h ig h  and low r e s p o n d e r  m ic e .  E u r . J 

Im m un o l . 3 ,  7 9 8 .

Z i n k e r n a g e l ,  R.M.  & D o c h e r t y ,  P . C.  ( 1 9 7 9 )  MHC- 

r e s t r i c t e d  c y t o t o x i c  T c e l l s :  S t u d i e s  on t h e  b i o l o g i c a l  

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

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

r e s p o n s i v e n e s s .  Adv. Immunol .  2 7 ,  51 .

177


