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A b s t r a c t  - We have shown p r e v i o u s l y  t h a t  t h e  EXAFS s p e c t r u m  o f  d i f e r r i c  c h i c k e n  
o v o t r a n s f e r r i n  (Fe2COT) can  o n l y  be a d e q u a t e l y  s i m u l a t e d  assuming  a s p l i t  f i r s t  
s h e l l  c o - o r d i n a t i o n  [I]. EXAFS and  XANES s p e c t r a  o f  Fe,COT measured  i n  s o l u t i o n  
and as a  f r e e z e - d r i e d  powder p r o v i d e  e v i d e n c e  f o r  p e r t u r b a t i o n  o f  t h e  i r o n - b i n d i n g  
s i t e s  on f r e e z e - d r y i n g  which i n v o l v e s  t h e  l o s s  o f  one  o f  t h e  l o n g  (-2.0483 first 
s h e l l  l i g a n d s  (presumably  w a t e r ) .  Measurement o f  t h e  XANES o f  t h e  C- te rmina l  
m o n o f e r r i c  COT and  a C- te rmina l  domain f ragment  s u g g e s t s  t h a t  t h e  metal b i n d i n g  
site r e m a i n s  l a r g e l y  u n p e r t u r b e d  by t h e  f r a g m e n t a t i o n  p r o c e s s .  The p o s s i b i l i t y  o f  
s i t e  i n t e r a c t i o n  is  b r i e f l y  d i s c u s s e d .  

I n t r o d u c t i o n  

The r o l e  o f  c h i c k e n  o v o t r a n s f e r r i n  (COT) i n  egg  w h i t e  is  presumed t o  be as a 
b a c t e r i o s t a t i c  a g e n t  a c t i n g  v i a  its i r o n - s e q u e s t i n g  c a p a b i l i t y .  E v o l u t i o n a r i l y ,  
i t  is r e l a t e d  t o  serum t r a n s f e r r i n ,  t h e  p r i n c i p a l  i r o n  t r a n s p o r t  p r o t e i n  o f  
v e r t e b r a t e  plasma.  

The t r a n s f e r r i n s  are monomeric g l y c o p r o t e i n s  o f  Mr - 8 0 , 0 0 0  c a p a b l e  o f  
s p e c i f i c a l l y  b i n d i n g  a maximum o f  two f e r r i c  i o n s  c o n c o m i t a n t  w i t h  2  ( b i l c a r b o n a t e  
a n i o n s  a t  homologous i r o n - b i n d i n g  s i t e s ,  ( f o r  r e v i e w  s e e  [ 2 ] ) .  X-Ray d i f f r a c t i o n  
[ 3 ]  and m o l e c u l a r  f r a g m e n t a t i o n  s t u d i e s  have shown t h e  molecule  to have a two 
domain s t r u c t u r e .  S p e c t r o s c o p i c  and chemica l  m o d i f i c a t i o n  e v i d e n c e  s u g g e s t s  t h e  
p r e s e n c e  o f  h i s t i d i n e  and t y r o s i n e  l i g a n d s  to t h e  i r o n  atoms as w e l l  as a 
( b i ) c a r b o n a t e  a n i o n  a n d / o r  w a t e r  m o l e c u l e  ( s e e  [ 2 ] ) .  We have shown p r e v i o u s l y  
u s i n g  EXAFS [ I ]  t h a t  t h e  t h e  f i r s t  s h e l l  atoms are s p l i t  i n t o  two d i s t a n c e s  
i n v o l v i n g  2  l i g h t  atoms (O/N) a t  - 1 .858. and  a  f u r t h e r  f o u r  l i g h t  atoms at  - 2.04a.  

On t h e  b a s i s  o f  model compounds we a s s i g n  t h e  s h o r t e r  d i s t a n c e  t o  t h e  p h e n o l i c  
oxygens  o f  2 t y r o s i n e  r e s i d u e s .  A summary of  t h e  f i r s t  s h e l l  d i s t a n c e s  f o r  Fe,COT 
and i ts N- and C- domain i r o n - b i n d i n g  f r a g m e n t s  a r e  g i v e n  i n  T a b l e  1 .  

