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I l l

ABSTRACT

MONOCLONAL ANTIBODIES DIRECTED AGAINST THE CYCLIC AMP 

RECEPTOR PROTEIN OF ESCHERICHIA COLI AS PROBES OF STRUCTURE

AND FUNCTION

by

X i a o -M i ao  Li 

A d v i s e r :  J o s e p h  S.  Krakow

M o n o c l o n a l  a n t i b o d i e s  (mAb) a g a i n s t  t h e  E. c o l  i cAMP 

r e c e p t o r  p r o t e i n  ( C R P )  h a v e  b e e n  i s o l a t e d  a n d  

c h a r a c t e r i z e d .  The a n t i  CRP mAbs f a l l  i n t o  two  g r o u p s :  

C l a s s  I mAbs b i n d  o n l y  t o  n a t i v e  b u t  n o t  u r e a  d e n a t u r e d  

CRP. C l a s s  I I  mAbs b i n d  e q u a l l y  w e l l  t o  b o t h  n a t i v e  a nd  

u r e a  d e n a t u r e d  CRP.  T h e  l o c a t i o n s  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  o f  t h e  mAbs h a v e  b e e n  s t u d i e d .  A l l  C l a s s  I 

mAbs s t u d i e d  a r e  l o c a t e d  i n  t h e  C - t e r m i n a l  domain  o f  CRP 

and a l l  C l a s s  I I  mAbs s t u d i e d  a r e  l o c a t e d  i n  t h e  N - t e r m i n a l  

d o m a i n .  C l a s s  I I  mAb 64D1 s t r o n g l y  i n h i b i t s  cAMP b i n d i n g  

by CRP by a l t e r i n g  t h e  c o n f o r m a t i o n  o f  CRP and  c o n s e q u e n t l y  

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

a b o r t i v e  i n i t i a t i o n  by  RNA p o l y m e r a s e .  CRP i n  t h e  

p r e f o r m e d  o pe n  p r o m o t e r  compl ex  i s  p r o t e c t e d  f rom a t t a c k  by 

mAb 6 4 D1 i n d i c a t i n g  t h a t  b i n d i n g  o f  RNA p o l y m e r a s e  

s t a b i l i z e s  t h e  cAMP-CRP c o m p l e x .  The a n t i g e n i c



d e t e r m i n a n t s  o f  mAb 66C3 a nd  mAb 63B2 a r e  l o c a t e d  a t  t h e  

h i n g e  r e g i o n  o f  CRP j o i n i n g  t h e  l a r g e  and s m a l l  d o m a i n s .  

Both  mAbs a r e  s t r o n g  i n h i b i t o r s  o f  t r a n s c r i p t i o n  i n i t i a t i o n  

f rom t h e  l a c  p r o m o t e r ;  mAb 63B2 i n h i b i t s  DNA b i n d i n g  by CRP 

w h i l e  mAb 66C3 e n h a n c e s  t h i s  b i n d i n g .  DNase I f o o t p r i n t i n g  

i n d i c a t e s  t h a t  cAMP-CRP-mAb 66C3 b i n d s  t o  CRP S i t e  1 ( - 5 0

t o  - 7 0  bp)  a n d  a l s o  t o  CRP S i t e  2 ( - 1 0  t o  +10 bp)  which  

o v e r l a p s  p a r t  o f  t h e  RNA p o l y m e r a s e  b i n d i n g  s i t e .  50% o f  

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

mAb 66C3.  The r e s u l t s  i mp l y  t h a t  two s t a t e s  o f  CRP i n  t h e  

o p e n  p r o m o t e r  c o m p l e x  m i g h t  e x i s t  due  t o  t h e  a symmet r y  in 

t h e  cAMP-CRP c o m p l e x .  P r o t e i n - p r o t e i n  i n t e r a c t i o n s  b e t w e e n  

CRP and RNA p o l y m e r a s e  a r e  a l s o  s u g g e s t e d  by a c o m p a r i s o n  

o f  t h e  DNase  I f o o t p r i n t  p a t t e r n s  o f  l a c  P + and l a c  L8UV5 

c o m p l e x e s .
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INTRODUCTION

The cAMP r e c e p t o r  p r o t e i n  (CRP a l s o  r e f e r r e d  t o  a s  t h e  

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

t r a n s c r i p t i o n  o f  a t  l e a s t  25 g e n e s  i n  E. c o l i  ( f o r  g e n e r a l  

r e v i e w  s e e  Ul lman and D a n c h i n ,  1983  a nd  de  C r o m b r u g g h e  e t  

a l . , 1 9 8 4 ) .  I n  t h e  a b s e n c e  o f  cAMP, CRP r e t a i n s  o n l y  a 

n o n s p e c i f i c  DNA b i n d i n g  a c t i v i t y .  I n  t h e  p r e s e n c e  o f  cAMP, 

t h e  cAMP-CRP compl ex  b i n d s  t o  s p e c i f i c  DNA s i t e s  l o c a t e d  a t  

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

i n i t i a t i o n .  A l t h o u g h  t h e  m a j o r  r o l e  o f  CRP i s  t o  a c t i v a t e  

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

some s y s t e m s  s u c h  a s  t h e  c r p  p r o m o t e r  ( A i b a ,  1983) i t  a c t s  

a s  a r e p r e s s o r .  In  t h e  l a c  (Malan and M c C l u r e ,  1 98 4 )  a n d

g a l  (Mu ss o  e t  a l . ,  1 9 7 7 )  o p e r o n s ,  i n  wh i ch  t h e r e  a r e  two 

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

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

t h e  o t h e r .  I n  a r aBAD ( L ee  e t  a l . ,  1 9 8 1 ) ,  m a l K - m a I D and 

m a l E , F , G  ( C h a p o n , 1982)  o p e r o n s ,  an a d d i t i o n a l  p r o t e i n ,  t h e  

A ra  C p r o t e i n  o r  t h e  Mai  T p r o t e i n ,  i s  a l s o  r e q u i r e d  f o r  

a c t i v a t i n g  t r a n s c r i p t i o n .

CRP i s  a d i m e r i c  p r o t e i n  c o m p r i s e d  o f  two i d e n t i c a l  

s u b u n i t s  o f  209 amino  a c i d s .  The amino a c i d  s e q u e n c e  and 

DNA s e q u e n c e  o f  CRP m o l e c u l e  i s  s hown i n  F i g u r e  1 .  The 

c r y s t a l  s t r u c t u r e  o f  a CRP d i m e r  c o m p l e x e d  w i t h  cAMP h as  

been  d e t e r m i n e d  a t  2 . 9  A r e s o l u t i o n  (McKay and S t e i t z ,  1981 

and McKay e t  a l . ,  1 9 8 2 )  ( F i g .  2 ) .  Each  s u b u n i t  h a s  two
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d i s t i n c t  s t r u c t u r a l  d o m a i n s .  The l a r g e  N - t e r m i n a l  domain  

f rom r e s i d u e s  1 t o  135 h a s  an a p p r o x i m a t e  o v e r a l l  d i m e n s i o n  

o f  25x30x35 A. I t  i s  c l a s s i f i e d  a s  a n  a n t i - p a r a l l e l  b e t a  

s t r u c t u r e .  T h e r e  i s  an  e i g h t - s t r a n d e d  a n t i p a r a l l e l  b e t a  

r o l l  f o r m i n g  a p o c k e t ,  w h i c h  f o r m s  a m a j o r  p a r t  o f  cAKP 

b i n d i n g  s i t e .  The l a r g e  domain  a l s o  c o n t a i n s  a 40 A long  

C - a l p h a  h e l i x  wh i ch  c o n n e c t s  t h e  two d o m a i ns  a n d  p a r t i a l l y  

c l o s e s  o f f  one  end  o f  t h e  cAMP b i n d i n g  p o c k e t .  The s m a l l e r  

C - t e r m i n a l  d o m a i n  f r o m  r e s i d u e s  136  t o  209 w i t h  a b o u t  

20x20x30 A d i m e n s i o n  c o n t a i n s  t h r e e  a l p h a  h e l i c e s ;  D,E and  

F .  The t h r e e - h e l i x  m o t i f  i s  s i m i l a r  t o  t h a t  found  in  t h e  

l a m b d a  c r o  r e p r e s s o r ,  t h e  CRP E a n d  F h e l i c e s  h a v e  a 

c o n f o r m a t i o n  s i m i l a r  t o  t h e  a l p h a  2 and  3 h e l i c e s  i n  t h e  

c r o  r e p r e s s o r  ( S t e i t z  e t  a l . ,  1 9 8 2 ) .  The F - h e l i x  w h i c h  

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

p r o v i d e s  t h e  m a j o r  i n t e r a c t i o n  s i t e s  w i t h  DNA t a r g e t s ,  and  

t h e  two F - h e l i c e s  r u n  a p p r o x i m a t e l y  p a r a l l e l  t o  e a c h  o t h e r  

a t  a d i s t a n c e  o f  34 A. A l t h o u g h  t h e r e  i s  a c l e f t  b e t w e e n  

t h e  two d o m a i n s  n o n c o v a l e n t  c o n t a c t s  b e t w e e n  t h e  d o m a i n s  

s t a b i l i z e  t h e  r e l a t i v e  o r i e n t a t i o n  o f  t h e  d o m a i n s .  The 

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

b e t a  r o l l  5 o f  t h e  l a r g e  d o m a i n  a n d  t h e  E - h e l i x  o f  t h e  

s m a l l  d o m a i n .  However ,  i n  one  o f  t h e  s u b u n i t s  o f  t h e  CRP 

d i m e r  t h e r e  i s  a n  a d d i t i o n a l  c o n t a c t  b e t w e e n  t h e  two 

d o m a i n s .  I t  i s  t h e  c o n t a c t  b e t w e e n  A s n - 6 5  o f  b e t a  r o l l  5 

a n d  G l n - 1 5 3  l o c a t e d  b e t w e e n  D - h e l i x  and b e t a  r o l l  9.  The 

e x t r a  c o n t a c t  i n  o n e  o f  t h e  two s u b u n i t s  r e s u l t s  i n  an
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a s y m m e t r i c  c o n f o r m a t i o n  o f  t h e  CRP m o l e c u l e .  I n  o n e  

s u b u n i t ,  t h e  two d o m a i n s  f o r m  an  o p e n  c l e f t .  The o t h e r  

s u b u n i t  i s  i n  a c l o s e d  c o n f o r m a t i o n .  T h e r e f o r e  t h e r e  i s  no 

u n i q u e  d y a d  a x i s  r e l a t i n g  t h e m .  I f  t h e  t wo  N - t e r m i n a l  

d o m a i n s  o f  t h e  two s u b u n i t s  a r e  s u p e r i m p o s e d  on e a c h  o t h e r ,  

t h e  C - t e r m i n a l  d o m a i ns  a r e  o r i e n t e d  a t  an  a n g l e  a s  l a r g e  a s  

28°  (McKay and S t e i t z ,  1 9 8 1 ) .  The s u b u n i t - s u b u n i t  c o n t a c t s  

a r e  e x c l u s i v e l y  l o c a t e d  b e t w e e n  t h e  N - t e r m i n a l  d o m a i n s  

m a i n l y  p r o v i d e d  by t h e  C - h e l i x  and p a r t  o f  t h e  b e t a  r o l l s .  

The two C - t e r m i n a l  d o m a i n s  h a ve  no d i r e c t  i n t e r a c t i o n .

The b o u n d  cAMP m o l e c u l e  i s  c o m p l e t e l y  b u r i e d  w i t h i n  

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

c r y s t a  1 1 o g r a p h i c  s t r u c t u r e ,  cAMP i s  i n  a n  a n t i  

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

i s  a c c e s s i b l e  t o  t h e  s o l v e n t  i s  t h e  C8 p o s i t i o n  (McKay e t  

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

b e t a  r o l l s  6 and 7,  and i t s  a d e n i n e  r i n g  i s  o r i e n t e d  t o w a rd  

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

p h o s p h a t e  g r o u p  i n t e r a c t s  w i t h  r e s i d u e s  S e r - 8 2  and A l a - 8 3 ,  

t h e  r i b o s e  m o i e t y  i s  b o u n d  by r e s i d u e s  T r p - 3 4  and L e u - 7 2 .  

The a d e n i n e  r i n g  i n t e r a c t s  w i t h  r e s i d u e  S e r - 1 2 7  f r o m  t h e  

s ame  s u b u n i t  a n d  r e s i d u e  G l u - 1 2 3  f r o m  t h e  o t h e r  s u b u n i t  

(McKay e t  a l . ,  1 9 8 2 ) .  By a n a l y z i n g  t h e  e f f e c t s  o f  cAMP 

a n a l o g s  o n  CRP s t r u c t u r e  a n d  f u n c t i o n ,  E b r i g h t  e t  a l .  

(1985)  p r o p o s e d  a cAMP-CRP b i n d i n g  m o d e l  i n  s o l u t i o n ,  i n  

which  cAMP i s  bound i n  t h e  sy n  c o n f o r m a t i o n .  They p r o p o s e d  

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



4

m o i e t y .  The N-6 ,  C-2 f a c e  o f  cAMP i s  d i r e c t e d  o u t w a r d  t o  

t h e  s o l v e n t ,  i n s t e a d  o f  t h e  N-8 f a c e  a s  s u g g e s t e d  by t h e  

cAMP a n t i  c o n f o r m a t i o n  mode l  b a s e d  on t h e  c r y s t a  1 l o g r a p h i c  

s t r u c t u r e  o f  CRP (McKay e t  a l . ,  1 9 8 2 ) .  The syn  mode l  i s  

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

cAKP-CRP c o n f o r m a t i o n  ( G r o n e n b o r n  a n d  C l o r e ,  1 9 8 2 ) .  In  

b o t h  m o d e l s  h y d r o g e n  b onds  b e t w e e n  a d e n i n e  N-6 o f  cAMP and 

amino a c i d  r e s i d u e s  o f  CRP a r e  i m p o r t a n t .

B i n d i n g  o f  cAMP t o  CRP e l i c i t s  c o n f o r m a t i o n a l  c h a n g e s  

i n  t h e  p r o t e i n .  F r e e  CRP i s  r e s i s t a n t  t o  c l e a v a g e  by 

t r y p s i n ,  c h y m o t r y p s i n , S t a p h y l o c o c c u s  a u r e u s  V8 p r o t e a s e  

and s u b t i l i s i n .  The cAMP-CRP compl ex  i s  c l e a v e d  r a p i d l y  by 

a l l  t h e  f o u r  p r o t e a s e s  (Krakow and P a s t a n ,  1973 and E i l e n  

e t  a l . ,  1 9 7 8 ) .  The i n t e r s u b n i t  d i s u l f i d e  c r o s s - l i n k i n g  o f  

CRP by d i t h i o b i s - 2 - n i t r o b e n z o i c  a c i d  (DTNB) i s  m a r k e d l y  

e n h a n c e d  i n  t h e  p r e s e n c e  o f  cAMP ( E i l e n  and K r a k o w ,  1 9 7 7 ) .  

A p p a r e n t l y ,  b i n d i n g  o f  cAMP t o  CRP b r i n g s  t h e  two s u b u n i t s  

c l o s e r .  The c y s t e i n e  178 i n  e a c h  s u b u n i t  come c l o s e  enough  

t o  fo rm t h e  d i s u l f i d e  b o n d .  I n  f a c t ,  s m a l l - a n g l e  X - r a y  

s c a t t e r i n g  e x p e r i m e n t s  d e t e c t e d  a d e c r e a s e  o f  4 . 0  A i n  t h e  

r a d i u s  o f  g y r a t i o n  o f  CRP u p o n  b i n d i n g  t o  cAMP (Kumar e t  

a l . ,  1 9 8 0 ) .

A n o t h e r  c h a n g e  i n  CRP e l i c i t e d  by b i n d i n g  o f  cAMP i s  

a n  i n c r e a s e d  a f f i n i t y  f o r  s p e c i f i c  DNA s i t e s .  W i t h o u t  

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

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

b a c k b o n e  g r o u p s  a nd  t h e  b a s i c  a m i n o  a c i d  s i d e  c h a i n s  o f
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CRP.  T h e  n o n - s p e c i f i c  c o m p l e x  f o r m e d  h a s  CRP a nd  DNA 

s e p a r a t e d  by up t o  12 A t h u s  e n a b l i n g  CRP t o  move f r e e l y  

a l o n g  DNA t o  s e a r c h  f o r  s p e c i f i c  b i n d i n g  s i t e s  (Weber and 

S t e i t z ,  1 9 8 4 ) .  F o r  s p e c i f i c  CRP-DNA b i n d i n g ,  h y d r o g e n  

b o n d s  b e t w e e n  DNA s p e c i f i c  r e g i o n s  a n d  CRP a r e  i n v o l v e d  

w h i c h  i n c r e a s e  t h e  a f f i n i t y  o f  CRP f o r  DNA by s i x  f o l d  

( Weber  a n d  S t e i t z ,  1 9 8 4 ) .  CRP c a n  s e a r c h  f o r  t h e  p r o p e r  

h y d r o g e n  b o n d s  a s  i t  i s  " s l i d i n g "  a l o n g  t h e  DNA c h a i n ,  

(Weber  e t  a l .  1 9 8 4  s u g g e s t e d  t h a t  CRP c a n  move i n  and o u t  

o f  t h e  DNA g r o o v e s  a t  a r a t e  f a s t e r  t h a n  " s l i d i n g " )  , u n t i l  

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

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

cAMP-CRP a g a i n s t  DNase  I d i g e s t i o n  a n d  by  m e t h y l a t i o n  

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

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

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

s e q u e n c e .  P o i n t  m u t a t i o n s  i n  g a l  ( B u s b y  e t  a l . ,  1 9 8 2 ;  

Busby and D r e y f u s ,  1 9 8 3 )  a n d  l a c  ( H o p k i n s ,  1 9 7 4 ;  M a j o r s ,  

1 9 7 5 )  w h i c h  p r e v e n t  s t a b l e  CRP b i n d i n g  a r e  l o c a t e d  i n  t h i s  

r e g i o n .  D e l e t i o n  i n  t h i s  r e g i o n  p r e v e n t s  CRP b i n d i n g  

( B u s b y  e t  a l . ,  1 9 8 3 ) .  I n  r a r e  c a s e s  l i k e  t n a A a n d  l a c  

p r o m o t e r s ,  an  i n v e r t e d  r e p e a t  s e q u e n c e  was  f o u n d  6 b a s e  

p a i r s  d o w n s t r e a m  f r om t h e  TGTGA m o t i f  ( De e l e y  and Y a n o f s k y ,  

1 9 8 2  ; D i c k s o n  e t  a l .  , 1 9 7 7 ) .  I n  mos t  c a s e s ,  t h i s  symmet ry  

i s  n o t  o b s e r v e d .  But  t h e  n o n - s y m m e t r i c  s e q u e n c e  f o l l o w i n g  

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

d e l e t i o n  i n  t h i s  r e g i o n  b l o c k e d  CRP a c t i o n  i n  v i v o  a n d  i n
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v i t r o  ( T a n i g u c h i  e t  a l . ,  1 979 ;  Kolb e t  a l . ,  1 9 8 3 ) .  However 

t h e  a f f i n i t y  o f  CRP f o r  DNA a p p e a r s  t o  be h i g h e r  when t h e  

symmet ry  i s  p r e s e n t .

Based  on t h e  c r y s t a l l o g r a p h i c  s t r u c t u r e  o f  CRP, a CRP- 

DNA s p e c i f i c  b i n d i n g  mode l  was p r o p o s e d  (McKay a nd  S t e i t z ,  

1 9 8 1 ;  Mckay e t  a l . ,  1 9 8 2 ;  Weber  a nd  S t e i t z ,  1 9 8 4 ) .  They 

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

s u c c e s s i v e  m a j o r  g r o o v e s  o f  a l e f t - h a n d e d  B-DNA. However ,  

i f  t h e  DNA u n d e r g o e s  a r i g h t - h a n d e d  t o  l e f t - h a n d e d  

t r a n s i t i o n  e l i c i t e d  by cAMP-CRP b i n d i n g ,  t h e  b i n d i n g  o f  

cAMP-CRP t o  a c l o s e d  c i r c u l a r  DNA would g r e a t l y  c h a n g e  i t s  

l i n k i n g  number  when t h e  DNA i s  n i c k e d  t h e n  r e s e a l e d .  L a t e r  

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

number  were  found  when cAMP-CRP compl ex  bound t o  a r e l a x e d  

DNA c o n t a i n i n g  e i t h e r  t h e  l a c  o r  g a l  CRP b i n d i n g  s i t e  

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

( K o l b  a n d  B u c ,  1 9 8 2 )  . T h e r e f o r e ,  a n o t h e r  m o d e l  was  

p r o p o s e d ,  i n  w h i c h  t h e  N - t e r m i n a l  p a r t  o f  t h e  F - h e l i c e s  

e n t e r  t h e  two s u c c e s s i v e  m a j o r  g r o o v e s  o f  DNA i n  a way t h a t  

i s  s i m i l a r  t o  t h e  i n t e r a c t i o n  o f  h e l i x  "3"  o f  t h e  l ambda  

r e p r e s s o r  (Pabo and L e w i s ,  1 98 2 ;  S t e i t z  e t  a l ,  1 9 8 3 ) .  I n  

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

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

h e l i c e s .  I t  i s  s h o r t e r  t h a n  t h e  CRP b i n d i n g  s i t e .  

However ,  a bend i n  DNA w o u l d  p r o v i d e  a d d i t i o n a l  c o n t a c t s  

w i t h  t h e  DNA b a c k b o n e .  I n  f a c t ,  e x p e r i m e n t s  s t r o n g l y  

s u g g e s t  t h a t  b i n d i n g  o f  c A M P - C R P  t o  DNA c a u s e s
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c o n f o r m a t i o n a l  c h a n g e s  i n  DNA. A d d i t i o n  o f  cAMP-CRP t o  t h e  

l a c  P+ p r o m o t e r  s t r o n g l y  d e c r e a s e s  i t s  r o t a t i o n  t i m e ,  wh ich  

i s  d e t e r m i n e d  by t h e  l e n g t h  o f  t h e  DNA h e l i x  ( P o r s c h k e  e t  

a l . ,  1 9 8 4 ) .  cAMP-CRP i n d u c e d  b e n d i n g  o f  l a c  P + f r a g m e n t  

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

e l e c t r o p h o r e s i s  (Wu and C r o t h e r s ,  1 9 8 4 ) .  I n t e r e s t i n g l y ,  i t  

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

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

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

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

-67  and - 6 8 .

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

a l s o  s u g g e s t e d .  I n  t h e  p r e s e n c e  o f  c a l f  t h y m u s  DNA o r  

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

a t  low i o n i c  s t r e n g t h ,  CRP b e c o m e s  s e n s i t i v e  t o  t r y p s i n  

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

s e e n  w i t h  t h e  cAMP-CRP c o m p l e x  ( Angulo  and Krakow,  1 9 8 4 ) .  

F u r t h e r m o r e ,  i n  c o n t r a s t  t o  t h e  s e n s i t i v i t y  o f  t h e  cAIlP-  

CRP c o m p l e x  t o  p r o t e a s e  d i g e s t i o n  t h e  cAMP-CRP-DNA compl ex  

becomes  r e s i s t a n t  t o  t r y p s i n ,  S t a p h . a u r e u s  V8 p r o t e a s e  and 

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

K r a k o w ,  1 9 8 6 ) .  The  e x p e r i m e n t  s u g g e s t s  t h a t  cAMP b i n d i n g  

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

a more " open"  s t r u c t u r e .  The p r o t e a s e  c u t t i n g  s i t e s  f r o m  

C - t e r m i n u s  up t o  r e s i d u e - 1 1 6  a r e  e x p o s e d  t o  t h e  s o l v e n t .  

When t h i s  complex  b i n d s  t o  DNA mos t  o f  t h e  a v a i l a b l e  s i t e s  

a r e  p r o t e c t e d .  The cAMP a n a l o g  a n a l y s i s  ( E b r i g h t  e t  a l . ,
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1 9 8 5 )  a l s o  s u g g e s t s  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e  

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

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

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

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

b u l k y  g r o u p  i n  t h e  C-2 o r  N-6 p o s i t i o n  o f  t h e  a d e n i n e  r i n g .  

S i n c e  b o t h  amino  a c i d  r e s i d u e - 1 1 6  and t h e  cAMP b i n d i n g  s i t e  

a r e  l o c a t e d  i n  t h e  N - t e r m i n a l  d o m a i n ,  t h e  DNA b i n d i n g  

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

d o m a i n s .

The mos t  p u z z l i n g  q u e s t i o n  i s  how t h e  cAMP-CRP c ompl e x  

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

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

t h e  t r a n s c r i p t i o n  r e g u l a t i o n  by CRP h a v e  b e e n  p r o p o s e d .  

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

t h e  cAMP-CRP c ompl e x  and RNA p o l y m e r a s e  o c c u r s  r e s u l t i n g  i n  

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

p r o m o t e r  o r  i n c r e a s i n g  RNA p o l y m e r a s e  a c t i v i t y  ( M a j o r s ,  

1 9 7 5 ) .  The  s e c o n d  m o d e l  s u g g e s t s  t h a t  on b i n d i n g  t o  i t s  

s p e c i f i c  DNA t a r g e t  s i t e  t h e  cAMP-CRP complex  d e s t a b i l i z e s  

n e i g h b o r i n g  r e g i o n s  o f  DNA t h e r e b y  f a c i l i t a t i n g  t h e  

f o r m a t i o n  o f  a n  o p e n  RNA p o l y m e r a s e - p r o m o t e r  c o m p l e x  

( D i c k s o n  e t  a l . ,  1 9 7 5 ) .  U n f o r t u n a t e l y ,  t h u s  f a r ,  t h e r e  i s  

no d i r e c t  e x p e r i m e n t a l  d a t a  t o  s u p p o r t  e i t h e r  m o d e l .  T h e r e  

i s  no e v i d e n c e  i n d i c a t i n g  t h a t  CRP-DNA b i n d i n g  i n d u c e s  a n y  

s i g n i f i c a n t  c h a n g e s  i n  DNA t h e r e b y  d i r e c t l y  f a c i l i t a t i n g  

RNA p o l y m e r a s e  b i n d i n g .  c A!4P-CRP-DNA c o m p l e x  f o r m a t i o n
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d o e s  n o t  u n w i n d  DNA. I n  c o n t r a s t ,  i t  i s  f o u n d  t h a t  CRP 

b i n d i n g  s t a b i l i z e s  t h e  DNA d u p l e x  ( U n g e r  e t  a l . ,  1 9 8 3 ) .  

