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SEPARATION OF MULTIPLE FERRlTlN 
SUBUNIT TYPES BY REVERSED-PHASE HPLC 

J.  F. Collawn, Jr., H. Donato, Jr., 
E. Council, and W. W. Fish 
Department of Biochemistry 

Medical University of South Carolina 
Charleston, South Carolina 29425 

ABSTRACT 
Sub jec t i on  o f  f e r r i  t i n  subun i ts  t o  reversed-phase HPLC 

e f f e c t e d  a separa t ion  o f  them i n t o  t h r e e  chromatographic 
species.  These t h r e e  p u t a t i v e  subun i t  species were found 
i n  v a r y i n g  p r o p o r t i o n s  f rom po rc ine  spleen, l i v e r ,  and h e a r t  
f e r r i t i n s  as w e l l  as human l i v e r ,  spleen, and p l a c e n t a l  f e r r i t -  
i n s .  Deta i  1 ed chemical -phys i ca l  c h a r a c t e r i z a t i o n  o f  each 
o f  t h e  i s o l a t e d  species i n d i c a t e  them t o  be two H-type and 
one L- type f e r r i  t i n  subun i ts .  Thus, reversed-phase HPLC 
p r e s e n t l y  stands as the  o n l y  a v a i l a b l e  means t o  separate 
p r e p a r a t i v e l y  t h e  va r ious  subun i t  t ypes  o f  f e r r i t i n .  

INTRODUCTION 
The so lub le  i r o n  s to rage p r o t e i n ,  f e r r i t i n ,  i s  commonly 

found i n  bo th  p l a n t s  and animals (1). I n  animals,  t h e  r i c h e s t  
sources o f  f e r r i t i n  a re  spleen, l i v e r ,  and bone marrow a l though  

most t i s s u e s  c o n t a i n  f e r r i t i n .  The s t r u c t u r e  o f  f e r r i t i n  
i s  r a t h e r  unique i n  t h a t  i t  c o n s i s t s  o f  a p r o t e i n  s h e l l  o f  

twen ty - fou r  subun i ts  arranged t o  form a ho l l ow  c e n t e r  which 
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1680 COLLAWN ET AL. 

can conta in  up t o  4,500 atoms o f  i r o n  i n  the  form o f  f e r r i c  

oxide (1).  
Selected denatur ing po lyac ry l  amide gel  e lect rophores is  

systems suggested t h a t  instead o f  be ing composed o f  i d e n t i c a l  
subuni ts as o r i g i n a l l y  bel ieved, f e r r i t i n  i s  composed o f  

two subuni t  types ( 2 ) .  These two subuni t  types, designated 

H-type and L-type were observed t o  vary i n  r e l a t i v e  amounts 

from t i s s u e  t o  t issue,  w i t h  i r o n  content, and w i t h  c e r t a i n  
disease s ta tes  (2).  Because these two p u t a t i v e  subuni t  types 

appeared t o  be so s i m i l a r  chemical ly and phys ica l  y and because 

they could be separated o n l y  under se lected e ec t rophore t i c  
condi t ions,  the existence o f  two types o f  f e r i  i t i n  subuni ts 

was challenged f o r  several  years. I n  searching f o r  a method 
capable o f  p r e p a r a t i v e l y  i s o l a t i n g  these p u t a t i v e  subuni ts 

i n  s u f f i c i e n t  q u a n t i t i e s  f o r  amino a c i d  sequence determinat ion,  
we employed reversed-phase HPLC and found i t  t o  prov ide 
r e s o l u t i o n  f o r  a n a l y t i c a l  o r  p repara t i ve  separat ions which 
f a r  exceeds e x i s t i n g  methodologies. This  system, together  

w i t h  subs tan t i a t i on  o f  i t s  a b i l i t y  t o  separate d i f f e r e n t  
subuni t  species o f  f e r r i t i n  a re  discussed i n  the  fo l l ow ing .  

