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h novel  i r o n - b i n d i n g  p r o t e i n  from r a t  l i v e r  homogenates was p u r i f i e d  
1 , 8 0 0 - f o l d  with a 5.7 ~ y i e l d ,  to apparen t  homogeneity.  The mo l e c u l a r  weight  
of  t h e  p r o t e i n  was e s t i m a t e d  to  be 1 6 , 0 0 0 ,  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  i n  the p resence  of sodium dodecyl  s u l f a t e .  The p u r i f i e d  
p r o t e i n  e x h i b i t e d  0 .43  mol of i r o n  b i n d i n g  pe r  mol of  p r o t e i n  w i t h  a 
d i s s o c i a t i o n  c o n s t a n t  (Kd) of 3.5 x 10 -6 M. h l  3.  i n h i b i t e d  the  i r o n - b i n d i n g  
and the  b i n d i n g  was a l so  s l i g h t l y  i n h i b i t e d  by Ni 2 . .  Other d i v a l e n t  meta l  

2. 2* 2* ions such as Cu , Zn and Mn were without effect. Immunoblot analysis of 
the iron-binding protein revealed that the protein is located mainly in 
microsomes. This newly identified iron-binding protein may be involved in 
i n t r a c e l l u l a r  t r a n s p o r t  of i r o n .  © 1991 Academic Press, Inc. 

T r a n s f e r r i n  and f e r r i t i n  a r e  t h e  ma j o r  i r o n - b i n d i n g  p r o t e i n s  i n  

v e r t e b r a t e s .  I n t e r e s t  i n  these  p r o t e i n s  has r e c e n t l y  i n c r e a s e d ,  as t h e r e  i s  

ev idence  t h a t  the uptake of i r o n  from t r a n s f e r r i n  occurs  by a un ique  type  of 

t r a n s f e r r i n  r e c e p t o r - m e d i a t e d  endoc y t o s i s  (1 -3) .  While the  o v e r a l l  c e l l u l a r  

t r a n s f e r r i n  cyc le  i s  we l l  under s tood ,  l i g a n d s  which may be i n v o l v e d  in  the  

i n t r a c e l l u l a r  t r a n s p o r t  of i r o n  a f t e r  r e l e a s e  from t r a n s f e r r i n  have ye t  to be 

i d e n t i f i e d .  The re  a r e  few d e f i n i t i v e  d e s c r i p t i o n s  of i r o n - c o n t a i n i n g  

i n t e r m e d i a t e s  between t r a n s f e r r i n - i r o n  and l n t r a c e l l u l a r  i r o n - c o n t a i n i n g  

components i n c l u d i n g  heme, f e r r i t i n  and non-heme i r o n  p r o t e i n s  and on ly  l i t t l e  

i s  known of phosphorous compounds, such as ATP and AMP which have been 

r e c e i v e d  the  most a t t e n t i o n  as c a n d i d a t e s  for  i n t r a c e l l u l a r  i r o n  c a r r i e r s  (4- 

6) .  The re fo re ,  we addressed  q u e s t i o n s  of whether i n t r a c e l l u l a r  i r o n - b i n d i n g  

p r o t e i n s  a r e  p r e s e n t  i n  t h e  l i v e r ,  an o r ga n  v i t a l l y  i m p o r t a n t  f o r  i r o n  

metabol i sm.  

The t e c h n i q u e  of  m e t a l - b l o t t i n g  u s i n g  r a d i o a c t i v e  m e t a l  i o n s  as 

p r o b e s  ( 7 - 1 0 )  and i m m o b i l i z e d  m e t a l  i o n  a f f i n i t y  c h r o m a t o g r a p h y  ( 1 1 - 1 3 )  

* To whom cor respondence  should  be addressed .  

A b b r e v i a t i o n s :  PMSF, p h e n y l m e t h y l s u l f o n y l  f l u o r i d e ;  SDS, sod ium d o d e c y l  
s u l f a t e ;  HPLC, h igh-per fo rmance  l i q u i d  chromatography.  
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p r o v i d e  p e r t i n e n t  t o o l s  f o r  d e t e c t i n g  m e t a l - b i n d i n g  p r o t e i n s  and p r o t e i n  

f r a c t i o n a t i o n .  