The s i g n i f i c a n c e  o f  t h e  DNA b e n d i n g  i n d u c e d  by cAMP-CRP 

r e m a i n s  u n e x p l a i n e d .  On t h e  o t h e r  h a n d ,  t h e  CRP b i n d i n g  

s i t e  o f  d i f f e r e n t  p r o m o t e r s  c a n  v a r y  f rom - 3 6  t o  - 1 0 6  and 

t h e  TGTGA m o t i f  c a n  be found  on e i t h e r  t h e  t e m p l a t e  o r  t h e  

n o n - t e m p l a t e  s t r a n d  ( d e  C r o m b r u g g h e  e t  a l . ,  1 9 8 4 ) .  The 

d i f f e r e n c e s  i n  t h e  l o c a t i o n  a nd  t h e  o r i e n t a t i o n  o f  CRP 

s i t e s  i n d i c a t e  t h a t  t h e  d i s t a n c e  b e t w e e n  t h e  CRP s i t e  and 

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

a g a i n s t  a n  u n i q u e  d i r e c t  CRP-RNA p o l y m e r a s e  i n t e r a c t i o n .  

The r e a l  mechan i sm i s  s t i l l  unknown.

I t  i s  c l e a r  t h a t  CRP i s  an a l l o s t e r i c  p r o t e i n .  E a ch  

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

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

The d e v e l o p m e n t  o f  t h e  h y b r i d o m a  t e c h n i q u e s  by K o h l e r  and  

M i l s t e i n  ( 1 9 7 5 )  h a s  made i t  p o s s i b l e  t o  r a i s e  m o n o c l o n a l  

a n t i b o d i e s  (mAb) d i r e c t e d  a g a i n s t  s p e c i f i c  d e t e r m i n a n t s  i n  

a p r o t e i n .  Such mAbs c a n  p r o v i d e  a s e r i e s  o f  s i t e  s p e c i f i c  

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

in  t h e  f u n c t i o n  o f  CRP.

G e n e r a l l y  s p e a k i n g ,  t h e  a n t i g e n i c  s i t e s  b o u n d  by an  

a n t i b o d y  c a n  be  d i v i d e d  i n t o  two  s t r u c t u r a l  c a t e g o r i e s :  

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

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

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

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

t h e  way i t  f o l d s  i n  t h r e e  d i m e n s i o n s ,  t h e r e f o r e  a 

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

a n t i g e n i c  s i t e s .  However e ven  w i t h  s e g m e n t a l  d e t e r m i n a n t s  

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

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

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

b i n d i n g  s i t e  and t h e  a n t i g e n i c  d e t e r m i n a n t .

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

u s i n g  p o l y c l o n a l  a n t i - C R P  a n t i b o d y  p r e p a r e d  in  r a b b i t s  t o  

i n v e s t i g a t e  t h e  amount  o f  CRP i n  E . c o l i  e x t r a c t s  ( Gu i so  and 

B l a z y ,  1 9 8 0 )  a n d  t h e  p r e s e n c e  o f  C R P - l i k e  p r o t e i n s  i n  

s e v e r a l  b a c t e r i a l  s p e c i e s  ( Ande rs on  and P a s t a n ,  1 9 7 3 ) .

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

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

a g a i n s t  CRP.  The l o c a t i o n s  o f  t h e  e p i t o p e s  o f  n i n e  a n t i  

CRP mAbs and t h e i r  e f f e c t s  on  CRP f u n c t i o n s  w e r e  s t u d i e d  

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

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

d i s c u s s e d .
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MATERIALS AND METHODS

Mat e r  i a l s : R e a g e n t s  we r e  o b t a i n e d  a s  f o l l o w s :  a d e n o s y l  3»-

5> a d e n o s i n e  (ApA) , t r y p s i n ,  c h y m o t r y p s i n , s u b t i l i s i n ,  c a l f  

t h y m u s  DNA, h e p a r i n ,  b o v i n e  s e r u m a l b u m i n  (DSA) , t o l u i d i n e  

b l u e ,  p - n i t r o p h e n y l p h o s p h a t e  and DNase I ,  S i gma;  Tween 80,  

J .  T.  Baker  C h e m i c a l  C o . ;  S t a p h ,  a u r e u s  V8 p r o t e a s e ,  M i l e s  

L a b o r a t o r i e s ;  A T P ,  C T P ,  G T P ,  UTP a n d  c A MP ,  P - L  

B i o c h e m i c a l s ;  [ 3II]cAMP. [ 3H]UTP,  [ 3H]dTTP,  [ a l p h a - 32P ] dATP 

and [gamma-3 ] ATP, ICN; P h o s p h a t a s e - c o u p l e d  a v i d i n ,  Zymed 

L a b o r a t o r i e s ;  [ 3 H] N - e t h y l m a l e i m i d e  , New E n g l a n d  N u c l e a r ;  

f e t a l  c a l f  s e r u m ,  S t e r i l e  S y s t e m s  I n c . ;  D u l b e c c o ' s  

m o d i f i e d  E a g l e ' s  m e d i u m  ( D M E M ) ,  G I B C O ;  BA 85 

n i t r o c e l l u l o s e  s h e e t s  and  E l u t i p - d  m i n i c o l u m n ,  S c h l e i c h e r  

a n d  S c h u e l l ;  p h o s p h a t a s e - c o u p l e d  a n d  p e r o x i d a s e - c o u p l e d  

g o a t  a n t i - m o u s e  i m m u n o g l o b u l i n ,  K i r k e g a a r d  a n d  P e r r y  

L a b o r a t o r i e s ;  F r e u n d ' s  c o m p l e t e  and i n c o m p l e t e  a d j u v a n t s ,  

PEG 4000 ,  E.  Merck I n c . ;  P r o t e i n  A - S e p h a r o s e ,  P h a r m a c i a ;  

DNA p o l y m e r a s e  I K l e n o w  f r a g m e n t ,  E c o R I  a n d  P v u I I  

r e s t r i c t i o n  e n d o n u c l e a s e s ,  B o e h r i n g e r  Ma n n h e i m  C o r p . ;  

I m m u n o p r e c i p i t i n , B e t h e s d a  R e s e a r c h  L a b o r a t o r i e s ;  TEMED 

and b i s a c r y l a m i d e , B i o - R a d ;  a c r y l a m i d e ,  S e r v a ;  S c i n t i s o l ,  

I s o l a b ;  mi ce  we r e  o b t a i n e d  f r om J a c k s o n  L a b o r a t o r i e s .

P r o d u c t i o n  o f  M o n o c l o n a l  A n t i b o d i e s : S J L / J  f e m a l e  m i c e

( e x c e p t  f o r  mAb 115D5 w h e r e  C 5 7 B 1 / 6  mi c e  we r e  u s e d )  wer e  

i n j e c t e d  w i t h  100 uy CRP e m u l s i f i e d  i n  F r e u n d ' s  c o m p l e t e



12

a d j u v a n t .  T h i s  wa s  f o l l o w e d  by t h r e e  b o o s t e r  s h o t s  o f  

50 uy CRP i n  F r e u n d ' s  i n c o m p l e t e  a d j u v a n t  a d m i n i s t e r e d  a t  

a p p r o x i m a t e l y  15 day i n t e r v a l s .  S p l e e n s  f r om two mi ce  wer e  

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

s p l e e n  c e l l s  a n d  P 3 x 6 3 A g 8 . 6 5 3  my e l o ma  c e l l s  ( K e a r n e y  e t  

a l . ,  1 9 7 9 )  was  c a r r i e d  o u t  u s i n g  a m o d i f i c a t i o n  o f  t h e  

met hod o f  Oi  and H e r z e n b e r g  ( 1 9 8 0 ) .  C e l l s  f u s e d  w i t h  PEG 

4000 were  d i s t r i b u t e d  i n t o  9 6 - w e l l  C o s t a r  p l a t e s  c o n t a i n i n g  

2X104 mo u s e  m a c r o p h a g e  c e l l s  p e r  w e l l .  The m i c r o c u l t u r e s  

were  m a i n t a i n e d  i n  DMEM c o n t a i n i n g  20% f e t a l  c a l f  s e r u m  

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

p r o d u c t i o n  o f  a n t i b o d i e s  t o  CRP was  d e t e r m i n e d  by ELISA 

( s e e  b e l o w ) .  P o s i t i v e  a n t i b o d y - p r o d u c i n g  c u l t u r e s  wer e  

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

c o n t a i n i n g  20% f e t a l  c a l f  s e r u m and 2X10^ mouse ma c r o p h a g e  

c e l l s  p e r  w e l l .

A n t i b o d i e s  w e r e  p r e p a r e d  f r o m  s p e n t  m e d i a  o f  e x p a n d e d  

c u l t u r e s  ( 2 0 0 - 5 0 0  ml )  g r o w n  t o  s t a t i o n a r y  p h a s e .  C e l l s  

wer e  r e m o v e d  by c e n t r i f u g a t i o n  a t  4 0 0 x g  f o r  10 m i n u t e s .  

I m m u n o g l o b u l i n  was  c o n c e n t r a t e d  by p r e c i p i t a t i o n  w i t h  50% 

s a t u r a t e d  ammonium s u l f a t e ,  pH 7.  A f t e r  d i a l y s i s  a g a i n s t  

50 mM T r i s - H C l  (pH 8 . 6 ) ,  150 mM NaCl ,  0.02% NaN3 a n t i b o d y  

was p u r i f i e d  by c h r o m a t o g r a p h y  on  P r o t e i n  A - S e p h a r o s e  ( Ey 

e t  a l . ,  1 9 7 8 ) .  I m m u n o g l o b u l i n - c o n t a i n i n g  f r a c t i o n s  wer e  

c o n c e n t r a t e d  t o  a vol ume o f  a b o u t  1 ml by n e g a t i v e  p r e s s u r e  

d i a l y s i s  ( B i o - M o l e c u l a r  Dynami cs )  a g a i n s t  50 mM p o t a s s i u m
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p h o s p h a t e  (pH 7 . 5 ) ,  150 mM KC1, 0.05% NaN^ (KPK b u f f e r )  and 

s t o r e d  i n  KPK b u f f e r  a t  0°C.  I mmu n o g l o b u l i n  c o n c e n t r a t i o n  

w a s  d e t e r m i n e d  u s i n g  t h e  e x t i n c t i o n  c o e f f i c i e n t :

£ l %280nm s * 4 - 6 (EV e t  a 1 - '  1 9 7 8 ) .

S o l i d  P h a s e  E L I S A : C o s t a r  9 6 - w e l l  EIA p o l y s t y r e n e  p l a t e s

wer e  c o a t e d  w i t h  0 . 5  ug CRP o r  t h e  i n d i c a t e d  f r a g m e n t  i n  

50 u l  PBS ( 10  mM s o d i u m p h o s p h a t e ,  pH 7 . 4 ,  150 mM NaCl)  by 

a 3 h o u r  i n c u b a t i o n  a t  3 7 ° C  f o l l o w e d  b y  i n c u b a t i o n  

o v e r n i g h t  a t  4°C.  The r e m a i n i n y  p r o t e i n - b i n d i n g  s i t e s  wer e  

b l o c k e d  by i n c u b a t i o n  w i t h  200 u l  wa s h  b u f f e r  (WB: PBS,  

2 mg/ml  BSA, 0.05% Tween 8 0 ,  0 .  02% N a ^ )  p e r  w e l l  f o r  90 

m i n u t e s  a t  3 7 ° C .  The p l a t e s  w e r e  t h e n  washed  t w i c e  w i t h  

WB. Each w e l l  t h e n  r e c e i v e d  50 u l  o f  c u l t u r e  s u p e r n a t a n t  

o r  0 . 1  ug mAb i n  50 u l  PBS p l u s  2 mg/ml  BSA and t h e  p l a t e  

was i n c u b a t e d  f o r  60 m i n u t e s  a t  37°C.  A f t e r  w a s h i n g  t h r e e  

t i m e s  w i t h  WB 50 u l  o f  p h o s p h a t a s e - c o u p l e d  g o a t  a n t i - m o u s e  

i mmu n o g l o b u l i n  ( 1 / 2 0 0  d i l u t i o n  i n  PBS + 1 mg / ml  BSA) was  

a d d e d  a n d  i n c u b a t e d  f o r  60 m i n u t e s  a t  37oc .  A f t e r  wa s h i n g  

t h r e e  t i m e s  w i t h  WB 100 u l  o f  a s o l u t i o n  c o n t a i n i n g  1 mg/ml  

p - n i t r o p h e n y l p h o s p h a t e  i n  0 . 1  M d i e t h a n o l a m i n e  (pH 9 . 0 )  +

2 . 5  uM MgSO^ was  a d d e d  a n d  i n c u b a t e d  f o r  30 t o  60 m i n u t e s  

a t  37°C.  A f t e r  a d d i t i o n  o f  100 u l  1 M NaOH t h e  a b s o r b a n c e  

a t  410 nm i n  e a c h  w e l l  wa s  d e t e r m i n e d  u s i n g  a D y n a t e c h  

M i c r o e l i s a  R e a d e r .

P r o t e i n  p u r i f i c a t i o n : CRP was  i s o l a t e d  by t h e  m e t h o d  o f
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E i l e n  e t  a l .  ( 1 9 7 8 )  f r o m  an E . c o l i  s t r a i n  c o n t a i n i n g  t h e  

r e c o m b i n a n t  p l a s m i d  pHA7 (Ai ba  e t  a l . ,  1982)  d o n a t e d  by Dr.  

H. A i b a .  RNA p o l y m e r a s e  wa s  i s o l a t e d  f r o m  E.  c o l i  K12 

p u r c h a s e d  f r o m  G r a i n  P r o c e s s i n g  Co r p .  by a m o d i f i c a t i o n  o f  

t h e  m e t h o d  o f  B u r g e s s  a n d  J e n d r i s a k  ( 1 9 7 5 )  . P r o t e i n  

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

c o e f f i c i e n t s :  CRP, E1%2 80nm * S . 8 (Ai ba  and Krakow,  1 9 8 1 ) ;

RNA p o l y m e r a s e  h o l o e n z y m e :  E1%2 80nm = 6 - 7 ( L e v i n e  e t  a l . ,  

1 9 8 0 ) .

P r e p a r a t i o n  o f  l a b e l e d  p r o t e i n s :

[■ll i lCRP l a b e l i n g : CRP wa s  s e l e c t i v e l y  l a b e l e d  w i t h  N-

e t h y l m a l e i m i d e  a t  C y s - 1 7 8  ( Ma r c o  e t  a l .  , 1 9 8 2 )  by  t h e

f o l l o w i n g  p r o c e d u r e .  The r e a c t i o n  m i x t u r e  c o n t a i n e d  ( f i n a l  

v o l u m e  60 u l )  : 0 . 2 8  M p o t a s s i u m  p h o s p h a t e  (pll 7 . 5 ) ,  20 uCi 

[ 8II] N - e t h y l m a l e i m i d e  and 18 ug CRP.  A f t e r  i n c u b a t i o n  f o r  

60 m i n u t e s  a t  37°C 20 u l  o f  10 mM m e r c a p t o e t h a n o l  was added 

t o  t e r m i n a t e  t h e  r e a c t i o n .  The s p e c i f i c  a c t i v i t y  o f  t h e  

[ ] NEM-CRP w a s  1 2 0  , 0 0 0  c p m / u g  a s  d e t e r m i n e d  by  TCA

p r e c i p i t a t i o n .

J[^-^8 I ] mAb l a b e l i n g : [ 2 5 j  ] mAb wa s  p r e p a r e d  by H u n t e r ' s

m e t h o d  ( 1 9 6 7 ) .  The  r e a c t i o n  m i x t u r e  c o n t a i n e d  ( f i n a l

v o l u m e  5 7 . 5  u l ) : 0 . 2  M s o d i u m p h o s p h a t e  (pH 7 . 5 ) ,  0 . 8 6  mCi 
125 N a l ,  20 ug c h l o r a m i n e - T  a n d  2 5 . 6  ug ( 160  p m o l )  mAb.  

A f t e r  1 m i n u t e  a t  room t e m p e r a t u r e  5 u l  o f  f r e s h l y  p r e p a r e d  

Na 2 S 2C>5 (20 mg / ml  i n  0 . 1  M s o d i u m  p h o s p h a t e ,  pH 7 . 5 )  was
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a dded  f o l l o w e d  by 50 u l  o f  0 . 1  M KI .  A f t e r  an a d d i t i o n a l  5 

m i n u t e s  a t  r oom t e m p e r a t u r e  t h e  r e a c t i o n  m i x t u r e  wa s  

a p p l i e d  t o  a S e p h a d e x  G25 c o l u m n  (10 mL bed vol ume)  p r e ­

e q u i l i b r a t e d  w i t h  PBS + BSA 1 mg/ ml .  0 . 5  ml f r a c t i o n s  wer e  

c o l l e c t e d  and t h e  s p e c i f i c  a c t i v i t y  o f  t h e  [ 2 5 j  ] mAb was  

d e t e r m i n e d  by TCA p r e c i p i t a t i o n .

DNA f r a g m e n t s  p u r i f i c a t i o n ; E . c o l i  c o n t a i n i n g  t h e  l a c  P + 

p r o m o t e r  o r  l a c  L8UV5 p r o m o t e r  c l o n e d  i n t o  pMB9 by D r .  S.  

F u l l e r  w e r e  o b t a i n e d  f r o m  Dr .  A. R e v z i n .  P l a s m i d  DNA was 

p r e p a r e d  by a m o d i f i c a t i o n  o f  t h e  m e t h o d  o f  I-larko e t  a l .  

( 1 9 8 2 ) ,  The  203 bp  f r a g m e n t  f r o m  - 1 4 0  t o  +63 c o n t a i n i n g  

t h e  l a c  p r o m o t e r  was e x c i s e d  by d i g e s t i o n  w i t h  E c o R I a nd  

p u r i f i e d  by  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  DNA 

c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  f 1 uo  r ome t  r i  c a 1 l y  u s i n g  

e t h i d i u m  b r o m i d e  by t h e  m e t h o d  o f  Le P e c q  a n d  P a o l e t t i  

(1966)  .

P r e p a r a t i o n  o f  l a b e l e d  l a c  DNA:

[2 n ) l a c  P± l a b e l i n g : The r e a c t i o n  m i x t u r e  c o n t a i n e d  ( f i n a l

v o l u m e  650 u l ) : 50 mM T r i s - H C l  (pH 7 . 5 ) ,  10 mM Mg Cl 2 ,

1 0 0  mM N a C l ,  1 mM d i t h i o t h r e i t o l , 52 n mo l  d A T P , 60 uCi  

[■^HjdTTP (70 m C i / m m o l ) ,  26 ug l a c  P + DNA f r a g m e n t  a n d  

26 u n i t s  o f  DNA p o l y m e r a s e  I Kl e n o w f r a g m e n t .  A f t e r  30 

m i n u t e s  i n c u b a t i o n  a t  3 7 ° C  t h e  u n r e a c t e d  [ 3 HdTTP wa s  

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

The [ 3 n ] l a c  P + DNA was  r e c o v e r e d  by e l u t i o n  w i t h  0 . 4  ml
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20 mM T r i s - I I C l  (pH 0 . 0 ) ,  1 M NaCl ,  1 mM EDTA. The l a b e l e d  

DNA was  c o n c e n t r a t e d  by a d d i t i o n  o f  t wo v o l u m e s  o f  95% 

e t h a n o l .  A f t e r  c e n t r i f u g a t i o n  t h e  [^11] l a c  DNA w a s  

d i s s o l v e d  i n  100 u l  TE b u f f e r  (10 mM T r i s - H C l  (pH 8 . 0 ) ,  

1 mM EDTA), and s t o r e d  a t  0°C.

3 ' - e n d  [ j j p j l a c  l a b e l i n g : The r e a c t i o n  m i x t u r e  c o n t a i n e d

( f i n a l  vol ume 50 u l ) : 50 mM T r i s - H C l  (pH 8 . 0 ) ,  10 mM MgCl2 / 

1 mM DTT, 100 mM N a C l ,  4 ug 2 0 3 - b p  l a c  f r a g m e n t ,  50 uCi  

[ a l p h a - 3 2 p ] dATP (600 Ci / mmol )  and 5 u n i t s  DNA p o l y m e r a s e  I 

K l e n o w  f r a g m e n t .  A f t e r  15 m i n u t e s  i n c u b a t i o n  a t  r oom 

t e m p e r a t u r e  10 u l  0 . 6 5  uM c o l d  dATP was a dded  and i n c u b a t e d  

f o r  an a d d i t i o n a l  15 m i n u t e s  a t  r oom t e m p e r a t u r e .  200 u l  

s t o p p i n g  s o l u t i o n  c o n t a i n i n g  3 M ammonium a c e t a t e  and 30 mM 

EDTA was  a d d e d  f o l l o w e d  by two v o l u me s  o f  95% e t h a n o l  and 

s e t  i n  a - 7 0 ° C  d r y  i c e  e t h a n o l  b a t h  f o r  15 m i n u t e s  t o  

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

p e l l e t  was  d i s s o l v e d  i n  200 u l  0 . 3  M s o d i u m  a c e t a t e  a n d  

r e p r e c i p i t a t e d  w i t h  e t h a n o l .  The  l a b e l e d  DNA t h e n  was  

s u s p e n d e d  i n  50 u l  b u f f e r  c o n t a i n i n g  10 mM T r i s - I I C l  

(pH 8 . 0 ) ,  lOmM Mg Cl 2> y mI1 DTXf 50 mM NaCl .  25 u n i t s  o f  

Pvu I I  r e s t r i c t i o n  enzyme (whi ch  c u t s  t h e  l a c  f r a g m e n t  a t  

- 1 2 0 )  was  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  was  i n c u b a t e d  a t  

37°C f o r  1 h o u r .  35 u l  o f  5 M ammoni um a c e t a t e  was  a d d e d  

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

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

t o  make  s u r e  t h a t  c l e a v a g e  was  c o m p l e t e .  F i n a l l y ,  t h e
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u n i q u e  3 ' - e n d  l a b e l e d  l a c  DNA was  d i s s o l v e d  i n  40 u l  TL 

b u f f e r  and s t o r e d  a t  0°C.

5 ' - e n d  [ 2 2 P ] l a c  l a b e l i n g : 4 ug o f  2 0 3 - b p  l a c  f r a g m e n t  was

mi xed w i t h  50 mM T r i s - H C l  (pH 8 . 0 )  a n d  5 u n i t s  a l k a l i n e  

p h o s p h a t a s e  i n  a f i n a l  v o l u m e  o f  50 u l  a n d  i n c u b a t e d  a t  

37°C f o r  30 m i n u t e s .  An e q u a l  vo l ume  o f  T r i s - H C l  (pH 8 . 0 )  

s a t u r a t e d  p h e n o l  was  a d d e d  t o  e x t r a c t  t h e  DNA a n d  50 u l  

50 mM T r i s - H C l  (pH 8 . 0 )  wa s  a d d e d  t o  b a c k  e x t r a c t  o n c e  

mor e .  200 u l  o f  a m i x t u r e  c o n t a i n i n g  0 . 3  M s od i um a c e t a t e ,  

0 . 1  M m a g n e s i u m  a c e t a t e  was a d d e d  and t h e  d e p h o s p h o r y l a t e d  

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

c o n t a i n i n g  50 mM T r i s - H C l  (pH 7 . 6 ) ,  10 mM M g C ^ ,  5 mM DTT, 

0 . 1  mM s p e r m i d i n e ,  0 . 1  mM EDTA was  a d d e d  t o  d i s s o l v e  t h e  

DNA c o m p l e t e l y ,  t h e n  1 2 0  u C i  o f  [ g a m m a - 3 2p ] ATP 

(600 Ci / mmol )  and 8 u n i t s  o f  T4 p o l y n u c l e o t i d e  k i n a s e  w e r e  

a d d e d  t o  a f i n a l  vo l ume  o f  50 u l  and i n c u b a t e d  a t  37 °C f o r  

30 m i n u t e s .  35 u l  5 M ammonium a c e t a t e  was a d d e d  t o  s t o p  

t h e  r e a c t i o n  and  e t h a n o l  p r e c i p i t a t e d  t w i c e .  To o b t a i n  t h e  

u n i q u e  5 '  -  e n d  l a b e l e d  l a c  DNA, t h e  Pv u  I I  d i g e s t i o n  a s  

d e s c r i b e d  above  was f o l l o w e d .