MATERIALS 
Porcine f e r r i  t i n  was prepared from t i ssues  obtained 

f r e s h  a t  the a b a t t o i r .  P u r i f i c a t i o n  procedures fo l lowed 

protocol  described p rev ious l y  ( 3 , 4 ) .  Human l i v e r  and spleen 
t i ssues  were obtained 12 h r .  postmortem through t h e  Department 
o f  Pathology, M.U.S.C. F e r r i t i n  i s o l a t i o n  was i n i t i a t e d  

immediately. Human placentas were obtained a t  d e l i v e r y  and 
placed on i ce ;  f e r r i t i n  i s o l a t i o n  was begun w i t h i n  two hours 

o f  ob ta in ing  the  placentas.  The p u r i f i c a t i o n  procedures 
employed f o r  f e r r i t i n  i s o l a t i o n  f rom human t i ssues  have been 

described e a r l  i e r  (5) .  
A Synchropak RP-P column (C-18, 25 cm x 10 mm) was 

obtained from Synchrom, Inc.  (Linden, IN). A c e t o n i t r i l e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MULTIPLE FERRITIN SUBUNIT TYPES 168 1 

and water, bo th  HPLC-grade, were ob ta ined  f rom J.T. Baker. 

T r i f l u o r o a c e t i c  a c i d  was ob ta ined  f rom Sigma. 

METHODS 
F e r r i  t i n  subun i ts  were prepared by  per fo rming  simul taneous 

i r o n  reduc t i on  and subun i t  d i s s o c i a t i o n  v i a  t rea tmen t  o f  

t he  f e r r i t i n  w i t h  a c e t i c  a c i d - t h i o g l y c o l i c  a c i d  (4 ) .  

HPLC was performed on a Var ian  5000 l i q u i d  chromatograph 

equipped w i t h  a v a r i a b l e  wavelength de tec to r .  The s o l v e n t  

systems r o u t i n e l y  employed were: s o l v e n t  A ,  0.1% t r i f l u o r o -  

a c e t i c  a c i d  i n  water and s o l v e n t  B, 0.1% t r i f l u o r o a c e t i c  

a c i d  i n  a c e t o n i t r i l e .  The f o l l o w i n g  program was u l t i m a t e l y  

used f o r  r o u t i n e  separa t i on  o f  t h e  t h r e e  subun i t  species:  
i n j e c t i o n  o f  t h e  sample a t  100% A ,  a l i n e a r  g r a d i e n t  f rom 

0% t o  25% B i n  1 min, a second l i n e a r  g r a d i e n t  f rom 25% t o  

50% B over  44 min, and a f i n a l  g r a d i e n t  f rom 50% t o  80% over  
5 min.  The column f l o w  r a t e  was 3.0 ml/min. 

All o t h e r  methodology employed i n  t h i s  s tudy  i s  descr ibed 

i n  d e t a i l  elsewhere (4,5,6). 

RESULTS 
P u r i f i e d  po rc ine  spleen f e r r i t i n  appeared homogeneous 

by d i s c  ge l  e l e c t r o p h o r e s i s  o f  t h e  n a t i v e  p r o t e i n  and sodium 

dodecyl s u l f a t e  po lyacry lamide ge l  e l e c t r o p h o r e s i s  o f  t h e  

subun i ts  ( g e l s  n o t  shown). However, upon s u b j e c t i o n  o f  t h e  

po rc ine  spleen f e r r i  t i n  subun i ts  t o  reversed-phase HPLC, 

t h r e e  chromatographic species were observed (F ig .  1A). 

Furthermore, each o f  t h e  i s o l a t e d  chromatographic spec ies  

rechromatographed as a s i n g l e  peak a t  t h e  same b i n a r y  s o l v e n t  
composi t ion under which i t  o r i g i n a l l y  e l u t e d  (F ig .  l B ) .  