M a t e r i a l s  and Methods 

Chicken o v o t r a n s f e r r i n  and its i r o n - b i n d i n g  f r a g m e n t s  were i s o l a t e d  a s  d e s c r i b e d  
p r e v i o u s l y  [ I ] .  P r o t e i n  was made i r o n - s a t u r a t e d  by a d d i t i o n  o f  e x c e s s  Fe(  I11 ) 
n i t r i l o t r i a c e t a t e  and d e s a l t e d  on Sephadex G25. F r e e z e - d r i e d  Fe,COT was made by 
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s h e l l  f r e e z i n g  a s o l u t i o n  o f  i r o n - s a t u r a t e d  p r o t e i n  i n  50mM NH4C03 u s i n g  l i q u i d  
n i t r o g e n  and l y o p h i l i s a t i o n  a t  - 5x10L2 Torr .  C-Monoferric COT was prepared by 
a d d i t i o n  o f  0.03 v o l  of 0.6M sodium c i t r a t e ,  pH 5 .0 ,  t o  a s o l u t i o n  (20  mg/ml) o f  
Fe,COT i n  water .  A f t e r  t h e  e x t i n c t i o n  a t  470 nm had f a l l e n  t o  30% o f  its o r i g i n a l  
va lue  a t h e o r e t i c a l  t h r e e f o l d  exces s  o f  desfer r ioxamine was added and t h e  
r e s u l t i n g  i ron-desfer r ioxamine complex removed by g e l  f i l t r a t i o n  on G-50. The 
monoferr ic  p r o t e i n  was f r eeze -d r i ed  p r i o r  t o  use .  A l l  s o l u t i o n  EXAFS and XANES 
were recorded i n  0.1M NaHC03 . 
X-Ray a b s o r p t i o n  s p e c t r a  were recorded on S t a t i o n  8 .1  o f  t h e  SERC Daresbury SRS, 
u s i n g  a double f o c u s i n g  S i  (220)  monochromator. During d a t a  c o l l e c t i o n  t h e  SRS 
beam energy was 2 GeV and mainta ined an average  c i r c u l a t i n g  c u r r e n t  o f  220 mA. 
S imu la t ion  o f  t h e  EXAFS reg ion  have involved an approach desc r ibed  e lsewhere  [ 4 1 .  

Table  1 F i r s t  s h e l l  EXAFS parameters  used i n  t h e  s i m u l a t i o n  o f  s p e c t r a  from Fez  
COT and its N- and C- t e rmina l  s i n g l e  domain f ragments .  

N- Fragment C- Fragment Fe, COT 

Atom No ~ ( 8 )  ~ ( 1 ' )  R ( X )  , ( a 2 )  ~ ( 1 )  ~ ( 1 ' )  

R e s u l t s  and Discuss ion 

F i g  1 shows a comparison o f  t h e  EXAFS o f  FezCOT recorded i n  0.1M NaHC03 
b u f f e r  and a s  a f r eeze -d r i ed  powder. The ampl i tude  and f requency o f  t h e  major 
s h e l l  c o n t r i b u t i o n  is reduced i n  t h e  f r eeze -d r i ed  sample sugges t ing  t h e  l o s s  o f  a 
l i g a n d  from t h e  first co-ordinat ion  sphe re .  Th i s  is e v i d e n t  i n  t h e  F o u r i e r  
t ransform ( i n s e t )  where t h e  f i r s t  s h e l l  is s h i f t e d  t o  lower R and is o f  reduced 
i n t e n s i t y .  Rearrangement o f  some o f  t h e  o u t e r  s h e l l s  is a l s o  appa ren t  from t h e  3 1  
r eg ion  o f  t h e  F o u r i e r  t ransform.  

The enhancement o f  f e a t u r e s  a and b ( F i g  2 )  i n  t h e  edge s t r u c t u r e  o f  t h e  
f r eeze -d r i ed  p r o t e i n  confirm t h a t  geomet r i ca l  changes have occurred  
a s  a consequence o f  f reeze-drying.  Some evidence  [ 51  has  been provided f o r  a 
n e g a t i v e  c o r r e l a t i o n  between t h e  i n t e n s i t y  o f  t h e  pre-edge f e a t u r e  a and t h e  
co-ordinat ion  number. The inc reased  i n t e n s i t y  o f  t h i s  t r a n s i t i o n  i n  t h e  
f r eeze -d r i ed  spectrum is t h e r e f o r e  c o n s i s t e n t  w i th  t h e  l o s s  o f  a l i g a n d  from t h e  
meta l  b ind ing - s i t e s .  