P r o t e o l y t i c  c l e a v a g e  o f  CRP o r  CRP-mAb c o m p l e x e s :

CRP c o r e  p r e p a r a t i o n  ( E i l e n ,  P a mp e n o  a nd  K r a k o w ,  1 9 7 8 ) :  

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

c o n d i t i o n s  ( i n  a v o l u m e  o f  20 u l ) :  10 mM T r i s - H C l

(pH 8 . 0 ) ,  40 mM N a C l ,  1 mM EDTA, 0 . 1  mM DTT,  1 mM cAMP,
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5 ug CRP.  I n c u b a t i o n  f o r  20 m i n u t e s  a t  37° C w i t h  0. 5% 

( v / v )  o f  s u b t i l i s i n  g e n e r a t e d  t h e  1 3 . 3  KDa CRP c o r e ,  30 

m i n u t e s  i n c u b a t i o n  a t  37° C w i t h  2 . 5 % S t  e £ h . au.JL£iis V8 

p r o t e a s e  g e n e r a t e d  t h e  1 8 . 8  KDa CRP c o r e ,  w i t h  1% 

c h y m o t r y p s i n  g e n e r a t e d  t h e  1 5 . 5  KDa CRP c o r e  a n d  w i t h  1% 

t r y p s i n  g e n e r a t e d  t h e  1 4 . 9  K Da CRP c o r e .  Whenever  mAb 

wa s  p r e s e n t ,  3 ug CRP a n d  1 1 . 5  ug mAb o r  t h e  i n d i c a t e d  

amount  o f  mAb wer e  a d d e d .

9 . 5  KDa a n d  13 KDa f r a g m e n t  f o r m a t i o n  a n d  p u r i f i c a t i o n  

( Ai ba  and Krakow,  1 9 8 1 ) :  10 mM T r i s - H C l  (pH 8 . 0 ) ,  40 mM

N a C l ,  1 mM EDTA, 0 . 1  mM DTT, 0.5% SDS, 50% ( v / v )  e t h y l e n e  

g l y c o l ,  5 ug CRP a n d  1% (w/w)  c h y m o t r y p s i n  i n  a f i n a l

v o l u m e  o f  50 u l  wa s  i n c u b a t e d  f o r  30 m i n u t e s  a t  37°C.  To 

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

v i s u a l i z e d  i n  c o l d  0 . 2 5  M KC1 ( H a g e r  and B u r g e s s ,  1 9 8 0 ) ,  

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

b u f f e r  c o n t a i n i n g  50 mM T r i s - H C l  (pH 8 . 0 )  and 0.25% SDS by 

i n c u b a t i o n  a t  4 °C o v e r n i g h t .  A f t e r  c e n t r i f u g a t i o n  t h e  

s u p e r n a t a n t s  w e r e  c o n c e n t r a t e d  by  n e g a t i v e  p r e s s u r e  

d i a l y s i s  a g a i n s t  10 mM p o t a s s i u m  p h o s p h a t e  (pH 7 . 0 ) ,  0 . 2  M 

NaCl ,  1 mM EDTA and 0 . 1  mM DTT o v e r n i g h t  a t  4 °C.

10 KDa a n d  6 KDa f r a g m e n t s  d i g e s t i o n  (Angul o  and Krakow,  

1 9 8 4 ) :  10 mM T r i s - H C l  (pH 8 . 0 ) ,  20 mM N a C l ,  0 . 5  mM

m e r c a p t o e t h a n o 1,  0 . 4  ug c a l f  t h y m u s  DNA, 5 ug CRP and 1% 

(w/w) t r y p s i n  i n  a f i n a l  vol ume  o f  50 u l  was i n c u b a t e d  f o r
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30 m i n u t e s  a t  3 7 ° C .  The r e a c t i o n s  w e r e  t e r m i n a t e d  by 

a d d i t i o n  o f  p h e n y 1 m e t h a n e s u 1 f o n y 1 f l u o r i d e  t o  a 

c o n c e n t r a t i o n  o f  0 . 8  mM. F o r m a t i o n  o f  t h e  i n d i c a t e d  

f r a g m e n t s  w a s  d e t e r m i n e d  by  SDS p o l y a c r y l a m i d e  g e l  

e l e c t r o p h o r e s i s  ( Laemml i ,  1 9 7 0 ) .

W e s t e r n  B l o t t i n g ; CRP a n d  CRP f r a g m e n t s  r e s o l v e d  by SDS 

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

e l e c t r o p h o r e t i c a l l y  t o  BA 85 n i t r o c e l l u l o s e  s h e e t s  ( T o wb i n  

e t  a l . , 1979)  u s i n g  a u n i t  p u r c h a s e d  f rom H o e f e r  S c i e n t i f i c  

I n s t r u m e n t s .  The p o s i t i o n  o f  t h e  t r a n s f e r r e d  p r o t e i n s  was 

l o c a t e d  by h e p a r i n - t o l u i d i n e  b l u e  s t a i n i n g  ( To wb i n  e t  a l . ,  

1 9 8 2 ;  V a r t i o  e t  a l . ,  1 9 8 2 ) .  A f t e r  r e mo v i n g  t h e  s t a i n  t h e  

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

t h e  n i t r o c e l l u l o s e  s h e e t  f o r  60 m i n u t e s  a t  3 7 ° C  o r  

o v e r n i g h t  a t  r oom t e m p e r a t u r e  i n  b l o c k i n g  b u f f e r  (D3)  : 

50 mM T r i s - H C l  (pH 7 .  4 ) ,  200 mM NaCl ,  0.5% Tween 80.  The 

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

mAb (2 u g / ml  i n  BB) f o r  90 m i n u t e s  a t  room t e m p e r a t u r e  w i t h  

o c c a s i o n a l  s h a k i n g .  The  n i t r o c e l l u l o s e  s h e e t  was washed 

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

e a c h  w a s h  c y c l e .  To v i s u a l i z e  t h e  mAb c o m p l e x e s  t h e  

n i t r o c e l l u l o s e  s h e e t  was i n c u b a t e d  f o r  90 m i n u t e s  a t  r oom 

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

i mmu n o g l o b u l i n  ( 1 / 3 0 0  d i l u t i o n  i n  50 mM T r i s - H C l  (pH 7 . 4 ) ,  

200  mM N a C l ,  5 mg/ml  BSA).  A f t e r  wa s h i n g  t h r e e  t i m e s  w i t h  

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



20

made  by m i x i n g  1 . 7  ml  4 - c h l o r o - l - n a p h t h o  1 (3 m g / m l  i n

m e t h a n o l )  + 8 . 5  ml  T r i s - H C l  (pH 7 . 4 )  + 4 u l  H2 O2 (30%

s o l u t i o n ) .  C o l o r  was  a l l o w e d  t o  d e v e l o p  f o r  15 t o  60 

m i n u t e s  a t  room t e m p e r a t u r e .

[iLli] cAMP b i n d i n g  a s s a y ; B i n d i n g  o f  [^HjcAMP was a s s a y e d  by 

t h e  m e t h o d  o f  A n d e r s o n  e t  a l .  ( 1 9 7 1 ) .  CRP (2 ug) o r  CRP 

(2 ug) + mAb (35 ug) wer e  p r e i n c u b a t e d  i n  50 u l  p o t a s s i u m  

p h o s p h a t e  ( pH 7 . 6 )  f o r  5 m i n u t e s  a t  0 ° C .  T h e n  t h e  

f o l l o w i n g  w e r e  a d d e d  ( i n  50 u l )  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 :  10 mM p o t a s s i u m  p h o s p h a t e  (pH 7 . 6 ) ,  10 mM 

5 ' AMP,  1 utl  [ 3 H ] c AMP ( 3 0 0 0  c p m / p m o l )  a n d  200 ug c a s e i n .  

A f t e r  3 m i n u t e s  a t  0°C 0 . 5  ml  s a t u r a t e d  ammoni um s u l f a t e  

(pH 8 . 0 )  was  a d d e d .  The  p r e c i p i t a t e s  w e r e  c o l l e c t e d  by 

c e n t r i f u g a t i o n ,  d i s s o l v e d  i n  0 . 7  ml  PBS and c o u n t e d  i n  5 ml 

A q u a s o l - 2 .

Ge l  e l e c t r o p h o r e s i s  f o r  d e t e c t i n g  p r o t e i n - D N A  o r  p r o t e i n  

c o m p l e x e s : A m o d i f i e d  g e l  e l e c t r o p h o r e s i s  me t hod  o f  G a r n e r

a n d  R e v z i n  ( 1 9 8 1 )  was  a p p l i e d .  The s a m p l e s  c o n t a i n i n g :  

20 mM T r i s - H C l  (pH 8 . 0 ) ,  100  mM KC1,  3 mM Mg Cl 2 , o . l  mil 

EDTA a n d  t h e  i n d i c a t e d  amount  o f  CRP, cAMP, l a c  P + and mAb 

i n  a  v o l u m e  o f  15 u l  w e r e  i n c u b a t e d  f o r  10 m i n u t e s  a t  

3 7 0 c .  P r i o r  t o  l o a d i n g  on  t h e  p o l y a c r y l a m i d e  g e l  5 u l  o f  

dye  mix ( two p a r t s  50% g l y c e r o l :  one  p a r t  0 . 01% b r o m p h e n o l  

b l u e  i n  w a t e r )  was a d d e d .  E l e c t r o p h o r e s i s  was c a r r i e d  o u t  

on a 7.5% p o l y a c r y l a m i d e  s l a b  g e l  w i t h  a 4% s t a c k i n g  g e l .
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The b u f f e r  u s e d  w a s :  90 rail T r i s  b a s e ,  90 mM b o r i c  a c i d ,  

2 mM EDTA a t  pH 8 . 0 .  A f t e r  2 h o u r s  e l e c t r o p h o r e s i s  a t  room 

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

s t a i n i n g  f o r  30 m i n u t e s  w i t h  e t h i d i u m  b r o m i d e  (1 mg 

e t h i d i u m  b r o mi d e  p e r  l i t e r  w a t e r ) ,  when 3 2 p _ i a b e 1 l e d  DNA 

was  u s e d  b a n d s  wer e  v i s u a l i z e d  by a u t o r a d i o g r a p h y ,  p r o t e i n  

b a n d s  we r e  v i s u a l i z e d  by C o o ma s s i e  b r i l l i a n t  b l u e  s t a i n i n g .

I m m u n o p r e c i p i t i n  a s s a y  f o r  mAb c o n t a i n i n g  c o m p l e x e s : The

r e a c t i o n s  w e r e  c a r r i e d  o u t  i n  1 . 5  ml  E p p e n d o r f  t u b e s  i n  a 

m i x t u r e  wh i c h  c o n t a i n e d  ( f i n a l  vol ume 50 u l ) : 40 mM T r i s -

HCl  (pH 8 . 0 ) ,  100 mM KC1,  10 mM Mg Cl 2 , 1 mM DTT,  133 nM 

[3h]NEM-CRP and 320 nM mAb o r  0 . 1  mM cAMP, 6 nM [ 3 H ] l a c  P + , 

30 nM CRP,  320 nM mAb w i t h  o r  w i t h o u t  30 nM RNA p o l y m e r a s e  

h o l o e n z y me  a s  i n d i c a t e d .  A f t e r  10 m i n u t e s  a t  37°C 20 u l  o f  

a 10% s u s p e n s i o n  o f  I m m u n o p r e c i p i t i n  ( S t a p h y l o c o c c u s  

a u r e u s , Cowan I s t r a i n ,  w i t h  p r o t e i n  A f o r m a l i n - f i x e d  t o  

t h e  c e l l  w a l l s )  was a d d e d .  A f t e r  an a d d i t i o n a l  10 m i n u t e s  

a t  room t e m p e r a t u r e  t h e  immune c o m p l e x e s  w e r e  i s o l a t e d  by 

c e n t r i f u g a t i o n  f o r  1 m i n u t e  a t  1 3 , 0 0 0  g and washed  t w i c e  by 

c e n t r i f u g a t i o n  w i t h  100 u l  o f  40 mM T r i s - H C l  (pH 8 . 0 ) ,  

100  mM KC1,  10 mM Mg Cl 2 a n d l  mM DTT.  Th e  p e l l e t  wa s  

s o l u b i l i z e d  by h e a t i n g  f o r  5 m i n u t e s  a t  100°C i n  200 u l  o f  

5% SDS,  5 0 mM m e r c a p t o e t h a n o l  a n d  c o u n t e d  i n  5 ml  

Sc i n t  i s o l .

S a n d w i c h  i m m u n o a s s a y  f o r  mAb b i n d i n g : C o s t a r  9 6 - w e l l  EIA



p o l y s t y r e n e  p l a t e s  w e r e  c o a t e d  w i t h  a n t i b o d y  by a 2 h o u r  

i n c u b a t i o n  a t  37°C f o l l o w e d  by i n c u b a t i o n  o v e r n i g h t  a t  4°C.  

E a c h  w e l l  r e c e i v e d  500 ng o f  t h e  i n d i c a t e d  mAb i n  50 u l  

PDS.  Re ma i n i ng  b i n d i n g  s i t e s  w e r e  b l o c k e d  by i n c u b a t i o n  

f o r  60 m i n u t e s  a t  37° C w i t h  200 u l  p e r  w e l l  o f  w a s h i n g  

b u f f e r  (WB s e e  ELISA a s s a y )  • The p l a t e s  w e r e  t h e n  w a s h e d  

t w i c e  w i t h  WB. B i n d i n g  o f  CRP t o  i m m o b i l i z e d  mAb was  

c a r r i e d  o u t  by i n c u b a t i o n  f o r  2 h o u r s  a t  3 7 ° C  w i t h  a 

s o l u t i o n  (50 u l )  c o n t a i n i n g :  5 . 4  u g / m l  CRP i n  PBS + 2 mg/ml  

BSA. A f t e r  wa s h i n g  t h r e e  t i m e s  w i t h  WB 50 u l  o f  a s o l u t i o n  

c o n t a i n i n g  10 nM [ 1 2 5 i ] m A b  i n  PBS + 2 mg/ml  BSA p l u s  t h e  

i n d i c a t e d  c o n c e n t r a t i o n  o f  cAMP o r  cGMP wa s  a d d e d .  A f t e r  

i n c u b a t i n g  f o r  2 h o u r s  a t  37°C t h e  p l a t e s  we r e  washed  w i t h  

WB. [ I ZSi j mAb bound was a s s a y e d  a f t e r  a d d i t i o n  o f  200 u l  

o f  a s o l u t i o n  c o n t a i n i n g  0 . 5  M NaOH + 5% SDS.  A f t e r  

t r a n s f e r  t o  10 x 75 mm t u b e s  r a d i o a c t i v i t y  wa s  d e t e r m i n e d  

i n  a LKB Autogamma c o u n t e r .

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

i n i t i a t i o n  a s s a y  o f  M a l a n  e t  a l .  ( 1 9 8 4 )  wa s  u s e d  t o  

d e t e r m i n e  t h e  e f f e c t  o f  mAb on C R P - d e p e n d e n t  t r a n s c r i p t i o n  

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

c o n t a i n e d  ( f i n a l  v o l u m e  50 u l )  : 40 mM T r i s - H C l  (pH 8 . 0 ) ,

100 mM KC1,  10 mM Mg Cl 2# 1% g l y c e r o l .  0 . 1  mM cAMP, 2 nM 

l a c  P + DNA f r a g m e n t ,  40 nM RNA p o l y m e r a s e  h o l o e n z y m e ,  40 nM 

CRP a n d  ( w h e r e  i n d i c a t e d )  240 nM mAb w e r e  a d d e d  i n  t h e  

o r d e r  i n d i c a t e d .  A f t e r  an  a d d i t i o n a l  p r e i n c u b a t i o n  a t
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37° C f o r  10 m i n u t e s  o r  f o r  t h e  t i me  s t a t e d  0 . 5  mM ApA and 

50 nM [ 3 h ]UTP (250 cpm/ pmol )  wer e  a d d e d .  The r e a c t i o n  was  

a l l o w e d  t o  p r o c e e d  f o r  15 m i n u t e s  a t  3 7 °C when i t  was  

t e r m i n a t e d  by a d d i t i o n  o f  10 u l  0 . 5  M EDTA. R a d i o a c t i v e  

ApApUpU a n d  UTP w e r e  r e s o l v e d  by p a p e r  c h r o m a t o g r a p h y  i n 

WASP s o l v e n t  ( McCl ur e  e t  a l . ,  1 9 7 8 )  . A f t e r  c u t t i n g  t h e

c h r o m a t o g r a p h y  s t r i p  i n t o  1 cm s e g m e n t s  t h e  a m o u n t  o f  

o l i g o n u c l e o t i d e  s y n t h e s i z e d  wa s  d e t e r m i n e d  by c o u n t i n g  

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

DNase I f o o t p r i n t i n g : DNase I f o o t p r i n t i n g  was  c a r r i e d  o u t

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

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

c o n t a i n e d  ( f i n a l  v o l u m e  50 u l )  : 40 mM T r i s - H C l  (pH 8 . 0 ) ,

100  mM KC1,  10  mM M g C 1 2 f 1% g l y c e r o l ,  3 nM [ ^ ^ P i AiiH. 

f r a g m e n t ,  40 nM CRP, and whe r e  i n d i c a t e d  240 nM mAb, 120 nM 

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

o f  cAMP. The c o mp o n e n t s  a d d e d ,  t h e  o r d e r  o f  a d d i t i o n  a n d  

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

n o t  s p e c i f i c a l l y  i n d i c a t e d  10 m i n u t e s  i s  t h e  n o r m a l  

i n c u b a t i o n  t i m e ) . A f t e r  f o r m a t i o n  o f  t h e  c o m p l e x e s  1 u l  o f  

a s o l u t i o n  c o n t a i n i n g  20 n g / ml  DNase  I i n  20 mM p o t a s s i u m  

p h o s p h a t e  (pH 6 . 8 ) ,  1 mM EDTA a n d  50% g l y c e r o l  was a dded  

and i n c u b a t e d  f o r  30 s e c o n d s  a t  3 7 ° C .  The r e a c t i o n  was  

t e r m i n a t e d  b y  a d d i t i o n  o f  a s o l u t i o n  c o n t a i n i n g  3 . 1  M 

ammonium a c e t a t e  (pH 7 . 6 ) ,  25 mM EDTA a n d  63 u g / m l  tRNA 

f o l l o w e d  by p h e n o l  e x t r a c t i o n ,  e t h a n o l  p r e c  i p  i t a t  i on  and
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r e p r e c i p i t a t i o n .  A f t e r  d r y i n g  t h e  p e l l e t s  u n d e r  v a c u u m 

10 u l  o f  l o a d i n g  b u f f e r  c o n t a i n i n g  80% d e i o n i z e d  f o r ma mi d e ,  

10 mM NaOH, 1 mM EDTA, 0.1% b r o mp h e n o l  b l u e  and 0.1% x y l e n e  

c y a n o l  was  a d d e d .  The  r e s u s p e n d e d  s a m p l e s  wer e  l o a d e d  on 

a n  8% d e n a t u r i n g  s e q u e n c i n g  g e l  a c c o r d i n g  t o  f ' axam a nd  

G i l b e r t  ( 1 9 7 7 ) .  A f t e r  e l e c t r o p h o r e s i s  t h e  g e l  w a s  

a u t o r a d i o g r a p h e d  a t  - 7 0 ° C  u s i n g  Kodak XAR-5 f i l m  a n d  a 

Cr one x  I I - P l u s  i n t e n s i f y i n g  s c r e e n .
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RESULTS

C h a r a c t e r i z a t i o n  o f  n i n e  mAbs:

The  a n t i - C R P  mAbs wer e  a s s a y e d  f o r  t h e i r  a b i l i t y  t o  b i n d  

t o  u r e a - d e n a t u r e d  a n d / o r  n a t i v e  CRP a d s o r b e d  o n t o  w e l l s  o f  

C o s t a r  s t y r e n e  p l a t e s .  T h e  b i n d i n g  o f  t h e  mAbs was  

d e t e r m i n e d  by ELISA.  As shown i n  T a b l e  1,  f i v e  o f  t h e  mAbs 

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

C l a s s  I m A b s .  T h e  r e m a i n i n g  f o u r  mAbs  b o u n d  w i t h  a 

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

t e r me d  C l a s s  I I  mAbs.  A l l  o f  t h e  a n t i - C R P  mAbs we r e  o f  t h e  

I g G  c l a s s  a n d  c o n t a i n e d  k a p p a  l i g h t  c h a i n s  ( d a t a  n o t  

s h o w n ) .

D i g e s t i o n  o f  cAMP-CRP w i t h  c h y m o t r y p s i n  o r  t h e  S t a p h . 

a u r e u s  V8 p r o t e a s e  y i e l d s  N - t e r m i n a l  c o r e s  wh i c h  r e t a i n  t h e  

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

w e i g h t  o f  t h e  c h y m o t r y p t i c  a n d  S t a p h . a u r e u s  V8 p r o t e a s e  

CRP c o r e s  f o r med  a f t e r  c l e a v a g e  o f  cAMP-CRP a r e  1 5 , 0 0 0  a n d

1 8 , 8 0 0  Da ,  r e s p e c t i v e l y .  F o l l o w i n g  a d s o r p t i o n  t o  a s s a y  

p l a t e s  t h e  CRP c o r e s  we r e  u s e d  t o  l o c a l i z e  t h e  C l a s s  I mAb 

b i n d i n g  s i t e s  ( T a b l e  2 ) .  The  C l a s s  I I  mAb 65C3 b o u n d  

e q u a l l y  w e l l  t o  n a t i v e  CRP a n d  b o t h  N - t e r m i n a l  c o r e s .  

T h r e e  o f  t h e  C l a s s  I mAbs ( 6 2 A2 ,  62D6 and 63A3) bound t o  

n a t i v e  CRP b u t  r e a c t e d  o n l y  t o  a l i m i t e d  e x t e n t  w i t h  e i t h e r  

o f  t h e  CRP c o r e s .  The low b i n d i n g  a c t i v i t y  o b s e r v e d  may be
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due  t o  r e s i d u a l  i n t a c t  CRP.  The  r e m a i n i n g  t wo  C l a s s  I 

mAbs (63D2 a n d  66C3)  b o u n d  t o  t h e  n a t i v e  CRP a n d  t h e  N- 

t e r m i n a l  1 8 , 8 0 0  Da c o r e  b u t  n o t  t o  t h e  1 5 , 0 0 0  Da c o r e .  The 

l o w e r  e x t e n t  o f  b i n d i n g  o f  mAb 63B2 a n d  66C3  t o  t h e

1 8 , 8 0 0  Da c o r e  may b e  a r e s u l t  o f  t h e  l o s s  o f  t h e  C-  

t e r m i n a l  r e g i o n  w h i c h  may be  i n v o l v e d  i n  m a i n t a i n i n g  t h e  

n a t i v e  c o n f o r m a t i o n  o f  CRP i n  t h i s  d o ma i n .

A l l  f o u r  o f  t h e  C l a s s  I I  mAbs b o u n d  e q u a l l y  w e l l  t o  

CRP a n d  t h e  1 5 , 0 0 0  Da c h y m o t r y p t i c  c o r e  a s  a s s a y e d  by  

s o l i d - p h a s e  ELISA ( T a b l e  2 ) .  S i n c e  t h e  C l a s s  I I  mAbs b i n d  

t o  d e n a t u r e d  CRP,  i t  w a s  p o s s i b l e  t o  u t i l i z e  W e s t e r n  

b l o t t i n g  t o  l o c a l i z e  t h e  mAb b i n d i n g  s i t e s  w i t h i n  CRP 

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

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

d i f f e r e n t  p r o c e d u r e s .  D i g e s t i o n  o f  c A M P - C R P  w i t h  

s u b t i l i s i n  y i e l d s  a N - t e r m i n a l  f r a g m e n t  o f  1 3 , 3 0 0  Da ( E i l e n  

e t  a l . ,  1 9 7 8  ; T s u g i t a  e t  a l .  , 1 9 8 2 ) .  CRP i n  t h e  p r e s e n c e  

o f  SDS i s  c l e a v e d  by c h y m o t r y p s i n  t o  g i v e  a N - t e r m i n a l  

f r a g m e n t  o f  9 , 5 0 0  Da and a C - t e r m i n a l  f r a g m e n t  o f  1 3 , 0 0 0  Da 

( A i b a  a n d  Krakow 1981)  . The DNA-CRP compl ex  f or med a t  low 

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

t r y p s i n ,  y i e l d i n g  a 1 0 , 0 0 0  Da N - t e r m i n a l  f r a g m e n t  and a

6 , 0 0 0  Da C - p r o x i m a l  f r a g m e n t  w i t h  t h e  N - t e r m i n a l  s e q u e n c e ;

Va 1 (1 3 1 ) - G l y - A s n ...............( A n g u l o  a n d  Kr a kow 1 9 8 6 ) .  A f t e r

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

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

t o l u i d i n e  b l u e  s t a i n i n g  ( T o w b i n  e t  a l . ,  1 9 8 2 ;  V a r t i o  e t
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a l . ,  1 9 8 2 ) .  As e x p e c t e d  f rom t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  

s o l i d - p h a s e  ELI SA,  e a c h  o f  t h e  C l a s s  I I  mAbs bound t o  t h e  

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

S . a u r e u s  p r o t e a s e  a n d  c h y m o t r y p s i n  ( F i g .  3 ) .  mAb 115D5 

bound we a k l y  t o  t h e  9 , 5 0 0  Da N - t e r m i n a l  f r a g m e n t  p r o d u c e d  

by c l e a v a g e  o f  SDS-CRP by c h y m o t r y p s i n  w h i l e  mAbs 64Dl , 65C3 

and 64B4 ( t h e  f r a g m e n t  b i n d i n g  p r o p e r t i e s  o f  t h e  l a t t e r  two 

mAbs  a r e  i d e n t i c a l )  b o u n d  t o  t h e  C - t e r m i n a l  1 3 , 0 0 0  Da 

f r a g m e n t .  mAb 65C3 and 64D4 d i d  n o t  b i n d  t o  t h e  1 0 , 0 0 0  Da 

o r  6 ,  000 Da f r a g m e n t ;  b o t h  mAbs bound t o  t h e  1 3 , 0 0 0  Da C- 

t e r m i n a l  f r a g m e n t .  T h i s  d e f i n e s  t h e  l o c a t i o n  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 )  f o r  mAbs 65C3 and 64D4 w i t h i n  t h e  

r e g i o n  s p a n n i n g  Phe  1 0 2 . . .  Lys  1 3 0 .  mAb 64D1 b o u n d  t o  t h e  

N - t e r m i n a l  1 0 , 0 0 0  Da f r a g m e n t  b u t  n o t  t o  t h e  N - t e r m i n a l  

9 , 5 0 0  Da f r a g m e n t .  A l t h o u g h  t h e  C - t e r m i n a l  s e q u e n c e  o f  t h e

1 0 . 0 0 0  Da f r a g m e n t  h a s  n o t  y e t  b e e n  d e t e r m i n e d ,  i t  i s  

l i k e l y  t h a t  t h e  t r y p t i c  c u t  o c c u r r e d  a t  e i t h e r  Lys 89 o r  

Lys  100.  S h o u l d  t h e  1 0 , 0 0 0  Da f r a g m e n t  t e r m i n a t e  a t  Lys 89 

i t  w o u l d  a p p e a r  t h a t  t h e  d e t e r m i n a n t  f o r  mAb 64D1 i s  

V a l  8 6 - A r g - A l a - L y s  ( F i g .  2 ) .  The l o c a t i o n  o f  t h e  e p i t o p e  

f o r  mAb 115D5 was d e t e r m i n e d  by a c o m p e t i t i v e  i m m u n o a s s a y ,  

t h e  d a t a  c l e a r l y  s h o we d  t h a t  mAb 115D5 c r o s s - r e a c t e d  w i t h  

b o t h  CRP a n d  t h e  9 , 5 0 0  Da f r a g m e n t  b u t  n o t  w i t h  t h e

1 3 . 0 0 0  Da f r a g m e n t  (Li  and Krakow,  1 9 8 5 ) .  I t  woul d  a p p e a r  

t h a t  t h e  i m m o b i l i z a t i o n  o f  t h e  9 , 5 0 0  Da f r a g m e n t  on  

n i t r o c e l l u l o s e  f o r  W e s t e r n  b l o t t i n g  i n  s o me  f a s h i o n  

o c c l u d e s  t h e  d e t e r m i n a n t  f o r  mAb 115D5.  Summar i zed  i n  F i g .
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4 a r e  t h e  c o n c l u s i o n s  d e r i v e d  f r o m t h e  i m m u n o b l o  11 i ng a n d  

ELISA e x p e r i m e n t s .