We have now c h a r a c t e r i z e d  and p u r i f i e d  a newly i d e n t i f i e d  i r o n - b i n d i n g  

p r o t e i n  wi th  a m o l e c u l a r  mass of  16 kDa from r a t  l i v e r ,  u s i n g  the  i r o n -  

b l o t t i n g  t e c h n i q u e  wi th  r a d i o a c t i v e  i r o n .  S p e c i f i c i t y  of  t he  meta l  b i n d i n g  

and i n t r a c e l l u l a r  l o c a l i z a t i o n  of  the  p r o t e i n  were a l s o  g iven  a t t e n t i o n .  

PlATERIhLS AND IqETHODS 

M a t e r i a l s  I r o n - 5 9 ,  f e r r i c  c h l o r i d e  (444-1,140 MBq/mg), was o b t a i n e d  from New 
England Nuc lea r ,  d i l u t e d  wi th  10 aM sodium c i t r a t e  s o l u t i o n  to  1 2 C i / ~ l  and 
s t o r e d  a t  -10  "C u n t i l  u s e .  C h e l a t i n g  S e p h a r o s e  was p u r c h a s e d  f rom 
P h a r m a c i a ,  and Cu 2+- or  F e 3 ÷ - b o u n d  g e l s  were  p r e p a r e d  a c c o r d i n g  t o  t h e  
i n s t r u c t i o n  from the  manufac tu r e r .  DEAE Sephadex h-50 was purchased  from 
Pharmacia  and Blue C e l l u l o f i n e  from Seikagaku Kogyo. An Immobilon P membrane 
was purchased  from M i l l i p o r e .  A l l  o t h e r  chemica l s  were of  a n a l y t i c a l  g rade .  
P u r i f i c a t i o n  of  I r o n - b i n d i n g  P r o t e i n  from Rat L ive r  Homogenates Male Wis ta r  
r a t s  we igh ing  250-300 g were ma in t a ined  on a normal r a t  d i e t  ( O r i e n t a l  Y e a s t ) ,  
k i l l e d  and the  l i v e r s  were p e r f u s e d  wi th  1.15 ~ KC1 and homogenized in  4 
volumes of  10 aM potass ium phosphate  b u f f e r ,  pH 6 .8 ,  c o n t a l n i n g  2 aM EDTA and 
0 . 1  aM PMSF w i t h  a T e f l o n  h o m o g e n i z e r .  Homogena tes  were  c e n t r i f u g e d  a t  
12,000 x g and the  r e s u l t i n g  s u p e r n a t a n t  was f r o z e n  a t  -30 "C. A f t e r  thawing,  
the  s o l u t i o n  was incuba ted  a t  70 "C f o r  10 min and c e n t r i f u g e d  a t  12,000 x g 
f o r  10 min a f t e r  c o o l i n g  on i c e .  To the  s u p e r n a t a n t ,  s o l i d  ammonium s u l f a t e  
was added to  60 ~ s a t u r a t i o n .  A f t e r  s t i r r i n g  f o r  30 min, the  mix tu re  was 
c e n t r i f u g e d  a t  12,000 x g f o r  10 min. To the  s u p e r n a t a n t  was added s o l i d  
ammonium s u l f a t e  to  90 ~ s a t u r a t i o n ,  then the  p r e p a r a t i o n  was s t i r r e d  f o r  60 
min and was then c e n t r i f u g e d  a t  12,000 x g f o r  10 min. The p r e c i p i t a t e  was 
d i s s o l v e d  in  10 mM potass ium phosphate  b u f f e r ,  pH 6 .8 ,  c o n t a i n i n g  2 mM EDTA 
and 100 aM NaC1, and d i a l y z e d  a g a i n s t  two changes of  the  same b u f f e r .  The 
s o l u t i o n  was a p p l i e d  to  a DEAE Sephadex column (2 x 10 cm) e q u i l i b r a t e d  wi th  
10 aM potass ium phosphate  b u f f e r ,  pH 6 .8 ,  c o n t a i n i n g  2 mM EDTA and 100 mM 
NaCI.  The co lumn was washed  w i t h  3 co lumn vo lum es  o f  t h e  same b u f f e r ,  
f o l l o w e d  by 10 mM potass ium phosphate  b u f f e r ,  pH 6 .8 ,  c o n t a i n i n g  200 aM NaC1 
u n t i l  l i t t l e  p r o t e i n  was d e t e c t e d  in the  e l u a n t ,  then the  p r o t e i n s  were e l u t e d  
wi th  10 mM potass ium phosphate  b u f f e r ,  pH 6 .8 ,  c o n t a i n i n g  300 m~ NaC1. The 
f r a c t i o n s  c o n t a i n i n g  the  i r o n - b i n d i n g  p r o t e i n  were c o l l e c t e d  and d i a l y z e d  
a g a i n s t  25 aM sodium a c e t a t e ,  pH 6 .8 .  The o b t a i n e d  s o l u t i o n  was a p p l i e d  to  a 
Blue C e l l u l o f l n e  column (1.5 x 4 ca) e q u i l i b r a t e d  wi th  25 mM sodium a c e t a t e ,  