Sedimentat ion v e l o c i t y  measurements were performed on each 

o f  t h e  chromatographic species i n  s o l v e n t  o f  t h e  same composi- 

t i o n  as t h a t  a t  which t h e  chromatographic species e l u t e d  
d u r i n g  reversed-phase HPLC. A t  a p r o t e i n  concen t ra t i on  o f  

1 mg/ml, t h e  sedimentat ion c o e f f i c i e n t s  o f  t h e  t h r e e  spec ies  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1682 

- 

4 
‘ I  

1 

I- 

I 
I- 

i 
L, 

A 
70 

-60  8 

G 
1-50 

40 
-I 

30 m 

2o 

10 

T 

I 0.1 A280 

/ 
/ 

/ 
/ 

/ 
/ 

f 
I 
I 
I 

COLLAWN ET AL. 

. 

TIME (min.) 

FIGURE 1. The separation of porcine spleen ferr i t in  subunits 
by reversed-phase HPLC. Experimental details  are provided 
in the text. A .  Porcine spleen fe r r i t in  subunits. B .  
Re-chromatography of each chromatographic species from ( A ) .  

were the same ( ~ 2 0 , ~  = 1.0 t 0.1 S). This virtually rules 
ou t  the possibility t h a t  under the solvent conditions utilized 
for the gradient elution during HPLC, one ( o r  more) o f  the 
three chromatographic species might represent an aggregated 
f o rm of the other species. The measured sedimentation coeffi- 
cient i s  consistent with a partially unfolded (or i n  some 
way extended) form of monomeric subunit o f  molecular weight 
~20,000. 

We have also found t h a t  the use of 2-propanol instead 
of acetonitrile, together with minor modifications in the 
HPLC elution program, also effects separation o f  the same 
three chromatographic species. T h u s ,  the three species do 
n o t  appear t o  be an ar t i fact  of the organic solvent employed 
in the binary system. 
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MULTIPLE FERRITIN SUBUNIT TYPES 1683 

As a second means t o  examine the  a u t h e n t i c i t y  o f  t h e  

th ree  chromatographic species o f  f e r r i  t i n  subunits, we t e s t e d  

f o r  a t i s s u e - s p e c i f i c  change i n  the  r a t i o  o f  t he  th ree  p u t a t i v e  

subuni t  types. This approach was used by others who employed 

polyacrylamide gel e lect rophores is  under denatur ing cond i t i ons  
t o  monitor f o r  d i f f e rences  (2).  We app l i ed  t h i s  approach 

t o  porc ine f e r r i t i n s  which were i s o l a t e d  from t h e  spleen, 

l i v e r ,  and hear t  o f  a s i n g l e  animal. Again, t h ree  

chromatographic species were observed when subuni ts prepared 

from each o f  the t i s s u e  f e r r i t i n s  were subjected t o  
reversed-phase HPLC (4) .  The d i s t r i b u t i o n  o f  p r o t e i n  among 

the  three chromatographic f r a c t i o n s  changed, i n  turn,  w i t h  
the  t i s s u e  source o f  the f e r r i t i n  (Table 1). It can be seen 
t h a t  HPLC species 1 and 2 predominated i n  hea r t  w h i l e  species 

3 was greatest  i n  spleen. Wi th in  experimental e r r o r ,  i t  

a l s o  appears t h a t  the p ropor t i on  o f  species 1 r e l a t i v e  t o  
species 2 remained constant regardless o f  t he  percent o f  

the t o t a l  f e r r i  t i n  subuni t  populat ion c o n s t i t u t e d  by those 
two subuni t  species (Table 1). 

Because most o f  the experimental observat ions regard ing 

porc ine f e r r i t i n  were l i m i t e d  t o  those from ou r  l abo ra to ry ,  

t i s s u e  f e r r i t i n s  from a more widely  s tud ied source, human, 

were examined i n  a manner s i m i l a r  t o  t h a t  descr ibed above. 

This provided a broader base o f  experimental r e s u l t s  w i t h  

which t o  compare our analyses by reversed-phase HPLC. Human 
spleen and l i v e r  f e r r i t i n s  were p u r i f i e d  from the  t i sssues  

o f  a s ing le  i n d i v i d u a l  ( 5 )  wh i l e  human p lacen ta l  f e r r i t i n  
was p u r i f i e d  from a c o l l e c t i o n  o f  f u l l  term placentas.  