A b o r t i v e  s y n t h e s i s  o f  ApApUpU b y  RNA p o l y m e r a s e  

d i r e c t e d  by t h e  2 0 3 - b a s e  p a i r  r e s t r i c t i o n  f r a g m e n t  c a r r y i n g  

t h e  l a c  P + p r o m o t e r  i s  a l m o s t  c o m p l e t e l y  d e p e n d e n t  on t h e  

p r e s e n c e  o f  cAMP-CRP.  The  e f f e c t  o f  t h e  a n t i - C R P  mAbs on 

t h i s  r e a c t i o n  was d e t e r m i n e d  ( T a b l e  3 ) .  T h r e e  o f  t h e  mAbs 

( C l a s s  I mAbs 66C3 a n d  63B2 and C l a s s  I I  mAb 64D1) a l m o s t  

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

a b o r t i v e  i n i t i a t i o n .  Of t h e  t h r e e  C l a s s  I mAbs wh i c h  b i n d  

t o  d e t e r m i n a n t s  l o c a t e d  n e a r  t h e  C - t e r m i n u s  o f  CRP ( F i g .  

4 ) ,  mAbs 62A2 a n d  62D6 i n h i b i t e d  a b o r t i v e  i n i t i a t i o n  by 

a b o u t  75% w h i l e  mAb 63A3 e f f e c t e d  a 33% i n h i b i t i o n .  The 

mAb 1 1 5 D5 ,  w h o s e  a n t i g e n i c  d e t e r m i n a n t  r e s i d e s  w i t h i n  t h e  

N - t e r m i n a l  doma i n  o f  CRP,  i n h i b i t e d  a b o r t i v e  i n i t i a t i o n  by 

a b o u t  50%.  The  r e m a i n i n g  two C l a s s  I I  mAbs 64B4 and 65C3 

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

I n h i b i t i o n  o f  C R P - d e p e n d e n t  a b o r t i v e  i n i t i a t i o n  by t h e  

a n t i - C R P  mAbs c o u l d  be  d u e  t o  t h r e e  p o s s i b l e  e f f e c t s :  

i n h i b i t i o n  o f  cAMP a n d / o r  DNA b i n d i n g  and  i n t e r f e r e n c e  w i t h  

p o s s i b l e  c o n t a c t  b e t w e e n  CRP a n d  RNA p o l y m e r a s e .  Of  t h e  

t h r e e  mos t  e f f e c t i v e  i n h i b i t o r s  o f  t h e  a b o r t i v e  i n i t i a t i o n  

r e a c t i o n  (mAbs 63B2,  66C3,  64D1) o n l y  t h e  C l a s s  I I  mAb 64D1 

m a r k e d l y  i n h i b i t e d  cAMP b i n d i n g  ( T a b l e  4 ) .  The t h r e e  C l a s s  

I mAbs  6 2 A 2 ,  62D6 a n d  63A3 w h i c h  p a r t i a l l y  i n h i b i t e d

a b o r t i v e  i n i t i a t i o n  a l s o  i n h i b i t e d  cAMP b i n d i n g  t o  a l e s s e r  

e x t e n t .  The f o u r  r e m a i n i n g  mAbs 66C3,  65C3,  64E4 and 115D5
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d i d  n o t  a f f e c t  cAMP b i n d i n g  by CRP.

The g e l  e l e c t r o p h o r e s i s  m e t h o d  o f  G a r n e r  a n d  R e v z i n  

(1981)  was u s e d  t o  e x a mi n e  t h e  e f f e c t s  o f  t h e  a n t i - C R P  mAbs 

on  t h e  b i n d i n g  o f  cAMP-CRP t o  t h e  l a c  p r o m o t e r  f r a g m e n t .  

I n c u b a t i o n  o f  CRP w i t h  t h e  DNA a t  a m o l a r  r a t i o  o f  4 : 1  

r e s u l t e d  i n  a l m o s t  c o m p l e t e  b i n d i n g  o f  t h e  DNA ( F i g .  5,  

l a n e  CRP) .  To d e t e r m i n e  t h e  e f f e c t  o f  a dded  a n t i b o d y  t h e  

mAb was  i n c u b a t e d  w i t h  t h e  p r e f o r m e d  cAMP-CRP-DNA c o mp l e x .  

Four  o f  t h e  mAbs wh i c h  i n h i b i t e d  a b o r t i v e  i n i t i a t i o n  by 75% 

o r  b e t t e r  a l s o  r e s u l t e d  i n  a t o t a l  ( l a n e  d ,  mAb 64D1;  l a n e  

f ,  mAb 63B2)  o r  n e a r l y  t o t a l  i n h i b i t i o n  ( l a n e  h ,  mAb 62A2;  

l a n e  i ,  mAb 62D6) o f  l a c  DNA b i n d i n g .  The C l a s s  I mAb 63A3 

( l a n e  e)  wh i c h  p a r t i a l l y  i n h i b i t e d  a b o r t i v e  i n i t i a t i o n  a l s o  

showed a p a r t i a l  i n h i b i t i o n  o f  l a c  DNA b i n d i n g .  Two o f  t h e  

mAbs i n h i b i t e d  n e i t h e r  a b o r t i v e  i n i t i a t i o n  n o r  DNA b i n d i n g  

( l a n e  b ,  mAb 6 5 C3 ;  l a n e  c ,  mAb 6 4 B 4 ) . Two mAbs bound t o  

t h e  cAMP-CRP-DNA c o m p l e x ,  t h e s e  w e r e  mAb 1 1 5 D5  w h i c h  

p a r t i a l l y  i n h i b i t e d  a b o r t i v e  i n i t i a t i o n  ( l a n e  j )  and t h e  

s t r o n g l y  i n h i b i t o r y  mAb 66C3 ( l a n e  a ) .

mAbs 65C3 a n d  64B4 h a v e  no  e f f e c t  on  f o r m a t i o n  o f  

e i t h e r  CRP-cAMP o r  CRP- l a c  DNA c o m p l e x e s  and do n o t  i n h i b i t  

a b o r t i v e  i n i t i a t i o n  b u t  s t r o n g l y  b i n d  t o  i m m o b i l i z e d  CRP on 

t h e  E I A  p o l y s t y r e n e  p l a t e .  F r i g u e t  e t  a l . ( 1 9 8 4 )  h a v e  

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

p l a t e  may p a r t i a l l y  d e n a t u r e  t h e  p r o t e i n .  I n  o r d e r  t o  

c h e c k  t h e  a f f i n i t y  o f  t h e  mAbs f o r  n a t i v e  CRP i n  s o l u t i o n  a 

g e l  e l e c t r o p h o r e s i s  a s s a y  was u s e d ,  t h e  r e s u l t s  a r e  s hown
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i n  F i g .  6.  At  a 2 : 1  r a t i o  o f  mAb t o  CRP,  f o u r  C l a s s  I 

mAbs 66C3,  63D2,  62A2 and 62D6 a n d  t wo C l a s s  I I  mAbs 64D1 

a n d  1 1 5 D5  b o u n d  t o  CRP.  Th e  c o m p l e x e s  m i g r a t e d  a t  a 

p o s i t i o n  d i f f e r e n t  f r o m  mAb a l o n e .  C l a s s  I mAb 63A3 a n d  

t wo  C l a s s  I I  mAbs 65C3 a n d  64D4 showed v e r y  p o o r  b i n d i n g .  

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

o f  CRP.  A p p a r e n t l y ,  t h e  a n t i g e n i c  d e t e r m i n a n t s  f o r  mAbs 

65C3 and 64B4 a r e  f o l d e d  i n s i d e  o f  t h e  n a t i v e  CRP m o l e c u l e  

i n  s o l u t i o n  and  p r o b a b l y  a l s o  i n  t h e  cAMP-CRP and cAMP-CRP- 

l a c  DNA c o m p l e x e s .  T h i s  may e x p l a i n  t h e  l a c k  o f  an  

o b s e r v a b l e  e f f e c t  o f  t h e s e  mAbs on CRP a c t i v i t y .

T a b l e  5 s u mma r i z e s  t h e  f u n c t i o n a l  p r o p e r t i e s  o f  t h e  

n i n e  a n t i - C R P  mAbs .  ELISA a s s a y  c l a s s i f i e d  f i v e  mAbs 

w h i c h  b i n d  t o  n a t i v e  CRP b u t  n o t  u r e a  d e n a t u r e d  CRP a s  

C l a s s  I a n d  f o u r  mAbs  w h i c h  b i n d  e q u a l l y  w e l l  t o  b o t h  

n a t i v e  a n d  u r e a  d e n a t u r e d  CRP a s  C l a s s  I I .  T h r e e  mAbs 

6 3 A 3 ,  65C3  a n d  6 4 B4  b i n d  p o o r l y  t o  CRP i n  s o l u t i o n .

mAb 62A2 and mAb 62D6 l o c a t e d  a t  t h e  f a r  C - t e r m i n a l  r e g i o n  

show p a r t i a l  i n h i b i t i o n  o f  f o r m a t i o n  o f  cAMP-CRP, cAMP-CRP- 

DNA c o m p l e x e s  and a b o r t i v e  i n i t i a t i o n .  The two mAbs (65C3 

and 64B4) whi ch  b i n d  i n  t h e  r e g i o n  i n c l u d i n g  t h e  B - a l p h a  

h e l i x  a n d  p a r t  o f  t h e  C - a l p h a  h e l i x  showed p o o r  b i n d i n g  o f  

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

a c t i v i t y .  The  t wo  mAbs ( 63B2 a n d  66C3)  l o c a t e d  i n  t h e  

r e g i o n  i n c l u d i n g  D - a l p h a  h e l i x  a n d  p a r t  o f  C - a n d  E - a l p h a  

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

o n l y  mAb 63B2 i n h i b i t s  cAMP-CRP-DNA b i n d i n g ,  mAb 66C3 c a n
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b i n d  t o  t h i s  c o mpl e x  w i t h o u t  i t s  d i s s o c i a t i o n .  S i m i l a r l y ,  

mAb 115D5 c a n  a l s o  b i n d  t o  t h i s  c o m p l e x  b u t  i t s  a n t i g e n i c  

d e t e r m i n a n t  i s  l o c a t e d  i n  t h e  N - t e r m i n a l  d o ma i n .  mAb 64D1 

wh i c h  b i n d s  i n  t h e  r e g i o n  f r om Va l  86 t o  Lys 89 o r  Lys 100 

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

i n h i b i t s  t h e  f o r m a t i o n  o f  cAMP-CRP-DNA compl e x  and a b o r t i v e  

i n i t i a t i o n .

The me cha n i s m o f  mAbs 64D1,  66C3 a n d  115D5 e f f e c t s  

have  be e n  a n a l y z e d .

C h a r a c t e r i z a t i o n  o f  mAb 64D1:

The  e f f e c t s  o f  mAb 64D1 on  f o r m a t i o n  o f  cAMP-CRP,  

c A M P - C R P - l a c  P + a n d  c A M P - C R P - l a c  P + -RNA p o l y m e r a s e  

c o m p l e x e s  w e r e  a s s a y e d  by a b o r t i v e  s y n t h e s i s  ( F i g .  7 ) .  

Wh i l e  CRP i s  r a p i d l y  i n a c t i v a t e d  by mAb 64D1 t h e  cAMP- CRP-  

l a c  P +-RNA p o l y m e r a s e  c o mpl e x  r e m a i n s  u n a f f e c t e d  e v e n  a f t e r  

a 40 m i n u t e  i n c u b a t i o n  w i t h  t h e  a n t i b o d y  p r i o r  t o  a s s a y  f o r  

a b o r t i v e  i n i t i a t i o n .  I n c u b a t i o n  o f  mAb 64D1 w i t h  cAMP-CRP 

o r  cAMP-CRP-l a c  P + r e s u l t s  i n  a c o m p a r a b l e  and i n t e r m e d i a t e  

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

p r e s e n c e  o f  t h e  l a c  P + DNA f r a g m e n t  d o e s  n o t  s t a b i l i z e  t h e  

cAMP-CRP c o mp l e x .

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

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

d i s s o c i a t i o n  by mAb 64D1.  B i n d i n g  by cAMP-CRP t o  t h e  l a c  P + 

f r a g m e n t  p r o t e c t s  t h e  r e g i o n  s p a n n i n g  - 5 0  t o  - 8 0  bp ( F i g .  

8 ,  l a n e s  b ,  c ) .  I n c u b a t i o n  o f  t h e  p r e f o r m e d  cAMP- CRP-



32

l a c  P + c o m p l e x  w i t h  mAb 64D1 r e s u l t s  i n  a p r o g r e s s i v e  

d e c o m p o s i t i o n  o f  t h e  c o m p l e x  s o  t h a t  a f t e r  a 40 m i n u t e  

i n c u b a t i o n  ( F i g .  8,  l a n e  f )  b i n d i n g  o f  CRP t o  l a c  P + h a s  

b e e n  l o s t .  I n  c o n t r a s t  t o  t h e  r e l a t i v e  i n s t a b i l i t y  o f  t h e  

cAMP-CRP- l a c  P + c o m p l e x ,  t h e  p r e s e n c e  o f  RNA p o l y m e r a s e  

r e s u l t s  i n  t h e  f o r m a t i o n  o f  t h e  RP ( F i g  0,  l a n e  h) i n  

whi ch  CRP r e m a i n s  u n a f f e c t e d  e v e n  f o l l o w i n g  a 40 m i n u t e  

i n c u b a t i o n  w i t h  mAb 64D1 ( F i g .  8,  l a n e s  i ,  j ) .

The r e s u l t s  p r e s e n t e d  i n  F i g u r e  9 c o mpar e  t h e  e f f e c t s  

o f  cAMP c o n c e n t r a t i o n  on  t h e  s t a b i l i t y  o f  t h e  cAMP-CRP,  

cAMP-CRP-l a c  P + and cAMP-l a c  P +-RNA p o l y m e r a s e  c o m p l e x e s  t o  

s u b s e q u e n t  i n c u b a t i o n  w i t h  mAb 64D. CRP b i n d s  t o  i t s  s i t e  

i n  t h e  l a c  P + p r o m o t e r  a t  100 uM cAMP ( F i g .  9,  l a n e  b) and 

25 uM cAMP ( F i g .  9 ,  l a n e  d ) .  P r e i n c u b a t i o n  o f  CRP and  

mAb 64D1 ( F i g .  9,  l a n e  c) r e s u l t s  i n  a c o m p l e t e  l o s s  o f  DNA 

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

s e n s i t i v i t y  o f  CRP t o  i n h i b i t i o n  by mAb 64D1 i s  shown i n 

F i g u r e  9,  l a n e s  e ,  f ,  g .  Shown i s  t h e  e f f e c t  o f  i n c u b a t i o n  

o f  t h e  c A MP - C R P  c o m p l e x  f o r m e d  a t  d i f f e r e n t  cAMP 

c o n c e n t r a t i o n s  w i t h  mAb 64D1 f o l l o w e d  by b i n d i n g  t o  t h e  

l a c  P+ . The cAMP-CRP c o m p l e x  f o r m e d  w i t h  100 uM cAMP i s  

r e s i s t a n t  t o  s u b s e q u e n t  i n c u b a t i o n  w i t h  mAb 64D1.  As t h e  

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

a n t i b o d y  i s  s e e n ;  a t  25 uM cAMP b i n d i n g  t o  l a c  P + i s  a l m o s t  

c o m p l e t e l y  i n h i b i t e d .  T h e  p r e f o r m e d  c AMP- CRP- l a c  P + 

c o mp l e x  f o r m e d  a t  d i f f e r e n t  cAMP c o n c e n t r a t i o n s  s h o ws  a 

s i m i l a r  r e s p o n s e  t o  i n c u b a t i o n  w i t h  mAb 64D1 ( F i g .  9,  l a n e s
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i » j »  k ) .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  p r e s e n c e  o f  t h e  

l a c  P + DNA d o e s  n o t  i n c r e a s e  t h e  r e s i s t a n c e  o f  cAMP-CRP t o  

a t t a c k  b y  mAb 6 4 D 1 .  Tn c o n t r a s t  t h e  p r e s e n c e  o f  RNA 

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

CRP f o r  i t s  s i t e  on  t h e  l a c  P + p r o m o t e r .  T h i s  e f f e c t  i s  

s e e n  a t  6 uM cAMP ( F i g .  9 ,  l a n e  o) whe r e  s t a b l e  CRP b i n d i n g  

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

I n c u b a t i o n  o f  t h e  p r e f o r m e d  cAMP-CRP-l a c  P +-RNA p o l y m e r a s e  

c o mpl e x  w i t h  mAb 64D1 shows t h a t  w h i l e  t h e  RPQ f or med a t  25 

uM cAMP ( F i g .  9 ,  l a n e  q )  i s  n o t  a f f e c t e d ,  l o w e r  

c o n c e n t r a t i o n s  o f  cAMP ( F i g .  9,  l a n e s  r ,  s)  r e s u l t e d  i n  an 

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

t h e  a n t i b o d y .

The  l a c k  o f  i m m e d i a t e  i n h i b i t i o n  o f  CRP a c t i v i t y  in 

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

i n a b i l i t y  o f  mAb 64D1 t o  b i n d  t o  CRP o r  t h a t  a n t i b o d y  c an  

b i n d  b u t  CRP a c t i v i t y  i s  r e t a i n e d .  I n  o r d e r  t o  show t h a t  

mAb 64D1 b i n d s  t o  CRP,  t h e  p r o t e i n  was l a b e l e d  a t  Cy s - 178  

w i t h  ( 3j i] N - e t h y l m a l e i m i d e  ( E b r i g h t  e t  a l . ,  1 9 8 5 ) .  The d a t a  

p r e s e n t e d  i n  T a b l e  6 show t h a t  I m m u n o p r e c i p i t i n  b i n d s  t o  

t h e  immune c o mp l e x  f o r med  b e t we e n  mAb 64D1 o r  mAb 66C3 and 

[3n]NEM-CRP.  Bot h  m o n o c l o n a l  a n t i b o d i e s  a r e  o f  t h e  I g G l  

c l a s s  f o r  w h i c h  P r o t e i n  A h a s  a v a r i a b l e  a f f i n i t y  ( God i ng ,  

1 9 7 8 ) .  The  r e s u l t s  p r e s e n t e d  i n  F i g u r e  6 s h o w e d  t h a t  

mAb 66C3 b i n d s  t o  t h e  cAMP-CRP- l a c  P + compl e x  w i t h o u t  i t s  

d i s s o c i a t i o n .  The d a t a  p r e s e n t e d  i n  T a b l e  6 show t h a t  t h e  

[ ^II] l a c  P + DNA bound t o  cAMP-CRP s e d i m e n t s  a f t e r  i n c u b a t i o n
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w i t h  mAb 66C3 and I m m u n o p r e c i p i t i n . In c o n t r a s t ,  l i t t l e  o r  

no  l a b e l  i n  t h e  c o m p l e x  s e d i m e n t s  a f t e r  i n c u b a t i o n  w i t h  

mAb 64D1.  I n c u b a t i o n  o f  t h e  CAMP -CRP -  l a c  P + c o m p l e x  w i t h  

mAb 64D1 w o u l d  u l t i m a t e l y  r e s u l t  i n  i t s  d i s s o c i a t i o n .  

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

p r e c l u d e s  b i n d i n g  o f  CRP by mAb 64D1.

The  CRP p r o t o m e r  c o n s i s t s  o f  two i d e n t i c a l  s u b u n i t s ,  

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

f o r  mAb 64D1.  The me t hod  o f  P e s t k a  e t  a l .  ( 1 9 8 3 )  p r o v i d e s  

a c o n v e n i e n t  a s s a y  f o r  t h e  a v a i l a b i l i t y  o f  t h e  mAb 64D1 

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

i m m o b i l i z a t i o n  o f  u n l a b e l e d  mAb 64D1 t o  t h e  w e l l s  o f  a 

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

a l l o w  f o r m a t i o n  o f  t h e  i mmu n e  c o m p l e x .  B i n d i n g  o f  

[ 1 2 5 1 ] ,^ 5  64D1 t o  t h i s  c o mp l e x  woul d  i n d i c a t e  t h a t  b o t h  o f  

t h e  a n t i g e n i c  s i t e s  on t h e  CRP p r o t o m e r  a r e  a v a i l a b l e .  The 

d a t a  p r e s e n t e d  i n  T a b l e  7 i n d i c a t e  t h a t  t h e r e  wa s  

e s s e n t i a l l y  n o  b i n d i n g  o f  t h e  [ 1 2 5 i ] m A b  64D1 t o  t h e  

i m m o b i l i z e d  mAb 64D1-CRP.  When t h e  a s s a y  was r u n  u s i n g  t h e  

i m m o b i l i z e d  mAb 64C4-CRP c o mpl e x  b i n d i n g  o f  [ 1 2 5 i ] mAb 64D1 

was o b s e r v e d .  The  d a t a  i n d i c a t e  t h a t  o n l y  o n e  mAb 64D1 

a n t i g e n i c  s i t e  i s  a v a i l a b l e  on  CRP o r  t h a t  b o t h  o f  t h e  

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

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

I t  i s  c l e a r  t h a t  cAMP b i n d i n g  r e s u l t s  i n  a 

c o n f o r m a t i o n a l  c h a n g e  i n  CRP. T h i s  h a s  b e e n  shown t o  o c c u r  

i n  t h e  C - t e r m i n a l  DNA- bi nd i ng  d o m a i n  ( E i l e n  e t  a l . ,  1 9 7 8 )
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a s  w e l l  a s  t h e  N - t e r m i n a l  c A M P - b i n d i n g  doma i n  ( E i l e n  and 

Krakow,  1977)  whe r e  t h e  d e t e r m i n a n t  f o r  mAb 64D1 r e s i d e s  

( F i g .  5 ) .  T h i s  a n t i b o d y  b i n d s  t o  d e n a t u r e d  o r  n a t i v e  CRP 

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

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

mAb 64D1 b i n d i n g .  A d s o r p t i o n  t o  t h e s e  m a t r i c e s  p r o b a b l y  

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

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

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

r a d i o i m m u n o a s s a y  was u s e d .  I n  t h i s  p r o c e d u r e  CRP i s  b o u n d  

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

s p e c i f i c i t y  d i f f e r e n t  f r om t h a t  o f  mAb 64D1.  The r e s u l t s  

p r e s e n t e d  i n  F i g u r e  10  s h o w  t h a t  t h e  b i n d i n g  o f  

[ 1 2 5 i j m A b  64D1 i s  m a r k e d l y  i n h i b i t e d  b y  cAMP a n d  t o  a 

l e s s e r  e x t e n t  b y  c G M P .  T h e  d a t a  s u g g e s t  t h a t  t h e  

c o n f o r m a t i o n  o f  t h e  a n t i g e n i c  doma i n  f o r  mAb 64D1 i n  cAMP- 

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

d e n a t u r e d  CRP.  T h i s  c o u l d  be  a c o n s e q u e n c e  o f  a cAMP- 

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

cAMP w i t h  a n  a m i n o  a c i d  s i d e  c h a i n  c o m p r i s i n g  p a r t  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  f o r  mAb 64D1.