pH 6 .8 .  The p a s s e d - t h r o u g h  f r a c t i o n s  were pooled  and d i r e c t l y  a p p l i e d  to  a 
Cu2+-Che la t ing  Sepharose  column (1.5 x 3 cm) e q u i l i b r a t e d  wi th  25 ~)I sodium 
a c e t a t e ,  pH 6 .8 .  The p a s s e d - t h r o u g h  f r a c t i o n s  were then  a p p l i e d  to  a Fe 3÷- 
C h e l a t i n g  Sepharose  column (1.5 x 3 cm). A f t e r  washing the  column wi th  100 ml 
of  25 mM sodium a c e t a t e ,  pH 6 .8 ,  the  p r o t e i n  was e l u t e d  wi th  0.25 M h i s t i d i n e ,  
pH 6 .2 ,  and the  e l u a n t  was d i a l y z e d  a g a i n s t  10 mM NaHCO 3, pH 8 .1 .  P r o t e i n  
c o n c e n t r a t i o n  was e s t i m a t e d  by the  method of  Lowry e t  a l . ( 1 4 ) .  
I r o n - b i n d i n g  Assay The p r o t e i n s  were ana lyzed  by SDS-polyacry lamide  g e l  
e l e c t r o p h o r e s i s  u s i n g  a 15 ~ g e l ,  then 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  (10 Y 
f o r  2 h) from the  ge l  onto an Immobilon P membrane. The r e s u l t i n g  membrane 
was i n c u b a t e d  in  100 mM sodium a c e t a t e  b u f f e r ,  pH 6 .5 ,  c o n t a i n i n g  50 mM 
NaC1 ( b u f f e r  A) f o r  1 h to  r e n a t u r a t e  t he  p r o t e i n s .  The membrane was then  
i n c u b a t e d  w i t h  5 9 F e - c i t r a t e  ( 0 . 5 - 5  ~ C i )  i n  b u f f e r  A f o r  1 h a t  room 
t e m p e r a t u r e ,  washed 3 t imes  wi th  b u f f e r  A and a i r - d r i e d .  R a d i o a c t i v l t i e s  
bound t o  t h e  p r o t e i n s  were  q u a n t i f i e d  by a F u j i x  B i o - i m a g e  A n a l y z e r  
BAS2000 (Fu j i  Photo Film) (15).  
P r e p a r a t i o n  o f  A n t i b o d y  a g a i n s t  I r o n - b i n d i n g  P r o t e i n  and I m m u n o b l o t t i n g  
P u r i f i e d  I r o n - b i n d i n g  p r o t e i n  (100 pg) was mixed wi th  a comple te  F r e u n d ' s  
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a d j u v a n t  and i n j e c t e d  i n t o  r a b b i t s  s u b c u t a n e o u s l y .  A f t e r  the  t h i r d  two-week 
i n t e r v a l  i n j e c t i o n  of  the  above m i x t u r e ,  b lood  was o b t a i n e d  from the  ea r  
v e i n s .  Immunoglobulin was p r epa red  as d e s c r i b e d  (16).  Immunoblo t t ing  was 
per formed  as d e s c r i b e d  p r e v i o u s l y  (16),  u s i n g  the  an t i body  s p e c i f i c  f o r  the  
i r o n - b i n d i n g  p r o t e i n  as the  pr imary  a n t i b o d y .  
S u b c e l l u l a r  F r a c t i o n a t i o n  of  Rat L i v e r  S u b c e l l u l a r  f r a c t i o n a t i o n  of  r a t  l i v e r  
homogenates was per formed by d i f f e r e n t i a l  c e n t r i f u g a t i o n  (17) .  The a c t i v i t i e s  
o f  c y t o c h r o m e  c o x i d a s e  and NADPH-cytochrome c r e d u c t a s e  were  m e a s u r e d ,  
a c c o r d i n g  t o  t h e  me thods  o f  G r i f f i t h s  and Whar ton  ( 1 8 ) ,  and T a k e s u e  and 
Omura ( 1 9 ) ,  r e s p e c t i v e l y .  The i r o n - b i n d i n g  p r o t e i n  was d e t e c t e d  by 
immunoblo t t ing  and de te rmined  by scann ing  u s i n g  an hdvan tec  model DMU-33C 
d e n s i t o m e t e r .  
Gel F i l t r a t i o n  The p u r i f i e d  p r o t e i n  (25 ~g of  p r o t e i n )  was i n c u b a t e d  wi th  
5 S F e - c i t r a t e  (10,000 cpm) in  100 mM sodium a c e t a t e  b u f f e r ,  pH 6 .5 ,  c o n t a i n i n g  
50 m~I NaC1 f o r  1 h a t  room t e m p e r a t u r e .  The l a b e l e d  p r o t e i n  was ana lyzed  by 
HPLC wi th  a TSK ge l  G2OOOSW column {0.75 x 30 cm, Tosoh Co . ) .  The b u f f e r  
system used was 100 mM sodium a c e t a t e ,  pH 6 .5 ,  c o n t a i n i n g  50 mM Nat1. 

