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T r a n s f e r r i n  : I n t e r m o l e c u l a r  Iron  E x c h a n g e  

Cur ren t  concep ts  of i n t e rna l  i ron exchange  visual ize  
t r an s f e r r i n  (Tr) as t h e  on ly  i ron carrier ,  p rov ided  
w i t h  two func t iona l ly  iden t ica l  m e t a l - b i n d i n g  sites. 
Moreover ,  t he  h igh  assoc ia t ion  c o n s t a n t  of Tr  to  i ron is 
t h o u g h t  to  p r e v e n t  a n y  m o v e m e n t  of i ron b e t w e e n  Tr  
molecules  ~. R e g u l a t i o n  of i ron t r a n s p o r t  is l i t t l e  under -  
stood, however ,  a n d  c o m p r e h e n s i o n  of t h e  m e c h a n i s m s  
invo lved  m u s t  apprec i a t e  poss ible  func t iona l  he t e r ogen i t y  
of t he  t r a n s p o r t  c o m p a r t m e n t .  Recent ly ,  ev idence  was 
p roduced  t h a t  T r  molecules  ca r ry ing  2 i ron a t o m s  are  
super ior  in i r o n - d o n a t i n g  a c t i v i t y  to  re t icu locytes  com- 
pa red  to  t he  mono- i ron  species 2. Based  on  th i s  obse rva t ion ,  
a sys t em was deve loped  to  d e m o n s t r a t e  i ron exchange  
a m o n g  Tr  molecules.  

E q u a l  a m o u n t s  of S~FeCla (200 Fg Fe+++/ml;  10 FCi/vg;  
I n s t i t u t  ftir Reak to r fo r schung ,  CH-5303-Wi i ren l ingen)  
were added  to  e i the r  1.0 ml  (I) or 20.0 ml  (II) of pooled 
s ideropenic  r a t  s e rum ra i s ing  t he  Tr  s a t u r a t i o n  level  of 
t he  fo rmer  a l iquo t  to  90%.  B y  smal l  add i t ions  of 1 N 
N a O H ,  t he  p H  was k e p t  con t i nuous l y  a t  7.4. Af ter  30 ra in  
of i n c u b a t i o n  a t  37 ~ 19 ml  of t h e  or ig inal  se rum were 
a d m i x t u r e d  to  t he  1.0 ml  sample .  I m m e d i a t e l y  the rea f te r ,  
1.0 m l  a l iquo ts  of b o t h  p r e p a r a t i o n s  were frozen. A t  th i s  
t ime  se rum I c o n t a i n e d  a smal l  p r o p o r t i o n  of di-S~Fe-Tr 
a n d  a large excess of apo t rans fe r r in ,  -while in  se rum I I  
t he  mono-S~Fe-Tr species la rgely  p r e d o m i n a t e d  ~. Sub-  
sequen t ly  these  samples  were i n c u b a t e d  a t  37~ and  
p H  7.4 for t i m e  per iods  b e t w e e n  96 h a n d  a few m i n  a n d  
t h e n  s i m u l t a n e o u s l y  exposed to equa l  vo lumes  of washed  
packed  re t icu locytes  ob ta ined  f rom bled rats .  T h e n  6 ra in  
a f te r  r e t i cu locy te  a d m i x t u r e ,  cel lular  r a d i o a c t i v i t y  was 
de t e rmined .  

At  t he  b e g i n n i n g  of t he  e x p e r i m e n t  s e rum I was  more  
t h a n  twice  as p o t e n t  in  i r o n - d o n a t i n g  capac i t y  as 
se rum I I  (Figure).  T h r o u g h  the  decreas ing  ac t i v i t y  of 
se rum I, t he  in i t ia l  d i f ference was h a l v e d  af te r  12 h, and  
d imin i shed  progress ive ly  as p r e i n c u b a t i o n  per iods  in- 
creased.  This  f ind ing  is bes t  exp la ined  b y  a r ed i s t r i bu t i on  
of i ron a t o m s  a m o n g  Tr-molecules .  A t  t he  func t iona l  
level, s e rum I was  m a i n l y  affected because  di-S~Fe-Tr 
molecules  g radua l ly  d i s appea red  due  to  t r a n s f o r m a t i o n  
in to  t he  m o n o - ~ F e - t y p e .  The  poss ib i l i ty  t h a t  cel lular  
u p t a k e  of r ad io i ron  u n b o u n d  to Tr  caused  t he  difference 
be tween  t h e  two  p r e p a r a t i o n s  was exc luded  b y  m e a s u r i n g  