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

c o n f o r m a t i o n  i n  CRP u n f a v o r a b l e  f o r  mAb 64D1 b i n d i n g  and 

c o n v e r s e l y  f o r m a t i o n  o f  t h e  mAb 64D1-CRP c o mp l e x  a l t e r s  t h e  

c o n f o r m a t i o n  o f  t h e  cAMP b i n d i n g  d o m a i n  i n  b o t h  CRP 

s u b u n i t s .  L i m i t e d  p r o t e o l y s i s  h a s  be e n  u s e d  t o  p r o b e  t h e  

e f f e c t s  o f  cAMP and DNA b i n d i n g  on CRP c o n f o r m a t i o n  (Angul o
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a n d  K r a k o w ,  1 9 8 5 ,  1 9 8 6 ) .  U n l i g a n d e d  CRP i s  r e l a t i v e l y

r e s i s t a n t  t o  p r o t e o l y t i c  a t t a c k  w h i l e  cAMP-CRP i s  a t t a c k e d  

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

a c t i v i t y .  The  mAb 64D1-CRP c o mp l e x  i s  r a p i d l y  a t t a c k e d  by 

t h e  S . a u r e u s  V8 p r o t e a s e ,  t r y p s i n ,  c h y m o t r y p s i n  ( F i g .  11)  

a n d  s u b t i l i s i n  ( F i g .  12 A ) .  The  s i z e  o f  t h e  f r a g m e n t s  

g e n e r a t e d  by p r o t e o l y t i c  a t t a c k  on  t h e  mAb 64D1-CRP a n d  

c A M P - C R P  c o m p l e x e s  d i f f e r s  i n d i c a t i n g  t h a t  t h e  CRP 

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

W e s t e r n  b l o t t i n g  ( F i g .  12 B) shows  t h a t  mAb 64D1 c a n  b i n d  

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

d i d  n o t  d e s t r o y  t h e  a n t i g e n i c  s i t e  f o r  mAb 64D1.

U s i n g  p r o t e o l y s i s  by t r y p s i n  and s u b t i l i s i n  t o  a s s a y  

f o r  mAb 64D1 b i n d i n g  t h e  r e s u l t s  p r e s e n t e d  i n  F i g u r e  13 

s how t h a t  t h e  p r e s e n c e  o f  o n e  mAb 64D1 p e r  CRP p r o t o m e r  

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

a p p a r e n t  t h a t  when t h e  r a t i o  o f  a n t i b o d y  t o  CRP s u b u n i t  i s  

l e s s  t h e n  o n e ,  r e s i d u a l  i n t a c t  CRP s u b u n i t  i s  f o u n d .  The 

r e s u l t s  o f  t h i s  e x p e r i m e n t  i n d i c a t e  t h a t  t h e  mAb 64D1-CRP 

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

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

C h a r a c t e r i z a t i o n  o f  mAb 66 C3 :

As s h o wn  i n  F i g u r e  5 t h e  a n t i g e n i c  d e t e r m i n a n t  o f  

mAb 66C3 i s  l o c a t e d  w i t h i n  t h e  r e g i o n  i n c l u d i n g  t h e  D - a l p h a  

h e l i x  a n d  p a r t  o f  t h e  C-  a n d  E - a l p h a  h e l i c e s .  mAb 66C3 

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

t h e  n a t i v e  f o l d i n g  o f  CRP. The r e s u l t s  p r e s e n t e d  i n  F i g u r e  

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

c o n f o r m a t i o n a l l y  r e s p o n s i v e  t o  cAMP b i n d i n g .  The  d a t a  

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

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

[ 2 5 j  j mAb 66C3 o v e r  t h e  b i n d i n g  o b s e r v e d  i n  t h e  a b s e n c e  o f  

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

i n  t h e  b i n d i n g  o f  [ ^ 5 x ] mAb 66C3 i s  s e e n  i n  t h e  p r e s e n c e  o f  

c G MP .  T h e s e  r e s u l t s  a l s o  s h o w  t h a t  t h e  a n t i g e n i c  

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

a v a i l a b l e  f o r  b i n d i n g  by  mAb 6 6 C 3 .  The  e x p e r i m e n t a l  

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

a l .  ( 1 9 8 3 )  s i m i l a r  t o  t h e  o n e  shown i n  T a b l e  7 and F i g .  10 

e x c e p t  t h a t  t h e  i m m o b i l i z e d  mAb on  t h e  w e l l s  i s  mAb 66C3 .  

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

a mAb 66 C3 - CRP - [ 1 2 5 x ] mAb 66C3 c o mp l e x .

The i n i t i a l  c h a r a c t e r i z a t i o n  o f  mAb 66C3 s h o we d  t h a t  

i t  w a s  a  p o t e n t  i n h i b i t o r  o f  t h e  a b o r t i v e  i n i t i a t i o n  

r e a c t i o n  d i r e c t e d  by t h e  l a c  P + t e m p l a t e  a l t h o u g h  mAb 66C3 

d i d  n o t  i n h i b i t  b i n d i n g  o f  cAMP ( T a b l e  4) o r  l a c  P + ( F i g .  

6 ,  l a n e  a ) .  The d a t a  p r e s e n t e d  i n  F i g u r e  15 show t h a t  

a b o r t i v e  i n i t i a t i o n  f r o m  l a c  P + i s  a l m o s t  c o m p l e t e l y  

i n h i b i t e d  when mAb 66C3 i s  i n c u b a t e d  w i t h  cAMP-CRP p r i o r  t o  

a d d i t i o n  o f  RNA p o l y m e r a s e .  I n  c o n t r a s t  a d d i t i o n  o f  

mAb 66C3  a f t e r  f o r m a t i o n  o f  t h e  o p e n  p r o m o t e r  c o m p l e x  

r e s u l t s  i n  a 50% i n h i b i t i o n  o f  ApApUpU s y n t h e s i s .
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I n  t h e  e x p e r i m e n t  s ho wn  i n  F i g u r e  15 t h e  p r e f o r m e d

PPQ c o m p l e x  wa s  i n c u b a t e d  w i t h  mAb 66C3 f o r  10 m i n u t e s  

p r i o r  t o  a s s a y  f o r  a b o r t i v e  i n i t i a t i o n .  To d e t e r m i n e  

w h e t h e r  a mo r e  e x t e n d e d  i n c u b a t i o n  w i t h  mAb 66C3 w o u l d  

r e s u l t  i n  a g r e a t e r  i n h i b i t i o n  t h e  e x p e r i m e n t  s hown  i n  

F i g u r e  16 was  c a r r i e d  o u t .  The d a t a  show t h a t  no f u r t h e r  

i n h i b i t i o n  i s  e f f e c t e d  a f t e r  t h e  i n i t i a l  10  m i n u t e  

c h a l l e n g e .  The  r e s u l t s  i m p l y  t h a t  a b o u t  50% o f  t h e  CRP

p r e s e n t  i n  t h e  RP Q c o m p l e x  i s  s e n s i t i v e  t o  a t t a c k  by  

mAb 66C3.  The r e s u l t s  p r e s e n t e d  i n  F i g u r e  16 a l s o  i n d i c a t e  

t h a t  t h e  p r e f o r m e d  cAMP-CRP-mAb 6 6 C3 - l a c  P + c o mpl e x  c a n n o t  

be a c t i v a t e d  by e x t e n d e d  i n c u b a t i o n  w i t h  RNA p o l y m e r a s e .  

The  a n t i b o d y  t i t r a t i o n  a s s a y  s h o wn  i n  F i g .  17 shows  t h a t  

mAb 66C3 c o n c e n t r a t i o n  i s  s a t u r a t e d  a t  a 2 t o  1 mAb 66C3 t o  

CRP r a t i o .  At  t h i s  p o i n t ,  s i m i l a r  t o  t h a t  s ho wn  i n  F i g .  

1 5 ,  p r  e i n c u b a  t  i o n  o f  mAb 66C3 w i t h  cAMP-CRP r e s u l t e d  i n  a 

c o m p l e t e  i n h i b i t i o n  w h i l e  a d d i n g  mAb 66C3 a f t e r  f o r m a t i o n

o f  t h e  RPQ r e s u l t e d  i n  a b o u t  50% r e s i d u a l  a c t i v i t y .  

I n c r e a s i n g  t h e  mAb 66C3 t o  CRP r a t i o  t o  15 t o  1 d i d  n o t  

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

D N a s e  I f o o t p r i n t i n g  w a s  c a r r i e d  o u t  t o  f u r t h e r  

d e f i n e  how b i n d i n g  o f  mAb 66C3 t o  cAMP-CRP a f f e c t s  l a c  P + 

DNA b i n d i n g .  Un d e r  t h e  c o n d i t i o n s  u s e d  i n  t h e  e x p e r i m e n t  

shown i n  F i g u r e  18 A and B ( l a n e  b) p r o t e c t i o n  by cAMP-CRP 

o f  S i t e  1 on [ 3 2 p ] j ac  p+ i s o b s e r v e d .  In c o n t r a s t  one  s e e s  

a mo r e  d i s t i n c t  p r o t e c t i o n  by cAKP-CRP-mAb 66C3 w i t h i n  CRP 

S i t e  1 and a l s o  CRP S i t e  2 ( F i g .  18 A a n d  B,  l a n e  c)  . I n
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t h e  p r e s e n c e  o f  RNA p o l y m e r a s e  b i n d i n g  o f  cAMP- CRP i s  

s t a b i l i z e d  a n d  t h e  c h a r a c t e r i s t i c  CRP S i t e  1 a nd  RNA 

p o l y m e r a s e  f o o t p r i n t  i s  o b t a i n e d  ( F i g .  18 A and B,  l a n e  e ) . 

F o r m a t i o n  o f  t h e  cAMP-CRP-mAb 6 6 C3 - l a c  P + c o m p l e x  f o l l o w e d  

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

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

( F i g .  18 A and B , l a n e  f ) . The r e s u l t s  e x p l a i n  t h e  s t r o n g  

i n h i b i t i o n  o f  a b o r t i v e  i n i t i a t i o n  by  mAb 66C3 s e e n  i n  

F i g u r e  14;  p r i o r  f o r m a t i o n  o f  t h e  cAMP-CRP-mAB 6 6 C3 - l a c  P + 

c o mpl e x  p r e c l u d e s  b i n d i n g  by RNA p o l y m e r a s e .  I n  c o n t r a s t

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

s u b s e q u e n t  i n c u b a t i o n  w i t h  mAb 66C3 ( F i g .  18 A a n d  B,  l a n e

9 ) •

The  l a c  L8UV5 p r o m o t e r  c o n t a i n s  a d o u b l e  m u t a t i o n ,  

t h e  L8 m u t a t i o n  p r e s e n t  i n  CRP S i t e  1 m a r k e d l y  l o w e r s  i t s  

a f f i n i t y  f o r  c AMP - CR P ,  t h e  UV5 m u t a t i o n  i n  t h e  - 1 0  

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

t h e  a b s e n c e  o f  cAMP-CRP.  The  DNase  I f o o t p r i n t  shown i n 

F i g u r e  19 p a n e l  A shows  t h a t  n e i t h e r  cAMP-CRP no r  cAMP-CRP- 

mAb 66C3 a r e  a b l e  t o  form a s t a b l e  c o mpl e x  a t  CRP S i t e  1 or  

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

f r o m  - 5 0  bp  i s  s e e n  i n  t h e  p r e s e n c e  o f  o n l y  RNA p o l y m e r a s e  

( F i g .  19 A,  l a n e  d ) .  B i n d i n g  o f  cAMP-CRP t o  S i t e  1 i s  

s t a b i l i z e d  i n  t h e  p r e s e n c e  o f  RNA p o l y m e r a s e  ( F i g .  19 A, 

l a n e  e)  . I n  c o n t r a s t  t o  t h e  i n h i b i t i o n  o f  b i n d i n g  o f  RNA 

p o l y m e r a s e  by cAMP-CRP-mAb 66C3 t o  t h e  l a c  P + p r o m o t e r  one  

s e e s  t h a t  i n  t h e  l a c  L8UV5 p r o m o t e r  b i n d i n g  o f  RNA
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p o l y m e r a s e  i n h i b i t s  b i n d i n g  by cAMP-CRP-mAb 66C3 ( F i g .  19 

A, l a n e  f ) . I n  t h e  p r e s e n t  o f  25% g l y c e r o l  ( F i g . 19 p a n e l  

B ) ,  P r o t e c t i o n  by cAMP-CRP a l o n e  c a n n o t  be s e e n ;  in t h e  

p r e s e n c e  o f  mAb 66C3 p r o t e c t i o n  a t  b o t h  CRP S i t e  1 and S i t e  

2 i s  o b s e r v e d  ( F i g .  19 B,  l a n e s  b and c ) .

The l a c  P+ and l a c  L8UV5 f r a g m e n t s  a r e  c u t  by Hpa 2 

a t  - 2 0  bp  s e p a r a t i n g  CRP S i t e  1 and S i t e  2 on e a c h  o f  t h e  

r e s u l t a n t  r e s t r i c t i o n  f r a g m e n t s .  F i g u r e  20 s h o w s  t h a t  

cAMP-CRP b i n d s  t o  t h e  w i l d  t y p e  CRP S i t e  1 f r a g m e n t  b u t  

d o e s  n o t  b i n d  t o  e i t h e r  t h e  L8 S i t e  1 o r  S i t e  2 f r a g m e n t .  

cAMP-CRP-mAb 66C3 f o r ms  a c o mp l e x  w i t h  a l l  o f  t h e  w i l d  t y p e  

S i t e  1 f r a g m e n t  a n d  much o f  t h e  S i t e  2 f r a g m e n t .  In t h e  

c a s e  o f  t h e  f r a g m e n t s  g e n e r a t e d  f r o m  t h e  l a c  L8UV5 a 

p a r t i a l  b i n d i n g  o f  cAMP-CRP-mAb 66C3 t o  b o t h  t h e  L8 S i t e  1 

and S i t e  2 f r a g m e n t s  i s  s e e n .  I t  a p p e a r s  t h a t  cAMP-CRP 

b o u n d  t o  mAb 66C3 s h o w s  an  i n c r e a s e  i n  a f f i n i t y  f o r  DNA 

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

b i n d  i n g .

Co mp a r i s o n  o f  mAb 66C3 and  mAb 115D5:

mAb 1 1 5 D 5 ,  l i k e  mAb 6 6 C3 ,  i s  a b l e  t o  b i n d  t o  t h e  

cAMP-CRP-DNA c o mp l e x  w i t h o u t  i t s  d i s s o c i a t i o n  ( F i g .  G, l a n e  

j )  b u t  i t s  a n t i g e n i c  d e t e r m i n a n t  i s  l o c a t e d  i n  t h e  N-  

t e r m i n a l  9 , 5 0 0  Da f r a g m e n t  ( F i g .  4) and i t  c a n  b i n d  t o  b o t h  

n a t i v e  a n d  d e n a t u r e d  CRP ( T a b l e  1 ) .  mAb 115D5 s h o ws  a 

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

s e e n  w h e t h e r  i t  i s  a d d e d  b e f o r e  o r  a f t e r  RNA p o l y m e r a s e
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( T a b l e  5 a n d  d a t a  n o t  s h o w n ) . A D N a s e  I f o o t p r i n t  

c o m p a r i s o n  o f  mAb 66C3 and mAb 115D5 i s  shown i n  F i g u r e  21.  

As e x p e c t e d  f r o m  t h e  a b o r t i v e  i n i t i a t i o n  d a t a  mAb 115D5 

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

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

mAb 115D5 i n d u c e s  CRP S i t e  1 and S i t e  2 b i n d i n g  s i m i l a r  t o  

mAb 66C3 ( F i g .  2 1 ,  l a n e s  c a n d  d ) . I n  mAb - CRP - Hj s a  2 

f r a g m e n t  b i n d i n g ,  mAb 1 1 5 D 5  s h o w s  s i m i l a r  e f f e c t s  t o  

mAb 66C3 b u t  w i t h  l e s s  i n t e n s i t y  ( F i g .  2 0 ,  l a n e  a a n d  e ) .  

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

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

d i g e s t i o n  ( d a t a  n o t  s h o w n ) .  The  s i g n i f i c a n c e  o f  t h e  

s i m i l a r i t i e s  and t h e  d i s s i m i l a r i t i e s  w i l l  be  d i s c u s s e d  i n  

t h e  D i s c u s s i o n  s e c t i o n .

G l y c e r o l  e f f e c t  on p r o t e i n - D N A  i n t e r a c t i o n ;

G l y c e r o l  s h o ws  i n t e r e s t i n g  e f f e c t s  on  p r o t e i n - D N A  

b i n d i n g .  As shown i n  F i g .  19 ,  p a n e l  B,  g l y c e r o l  i n c r e a s e s  

mAb 6 6 C 3 - c A M P - C R P  b i n d i n g  a t  CRP S i t e  1 a n d  S i t e  2.  

G l y c e r o l  a l s o  e n h a n c e s  cAMP-CRP S i t e  1 b i n d i n g .  As s hown  

i n  F i g u r e  2 2 ,  a n d  F i g u r e  1 8 ,  t h e  cAMP-CRP- l a c  P + b i n d i n g  

p a t t e r n  i s  d i f f e r e n t  f r om mAb 66C3 - c A MP - C R P - l a c  P + a t  CRP 

S i t e  1 .  mAb 66C3-cAMP-CRP p r o t e c t s  CRP S i t e  1 b e t t e r  t h a n  

cAMP-CRP ( F i g ,  22,  l a n e s  b,  c .  F i g .  18 ,  l a n e s  b , c ) .  I n  t h e  

p r e s e n c e  o f  25% g l y c e r o l ,  cAMP-CRP p r o t e c t i o n  o f  CRP S i t e  1 

i s  c o m p a r a b l e  t o  mAb 6 6C3-cAMP- CRP b u t  g l y c e r o l  d o e s  n o t



42

i n d u c e  CRP S i t e  2 b i n d i n g  by cAMP-CRP a s  mAb 66C3-cAMP-CRP 

d o e s  i n  t h e  a b s e n c e  o r  p r e s e n c e  o f  g l y c e r o l  ( F i g .  22 ,  l a n e s  

c ,  d) . RNA p o l y m e r a s e  d o e s  n o t  s how s p e c i f i c  b i n d i n g  t o  

t h e  l a c  P + p r o m o t e r  i n  t h e  a b s e n c e  o f  CRP. In t h e  p r e s e n c e  

o f  g l y c e r o l ,  RNA p o l y m e r a s e  b i n d i n g  i s  o b t a i n e d  ( F i g .  22,  

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

p r e s e n c e  o f  CRP ( F i g .  22 ,  l a n e  f ) . The e n h a n c e d  c u t t i n g  in 

r e g i o n  - 4 4  t o  - 4 7  bp i s  n o t  s e e n  i n  t h e  p r e s e n c e  o f  CRP.

F i g u r e  23 s h o w s  t h e  g l y c e r o l  t i t r a t i o n  e f f e c t  on 

a b o r t i v e  t r a n s c r i p t i o n .  I n  t h e  a b s e n c e  o f  CRP 

t r a n s c r i p t i o n  f r o m l a c  P + i s  i n c r e a s e d  when t h e  g l y c e r o l  

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

l a c  L8UV5 a n d  l a c  P + i n  t h e  a b s e n c e  o f  CRP i s  d e c r e a s e d .  

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

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

a l o we r  e f f i c i e n c y .  G l y c e r o l  i n c r e a s e s  t h e  a f f i n i t y  o f  

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

ha v e  an e f f e c t  on p r o t e i n  c o n f o r m a t i o n  a n d / o r  f u n c t i o n .
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DISCUSSION

As d e s c r i b e d  i n  t h e  I n t r o d u c t i o n ,  CRP i s  a p r o t e i n  

w i t h  m u l t i p l e  f u n c t i o n s .  I t  i n t e r a c t s  w i t h  cAMP, DNA and 

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

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

t h e  cAMP-CRP c o m p l e x  d e s c r i b e d  by S t e i t z  a n d  c o - w o r k e r s  

( F i g u r e  2) o t h e r  p o t e n t i a l  c o n f o r m a t i o n s  o f  CRP have  been

i n d i c a t e d  by i t s  s e n s i t i v i t y  t o  a t t a c k  by t r y p s i n  and o t h e r

p r o t e o l y t i c  enzymes  ( Angul o  and Krakow,  1986 ;  E i l e n  e t  a l . , 

1 9 7 8 )  a n d  by a n a l y s i s  o f  cAMP a n a l o g u e - C R P  i n t e r a c t i o n  

( E b r i g h t  e t  a l . ,  1 9 8 5 ) .  E a c h  o f  t h e s e  c o n f o r m a t i o n s  

c o r r e s p o n d s  t o  t h e  cAKP b i n d i n g  o r  DNA b i n d i n g  f u n c t i o n .  

S i t e - s p e c i f i c  m o n o c l o n a l  a n t i b o d i e s  wh i c h  b i n d  t o  a n t i g e n i c  

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

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

and f u n c t i o n .

Ni ne  a n t i - C R P  mAbs ha v e  b e e n  c h a r a c t e r i z e d  w i t h  r e g a r d  

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

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

e a c h  mAb on  CRP a c t i v i t y .  As s u mma r i z e d  i n  T a b l e  1,  t h e

n i n e  mAbs f a l l  i n  two g r o u p s  a s  c l a s s i f i e d  by ELI SA a s s a y .

F i v e  mAbs w h i c h  b i n d  t o  n a t i v e  CRP b u t  n o t  u r e a  d e n a t u r e d  

CRP a r e  r e f e r r e d  t o  a s  C l a s s  I ,  and f o u r  mAbs whi ch  b i n d  t o  

b o t h  n a t i v e  and u r e a  d e n a t u r e d  CRP a r e  r e f e r r e d  t o  a s  C l a s s
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I I .  The a n t i g e n i c  d e t e r m i n a n t s  o f  a l l  o f  t h e  C l a s s  I mAbs 

a r e  l o c a t e d  w i t h i n  t h e  C - t e r m i n a l  d o m a i n  a n d  a l l  o f  t h e  

C l a s s  I I  mAbs a r e  l o c a t e d  w i t h i n  t h e  N - t e r m i n a l  d o m a i n  

( F i g .  4) . I t  i s  n o t  known i f  t h i s  c l e a r  s e p a r a t i o n  o f  t h e  

l o c a t i o n s  o f  C l a s s  I a n d  I I  mAbs i s  o n l y  a c o i n c i d e n c e .  

mAb 63A3,  mAb 65C3 and mAb 64D4 show weak o r  no b i n d i n g  t o  

CRP i n  s o l u t i o n .  The a n t i g e n i c  d e t e r m i n a n t s  f o r  mAb 65C3 

a n d  mAb 64B4 w e r e  l o c a t e d  w i t h i n  t h e  r e g i o n  i n c l u d i n g  t h e  

B- and C - a l p h a  h e l i c e s  and t h e  d e t e r m i n a n t  f o r  mAb 63A3 was 

l o c a t e d  w i t h i n  t h e  C - t e r m i n a l  r e g i o n .  The d e t e r m i n a n t s  o f  

t h e s e  a n t i b o d i e s  do n o t  seem t o  be a v a i l a b l e  i n  n a t i v e  CRP. 

Th e  mAbs  w e r e  i n i t i a l l y  s e l e c t e d  f o r  b i n d i n g  t o  CRP 

i m m o b i l i z e d  on  t h e  p o l y s t y r e n e  s u r f a c e  o f  ELISA p l a t e s .  

S u c h  b i n d i n g  may d i s t o r t  CRP,  e x p o s i n g  r e g i o n s  o f  t h e  

p r o t e i n  n o t  o r d i n a r i l y  a v a i l a b l e  i n  n a t i v e  CRP.  S u c h  an 

e f f e c t  h a s  b e e n  d e s c r i b e d  by D j a v e d i - O h a n i a n c e  e t  a l .  

( 1 9 8 4 ) .  Th e s e  mAbs may ha ve  b e e n  e l i c i t e d  by a n t i g e n  whi ch  

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

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

The C l a s s  I I  mAb 64D1 s h o ws  s t r o n g  i n h i b i t i o n  o f  

cAMP-CRP b i n d i n g .  The  a n t i g e n i c  d e t e r m i n a n t  f o r  mAb 64D1 

i s  l o c a t e d  w i t h i n  t h e  r e g i o n  e n c o m p a s s i n g  V a l - 8 6  t o  Ly s - 1 0 0  

f o r mi n g  p a r t s  o f  t h e  b e t a  7 and 8 r o l l s .  As m e n t i o n e d  i n  

t h e  I n t r o d u c t i o n ,  cAMP b i n d i n g  o c c u r s  w i t h i n  a p o c k e t  

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

N - t e r m i n a l  d o m a i n  (McKay e t  a l . ,  1 9 8 2 ) .  C o n t a c t s  b e t we e n  

cAKP and CRP ami no a c i d  r e s i d u e s  A r g - 8 7 ,  S e r - 8 3  a nd  A l a - 3 4
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a r e  c l o s e  t o  t h e  p r o p o s e d  d e t e r m i n a n t  f o r  mAb 64D1.  

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

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

p r e s e n t e d  i n  F i g u r e s  11 a n d  12 s h o we d  t h a t  t h e  mAb 64D1-  

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

i n h i b i t i o n  o f  cAMP b i n d i n g .  I n  c o n t r a s t  t o  t h e  

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

cAMP-CRP a n d  mAb 64D1-CRP c o m p l e x e s  a r e  a t t a c k e d  by t h e

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

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

cAMP-CRP and  mAb 64D1-CRP by t h e s e  p r o t e a s e s  i n d i c a t e s  t h a t  

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

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

o f  mAb 6 4 D 1 - C R P  a r e  s m a l l e r  t h a n  t h o s e  r e s u l t i n g  f r o m 

a t t a c k  on cAMP-CRP. B i n d i n g  o f  mAb 64D1 t o  i t s  a n t i g e n i c  

s i t e  i n  t h e  l a r g e  N - t e r m i n a l  CRP d o m a i n  a p p a r e n t l y  a l t e r s  

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

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

c o n f o r m a t i o n  o f  t h e  N - t e r m i n a l  d o m a i n  a f f e c t s  t h e  

i n t e r a c t i o n  b e t we e n  t h e  N- and C - t e r m i n a l  d o m a i n s  o f  CRP.  