RESULTS 

C h a r a c t e r i z a t i o n  

To d e t e c t  and c h a r a c t e r i z e  i r o n - b i n d i n g  p r o t e i n ,  the  homogenates of  r a t  

l i v e r  were a p p l i e d  to  a F e 3 + - C h e l a t i n g  Sepharose  column, washed and then  

p r o t e i n s  were e l u t e d  wi th  10 mM EDTA. E l u t e d  p r o t e i n s  were ana lyzed  by SDS- 

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

membrane .  The i r o n - b i n d i n g  a c t i v i t y  o f  t h e  p r o t e i n s  was a s s e s s e d  by 

r a d i o a c t i v e  i r o n - b l o t t i n g .  A major i r o n - b i n d i n g  p r o t e i n  c o r r e s p o n d i n g  to  a 

m o l e c u l a r  mass of  16 kDa was p r e s e n t  and o t h e r  35- ,  29- and 22-kDa p r o t e i n s ,  

which e x h i b i t e d  weak i r o n - b i n d i n g  a c t i v i t i e s ,  were a l s o  obse rved .  We then  

p u r i f i e d  the  16-kOa i r o n - b i n d i n g  p r o t e i n .  

P u r i f i c a t i o n  of  I r o n - b i n d i n g  P r o t e i n .  

F i g u r e  I shows the  p a t t e r n  of  a Coomassie b r i l l i a n t  b l u e  s t a i n i n g  and 

i r o n - b l o t t i n g  o f  each s t ep  d u r i n g  the  p u r i f i c a t i o n  p r o c e d u r e .  A f t e r  the  DEAE 

Sephadex column chromatography,  the  band of  i r o n - b i n d i n g  c o r r e s p o n d i n g  to  t he  

16-kDa p r o t e i n  was e v i d e n t .  The f i n a l  p r e p a r a t i o n  o f  t h e  p r o t e i n  was 

a p p a r e n t l y  homogeneous. The p r o t e i n  was p u r i f i e d  about  1 , 8 0 0 - f o l d  wi th  a 

5 .7  ~ y i e l d .  

When e s t i m a t e d  by ge l  f i l t r a t i o n  wi th  a TSK g e l  G2OOOSW, the  i r o n - b i n d i n g  

p r o t e i n  wi th  r a d i o a c t i v e  i r o n  appeared  as a s i n g l e  peak and had a m o l e c u l a r  

we igh t  of  about  16,000 (Fig .  2) .  The v i s i b l e  spectrum showed t h a t  the  p r o t e i n  

had no s i g n i f i c a n t  absorbance  r e l a t e d  to  p r o s t h e t i c  groups .  