t he  p r o p o r t i o n  of whole  cell r a d i o a c t i v i t y  a p p e a r i n g  in 
h e m e  a. Af te r  a 6 m in  exposure  of re t icu locytes  to  f resh ly  
p r e p a r e d  serum,  i t  a m o u n t e d  to 78 a n d  85% for p r epa ra -  
t ion  I a n d  I I  respect ively ,  whi le  20.9 and  11.7% of 
or ig ina l  se rum ac t i v i t y  h a d  been  t a k e n  up  b y  cells. I t  is 
welt  d o c u m e n t e d  t h a t  s ign i f ican t  q u a n t i t i e s  of Tr-free 
i ron do no t  r each  t he  home  m o i e t y  ~. 

A t  2~ a n d  in se rum d ia lyzed  aga ins t  b i c a r b o n a t e  
buffered  saline,  i ron  exchange  did  no t  occur. I t  was 
res to red  b y  add i t i on  of 12 • 10 -a M c i t ra te ,  p o i n t i n g  to  a 
role of tow molecu la r  we igh t  c o m p o u n d s  as m e d i a t o r s  of 
i ron exchange .  Ci t ra te ,  in  fact ,  r emoves  i ron  f rom t r ans -  
fe r r in  in g rea te r  a m o u n t s  t h a n  expec ted  f rom t h e  s tab i -  
l i t y  cons tan t* ,  and  t h e  t r a n s f e r  of ferric i ron f rom c i t r a t e  
to  a p o t r a n s f e r r i n  in a n  i somolar  so lu t ion  is a slow process  
t e r m i n a t e d  a f te r  20 h on ly  v. F u r t h e r ,  c i t r a t e  m e d i a t e d  
exchange  of i ron a m o n g  Tr  molecules  has  been  p o s t u l a t e d  
on t he  basis  of e x p e r i m e n t s  us ing  T r  a n d  asialo Tr  
s epa ra t ed  b y  co lumn  c h r o m a t o g r a p h y  a. F ina l ly ,  u l t r a -  
c en t r i f uga t i on  s tud ies  revea led  t he  presence  of a smal l  
low molecu la r  we igh t  f r ac t ion  in n o r m a l  se rum b ind ing  
ferr ic  i ron  mos t  l ike ly  iden t ica l  w i t h  c i t r a t e  ~. 

Ev idence  is a c c u m u l a t i n g  t h a t  t h e  two  T r  i ron b ind ing  
si tes are s t r u c t u r a l l y  d i f fe rent  ~0, a n d  func t iona l  a s y m m e t r y  
ha s  been  unequ ivoca l ly  d e m o n s t r a t e d  in  v i t ro  ~, b u t  
con t r ave r s i a l  f ind ings  exis t  in  v ivo  n,  ~. This  d i sc repancy  
m i g h t  in  p a r t  be  exp la ined  b y  c o n t i n u o u s  i n t r a p l a s m a t i c  
i ron r ed i s t r i bu t ion ,  poss ib ly  t a k i n g  place  a t  a fas te r  r a t e  
in  r i v e  t h a n  in t he  e x p e r i m e n t s  r e p o r t e d  here.  

Zusammen/assung. Die E i s e n a b g a b e f ~ h i g k e i t  doppe l t  
be l adene r  Trans fe r r inmolek i i l e  an  Re t iku lozy ten ,  is t  
j ene r  e infach  be l adene r  Molekii le i iberlegen,  u n d  ve rmin -  
de r t  s ich r a sch  w e n n  S e r u m  u n t e r  phys io log i schen  t3e- 
d i n g u n g e n  i n k u b i e r t  wird.  Als Erkl~Lrung wird  die 
N e u v e r t e i l u n g  yon  E i s e n a t o m e n  u n t e r  den  Trans fe r r in -  
b indungs s t e l l en  pos tu l i e r t  ~. 
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Changes in radioiron donating capacity to reticuloeytes of 2 serums 
identical in 56Fe (cold) concentration, total iron binding capacity 
(35 and 816 ~zg]100 ml respectivelyla), and "~gFe content (37 tag/100 ml) 
over various time periods of preineubation at 37 ~ under 95 % air + 
5% COe (pH 7.4). At O-time serum I contained mainly di-59Fe-Tr in 
presence of an excess of apotransferrin, while ill serum II the mono- 
~gFe-Tr species predominated. 
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