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

o f  mAb 64D1 r e s u l t s  i n  t h e  e x p o s u r e  i n  CRP o f  o t h e r w i s e  

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

t h e  p r o t e a s e s  u s e d .

When t h e  r a t i o  o f  mAb 64D1 t o  CRP p r o t o m e r  i s  l e s s  

t h a n  o n e ,  u n d i g e s t e d  CRP r e m a i n s  ( F i g .  13) i n d i c a t i n g  t h a t  

e v e n  a f t e r  d i g e s t i o n  t h e  mAb 64D1 i s  r e m a i n s  bound t o  t h e
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CRP c o r e .  mAb 64D1 d i d  n o t  d i s s o c i a t e  f r om t h e  CRP c o r e  t o  

r e b i n d  t o  u n d i g e s t e d  CRP.

A l t h o u g h  CRP c o n s i s t s  o f  two s u b u n i t s ,  b i n d i n g  o f  one  

mAb 64D1 p e r  CRP p r o t o m e r  i s  s u f f i c i e n t  t o  s e n s i t i z e  b o t h  

s u b u n i t s  t o  p r o t e o l y t i c  c u t t i n g  ( F i g .  1 3 ) .  The r e s u l t s  o f  

t h e  d o u b l e  a n t i b o d y  e x p e r i m e n t  ( T a b l e  7) s u g g e s t  t h a t  o n l y  

o n e  mAb 64D1 c a n  b i n d  t o  t h e  CRP p r o t o m e r .  The a p p a r e n t  

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

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

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

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

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

mAb 64D1 IgG a r e  a b l e  t o  b i n d  t o  e a c h  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  i n  t h e  CRP p r o t o m e r .  T h i s  woul d  r e q u i r e  t h a t

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

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

B i n d i n g  o f  mAb 64D1 r e s u l t s  i n  t h e  i n h i b i t i o n  o f  cAMP 

b i n d i n g  by CRP ( T a b l e  4 ) .  The p r e f o r m e d  cAMP-CRP c o m p l e x  

a l s o  i n h i b i t s  mAb 64D1 b i n d i n g  by CRP. As shown i n  F i g u r e  

10 ,  i n c r e a s i n g  c o n c e n t r a t i o n  o f  cAMP r e s u l t s  i n  a d e c r e a s e d  

b i n d i n g  o f  [ -̂ 2 5 j  j mAt> 64D1.  CRP c o n f o r m a t i o n  i s  c h a n g e d  

w h e n  b o u n d  t o  cAMP . T h i s  s u g g e s t s  t h a t  t h e  a n t i g e n i c  

d e t e r m i n a n t  o f  mAb 64D1 i s  b l o c k e d  i n  t h e  cAMP-CRP c o mp l e x ,  

mAb 6 4Dl  c a n  o n l y  b i n d  t o  u n l i g a n d e d  CRP.  S i n c e  t h e

mAb 64D1-CRP c o mpl e x  i s  much more  s t a b l e  t h a n  t h e  cAMP-CRP
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c o mp l e x ,  i n  t h e  p r e s e n c e  o f  100 uM cAMP a s  i n  t h e  a b o r t i v e  

i n i t i a t i o n  a n d  D N a s e  I f o o t p r i n t i n g  a s s a y s ,  mAb 6 4D1 

a p p e a r s  t o  a c t  by t r a p p i n g  u n l i g a n d e d  CRP a s  i t  d i s s o c i a t e s  

f r om t h e  p r e f o r m e d  c o m p l e x e s .  The  mAb 64D1-CRP c o m p l e x  

f o r m e d  w i l l  no  l o n g e r  be  a b l e  t o  b i n d  t o  cAMP and s u p p o r t

f o r m a t i o n  o f  t h e  T h e r e f o r e  t h e  e x p e r i m e n t s  i n

F i g u r e s  7 ,  8,  9 a c t u a l l y  show t h e  d i s s o c i a t i o n  o f  d i f f e r e n t  

c o m p l e x e s .  I n c u b a t i n g  f r e e  CRP w i t h  mAb 64D1 r e s u l t s  i n  

t o t a l  l o s s  o f  CRP a c t i v i t y  ( F i g .  7 ,  c u r v e  a ,  F i g .  9 ,  l a n e  

c )  . P r e f o r m e d  cAMP-CRP and cAMP-CRP-l a c  P + c o m p l e x e s  seem 

t o  d i s s o c i a t e  a t  a s i m i l a r  r a t e  ( F i g .  7 ,  l a n e s  b ,  c )  a n d  

have  s i m i l a r  s e n s i t i v i t i e s  t o  c h a n g e s  i n  cAMP c o n c e n t r a t i o n  

( F i g .  9 l a n e s  d ,  e ,  f ,  g ,  h ,  i ,  j ,  k) . I t  s eems  t h a t  DNA 

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

cAMP-CRP c o m p l e x .  I n  c o n t r a s t ,  when RNA p o l y m e r a s e  i s  

p r e s e n t ,  t h e  cAMP-CRP c o m p l e x  i n  t h e  RPQ i s d r a m a t i c a l l y  

s t a b i l i z e d .  I n  F i g u r e  7 ,  40 m i n u t e s  i n c u b a t i o n  i n  t h e

p r e s e n c e  o f  mAb 64D1 r e s u l t s  i n  d i s s o c i a t i o n  o f  a b o u t  h a l f  

o f  t h e  cAMP-CRP and cAMP-CRP-l a c  P + c o m p l e x e s  w h i l e  a l m o s t

a l l  o f  t h e  RP q r e m a i n s  a c t i v e .  I n  F i g u r e  9 ,  i n  t h e  

p r e s e n c e  o f  25 uM cAMP, t h e  p r e f o r m e d  cAMP-CRP and cAMP- 

CRP- l a c  P + c o m p l e x e s  a r e  c o m p l e t e l y  d i s s o c i a t e d  w h i l e  t h e

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

6 uM. Th e  r e s i s t a n c e  o f  t h e  RPQ f o r m e d  a t  l o w  cAMP 

c o n c e n t r a t i o n  r e l a t i v e  t o  t h e  s e n s i t i v i t y  o f  t h e  cAMP-CRP- 

l a c  P+ c o mpl e x  may r e f l e c t  a p o s s i b l e  c o n f o r m a t i o n a l  c h a n g e  

e l i c i t e d  i n  CRP on c o n t a c t  w i t h  RNA p o l y m e r a s e  i n  t h e  RPQ>
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T h i s  may i n c r e a s e  t h e  a f f i n i t y  f o r  cAMP by CRP p r e s e n t  i n

t h e  RPq p o s s i b l y  by c l o s i n g  t h e  p o c k e t  i n  w h i c h  cAMP i s  

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

s i n c e  a t  6 uM cAMP t h e  e f f e c t  o f  mAb 64D1 on d i s s o c i a t i o n

o f  t h e  RPq i s e v i d e n t .  The  r e s u l t s  a l s o  i n d i c a t e  t h a t  RNA 

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

f r o m  i t s  s i t e  on t h e  l a c  P + p r o m o t e r  ( F i g .  9,  l a n e s  r ,  s ) . 

However  RNA p o l y m e r a s e  wh i c h  r e m a i n s  bound t o  t h e  p r o m o t e r  

u n d e r  c o n d i t i o n s  whe r e  CRP h a s  d i s s o c i a t e d  i s  n o t  a c t i v e  a s  

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

a p p e a r  t h a t  s i m u l t a n e o u s  b i n d i n g  o f  cAMP- CRP a n d  RNA 

p o l y m e r a s e  i s  r e q u i r e d  t o  for m an a c t i v e  RPQ. The p r e s e n c e  

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

o f  c AMP -CRP f o r  i t s  b i n d i n g  s i t e s  o n  t h e  l a c  a n d  2 .a l .  

p r o m o t e r s  ( de  C r o m b r u g g h e  e t  a l . , 1 9 8 4 ) .  Fr om t h e  d a t a  

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

i n a b i l i t y  o f  mAb 64D1 t o  r a p i d l y  a t t a c k  CRP i n  t h e  cAMP- 

CRP- l a c  P+-RNA p o l y m e r a s e  c o mpl e x  woul d  i n v o l v e  r e c i p r o c a l  

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

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

i n c r e a s e  t h e  a f f i n i t y  o f  cAMP-CRP f o r  i t s  DNA s i t e  a n d  

l owe r  t h e  a c c e s s i b i l i t y  o f  t h e  mAb 64D1 d e t e r m i n a n t s  on 

CRP.

C l a s s  I mAb 66C3 and mAb 63B2 a r e  s t r o n g  i n h i b i t o r s .  

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

w h i c h  c o n t a i n s  p a r t  o f  t h e  E-  and C - a l p h a  h e l i c e s  and a l l  

o f  t h e  D - a l p h a  h e l i x .  T h i s  r e g i o n  i s  t h e  s o  c a l l e d  h i n g e
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r e g i o n .  When cAMP i s  b o u n d ,  t h e  N- and C-  t e r m i n a l  d o ma i ns  

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

ami no a c i d  r e s i d u e s  i n  t h i s  r e g i o n  c o u l d  i n t e r a c t  w i t h  t h e  

F - a l p h a  h e l i x  t o  i n c r e a s e  t h e  DNA b i n d i n g  c a p a c i t y  o f  CRP 

( Ga r g e s  and Adhya ,  1 9 8 5 ) .  B o t h  mAb 66C3 a n d  mAb 63B2 do 

n o t  b i n d  t o  d e n a t u r e d  CRP and t h e i r  b i n d i n g  i s  s e n s i t i v e  t o  

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

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

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

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

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

b i n d i n g  a r e  t o t a l l y  d i f f e r e n t .  mAb 63B2 i n h i b i t s  cAMP-CRP- 

l a c  P + b i n d i n g  c o m p l e t e l y  w h i l e  mAb 65C3 c a n  b i n d  t o  t h e  

cAMP -CRP - l a c  P + c o mp l e x .  In f a c t ,  t h e  b i n d i n g  o f  mAb 66C3 

t o  t h e  cAMP-CRP c o m p l e x  i n c r e a s e s  i t s  a f f i n i t y  t o  l a c  P + 

CRP S i t e  1 and  i n d u c e s  CRP b i n d i n g  a t  t h e  - 1 0  t o  +10 r e g i o n  

known a s  CRP S i t e  2.  The s e  d i f f e r e n c e s  i n d i c a t e  t h a t  t h e  

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

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

b i n d i n g  o r  a g r e a t  i n c r e a s e  o f  DNA b i n d i n g  c a p a c i t y .  

R e c e n t l y  L i u - J o h n s o n  e t  a l .  (1986)  p r o p o s e d  a m o d e l  f o r  CRP 

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

b e t w e e n  CRP and l a c  P + DNA a r e  n o t  o n l y  l o c a t e d  w i t h i n  t h e  

c o n s e n s u s  s e q u e n c e  b u t  a l s o  t h e  r e g i o n  13bp away f rom t h e  

c e n t e r  o f  t h e  dyad  s y mme t r y .  DNA m o l e c u l e  b e n d s  by up t o  

9 0 °  a r o u n d  CRP t o  p r o v i d e  t h e  e x t r a  c o n t a c t .  T h e y  

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

somewhere  above  t h e  ma j o r  DNA b i n d i n g  F - a l p h a  h e l i x .  The 

a n t i g e n i c  d e t e r m i n a n t s  f o r  mAb 66C3 and mAb 63B2 a s  shown 

i n  F i g .  4 a r e  a w a y  f r o m  t h e  F - a l p h a  h e l i x .  T h e s e  

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

b i n d i n g  r e g i o n  t h e r e b y  a f f e c t i n g  b i n d i n g  o f  DNA by CRP.

The i n h i b i t i o n  by mAb 66C3 o f  l a c  P + t r a n s c r i p t i o n  

i n i t i a t i o n  c o u l d  be due  t o  S i t e  2 b i n d i n g  by mAb 66C3-CRP.  

The  cAMP-CRP-mAb 66C3 c o m p l e x  b i n d s  i n  t h e  - 1 0  t o  +10 

r e g i o n ,  a n d  l i k e  a r e p r e s s o r ,  w o u l d  b l o c k  RNA p o l y m e r a s e  

b i n d i n g .  I n t e r e s t i n g l y ,  C l a s s  I I  mAb 1 1 5 D 5  w h i c h  i s  

l o c a t e d  i n  N - t e r m i n a l  9 , 5 0 0  Da f r a g m e n t  c a n  a l s o  i n d u c e  CRP 

S i t e  2 b i n d i n g  ( F i g ,  2 1 ,  l a n e  d)  b u t  i t  o n l y  c a u s e s  a 

p a r t i a l  i n h i b i t i o n  o f  a b o r t i v e  i n i t i a t i o n .  As d e s c r i b e d  in 

t h e  I n t r o d u c t i o n ,  b e s i d e s  t h e  c o v a l e n t  l i n k i n g  o f  t h e  N- 

a n d  C - t e r m i n a l s  t h e r e  a r e  n o n c o v a l e n t  c o n t a c t s  b e t we e n  t h e  

two d o ma i n s  t o  s t a b i l i z e  t h e i r  r e l a t i v e  o r i e n t a t i o n .  The 

m a j o r  c o n t a c t s  o c c u r  a t  b e t a  r o l l  5 o f  t h e  N - t e r m i n a l  

d o m a i n  a n d  t h e  E - a l p h a  h e l i x  o f  t h e  C - t e r m i n a l  d o m a i n  

(McKay e t  a l . ,  1 9 8 2 ) ) .  B i n d i n g  o f  mAb 115D5 i n  t h e  N- 

t e r m i n a l  d o m a i n  c o u l d  c h a n g e  t h e  c o n f o r m a t i o n  o f  t h e  C-  

t e r m i n a l  d o m a i n  by  a l t e r i n g  t h e  c o n t a c t  b e t w e e n  t h e  two 

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

s i m i l a r  t o  t h e  one  i n d u c e d  by b i n d i n g  o f  mAb 66 C3 .  S i n c e  

mAb 66C3 b i n d s  t o  t h e  C - t e r m i n a l  domai n  d i r e c t l y  e l i c i t i n g  

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

mAb 1 1 5 D 5  b i n d s  t o  t h e  N - t e r m i n a l  d o m a i n  i n d i r e c t l y
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i n d u c i n g  t h e  c o n f o r m a t i o n a l  c h a n g e  a t  t h e  DNA b i n d i n g  

d o m a i n ,  t h e  b i n d i n g  t o  CRP S i t e  2 by cAMP-CRP-mAb 115D5 i s  

n o t  a s  s t r o n g  a s  c AMP - CRP - mAb  66C3  ( F i g .  2 0 )  . RNA 

p o l y m e r a s e  i s  a b l e  t o  r e p l a c e  mAb 115D5 i n  t h e  cAMP-CRP- 

mAb 115D5 compl e x  and for m t h e  RPQ ( F i g .  2 1 ) .  Eve n  t h o u g h  

mAb 115D5 i n d u c e s  CRP S i t e  2 b i n d i n g  i t  i s  n o t  a s t r o n g  

i n h i b i t o r  o f  t r a n s c r i p t i o n  i n i t i a t i o n .  I n  l a c  L8UV5 RNA 

p o l y m e r a s e  b i n d s  t o  DNA i n  t h e  a b s e n c e  o f  cAMP-CRP and t h e  

r e l a t i v e  a f f i n i t y  o f  RNA p o l y m e r a s e  t o  l a c  L8UV5 i s  h i g h e r  

t h a n  cAMP-CRP-mAb 66C3 o r  cAMP-CRP-mAb 115D5 t o  CRP S i t e  2.  

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

l a c  L8UV5 ( d a t a  n o t  s h o w n ) .

mAb 66C3 shows  a n o t h e r  i n t e r e s t i n g  e f f e c t .  The  d a t a  

p r e s e n t e d  i n  F i g u r e  15 shows t h a t  a b o r t i v e  i n i t i a t i o n  f rom 

l a c  P + i s  a l m o s t  c o m p l e t e l y  i n h i b i t e d  when mAb 66C3 i s  

i n c u b a t e d  w i t h  cAMP- CRP p r i o r  t o  t h e  a d d i t i o n  o f  RNA 

p o l y m e r a s e .  I n  c o n t r a s t ,  a d d i t i o n  o f  mAb 66 C3  a f t e r

f o r m a t i o n  o f  t h e  RPQ r e s u i t s  i n  o n l y  an a p p r o x i m a t e l y  50% 

i n h i b i t i o n .  The a n t i b o d y  t i t r a t i o n  a s s a y  shown i n  F i g .  17 

i n d i c a t e d  t h a t  t h e  mAb 66 C3  c o n c e n t r a t i o n  i s  n o t  t h e  

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

The  50% r e s i d u a l  a c t i v i t y  r e m a i n s  a t  a mAb 66C3 t o  CRP 

r a t i o  f r om 2 : 1  t o  1 5 : 1 .  A 10 m i n u t e  i n c u b a t i o n  o f  mAb 66C3 

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

t r a n s c r i p t i o n  f r om l a c  P + , b u t  f u r t h e r  i n c u b a t i o n  showed no 

a d d i t i o n a l  i n h i b i t i o n .  I t  s e e m s  t h a t  t h e r e  may be t wo
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t y p e s  o f  i n i t i a t i o n  c o m p l e x e s .  One  i s  a t t a c k e d  by  

mAb 66C3 a n d  d i s s o c i a t e d  w i t h i n  10 m i n u t e s .  The r e m a i n i n g

RP0 seems  r e s i s t a n t  t o  mAb 66C3 a t t a c k .  As m e n t i o n e d  i n  

I n t r o d u c t i o n ,  CRP i s  an  a s y m m e t r i c  d i m e r i c  p r o t e i n .  The 

r e l a t i v e  o r i e n t a t i o n  o f  t h e  N-  and  C - t e r m i n a l  d o m a i n s  i n  

t h e  t wo  s u b u n i t s  i s  n o t  i d e n t i c a l .  The CRP d i me r  ha s  t h e  

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

s e c o n d  cAMP i s  n e g a t i v e l y  c o o p e r a t i v e  ( T a k a h a s h i  e t  a l . ,  

1 9 8 0 ) .  Onl y  one  cAMP p e r  p r o m o t e r  f r a g m e n t  was  f o u n d  b o t h  

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

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

R e v z i n ,  1 9 8 2 ) .  T h e y  s u g g e s t e d  t h a t  CRP w i t h  o n e  cAMP 

e x h i b i t e d  " h a l f  o f  t h e  s i t e s  r e a c t i v i t y " .  On t h e  o t h e r  

h a n d ,  cAMP-CRP l a c  P + b i n d i n g  a p p e a r s  s y m m e t r i c a l  a b o u t  t h e  

a x i s  b e t w e e n  - 6 1  a n d  - 6 2  a s  d e t e r m i n e d  by p h o t o c h e m i c a l  

p r o t e c t i o n  a n d  e x o  I I I  d i g e s t i o n  p r o t e c t i o n  ( S i m p s o n ,  

1 9 8 0 ) .  S i n c e  t h e  l a c  P + p r o m o t e r  h a s  an  i n v e r s e  r e p e a t e d  

c o n s e n s u s  s e q u e n c e  i n  t h e  CRP b i n d i n g  s i t e ,  b i n d i n g  o f  CRP 

t o  l a c  P + c o u l d  be  a s y m m e t r i c a l .  C R P - l . a c  P + b i n d i n g  

r e q u i r e s  cAMP b u t  o n l y  one  cAMP bound p e r  CRP d i m e r .  Onl y 

t h e  s u b u n i t  o f  CRP w h i c h  h a d  b o u n d  cAMP w o u l d  be i n  t h e  

r i g h t  c o n f o r m a t i o n  t o  r e c o g n i z e  t h e  TGTGA m o t i f  b u t  i t  w i l l  

wo r k  e q u a l l y  w e l l  w i t h  e i t h e r  m o t i f .  The o t h e r  s u b u n i t  

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

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

b o t h  m o t i f s  m a k e s  t h e  p r o t e c t i o n  by t h e  p r o t e i n  a p p e a r  

s y m m e t r i c a l .  I n  t h e  r e v i e w  by d e  C r o m b r u g g h e  e t  a l . ,
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( 1 9 8 4 )  t h e  p o s s i b i l i t y  o f  t wo  a l t e r n a t i v e  a s y m m e t r i c a l  

a r r a n g e m e n t s  o f  t h e  CRP d i m e r  a t  t h e  l a c  P + CRP s i t e  w i t h  

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

e x p l a i n  t h e  d a t a  o b t a i n e d  w i t h  mAb 66 C3 .  I t  h a s  b e e n  

d e t e r m i n e d  t h a t  two m o l e c u l e s  o f  mAb 66C3 c a n  b i n d  p e r  CRP 

d i m e r  a n d  mAb 66C3 p r e f e r e n t i a l l y  b i n d s  t o  CRP i n  t h e  

p r e s e n c e  o f  cAMP ( F i g .  1 4 ) .  S i n c e  e a c h  s u b u n i t  o f  CRP 

c o u l d  be  i n  d i f f e r e n t  c o n f o r m a t i o n s  mAb 66C3 c o u l d  b i n d  t o  

t h e  s u b u n i t  w i t h  cAIlP b e t t e r  t h a n  t o  t h e  s u b u n i t  w i t h o u t  

cAMP. In t h e  p r e f o r m e d  RPQ i f  t h e  cAMP b i n d i n g  s u b u n i t  o f  

CRP i s  a wa y  f r o m  RNA p o l y m e r a s e ,  t h e  s t r o n g  b i n d i n g  o f  

mAb 66C3 t o  t h i s  s u b u n i t  w i l l  n o t  i n t e r f e r e  w i t h  RNA 

p o l y m e r a s e  b i n d i n g .  The r e l a t i v e l y  weak mAb 66C3 b i n d i n g  

t o  t h e  s u b u n i t  l a c k i n g  cAMP m i g h t  be  p r e v e n t e d  by  t h e  

c o m p e t i n g  i n t e r a c t i o n  w i t h  RNA p o l y m e r a s e .  T h i s  RPQ f orm 

woul d  be a c t i v e  and r e s i s t a n t  t o  mAb 66C3 a t t a c k .  I f  t h e  

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

s t r o n g  b i n d i n g  o f  mAb 66C3 c o u l d  c h a n g e  t h e  c o n f o r m a t i o n  o f  

t h e  s u b u n i t ,  b l o c k  t h e  p r o t e i n - p r o t e i n  i n t e r a c t i o n  b e t w e e n  

CRP a n d  RNA p o l y m e r a s e  o r  s i m p l y  s t e r i c a l l y  c o mp e t e  w i t h  

RNA p o l y m e r a s e  f o r  l a c  b i n d i n g .  I n  t h e  l a c  P + p r o m o t e r  t h e  

- 1 0  r e g i o n  f o r  RNA p o l y m e r a s e  d i v e r g e s  f r o m  t h e  c o n s e n s u s  

s e q u e n c e .  T h e  r e s u l t  o f  t h e  c o m p e t i t i o n  o f  cAMP- CRP-  

mAb 66C3 w i t h  RNA p o l y m e r a s e  i s  t h e  l o s s  o f  RNA p o l y m e r a s e  

b i n d i n g  ( F i g .  1 8 ,  l a n e  f ) .  I n  l a c  L8UV5,  b e c a u s e  o f  t h e  

m u t a t i o n s  w i t h i n  t h e  - 1 0  RNA p o l y m e r a s e  b i n d i n g  r e g i o n  a n d  

t h e  - 6 0  CRP b i n d i n g  r e g i o n ,  RNA p o l y m e r a s e  b i n d i n g  i s
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s t r o n g e r  t h a n  t h a t  by t h e  cAMP-CRP c o m p l e x .  A c c o r d i n g  t o  

t h e  m o d e l  p r e s e n t e d  h e r e ,  b i n d i n g  o f  mAb 66C3 t o  t h e  

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

( F i g .  19 l a n e  f ) .  The r e s u l t s  o f  E b r i g h t  e t  a l .  (1984)  

seem t o  s u p p o r t  t h i s  mode l  b u t  a l s o  r a i s e  some q u e s t i o n s .  

They s e l e c t e d  CRP m u t a n t s ,  CRP ' ,  i n  whi ch  Glu 181 i n  t h e  F-  

a l p h a  h e l i x  w a s  c h a n g e d .  CRP'  m u t a n t s  do  n o t  b i n d  t o  

l a c  P + b u t  b i n d  e q u a l l y  w e l l  t o  l a c  L8 a n d  l a c  L2 9 .  The 

b a s e  c h a n g e  i n  ^ a c  L8 a n d  l a c  L2 9 a r e  s y m m e t r i c a l l y  

i d e n t i c a l .  Each c h a n g e  i s  a GC t o  AT s u b s t i t u t i o n  l o c a t e d  

5 bp  f r o m  t h e  a x i s  o f  s ymmet r y  i n  t h e  CRP r e c o g n i t i o n  s i t e  

a s  shown b e l o w:

A s i n g l e  m u t a t i o n  i n  o n e  o f  t h e  t wo  c o n s e n s u s  s e q u e n c e s  

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

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

o n e  o f  t h e s e  s e q u e n c e s  i s  e nough  t o  f or m a s t a b l e  compl e x  

s i m i l a r  t o  t h a t  s u g g e s t e d  i n  o u r  mo d e l .  But  i n  l a c  L8 a n d  

l a c  L 2 9  t h e r e  i s  s t i l l  a n  u n c h a n g e d  TGTGA s e q u e n c e  

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

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

b e t we e n  t h e  u n l i g a n d e d  CRP s u b u n i t  a n d  t h e  TGTGA m o t i f  i s  

i m p o r t a n t  o r  t h e  m u t a n t  TGTAA s e q u e n c e  p u s h e s  CRP away and

Wi l d  t y p e AATGTGAGTTAGCTCACTCA 
TTACAC TCAATCGAGTGAGT

L8 A 
T

T L29 
A
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d e s t a b i l i z e s  t h e  c o mp l e x .