Subunits prepared from t h e  f e r r i t i n  i s o l a t e d  from each o f  
these t i ssues  were subjected t o  reversed-phase HPLC. As 

was observed f o r  porc ine f e r r i  t i n ,  three chromatographic 
species were observed. A d d i t i o n a l l y ,  t he  i n d i v i d u a l  
chromatographic species were present i n  d i f f e r e n t  r a t i o s  
i n  the  three t i ssues  (Table 1). 
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TABLE 1 

COLLAWN ET AL. 

Var ia t i on  I n  F e r r i t i n  Subunit Types From Human and Porcine 
Tissues 

% % % % Peak 1 X 100 
Tissue Source Peak 1 Peak 2 Peak 3 % P eak 1 + % Peak 2 

Porcine spleen 22 28 50 44 
Porcine 1 i v e r  19 42 39 31  
Porcine hear t  34 61 5 36 

Human spleen 9 16 75 

Human placenta 23 33 44 
Human l i v e r  12 20 68 

36 
38 
41 

I n  an at tempt t o  determine i f  the  th ree  chromatographic 
species which were observed f o r  f e r r i t i n  subuni ts were indeed 
each chemical ly unique, we examined a number o f  phys ica l  
and chemical p roper t i es  o f  each. Table 2 summarizes the 
r e s u l t s  f o r  porc ine spleen f e r r i t i n  subuni ts (6) .  As can 
be seen, a l l  three p u t a t i v e  subuni t  species are the  same 
molecular weight and possess l i t t l e  o r  no c o v a l e n t l y  at tached 
carbohydrate. Although complicated by the f a c t  t h a t  f e r r i t i n  
subuni ts tend t o  aggregate i n  a l l  i s o e l e c t r i c  focus ing systems 

t r i e d  t o  date ( 7 ) ,  t h e  focus ing p a t t e r n  o f  species 1 and 
2 were q u i t e  s i m i l a r  and were d i s t i n c t  f rom t h a t  o f  species 
3 (6 ) .  Comparison o f  the amino a c i d  compositions o f  t he  

three subuni t  chromatographic species ( 6 )  i nd i ca ted  no 
s ta  t i  s t i  ca 1 1 y s i  gn i  f i cant composi ti onal d i  f ferences between 
species 1 and 2. However, several d i s t i n c t  compositional 
d i f f e rences  were noted when these two species were compared 
t o  subuni t  3.  These amino a c i d  compositional s i m i l a r i t i e s  
and d i f f e rences  are a l so  r e f l e c t e d  i n  the  ca l cu la ted  
HPLC-retention constants (8)  o f  t h e  th ree  species i n  t h a t  
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MULTIPLE FERRITIN SUBUNIT TYPES 1685 

TABLE 2 

A Chemical and Phys ica l  Comparison of Porc ine  F e r r i t i n  Subun i t  
Species Separated by Reversed-Phase HPLC 

Chemical /Physi  c a l  Magnitude o f  t h e  P r o p e r t y  
P roper t y  Species 1 Species 2 Species 3 

~~ ~~~~~ ~~ 

Mo lecu la r  Weight 19,800 19,800 19,600 

Coval e n t l  y-Attached 
Carbohydrate <O - 3 %  <O. 3% <O. 3% 

P I  5.1-5.9 5.1-5.9 5.7-6.2 

Reversed-Phase HPLC 
Re t e n  ti on Cons t a n  t 
Pred ic ted  f rom 
Amino Ac id  
Composit ion (8 )  84.2 85.9 90.4 

t h e  e m p i r i c a l l y  es t imated  cons tan ts  a r e  c o n s i s t e n t  w i th  t h e  
sequence o f  e l u t i o n  f rom t h e  reversed-phase column (Tab le  
2; c f  F ig .  1). I n  an e f f o r t  t o  o b t a i n  unequivocal  evidence 

f o r  t h e  chemical i n d i v i d u a l i t y  o f  each o f  t h e  t h r e e  f e r r i t i n  
subun i t  chromatographic species, we have i n i t i a t e d  t h e  

de te rm ina t ion  o f  t h e  amino a c i d  sequence o f  each o f  t h e  
chromatographic species ob ta ined from po rc ine  spleen f e r r i  t i n .  