K i n e t i c s  of  the  I r o n - b i n d i n g  A c t i v i t y  

F i g u r e  3 shows a r e p r e s e n t a t i v e  d o u b l e  r e c i p r o c a l  p l o t  (20)  f o r  t h e  

i n t e r a c t i o n  of  i r o n  and the  i r o n - b i n d i n g  p r o t e i n .  The appa ren t  d i s s o c i a t i o n  

c o n s t a n t  (Kd) c a l c u l a t e d  f rom F i g .  3 was 3 . 5  x 10 -6 M, and t h e  maximum 

i r o n / p r o t e i n  b i n d i n g  r a t i o  was 0 . 4 3 .  The p r e s e n c e  o f  a l O 0 - f o l d  f e r r i c  

ion  (5 ~M) c o m p l e t e l y  i n h i b i t e d  the  r a d i o a c t i v e  i r o n - b i n d i n g  to  the  p r o t e i n .  

411 



Vol .  181, No. 1, 1991 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Q 

A 

1 2 3 4 5 6 7 

(kDa) 

~ 6 7  - 

~ 14- 

1 2 3 T 2 

o 

[ 
o 

> 

J ®0 k 
10 20 30 

1 2 3 4 5 6 7 Fraction number 

Fig.  1. P u r i f i c a t i o n  of the i r o n - b i n d i n g  p r o t e i n  from r a t  l i v e r  homogenates. 
(A) p r o t e i n s  were analyzed by SDS-polyacrylamide e l e c t r o p h o r e s i s ,  us ing  a 15 % 
gel  and s t a i n e d  with a Coomassie b r i l l i a n t  blue R-250. (B) I r o n - b l o t t i n g  was 
c a r r i e d  out as de sc r ibed  under MATERIALS AND METHODS. The f r a c t i o n s  were: lane 
1, 12,000 x g supe rna tan t  (80 ~g of p r o t e i n ) ;  lane  2, heat  t r ea tmen t  a t  70 °C 
(40 fig of p r o t e i n ) ;  lane  3, ammonium s u l f a t e  f r a c t i o n a t i o n  (60-90 %)(80 ~g of 
p r o t e i n ) ;  lane 4, DEAE Sephadex (22 ~g of p r o t e i n ) ;  lane  5, Blue C e l l u l o f i n e  
(16 ~g of 2 r o t e i n ) ;  lane  6, Cu2*-Chelat ing Sepharose (12 9g of p r o t e i n )  and 
lane 7, Fea+-Chela t ing  Sepharose (6 pg of p r o t e i n ) .  Marker p r o t e i n s  used were 
b o v i n e  serum a lbumin  (67 kDa), ova lbumin  (43 kDa),  c a r b o n i c  a n h y d r a s e  
(30 kDa), t r y p s i n  i n h i b i t o r  (20 kDa) and lac ta lbumin  (14.4 kDa). 

F i g .  2. Gel f i l t r a t i o n  of  t h e  5 9 F e - l a b e l e d  i r o n - b i n d i n g  p r o t e i n .  The 
p u r i f i e d  i r o n - b i n d i n g  p r o t e i n  was incubated  with 5 9 F e - c i t r a t e  as d e s c r i b e d  
under MATERIALS AND METHODS, and app l i ed  to  a TSK gel  G2OOOSW (0.75 x 30 em). 
E lu t ion  was performed with 100 mM sodium a c e t a t e ,  pH 6.5 a t  a flow r a t e  of 
1 ml/min. R a d i o a c t i v i t y  and absorbance at  280 nm were determined.  Marker 
p r o t e i n s  used are  shown by arrows: 1) albumin (67,000),  2) ovalbumin (43,000),  
3) t r y p s i n  i n h i b i t o r  (20,100),  and 4) cytochrome c (12,000).  
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kZ) 1/Free (106M-') ~ Concentratmn of m e t a l  i o n s  (~M) 

Fig.  3. Representat ive double rec ip roca l  p lo t  of the i r on -b ind ing  p ro te in .  
I r on -b ind ing  assay was performed using 2 ~g of the p u r i f i e d  i ron-bLnding 
p r o t e i n  under d i f f e r e n t  c o n c e n t r a t i o n s  of f e r r i c  ion (10-8-10 -6 M). The 
r e c i p r o c a l  o f  t h e  bound i r o n  was p l o t t e d  a g a i n s t  t h a t  of  unbound 
c o n c e n t r a t i o n .  Data are  the  means of d u p l i c a t e  exper iments .  