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

CRP r e q u i r i n g  p r o m o t e r s ,  CRP b i n d i n g  a l w a y s  d i r e c t s  RNA 

p o l y m e r a s e  b i n d i n g ,  b u t  i n  l a c  L8UV5, i t  i s  RNA p o l y m e r a s e  

t h a t  d i r e c t s  CRP b i n d i n g  ( F i g .  1 9 ,  l a n e s  b ,  e ) .  The 

f o o t p r i n t s  show t h e  s i m i l a r  p r o t e c t i o n  p a t t e r n  i n  cAMP-CRP- 

l a c  P +-RNA p o l y m e r a s e  and cAMP-CRP-l a c  L8UV5-RNA p o l y m e r a s e  

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

p r o m o t e r s  a r e  s i m i l a r .  T h i s  s u g g e s t s  t h a t  p r o p e r  

i n t e r a c t i o n  b e t w e e n  p r o t e i n  and DNA c an  f o r m a s t a b l e  CRP- 

DNA o r  RNA po l yme r a s e - DNA c o m p l e x .  When t h i s  i n t e r a c t i o n  

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

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

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

p r o t e i n .

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

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

c A M P - C R P  c o m p l e x  a g a i n s t  a t t a c k  b y  mAb 6 4 D 1 .  A 

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

i n d i c a t e d  by c o m p a r i n g  t h e  DNase I f o o t p r i n t  p a t t e r n s .  I n  

F i g u r e s  8 ,  9 ,  18  ( t h e  u p p e r  s t r a n d )  a n d  1 9 ,  cAMP-CRP

c o m p l e x  p r o t e c t s  t h e  r e g i o n  f r o m  - 4 8  t o  - 7 5  ( l a n e  b ) .  

'When RNA p o l y m e r a s e  i s  a d d e d ,  b a n d s  i n  t h e  - 8 3  r e g i o n  whi ch  

w e r e  n o t  p r o t e c t e d  by CRP b i n d i n g  a r e  c o v e r e d  and i n  t h e  

- 8 5  r e g i o n  e n h a n c e d  c u t t i n g  i s  s e e n .  Th e  b a s i c  CRP 

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

p r o t e c t i o n  a bove  t h e  - 80  r e g i o n  c o u l d  n o t  be  due  t o  a n o t h e r
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CRP m o l e c u l e  b i n d i n g .  I t  c o u l d  r e f l e c t  t h e  c o n f o r m a t i o n a l  

c h a n g e s  i n  CRP i n d u c e d  by c o n t a c t  w i t h  RNA p o l y m e r a s e .  

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

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

ma j o r  DNA c o n t a c t s  w i t h  CRP. D a t a  p r e s e n t e d  i n  F i g u r e  19 

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

c o n f o r m a t i o n .  I n  l a c  P + t h e  e f f e c t  c a n  n o t  be s e e n  b e c a u s e  

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

l a c  L8UV5 m u t a n t  makes  i t  p o s s i b l e  t o  c o m p a r e  t h e  b i n d i n g  

p a t t e r n  o f  RNA p o l y m e r a s e  w i t h  a n d  w i t h o u t  t h e  cAMP-CRP 

c o mp l e x .  I n  F i g u r e  19,  b a n d s  shown a t  t h e  r e g i o n  f r o m - 4 4  

t o  - 4 7  w i t h  ( l a n e  e )  o r  w i t h o u t  ( l a n e  d) cAMP-CRP a r e  t h e  

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

r e g i o n .  W i t h o u t  CRP t h e  b a n d s  a p p e a r  and  w i t h  cAMP-CRP t h e  

b a n d s  d i s a p p e a r .  When mAb 66C3 i s  a d d e d ,  CRP i s  r e l e a s e d  

a n d  t h o s e  b a n d s  r e a p p e a r  ( l a n e  f ) .  The  p r e s e n c e  o f  25% 

g l y c e r o l  e n h a n c e s  DNase I d i g e s t i o n  i n  t h i s  r e g i o n  i n  t h e  

a b s e n c e  o f  cAMP-CRP.  The  c o n t r a s t  w i t h  and w i t h o u t  cAMP- 

CRP i s  more i m p r e s s i v e .  G l y c e r o l  i n c r e a s e s  RNA p o l y m e r a s e  

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

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

l a c  P + s y s t e m  a s  i n  l a c  L8UV5 ( F i g .  22 l a n d s  e ,  f ,  g ) .  

Re g i o n  - 4 4  t o  - 4 7  i s  c l o s e  t o  t h e  CRP b i n d i n g  s i t e .  I t  i s  

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

r e g i o n  i s  i n v o l v e d  i n  t h e  i n t e r a c t i o n  w i t h  CRP.  Th e  

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

i n t e r a c t i n g  w i t h  t h e  cAMP-CRP c o m p l e x ,  t h i s  doma i n  o f  RNA
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p o l y m e r a s e  c h a n g e s  i t s  c o n f o r m a t i o n  a s  w e l l  a s  DNA b i n d i n g  

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

o f  t h e  c a t a l y t i c  d o m a i n ,  b e c a u s e  i n  l a c  L8 UV5  RNA 

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

p r e s e n c e  o f  c A MP - CR P .  T h e  d i f f e r e n c e s  s h o w n  i n  t h e  

f o o t p r i n t  do n o t  a f f e c t  RNA p o l y m e r a s e  a c t i v i t y .  B e s i d e s ,  

i n  25% g l y c e r o l  w h e r e  RNA p o l y m e r a s e  s h o ws  b i n d i n g  t o  

l a c  P + , t r a n s c r i p t i o n  i n i t i a t i o n  f r o m l a c  P + i s  i n c r e a s e d  

i n  t h e  a b s e n c e  o f  cAMP-CRP ( F i g .  23,  b ) .

Summary and S u g g e s t i o n s :

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

s e l e c t e d .  The  c l a s s i f i c a t i o n s  a n d  t h e  l o c a t i o n s  o f  t h e  

mAbs a r e  i n t e r e s t i n g  i n  t h e i r  c o i n c i d e n c e .  A l l  t h e  C l a s s  I 

a n t i b o d i e s  a r e  l o c a t e d  i n  t h e  C - t e r m i n a l  domai n  and a l l  t h e  

C l a s s  I I  a n t i b o d i e s  a r e  l o c a t e d  i n  t h e  N - t e r m i n a l  d o ma i n .  

T h i s  m i g h t  g i v e  some i n f o r m a t i o n  a b o u t  t h e  n a t u r e  o f  t h e  

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

g e n e r a l l y  o b e y e d  by maki ng  more m o n o c l o n a l  a n t i b o d i e s  a n d  

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

The  a n t i g e n i c  d e t e r m i n a n t  o f  mAb 64D1 i s  n e a r  t h e  

cAMP b i n d i n g  s i t e .  mAb 64D1 b i n d s  t o  u n l i g a n d e d  CRP o n l y  

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

b i n d  cAMP.  The  C - t e r m i n a l  s e q u e n c e  o f  t h e  1 0 , 0 0 0  Da 

t r y p s i n - D N A  f r a g m e n t  t o  wh i c h  mAb 64D1 c a n  b i n d  h a s  n o t  y e t  

b e e n  a c c u r a t e l y  d e t e r m i n e d .  The b i n d i n g  s i t e  o f  mAb 64D1 

c a n  be e i t h e r  f r om V a l - 8 5  t o  L y s - 3 3  o r  f r om V a l - 8 5  t o  L y s -
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1 0 0 .  More  a c c u r a t e  a n t i g e n i c  d e t e r m i n a n t  l o c a t i o n  c an  be 

d o n e  by  a s s a y i n g  a n t i b o d y  b i n d i n g  w i t h  s y n t h e t i c  

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

As shown i n  T a b l e  7,  o n l y  one  mAb 64D1 m o l e c u l e  bound 

p e r  CRP d i m e r  a n d  b i n d i n g  o f  o n e  mAb 64D1 c h a n g e s  t h e  

c o n f o r m a t i o n  o f  b o t h  s u b u n i t s  o f  CRP ( F i g .  1 3 ) .  I t  was  

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

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

a n t i b o d y  c o m b i n i n g  s i t e s  o f  mAb 64D1 t o  t h e  s u b u n i t s  o f  a 

CRP d i me r  s i m u l t a n e o u s l y .  T h i s  woul d  t h e r e f o r e  c h a n g e  t h e  

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

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

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

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

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

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

e x p e r i m e n t s  a s  t h o s e  s h o w n  i n  T a b l e  7 a n d  F i g .  3 a r e  

s u g g e s t e d ,  u s i n g  p a p a i n  d i g e s t e d  mAb.  The  Fa b  s h o u l d  

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

Fa b  t o  CRP d i m e r  r a t i o  g i v i n g  c o m p l e t e  d i g e s t i o n  and i f  a 

Fab- CRP- Fab  c o mp l e x  f o r ms .

The a n t i g e n i c  d e t e r m i n a n t s  o f  mAbs 66C3 a n d  63B2 a r e  

l o c a t e d  i n  a s i m i l a r  r e g i o n  b u t  mAb 66C3 e n h a n c e s  DNA 

b i n d i n g  by CRP w h i l e  mAb 63B2 b l o c k s  t h i s  b i n d i n g .  More  

a c c u r a t e  l o c a t i o n  o f  t h e  e p i t o p e s  f o r  t h e s e  two mAbs w i l l  

be v e r y  h e l p f u l  i n  u n d e r s t a n d i n g  CRP-DNA i n t e r a c t i o n .  As 

C l a s s  I a n t i b o d i e s ,  b o t h  mAbs 6CC3 and 63B2 do n o t  b i n d  t o
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d e n a t u r e d  CRP. Met hods  u s e d  by T s a p a k o s  e t  a l .  (1985)  c an  

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

s i t e s  i n  t h e  CRP C - t e r m i n a l  doma i n  whe r e  t h e  two mAbs b i n d .  

HPLC w i l l  be u s e d  t o  r e s o l v e  and  q u a n t i f y  t h e  s m a l l  p e p t i d e  

f r a g m e n t s .  I f  t h e  mAb b i n d i n g  s i t e  i s  w i t h i n  t h e  p r o t e a s e  

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

CRP and mAb-CRP c o mp l e x  w i l l  be  d i f f e r e n t .

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

p r o t e i n  i n t e r a c t i o n  b e t w e e n  CRP a n d  RNA p o l y m e r a s e  a nd  

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

However  o n l y  t h e  l a c  s y s t e m  h a s  be e n  a s s a y e d  i n  t h i s  s t u d y .  

L a r g e  d i f f e r e n c e s  i n  t h e  d i s t a n c e  b e t w e e n  t h e  CRP and RNA 

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

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

i n s e r t i o n s  i n  t h e  r e g i o n  b e t w e e n  t h e  t w o  p r o t e i n s  a r e  

s u g g e s t e d  f o r  f o o t p r i n t  a s s a y .  F o o t p r i n t i n g  o f  CRP and RNA 

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

d i s t a n c e  b e t we e n  CRP and RNA p o l y m e r a s e  w i t h o u t  d a ma g e  t o  

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

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

and t h e  b i n d i n g  a c t i v i t i e s  o f  t h e  two m o l e c u l e s .  T h i s  w i l l  

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

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

p r o m o t e r s .
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Table  1 .  B i n d in g  o f  mAbs t o  N a t i v e  and Denatured CRP

ELISA Ass ay

mAb C l a s s N a t i v e  CRP D e n a t u r e d  CRP

(A 410nm)

62A2 I 0 . 9 4 0 . 1 4
62D6 I 0 . 8 4 0 . 2 7
63A3 I 0 . 8 4 0 . 0 7
63B2 I 1 . 1 9 0 . 2 9
66C3 I 1 . 3 5 0 . 1 5
64B4 I I 1 . 3 0 1 . 3 4
65C3 I I 1 . 3 8 1 . 3 2
64D1 I I 1 . 1 9 1 . 1 3

115D5 I I 1 . 1 6 1 . 1 9

N a t i v e  CRP ( 0 . 5  u g / 5 0  u l  PBS)  o r  u r e a - d e n a t u r e d  CRP 

( 0 . 5  ug)  w e r e  a d s o r b e d  o n t o  w e l l s  o f  EIA p l a t e s .  CRP was 

d e n a t u r e d  by i n c u b a t i o n  o f  50 ug CRP in 1 n l  o f  50 mil T r i s -  

IIC1 (pH 8 . 0 ) ,  1 mM d i t h i o t h r e i t o l ,  6 M u r e a  f o r  30 m i n u t e s  

a t  3 7 ° C .  A f t e r  d i l u t i n g  w i t h  4 ml  50 mil T r i s - H C l  (pH 8 . 0 )  

50 u l  w a s  a d d e d  t o  e a c h  w e l l .  I n c u b a t i o n  w i t h  t h e  

i n d i c a t e d  mAb ( 1 . 8  u g / 5 0  u l  PBS + 1 mg/ml  BSA) was f o r  60 

m i n u t e s  a t  37°C.  B i n d i n g  o f  mAbs wa s  d e t e r m i n e d  by ELISA 

a s  d e s c r i b e d  i n  " M a t e r i a l s  and M e t h o d s " .



61

T a b l e  2 B i n d i n g o f C l a s s  I mAbs t o  CRP and C o r e s

ELISA Ass ay

mAb C l a s s CRP SAP-Core CHY-Core

(A 410 nm)

62A2 I 1 . 2 6 0 . 1 5 0 . 0 6
62D6 I 1 . 4 4 0 . 0 8 0 . 0 5
63A3 I 1 . 1 7 0 . 1 0 0 . 0 6
63B2 I 1 . 5 3 0 . 4 9 0 . 1 1
66C3 I 1 . 4 6 0 . 5 9 0 . 0 9
64B4 I I 1 . 5 7 1 . 5 3 1 . 4 6
65C3 I I 1 . 6 3 1.  62 1 . 7 5
64D1 I I 1 . 6 6 1 . 6 4 1 . 6 3

115D5 I I 1 . 5 3 1 . 4 7 1 . 2 5

Na t  i  ve CRP ( 0 . 5 u g / 5 0  u l )  o r c o r e  d e r i v e d f r om i n c u b a t i o n

o f  0 . 5 ug CRP p l u s cAMP w i t h S t a p h ,  a u r e u s  V8 p r o t e a s e

(SAP) o r  c h y m o t r y p s i n  (CHY) ( s e e  M a t e r i a l s  and Met hods )  was 

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

( 0 . 5  ug i n  50 u l  PBS + 1 ml  BSA) wa s  f o r  60 m i n u t e s  a t

3 7 ° c .  B i n d i n g  o f  mAbs was d e t e r m i n e d  by ELISA a s  d e s c r i b e d  

i n  " M a t e r i a l s  and Me t h o d s " .



T a b l e  3 .  E f f e c t  o f  A n t i - C R P  mAbs on  l a c  P + DNA D i r e c t e d  
A b o r t i v e  I n i t i a t i o n

mAb C l a s s  ApApUpU S y n t h e s i s

(% a c t i v i t y )

62A2 I 25
62D6 I 27
63A3 I 67
63D2 I 2
66C3 I 0
64B4 I I 94
65C3 I I 89
64D1 I I 0

115D5 I I 43

CRP d e p e n d e n t  a b o r t i v e  i n i t i a t i o n  was a s s a y e d  a s  d e s c r i b e d  

in  " M a t e r i a l s  and Me t h o d s " .



Table  4.  E f f e c t  o f  Anti -CRP mAbs on cAtlP Bi nd i ng

mAb C l a s s  l^H]cAMP Bound

(% A c t i v i t y )

62A2 I 66
62D6 I 65
63A3 I 81
63B2 I 117
66C3 I 95
64B4 I I 104
65C3 I I 95
64D1 I I 14

115D5 I I 109

B i n d i n g  o f  [^njcAMP was a s s a y e d  a s  d e s c r i b e d  i n  " M a t e r i a l s  

and Me t h o d s " .
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Table  5. Summary o f  F u n c t i o n a l  P r o p e r t i e s  o f  Anti -CRP mAbs

mAb C l a s s *CRP 
b i n d  i ng

CAMP 
b i n d  i ng

I nh  i b i  t  i on

l a c  DNA 
b i n d  i ng

o f

Abor  t  i v e  
i n i t i a t i o n

62A2 I + + + + + + + +
62D6 I +++ + ++ + +
63A3 I + + + +
63B2 I ++ + - +++ +++
66C3 I +++ - - +++
64B4 I I - - - -
65C3 I I - - - -
64D1 I I +++ ++ + ++ + +++

115D5 I I +++ • + +

The s y m b o l s  + + +,  + + , + a n d  -  r e f e r  t o  s t r o n g ,  m o d e r a t e ,  

weak and no e f f e c t  on t h e  a s s a y s  l i s t e d  a b o v e .  mAb 66C3 and 

mAb 115D5 b i n d  t o  t h e  cAMP-CRP-l a c  DNA c o mp l e x .

*:  B i n d i n g  o f  mAbs t o  CRP i n s o l u t i o n  ( s e e  F i g .  6 ) .
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Tabl e  6.  I mm u n op r e c i p i t i n  Assay  for  B ind i ng  o f  mAbs t o  CRP
and CRP-DNA Complexes

mAb ( 3H]NEM-CRP C RP - [ 3H]DNA C R P - [ 3II]DNA-RNP
(cpm) (cpm) (cpm)

64D1 9087 0 97

66C3 26420 7748 9318

The I m m u n o p r e c i p i t i n  a s s a y  was c a r r i e d  o u t  a s  d e s c r i b e d  in 

" M a t e r i a l s  and M e t h o d s " .  RNP, RNA p o l y m e r a s e  h o l o e n z y m e ;  

[ 3H] DNA, [ 3H ] l a c  P + DNA f r a g m e n t .
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Table  7.  Lack o f  B i n d i n g  o f  [ 1 2 5 I]mAb 64D1 t o  mAb 64D1-CRP

I m m o b i l i z e d  mAb [125l ]mAb 64D1 Bound

(cpm)

64D1 2511
64C4 63306

C o n d i t i o n s  u s e d  f o r  t h e  I m m u n o a s s a y  f o r  [ 12 5 1 j mA t> 64D1 

b i n d i n g  a r e  d e s c r i b e d  i n  " M a t e r i a l s  and M e t h o d s " .
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F i g u r e  1 .  The  a m i n o  a c i d  s e q u e n c e  a n d  DNA 

s e q u e n c e  o f  t h e  CRP m o l e c u l e  ( f r o m  A i b a  e t  a l .  , 

1 9 8 2 ) .



COVO
1/1 31/11 61/21
6TB CTT GGC M A  CC6 CAA ACA GAC CC6 ACT CTC GAA TGG TTC H 6  TCT CAT T6l  CAL ATT CAT AA6 TAC CCA TCC AA6 AGC ACS CTT ATT
val leu gly lys pro gin thr asp pro thr leu glu trp phe leu ser his cys his i le  his lys tyr pro ser lys ser thr leu ile

91/31 121/41 151/51
CAC CA6 G6T GAA A M  GC6 GAR AC6 CTE TAC TAG ATC 6TT AAA 66C TCT 6T6 6CA 6T6 CT6 ATC AAA GAC GAR 6A6 66T AAA GAA AT6 ATC
his gin gly glu lys ala glu thr leu tyr tyr i le  val lys gly ser val ala val leu i le  lys asp glu glu gly lys glu eet ile

1A1/61 211/71 241/81
CTC TCC TAT CT6 RAT CA6 86T GAT TTT ATT GGC GAA CT6 GGC CT6 TTT GAA GA6 GGC CA6 GAA CGT ABC GCA TG6 6TA C6T GCS AAA ACC
leu ser tyr leu asn gin gly asp phe i le  gly glu leu gly leu phe glu glu gly gin glu arg ser ala trp val arg ala lys thr

271/91 381/131 331/111
GCC TGT GAA GTG GCT G M  A n  TEG TAC M A  M R  TTT CGC CAA TTG A n  CAG 6TA ARC CCS GAC A n  CTG AT6 CGT n G  TCT GCA CA6 AT6
ala cys glu val ala glu i le  ser tyr lys lys phe arg gin leu i le  gin val asn pro asp i le  leu eet arg leu ser ala gin eet

361/121 391/131 421/141
GC6 C6T CGT CT6 CAA 6TC ACT TCA GA6 AAA 6T6 GGC ARC CT6 GC6 TTC CTC GAC GTG ACS G6C CGC A n  GCA CAG ACT CT6 CT6 ART CT6
ala arg arg leu gin val thr ser glu lys val gly asn leu ala phe leu asp val thr gly arg i le  ala gin thr leu leu asn leu

451/151 481/161 511/171
GCA AAA CAA CCA GAC GCT AT6 ACT CAC CC6 GAC G6T AT6 CAA ATC AAA A n  ACC CGT CAG GAA A n  G6T CA6 A n  6TC GGC T6T TCT CGT
ala lys gin pro asp ala net thr his pro asp gly eet gin i le  lys i le  thr arg gin glu i le  gly gin i le  val gly cys ser arg

541/1B1 571/191 681/281
GAA ACC GT6 GGA CSC A H  CTG AAG ATG CTG GAA GAT CAG ARC CTG ATC TCC GCA CAC GGT AAA ACC ATC 6TC G n  TAC GGC ACT CGT TAA 

4, glu thr val gly arg i le  lev lys eet leu glu asp gin asn leu i le  ser ala his gly lys thr i le  val val tyr gly thr arg QCH
u
DD>
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F i g u r e  2 .  D r a w i n g  o f  t h e  CRP d i m e r  ( f r o m  d e  

C r o m b r u g g h e  e t  a l .  1 9 8 4 ) .  The N - t e r m i n a l  domain  

c o n s i s t s  o f  a l p h a - h e l i x  A, b e t a - s h e e t s  1 t o  8,  and 

a l p h a - h e l i c e s  B and C. The DMA b i n d i n g  C - t e r m i n a l  

domain  c o n s i s t s  o f  a l p h a - h e l i c e s  D, E,  a nd  F,  and  

t h e  r e s i d u e s  c o n n e c t i n g  t h e s e  h e l i c e s .  The two F 

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

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

w i t h  DNA. A l l  o f  t h e  i n t e r a c t i o n s  b e t w e e n  t h e  two 

s u b u n i t s  a r e  p r o v i d e d  by t h e  l a r g e  N - t e r m i n a l  

d o m a i n  a n d  t h e  m a j o r i t y  o f  t h e s e  a r e  p r o v i d e d  by 

t h e  two l o n g  C h e l i c e s  t h a t  l i e  t o g e t h e r  i n  t h e  

c e n t e r  o f  t h e  d i m e r .  The two s u b u n i t s  a r e  n o t  

e x a c t l y  r e l a t e d  b y  a p e r f e c t  d y a d  a x i s  o f  

s y m me t ry .



F i g u r e  2.
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F i g u r e  3 .  W e s t e r n  b l o t  a n a l y s i s  o f  b i n d i n g  o f  

mAbs t o  CRP f r a g m e n t s .  CRP and f r a g m e n t s  p r o d u c e d  

by  p a r t i a l  p r o t e o l y s i s  o f  CRP w e r e  r e s o l v e d  

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

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

d e t e r m i n e d  a s  i n d i c a t e d  i n  " M a t e r i a l s  a n d  

M e t h o d s " .  CRP,  i n t a c t  CRP; SAP,  c o r e  f r a g m e n t  

p r o d u c e d  a f t e r  i n c u b a t i o n  o f  cAMP-CRP w i t h  

S t a p h . a u r e u s  V8 p r o t e a s e ;  SUB,  c o r e  f r a g m e n t  

p r o d u c e d  a f t e r  i n c u b a t i o n  o f  cAMP-CRP w i t h  

s u b t i l i s i n ;  C1IY+SDS, CRP f r a g m e n t s  p r o d u c e d  a f t e r  

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

p r e s e n c e  o f  SDS; TRY+DNA, CRP f r a g m e n t s  p r o d u c e d  

a f t e r  i n c u b a t i o n  o f  DMA-CRP w i t h  t r y p s i n .



F
ig

u
re

(Nr-

II5D5 64DI 65C3

^  CRP SAP SUB CHY TRY CRP SAP SUB CHY TRY CRP SAP SUB CHY TRY

SDS DNA SDS DNA SDS DNA
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F i g u r e  4.  C l e a v a g e  map o f  CRP and l o c a l i z a t i o n  o f  

mAb b i n d i n g  s i t e s .  D a t a  o b t a i n e d  f r o m W e s t e r n  

b l o t t i n g  a n d  E L I S A  w e r e  u s e d  t o  l o c a l i z e  t h e  

b i n d i n g  s i t e s  o f  t h e  a n t i - C R P  mAbs.  S e g m e n t s  

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

o f  CRP (McKay e t  a l . f 1 9 8 2 ) .



Class 3T I 31 I I
6 5 C 3 63A 3
6 4 B 4 66 C 3 62D 6

II5D 5 64DI 63B 2 6 2  A2

A B C D E F
IOK 6 K -------------------------------DN A + Trypsin

-------------- I2.9K cAMP + Subtilisin
---------------------------------------------I8.8K cAMP + SAP

9.5 K
—  H h

SDS +  Chymotrypsin
I3K
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F i g u r e  5.  E f f e c t  o f  a n t i - C R P  mAbs on  b i n d i n g  o f  

c A M P - C R P  t o  t h e  l a c  DNA p r o m o t e r  f r a g m e n t .  