Comparison o f  t h e  p r e l i m i n a r y  amino a c i d  sequence in fo rma t ion  
ob ta ined f o r  corresponding reg ions  o f  each o f  t h e  t h r e e  
chromatographic species c l e a r l y  i n d i c a t e d  d i f f e r e n c e s  between 
t h e  amino a c i d  sequence o f  species 3 and those o f  spec ies  

1 and 2. No sequence d i f f e r e n c e s  between spec ies  1 and 2 
have y e t  been observed; however, a v e r y  h i g h  degree o f  homology 
between these two p r o t e i n  species i s  p r e d i c t e d  by  t h e i r  s i m i l a r  
behav io r  d u r i n g  reversed-phase HPLC. 
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1686 COLLAWN ET AL. 

DISCUSSION 
For over a decade, a debate ensued over whether the  

i r o n  storage p ro te in ,  f e r r i t i n ,  was composed o f  more than 

one type o f  subuni t .  The m u l t i p l e  forms, i f  they ex is ted,  
were of the same size,  possessed very s i m i l a r  charge 
proper t ies.  and possessed q u i t e  s i m i l a r  amino a c i d  

compositions. Thus, i t  had n o t  been poss ib le  t o  separate 

these p u t a t i v e  subuni t  types by the  more convent ional  

biochemical means o f  p r o t e i n  p u r i f i c a t i o n .  The major impact 
o f  the work presented here in i s  the demonstration t h a t  indeed 

more than one type o f  f e r r i t i n  subuni t  composes f u n c t i o n a l  
f e r r i t i n  and t h a t  reversed-phase HPLC i s  t he  on ly  method 
t o  date which can separate these subuni ts i n  p repara t i ve  

quan t i t i es .  This i s  most c l e a r l y  i l l u s t r a t e d  by the data 
f o r  porc ine f e r r i  t i n .  Reversed-phase HPLC separates three 
populat ions o f  f e r r i  t i n  subuni ts from mate r ia l  which g ives 

o n l y  one band w i t h  sodium dodecyl s u l f a t e  polyacrylamide 
gel e lect rophores is ,  t he  a n a l y t i c a l  method which f i r s t  gave 
r i s e  t o  the " isosubuni t "  model f o r  f e r r i t i n  (9). A d d i t i o n a l l y ,  

our r e s u l t s  f o r  human f e r r i t i n s  support t he  r e s u l t s  f o r  porc ine 

f e r r i t i n  and a l so  amp l i f y  observat ions by o t h e r  methodologies 

The recent i s o l a t i o n  o f  cDNA clones f o r  two d i f f e r e n t  

human f e r r i  t i n  chains f u r t h e r  subs tan t i a te  t h e  ex is tence 

o f  m u l t i p l e  f e r r i t i n  subuni t  types (10,11,12,13). Furthermore, 
genomic analyses o f  these cDNAs suggest t h a t  f e r r i  t i n  subuni ts 

are encoded by two mult i -gene f a m i l i e s  (12,13). The 
phys io log i ca l  s i g n i f i c a n c e  o f  these mult i -gene f a m i l i e s  i s  
p resen t l y  no t  understood. However, w i t h  the  a b i l i t y  t o  
separate the  products o f  expression by these genes through 
the use o f  reversed-phase HPLC, we now stand ready t o  e uc idate 
the phys io log i ca l  and s t r u c t u r a l  bases f o r  t he  unique 
func t i ona l  and metabol ic c h a r a c t e r i s t i c s  o f  each o f  the 

f e r r i  t i n  subuni t  types. 

( 2 ) .  
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