Fig .  4. E f f e c t  of metal  ions on the i r o n - b i n d i n g .  I r o n - b i n d i n g  assay  was 
c a r r i e d  out us ing  2 pg of the p u r i f i e d  i r o n - b i n d i n g  p r o t e i n  in the p resence  of 
z i n c  c h l o r i d e  (A), n i c k e l  c h l o r i d e  (A), a lumin ium c h l o r i d e  (Q) or 
f e r r i c  c i t r a t e  (0) .  The degree of i n h i b i t i o n  was exp res sed  in terms of the 
pe rcen tage  of the  59Fe-binding ob ta ined  in the absence of metal  ions .  
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Table I. Subcellular distribution of the iron-binding protein 

I r o n - b i n d i n g  p r o t e i n  

Relative % of total 
amount* amount 

S p e c i f i c  a c t i v i t y  

NADPH-cytochrome Cytochrome 
c r educ ta se**  c o x i d a s e * H  

Nuclei and 20 29 0.015 1.04 
plasma membrane 

Mitochondria 1.25 1 0.007 1.03 

Microsomes 100 59 0.460 0.15 

Cytosol 5 11 0.056 0.04 

. The va lues  were expressed  by the  p e r c e n t a g e  of the  amount of 
the  i r o n - b i n d i n g  p r o t e i n  per  mg of p r o t e i n  in  microsomes. 

** ~mol cytochrome c reduced per  mg of p r o t e i n  per  Bin.  
*** umol cytochrome c ox id i zed  per  mg of p r o t e i n  per  min. 

I n t r a c e l l u l a r  L o c a l i z a t i o n  o f  I r o n - b i n d i n g  P r o t e i n  i n  Ra t  L i v e r  

T a b l e  I shows t h e  i n t r a c e l l u l a r  l o c a l i z a t i o n  o f  i r o n - b i n d i n g  p r o t e i n .  

F i f t y - n i n e  ~ o f  t h e  i r o n - b i n d i n g  p r o t e i n  was f o u n d  i n  t h e  m i c r o s o m a l  f r a c t i o n .  

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

membrane  f r a c t i o n  was 1 / 5  o f  t h a t  i n  t h e  m i c r o s o m a l  f r a c t i o n  and  i n  t h e  

c y t o s o l i c  f r a c t i o n  i t  was 1 / 2 0 .  The a c t i v i t y  o f  NADPH-cytochrome c r e d u c t a s e ,  

a m a r k e r  enzyme o f  m i c r o s o m e s ,  was f o u n d  m a i n l y  i n  t h e  m i c r o s o m a l  f r a c t i o n .  

C o n s e q u e n t l y ,  mos t  o f  t h e  i r o n - b i n d i n g  p r o t e i n  was p r e s e n t  i n  m i c r o s o m e s  w i t h  

a s m a l l  amount  i n  n u c l e i  and  p l a s m a  m e m b r a n e s .  When t h e  m i c r o s o m e s  we re  

f r o z e n  and  t h a w e d ,  a b o u t  40 ~ o f  t h e  i r o n - b i n d i n g  p r o t e i n  was r e l e a s e d .  

DISCUSSION 

This is the first demonstration of an iron-bAnding protein in the rat 

liver. Simple methods to identify metal-binding proteins included 

fractionation of proteins by SDS-polyacrylamide gel electrophoresis, their 

transfer onto membrane and incubation with radioactive metal ions (7-10). We 

used 59Fe as a probe for protein blotting to detect and characterize iron- 

binding protein which was then purified to apparent homogeneity using Cu 2+- 

and Fe3+-Chelating Sepharose column chromatography. Use of Cu2*-Chelating 

Sepharose was prerequisite to remove materials that nonspecifically stick to 

the subsequent affinity column. The overall purification ratio was 1,800-fold 

with a 5.7 ~ yield. The protein has a molecular mass of 16 kDa, as estimated 

by SDS-polyacrylamide gel electrophoresis. The molecular weight estimated by 

gel filtration was about 16,000. Immunoblot analysis showed that the iron- 

binding protein is present predominantly in microsomes (Table I). Although 

the molecular mass of the iron-binding protein was similar to that of the 

light chain of ferritin, the antibody against the iron-binding protein did not 
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r e a c t  w i t h  e i t h e r  l i g h t  or  heavy  c h a i n s  of  r a t  f e r r i t i n ,  by 