F i g  3 a  shows t h e  exper imenta l  spectrum f o r  t h e  f r eeze -d r i ed  p r o t e i n  superimposed 
upon t h e  t h e o r e t i c a l  s imu la t ion  f o r  t h e  s o l u t i o n  sample [ I ] .  Removal o f  one 
l i g a n d  from t h e  2.048 s h e l l  ( F i g  3b )  w i thou t  r e f inemen t  produces an improvement i n  
t he  f i t  index from 0.5  t o  0.3.  Refinement o f  t h i s  model reduces  t h e  f i t  index t o  
0.16 ( F i g  3 c ) .  We sugges t  t h e  most probable  exp lana t ion  f o r  t h e s e  e f f e c t s  is t h a t  
a co-Crdinated water  molecule is l o s t  on f r e e 3 r y i n g  which resets i n  mrnor 
l i g a n d  rearrangement i n c l u d i n g  t h e  s h o r t e n i n g  o f  t h e  ' l ong1  f irst  s h e l l  d i s t a n c e  
t o  2.021. E.p.r. measurements a t  77K ( n o t  p re sen ted  h e r e )  conf i rm t h e  observed 
p e r t u r b a t i o n  a t  t h e  i r o n  s i t e s  a s  a consequence o f  f reeze-drying.  

The n e a r  edge s t r u c t u r e  f o r  Fe2COT, t h e  N- and C- t e rmina l  s i n g l e  domain f ragments  
and t h e  C- monoferr ic  i n t a c t  molecule ( i n  which t h e  N- site is unoccupied)  a r e  
shown i n  F i g  4.  The s i m i l a r i t y  o f  t h e  C- t e rmina l  fragment and i ts monoferr ic  
c o u n t e r p a r t  sugges t s  t h a t  t h e  i r o n  s i t e  remains l a r g e l y  unper turbed by t h e  
f r agmen ta t ion  process .  



Figure  1 EXAFS and F o u r i e r  t r ans fo rms  F igu re  2 XANES s p e c t r a  o f  Fe2COT i n  
( i n s e t )  o f  Fe,COT recorded i n  G . 1 M  NaHC03 0 . G l M  NaHCQsolution (above)  and a s  a 
( - -- ) and a s  a f r eeze -d r i ed  powder ( - -  - )  . f r eeze -d r i ed  powder (be low) .  

F igu re  3 Simula t ion  o f  t h e  f r eeze -d r i ed  FsCOT EXAFS experiment (--), t heo ry  
( - - -  . F I  is t h e  f i t  index (a)  parameters  a r e  t hose  f o r  F q  COT i n  s o l u t i o n  [ I ] .  
(b) assuming a 2/3 s p l i t  f i r s t  s h e l l ,  ( c )  a s  i n  ( b )  a f t e r  ref inement .  

The s i m i l a r i t y  of a l l  s p e c t r a  shown i n  F i g  4 means t h a t  it is n o t  p o s s i b l e  t o  
d e f i n i t e l y  determine  any s t r u c t u r a l  i n t e r a c t i o n  between t h e  s i t e s  o f  chicken 
o v o t r a n s f e r r i n ,  d e s p i t e  t h e  f a c t  t h a t  in terdomain  i n t e r a c t i o n s  a r e  known t o  occu r  
C61 and t h a t  t h e  p r o t e i n  shows c o o p e r a t i v i t y  f o r  i r o n  b ind ing  [7] .  However, 
r e c e n t l y  c o l l e c t e d  d a t a  on human serum t r a n s f e r r i n  which is repor t ed  e lsewhere  [ 8 ]  
has  demonstrated t h a t  f o r  t h e  human p r o t e i n  a t  l e a s t ,  such i n t e r s i t e  communication 
does r e s u l t  i n  s i g n i f i c a n t  geomet r i ca l  changes a t  t h e  i r o n  s i t e s  which a r e  
observed i n  t h e  edge s t r u c t u r e .  
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F igure  4 XANES s p e c t r a  o f  Fe,COT, 
t h e  N- and C- terminal  s i n g l e  domain 
f ragments  and t h e  C- monoferr ic  
i n t a c t  molecule.  
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