S a m p l e s  c o n t a i n i n g  ( f i n a l  volume 15 u l )  0 . 2  uM l a c  

DNA f r a g m e n t ,  24 uM cAMP , w i t h  o r  w i t h o u t  0 . 8  uM 

C R P  a n d  4 uM m A b  w e r e  r e s o l v e d  

e l e c t r o p h o r e t i c a l l y . l a c  P + , no CRP a d d e d ;  CRP,  

l a c  DNA + cAMP-CRP; l a n e s  a -  j  c o n t a i n e d  l a c  DNA, 

cAMP-CRP a n d  t h e  i n d i c a t e d  mAb a s  f o l l o w s :  (a)

mAb 6 6 C 3 ,  ( b )  mAb 6 5 C 3 ,  ( c )  mAb 6 4 B 4 ,  ( d )

mAb 6 4 D1 ,  ( e )  mAb 6 3 A 3 ,  ( f )  mAb 6 3 B 2 ,  ( g)

mAb 6 3 C 2 ,  ( h )  mAb 6 2 A 2 ,  ( i )  mAb 6 2 D 6 ,  ( j )

mAb 115D5.



lac P CRP a i j CRP la c P
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F i g u r e  6.  G e l  e l e c t r o p h o r e s i s  a n a l y s i s  o f  b i n d i n g  

o f  mAbs t o  CRP i n  s o l u t i o n .  S a m p l e s  c o n t a i n i n g  

( f i n a l  v o l u m e  15 u l )  2 . 4  uM o f  t h e  i n d i c a t e d  mAb 

w i t h  o r  w i t h o u t  4 . 4  uM CRP w e r e  r e s o l v e d  

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

M e t h o d s " .  CRP i s  a p o s i t i v e l y  c h a r g e d  m o l e c u l e ,  

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

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

The b a n d s  shown i n  t h e  g e l  a r e  t h e  mAbs o r  mAb-CRP 

c o m p l e x e s  o n l y .  a ,  mAb; b ,  mAb + CRP.



COr-'

6 6 C 3  

a b

6 5 C 3  6 4 B 4

a b a b

64DI 

a b

6 3 A 3  6 3 B 2  6 2  A2 6 2 D 6  II5D 5
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F i g u r e  7.  E f f e c t  o f  t i m e  o f  p r e i n c u b a t i o n  w i t h  

mAb 6 4 D1  o n  s t a b i l i t y  o f  CRP c o m p l e x e s .  

C o n d i t i o n s  f o r  t h e  a b o r t i v e  i n i t i a t i o n  a s s a y  a r e  

d e s c r i b e d  i n  " M a t e r i a l s  a n d  M e t h o d s " .  

P r e i n c u b a t i o n  (10 m i n u t e s  a t  37°C) c o m p o n e n t s  a r e :

A, cAMP +CRP + RNA p o l y m e r a s e  + l a c  P + f r a g m e n t ;

B ,  cAMP + CRP + l a c  P + f r a g m e n t ;  C, cAMP + CRP; D, 

CRP.  A f t e r  a d d i t i o n  o f  mAb 64D1,  t h e  m i x t u r e s  

w e r e  i n c u b a t e d  a t  37°C f o r  t h e  t i m e s  i n d i c a t e d .  

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

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

I 3II] UTP .
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F i g u r e  8.  E f f e c t  o f  t i m e  o f  i n c u b a t i o n  w i t h  

mAb  6 4 D 1  o n  C R P - D N A  c o m p l e x e s .  D N a s e  I 

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

" M a t e r i a l s  a n d  M e t h o d s "  u s i n g  3 uM [ ^ ] l a c  P + 

f r a g m e n t  a nd  w h e r e  i n d i c a t e d  40 nM CRP,  100 nH 

cAMP, 120 nM RNA p o l y m e r a s e  and 240 nM mAb 64D1. 

l a n e  a ,  [ 3 2 p ] i a c  p+ o n l y ;  l a n e s  b ,  c ,  cAMP + CRP + 

132 p ] i ac  p+ i n c u b a t e d  f o r  20 and 40 m i n u t e s ;  l a n e s  

d ,  e ,  f ,  cAMP-CRP-( 3 2 p ] i a c  P + c ompl e x  formed a f t e r  

i n c u b a t i o n  f o r  10 m i n u t e s  f o l l o w e d  by i n c u b a t i o n  

w i t h  mAb 64D1 f o r  1 0 ,  20 and 40 m i n u t e s ;  l a n e  g ,  

RNA p o l y m e r a s e  + [ 3 2 p ] i a c  p+ i n c u b a t e d  f o r  10 

m i n u t e s ;  l a n e  h ,  c A M P - C R P - R N A  p o l y m e r a s e -  

[ 3 2 p ] i a c  p+ c o m p l e x  i n c u b a t e d  f o r  40 m i n u t e s ;  

l a n e s  i ,  j ,  cAMP-CRP-RNA p o l y m e r a s e - I ^ P l  l a c  P + 

c o m p l e x  f o r m e d  a f t e r  i n c u b a t i o n  f o r  10 m i n u t e s  

f o l l o w e d  by i n c u b a t i o n  w i t h  mAb 64D1 f o r  20 and 40 

m i n u t e s .
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F i g u r e  8.
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F i g u r e  9 .  E f f e c t  o f  cAMP c o n c e n t r a t i o n  on  

s t a b i l i t y  o f  CRP c o m p l e x e s .  DNase I f o o t p r i n t i n g  

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

l e g e n d  f o r  F i g u r e  8 e x c e p t  t h a t  t h e  cAMP 

c o n c e n t r a t i o n  i s  v a r i e d .  Lane  a ,  [ 3 2 p ] l a c  P + 

o n l y ;  l a n e  b ,  [ 3 2p j i a c  p+ + CRP a nd  100 uM cAMP ; 

l a n e  c ,  mAb 64D1 was  i n c u b a t e d  w i t h  CRP f o r  10 

m i n u t e s  t h e n  100 uM cAMP a n d  [ 3 2 p ] ^ a c  p +  w e r e  

a d d e d  a n d  i n c u b a t e d  f o r  10 m i n u t e s ;  l a n e  d ,  CRP + 

25 uM cAMP i n c u b a t e d  f o r  10 m i n u t e s  f o l l o w e d  by- 

i n c u b a t i o n  w i t h  [ ^ 2P ] l a c  P + f o r  10 m i n u t e s ;  l a n e s  

e ,  f ,  g ,  CRP + 1 0 0  uM, 50 uM o r  25  uM cAMP

i n c u b a t e d  f o r  10 m i n u t e s  f o l l o w e d  by  i n c u b a t i o n  

w i t h  [ 3 2 p ] i a c  p+ and mAb 64D1 f o r  10 m i n u t e s ;  l a n e  

h ,  [ 3 2 p ] i a c  P + + CRP + 25 uM cAMP i n c u b a t e d  f o r  10 

m i n u t e s ;  l a n e s  i ,  j ,  k ,  [ 3 2 p ] ^ a c  p +  + c p p  a n d  

1 0 0  uM,  5 0 uM o r  2 5 uM cAMP i n c u b a t e d  f o r  10 

m i n u t e s  f o l l o w e d  by i n c u b a t i o n  w i t h  mAb G4D1 f o r  

10 m i n u t e s ;  l a n e s  1,  m, n ,  o ,  [ 32p ] l a c  P + + CRP + 

RNA p o l y m e r a s e  and 50 uM, 25 uM, 12 .5  uM o r  6 . 2 5  uM 

cAMP i n c u b a t e d  f o r  10 m i n u t e s ;  l a n e s  p ,  q ,  r ,  s ,  

[ 3 2 p ] i ^ a c  P + + CRP + RNA p o l y m e r a s e  a n d  50 uM, 

25 uM, 1 2 . 5  uM o r  6 . 2 5  uM cAMP i n c u b a t e d  f o r  10 

m i n u t e s  f o l l o w e d  by i n c u b a t i o n  w i t h  mAb 64D1 f o r  

10 m i n u t e s .
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F i g u r e  10.  E f f e c t  o f  cAMP and cGMP on  b i n d i n g  o f  

[ -̂ 2 5 j  j mAb 64D1 t o  CRP.  C o n d i t i o n s  a r e  d e s c r i b e d  

u n d e r  " M a t e r i a l s  and Me t hods "  w i t h  mAb 62A2 a s  t h e  

i m m o b i l i z e d  a n t i b o d y .  B i n d i n g  o f  [ 2 5 j  ] mAb 64D1 

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

t h e  i n d i c a t e d  c o n c e n t r a t i o n s  o f  cAMP o r  cGMP.
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F i g u r e  1 1 .  E f f e c t  o f  p r o t e a s e s  on  cAMP-CRP and 

mAb 64D1- CRP.  C o n d i t i o n s  a r e  d e s c r i b e d  u n d e r  

" M a t e r i a l s  a n d  M e t h o d s " ,  t h e  i n c u b a t i o n s  w i t h  t h e  

i n d i c a t e d  p r o t e a s e s  w e r e  c a r r i e d  o u t  f o r  40 

m i n u t e s .  S t a p h . a u r e u s  V8 p r o t e a s e  ( 0 . 3  ug) p l u s :  

l a n e  a ,  CRP ; l a n e  b ,  cAMP-CRP; l a n e  c ,  mAb 64D1- 

CRP; l a n e  d ,  mAb 64D1.  T r y p s i n  ( 0 . 1 5  ug)  p l u s :  

l a n e  e ,  CRP;  l a n e  f ,  cAMP-CRP; l a n e  g ,  mAb 64D1- 

C RP ; l a n e  h ,  mAb 64D1.  C h y m o t r y p s i n  ( 0 . 0 7  ug)  

p l u s :  l a n e  i ,  CRP;  l a n e  j ,  cAMP-CRP;  l a n e  k ,

mAb 64D1-CRP; l a n e  1,  mAb 64D1;  l a n e  m, c y a n o g e n  

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



I m

-  16.9 K
-  14.4 K 
^  8.2K 
^  6.2 K
-  2.5K
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F i g u r e  12 A a nd  D. E f f e c t  o f  s u b t i l i s i n  on CRP 

a nd  mAb 6 4D1- CRP.  C o n d i t i o n s  a r e  d e s c r i b e d  i n  

" M a t e r i a l s  a n d  M e t h o d s " .  F i g .  12 A ( C o o m a s s i e  

b l u e  s t a i n i n g ) : l a n e  a ,  mAb 64D1;  l a n e  b ,  CRP; 

l a n e s  c t o  f ,  CRP + 0 . 2  ug s u b t i l i s i n  i n c u b a t e d  

f o r  5,  10 ,  20 ,  40 m i n u t e s ;  l a n e s  g t o  j ,  mAb 64D1- 

CRP + 0 . 2  ug s u b t i l i s i n  i n c u b a t e d  f o r  5,  1 0 ,  2 0 ,  

40 m i n u t e s ;  l a n e  k ,  cAMP-CRP + 0 . 2  ug s u b t i l i s i n  

i n c u b a t e d  f o r  40 m i n u t e s .  F i g .  12 B ( W e s t e r n  

b l o t t i n g )  : l a n e  a t o  e ,  mAb 64D1-CRP + 0 . 2  ug

s u b t i l i s i n  i n c u b a t e d  f o r  0 ,  5 ,  1 0 ,  20 a n d  40

m i n u t e s ;  l a n e  f ,  cAMP-CRP + 0 . 2  ug s u b t i l i s i n  

i n c u b a t e d  f o r  40 m i n u t e s .



F i g u r e
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F i g u r e  13.  E f f e c t  o f  mAb 64D1 c o n c e n t r a t i o n  on  

s e n s i t i z a t i o n  o f  CRP t o  a t t a c k  by t r y p s i n  a nd  

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

" M a t e r i a l s  and M e t h o d s " .  1 . 3  uM CRP was i n c u b a t e d  

w i t h  0 . 1 5  ug t r y p s i n  ( l a n e s  a t o  d) o r  w i t h  0 . 2  ug 

s u b t i l i s i n  ( l a n e s  e t o  i )  f o r  40 m i n u t e s .  La ne s  a 

a n d  e ,  CRP + 2 uM mAb 64D1;  l a n e s  b and f ,  CRP + 

1 . 3  uM mAb 64D1;  l a n e s  c  a n d  g ,  CRP + 0 . 6  5 uM 

mAb 64D1;  l a n e s  d a n d  h ,  CRP + 0 . 3 3  uM mAb 64D1; 

l a n e  i ,  m o l e c u l a r  w e i g h t  m a r k e r s :  c y t o c h r o m e  C, 

1 2 , 6 0 0  Da,  t r y p s i n  i n h i b i t o r ,  6 , 2 0 0  Da.
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F i g u r e  1 4 .  E f f e c t  o f  cAMP and cGMP on b i n d i n g  o f  

( I ZSi j mAb 66C3 t o  CRP. C o n d i t i o n s  a r e  d e s c r i b e d  

u n d e r  " M a t e r i a l s  a n d  M e t h o d s "  w i t h  u n l a b e l e d  

mAb 66C3 a s  t h e  i m m o b i l i z e d  a n t i b o d y .  B i n d i n g  o f  

112 5 i  j jj! a  b 66C3 was d e t e r m i n e d  a f t e r  i n c u b a t i o n  i n  

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

cAMP o r  cGMP.
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F i g u r e  1 5 .  E f f e c t  o f  mAb 66C3  on  a b o r t i v e  

i n i t i a t i o n  f r om t h e  l a c  P + p r o m o t e r .  C o n d i t i o n s  

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

" M a t e r i a l s  a n d  M e t h o d s " .  RPq ( 3 / b )  o r  mAb 66C3-  

cAMP- CRP -  l a £  P + c o m p l e x  ( c )  a r e  f o r m e d  b y  

i n c u b a t i o n  a t  3 7 °C f o r  10 m i n u t e s  f o l l o w i n g  bi- 

a d d i n g  KPK b u f f e r  ( a ) , mAb 6 6 C 3  ( b )  o r  RNA 

p o l y m e r a s e  ( c )  f o r  a n  a d d i t i o n a l  10 m i n u t e s  

i n c u b a t i o n  a t  37°C.  A b o r t i v e  i n i t i a t i o n  a c t i v i t y  

wa s  d e t e r m i n e d  f o l l o w i n g  a d d i t i o n  o f  ApA and  

l^HJUTP and i n c u b a t i o n s  f o r  t h e  t i m e s  i n d i c a t e d .
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F i g u r e  16.  E f f e c t  o f  mAb 66C3 on t h e  s t a b i l i t y  o f  

t h e  i n i t i a t i o n  c o m p l e x .  A b o r t i v e  i n i t i a t i o n  

c o n d i t i o n s  a r e  d e s c r i b e d  u n d e r  " M a t e r i a l s  and  

Me t h o d s " .  P r e i n c u b a t i o n  c o mp o n e n t s  a r e :  a ,  cAMP + 

CRP + l a c  P + + RNA p o l y m e r a s e ;  b ,  cAMP + CRP + 

l a c  P + . A f t e r  a d d i t i o n  o f  mAb 66C3,  t h e  m i x t u r e s  

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

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

m i s s i n g  c o mp o n e n t s  p l u s  ApA and I^HJUTP.



Re
si

du
al

 A
cti

vi
ty

 
(%

)
98

F i gu r e  16.

100

90

80

70

60

50

40

30

20

1 0

0 20
Minutes

40



99

F i g u r e  17.  E f f e c t  o f  mAb 66C3 c o n c e n t r a t i o n  on 

a b o r t i v e  i n i t i a t i o n  f r o m  t h e  l a c  P + p r o m o t e r .  

A b o r t i v e  i n i t i a t i o n  c o n d i t i o n s  a r e  d e s c r i b e d  und e r  

" M a t e r i a l s  a n d  M e t h o d s "  w i t h  a c o n s t a n t  

c o n c e n t r a t i o n  o f  CRP a n d  t h e  i n d i c a t e d  

c o n c e n t r a t i o n  o f  mAb 66C3.  a ,  mAb 66C3 was  a d d e d  

a f t e r  t h e  f o r m a t i o n  o f  RPq . bf  g6C3 was a dded

a f t e r  t h e  f o r m a t i o n  o f  t h e  c A M P - C R P  -  l a c  P + 

c o m p l e x ,  a n d  a f t e r  10 m i n u t e s  i n c u b a t i o n  RNA 

p o l y m e r a s e  was a d d e d .
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F i g u r e  18.  E f f e c t  o f  mAb 66C3 on b i n d i n g  o f  CRP 

a n d  RNA p o l y m e r a s e  t o  l . a £  P + * D N a s e  I 

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

" M a t e r i a l s  a n d  M e t h o d s " .  P a n e l  A,  l a c  P + u p p e r  

s t r a n d ;  p a n e l  B,  l a c  P + l o w e r  s t r a n d .  La n e  a ,  

[ 3 2 p j ] ^ a c  p +  o n l y ;  l a n e  b , cAMP + CRP + 

[ 32P ] l a c  P + ; l a n e  c ,  cAMP + CRP + [ 3 2 P ] l a c  P + + 

mAb 66C3 ;  l a n e  d ,  [ 3 2 P ] l a c  P + + RNA p o l y m e r a s e ;  

l a n e  e ,  cAMP + CRP + [ 32P ] l a c  P + + RNA p o l y m e r a s e ;  

l a n e  f ,  cAMP-CRP- [ 3 2P ] l a c  P + - mAb 66C3 c o m p l e x  

f o r med  a f t e r  i n c u b a t i o n  f o r  10 m i n u t e s  f o l l o w e d  by 

i n c u b a t i o n  w i t h  RNA p o l y m e r a s e ;  l a n e  g ,  cAMP-CRP- 

[ 32P ] l a c  P + -RNA p o l y m e r a s e  c o m p l e x  f o r m e d  a f t e r  

i n c u b a t i o n  f o r  10 m i n u t e s  f o l l o w e d  by i n c u b a t i o n  

w i t h  mAb 66C3.
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F i g u r e  19.  E f f e c t  o f  mAb 66C3 on b i n d i n g  o f  CRP 

a n d  RNA p o l y m e r a s e  t o  l a c  L 8 U V 5 .  D N a s e  I 

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

" M a t e r i a l s  a n d  M e t h o d s "  w i t h  [ 3 2 P ] i a c  uv5 up p e r  

s t r a n d .  P a n e l  A,  w i t h  1% g l y c e r o l  ( n o r m a l  

c o n d i t i o n ) ;  p a n e l  B,  w i t h  25% g l y c e r o l .  Lane a ,

( 3 2 p ] i a c  L8UV5 o n l y ;  l a n e  b ,  cAMP + CRP + 

[ 3 2 p ] l a c  L 8 U V 5 ;  l a n e  c ,  cAMP + CRP + 

[ 3 2 P ] l a c  L 8 U V 5  + mAb  6 6 C 3 ;  l a n e  d ,  

[ 3 2p ] i a c  L8UV5 + RNA p o l y m e r a s e ;  l a n e  e ,  cAMP + 

CRP + [ 32P]  l a c  L8UV5 + RNA p o l y m e r a s e ;  l a n e  f ,  

cAMP + CRP + [ 3 2 p ] l a c  L8UV5 + RNA p o l y m e r a s e  + 

mAb 66C3.
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F i g u r e  20.  B i n d i n g  o f  mAb 66C3 a n d  mAb 115D5 t o  

Hpa I I  f r a g m e n t s  o f  l a c  P+ and l a c  L8UV5. Hpa I I  

f r a g m e n t s  o f  [ 3 2pj  i ac  p+ and [ 3 2 p ] j a c  L8UV5 w e r e  

p r e p a r e d  by  i n c u b a t i o n  w i t h  4 u n i t s  o f  Hpa I I  

r e s t r i c t i o n  e n z y m e  p e r  p m o l  [ 3 2 P ] ] . a c  2 0 3 bp  

f r a g m e n t  ( l a b e l l e d  a t  b o t h  e n d s )  i n  Hpa  I I  

r e s t r i c t i o n  b u f f e r  f o r  10 m i n u t e s  a t  3 7 ° C .  The 

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

" M a t e r i a l s  and Me t h o d s "  w i t h  6 . 7  nM o f  e a c h  o f  t h e  

Hpa I I  f r a g m e n t s  o f  [ 3 2 p ] i a c  d ma , 100 uM cAMP , 

133 nM CRP a n d  0 . 4  uM mAb i n  a f i n a l  v o l u m e  o f  

15 uL.  S I ,  p o s i t i o n  o f  Hpa I I  l a r g e  f r a g m e n t  f rom 

- 1 4 0  bp  t o  - 2 0  b p  c o n t a i n i n g  CRP S i t e  1 ;  S 2 ,

p o s i t i o n  o f  Ilpa I I  s m a l l  f r a g m e n t  f r om - 2 0  bp t o  

+65 bp c o n t a i n i n g  CRP S i t e  2;  CRP-S1,  p o s i t i o n  o f  

C R P - H p a  I I  s m a l l  f r a g m e n t  c o m p l e x .  L a n e  a ,  

mAb 115D5 + cAMP + CRP + [ 3 2 P ) l a c  L8UV5; l a n e  b ,  

mAb 66C3 + cAMP + CRP + [ 32P ] l a c  L8UV5; l a n e  c ,  

cAMP + C R P  + [ 3 2 p ] l a c  L 8 U V 5 ;  l a n e  d ,

[ 3 2 p ] i a c  L8UV5 o n l y ;  l a n e  e ,  mAb 115D5 + cAMP + 

CRP + [ 32P] i a c  P +.  i a n e  f ,  66C3 + cAMP + CRP +

[ 3 2 p ] i a c  p + ; l a n e  g ,  cAMP + CRP + [ 3 2 P ] l a c  P + ; 

l a n e  h [ 32P ] l a c  P + o n l y .
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F i g ur e  20.

9  CRP-SI
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F i g u r e  21.  Co mp a r i s o n  o f  t h e  e f f e c t s  o f  mAb 115D5 

a n d  mAb 66C3 on b i n d i n g  o f  CRP and RNA p o l y m e r a s e  

t o  l a c  P + . DNase  I f o o t p r i n t i n g  c o n d i t i o n s  a r e  

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

[ 3 2 p ] i a c  p+ u p p e r  s t r a n d .  La n e  a ,  [ 3 2 p ] i a c  p + 

o n l y ;  l a n e  b ,  cAMP + CRP + [ 32p j ^ a c  P + ; l a n e  c ,  

cAMP + CRP + [ 3 ^ P ] i a c P + + mAb 66C3;  l a n e  d ,  cAMP 

+ CRP + [ 3 2 p ) i £ £  P +  + mAb 1 1 5 D 5 ;  l a n e  e ,  RNA

p o l y m e r a s e  + [ 3 2 p ] i a c  p + .  l a n e  f ,  cAMP + CRP + 

[ 3 2 p ] i a c  p+ + r ma  p o l y m e r a s e ;  l a n e  g ,  cAMP-cRP-  

[3 2 p ] i  q £  p + - m A b  6 6 C 3 c o m p l e x  f o r m e d  a f t e r  

i n c u b a t i o n  f o r  10 m i n u t e s  f o l l o w e d  by i n c u b a t i o n  

w i t h  RNA p o l y m e r a s e  f o r  10 m i n u t e s ;  l a n e  h ,  cAMP- 

C R P - [ 3 2 p ] ^ a c  P + - RNA p o l y m e r a s e  c o m p l e x  f o r m e d  

a f t e r  i n c u b a t i o n  f o r  10 m i n u t e s  f o l l o w e d  by  

i n c u b a t i o n  w i t h  mAb 66C3 f o r  10 m i n u t e s ;  l a n e  i ,  

cAMP- CRP- [ 3 2 p ] i a c  P + -mAb 115D5  c o m p l e x  f o r m e d  

a f t e r  i n c u b a t i o n  f o r  10 m i n u t e s  f o l l o w e d  by  

i n c u b a t i o n  w i t h  RNA p o l y m e r a s e ( f o r  10 m i n u t e s ;  

l a n e  j ,  c AMP-CRP -  [ 3 2p ] l^ac P + -RNA p o l y m e r a s e  

c o m p l e x  f o r m e d  a f t e r  i n c u b a t i o n  f o r  10 m i n u t e s  

f o l l o w e d  by i n c u b a t i o n  w i t h  mAb 115D5.
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F i g u r e  2 2 .  E f f e c t  o f  g l y c e r o l  on l a c  DNA b i n d i n g  

by CRP and RNA p o l y m e r a s e .  DNase I f o o t p r i n t i n g  

c o n d i t i o n s  a r e  d e s c r i b e d  u n d e r  " M a t e r i a l s  a n d  

Me t hods "  w i t h  [ 3 2 p ] l a c  P + u p p e r  s t r a n d .  La n e  a ,

[ 3*P ] l a c  P+ o n l y ;  l a n e  b,  cAMP + CRP + [ 32? ] l a c  P +

i n 1% g l y c e r o l ;  l a n e  c ,  cAMP + CRP + [ 3 2 p ] i ac  p+ + 

mAb 66C3  i n  1% g l y c e r o l ;  l a n e  d ,  cAMP + CRP + 

[ 3 2 p j _ l a £  p +  i n  25% g l y c e r o l ;  l a n e  e ,  RNA 

p o l y m e r a s e  + [ 32p ] i a c  p+ i n i% g l y c e r o l ;  l a n e  f ,  

cAMP + CRP + [ 3 2 p ] i a c  p+ + p n a  p o l y m e r a s e  i n  1%

g l y c e r o l ;  l a n e  g ,  RNA p o l y m e r a s e  + [ 3 2 p ] i a c  p+ i n

25% g l y c e r o l .
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F i g u r e  2 3 .  E f f e c t  o f  g l y c e r o l  on t h e  a b o r t i v e  

i n i t i a t i o n  f r om l a c  P + and l a c  L8UV5. C o n d i t i o n s  

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

g l y c e r o l  c o n c e n t r a t i o n  v a r i e d  a s  i n d i c a t e d .  ( a ) ,  

l a c  p + w i t h  cAMP- CRP;  ( b ) ,  l a c  P + w i t h o u t  CRP;  

( c ) , l a c  L8UV5.
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