immunob lo t t i ng  (da ta  not  shown). 

The i r o n - b i n d i n g  p r o t e i n  e x h i b i t e d  0.43 i r o n  b i n d i n g  per  p r o t e i n  wi th  a gd 

of 3.5 x 10-6M. The assay  by gel  f i l t r a t i o n  showed t h a t  the  n a t i v e  i r o n -  

b i n d i n g  p r o t e i n  can b ind  f e r r i c  ion (Fig .  2) .  

A l t h o u g h  t h e  a f f i n i t y  f o r  i r o n - b i n d i n g  i s  n o t  so h i g h ,  the  b i n d i n g -  

a b i l i t y  i s  h i g h l y  s p e c i f i c  s i nce  v a r i o u s  . d i v a l e n t  metal  ions  did  not  d i s t u r b  

the  i r o n - b i n d i n g ,  h l  3÷ i n h i b i t e d  the  i r o n - b i n d i n g  of the  i r o n - b i n d i n g  p r o t e i n .  

Based on the  o b s e r v a t i o n  t h a t  t r a n s f e r r i n  can b ind  not  on ly  Fe 3+ but  a l s o  A13÷ 

w i t h  an e x t r e m e l y  h i g h  a f f i n i t y  ( 2 1 ) ,  i r o n - b i n d i n g  p r o t e i n  may have  an 

a f f i n i t y  for  t r i v a l e n t  meta l  i ons .  

Conrad e t  a l .  (22) showed t h a t  m o b l l f e r r i n ,  c o r r e s p o n d i n g  to a mo l e c u l a r  

mass of 55 kDa, i s  p r e s e n t  s p e c i f i c a l l y  in  the  i n t e s t i n a l  mucosa and may be 

i n v o l v e d  in  the i n t e s t i n a l  a b s o r p t i o n  of i r o n .  I t  was a l s o  r e p o r t e d  t h a t  

t h e r e  are  s e v e r a l  i r o n - b i n d i n g  p r o t e i n s  a s s o c i a t e d  with tumor c e l l s  (23-25) 

bu t  the p h y s i o l o g i c a l  r o l e s  of these  p r o t e i n s  has ye t  to be de te rmined .  The 

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

l o c a l i z a t i o n  d i s t i n g u i s h e d  the i r o n - b i n d i n g  p r o t e i n  p r e s e n t e d  here from the  

above i r o n - b i n d i n g  p r o t e i n s  as wel l  as o the r  we l l  known i r o n - b i n d i n g  p r o t e i n s  

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

of the i r o n - b i n d i n g  p r o t e i n  r e v e a l e d  t h a t  i t  does not  r e t a i n  p r o s t h e t i c  groups 

such as i r o n - s u l f u r ,  hemP and f l a v l n s ,  thus ,  the p r o t e i n  i s  not r e l a t e d  to  

cytochromes or f e r r e d o x i n s .  

Although l i t t l e  i s  known of the mechanisms of I n t r a c e l l u l a r  t r a n s p o r t  of 

i r o n ,  the i r o n - b i n d i n g  p r o t e i n  p r e s e n t e d  here may p lay  a r o l e  i n  the t r a n s p o r t  

of i r o n .  Attempts  to c l a r i f y  p h y s i o l o g i c a l  r o l e s  of the p r o t e i n  are under  way. 

A C g N O ~ S .  We thank M. Ohara for  c r i t i c a l  comments. This  work 
was suppor ted  in  p a r t  by g r a n t s  fo r  S c i e n t i f i c  Research from the M i n i s t r y  of 
Educa t ion ,  Sc ience  and Cu l tu re  of Japan.  
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