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SUMMARY: The subunit composition of human heart and liver ferritins was
examined by both sodium dodecyl sulfate gel electrophoresis and acetic acid-
urea gel electrophoresis. These analyses indicated that both tissues contained
two subunit types of similar size but different surface charge. One subunit
was common to both tissues. The implications of these findings in relation
to the known heterogeneity of isoferritins are discussed, and a new model of
ferritin structure is proposed.
INTRODUCTION

Ferritin is an iron-containing protein of wide distribution in the plant
and animal kingdoms. Its chteéf function appears to be in irom detoxification
and storage, but it may also be involved in the regulation of iron absorption
and transport (1,2). The molecule consists of a multimeric shell of apo-
ferritin, approximately 440,000 in molecular weight, which surrounds a
core containing variable amounts of iron (3). Ferritins of different
structure and metabolism have been found in several tissues in mammalian
species (4-7). Although most tissue ferritins are thought to be discrete
homogenous populations, many of these ferritins have recently been resolved
into multiple isoferritins by isoelectric focusing (8-10). Thus,
heterogeneity exists not only among different tissues but also within
individual tissues. These isoferritins do not represent differences

in aggregation or iron content but intrinsically different apoferritin

shells (8). In humans, at least 12 isoferritins may be found in the tissues

Abbreviations: A, acrylamide concentration (w/v); B, N,N'-methylene-bis-acryla-
nide concentration (w/v); DTT, dithiothreitol; SDS, sodium dodecyl sulfate.
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of a single individual, although many are common to several tissues (7).
Different tissues usually have a characteristic isoferritin profile (7).
although this profile may be altered markedly in dieased states such as
idiopathic hemochromatosis (11) and cancer (12,13). As yet, neither the
structural basis for the multiple forms nor their structural and metabolic
relationships have been established.

This paper offers a basis for the extensive heterogeneity and character-
istic tissue distribution in human isoferritins. Our results indicate that
liver and heart ferritins, which together contain most of the isoferritins
found so far in human tissues (7), are composed of at most three discrete
subunits, one of which is common to both tissues. We propose that the vari-
ous tissue ferritin populations represent hybrid molecules composed of
different proportions of these different subunits. This model contrasts with
the presently accepted ferritin structure of a homogeneous multimeric shell
consisting of only one tissue-specific subunit type.

METHODS

Ferritin from human liver and heart were purified as described previous-
ly (7). The liver ferritin was crystallized twice with CdSO4 (1). Both
ferritins were stored at 4° in 20 mM phosphate buffer, pH 7.6, and their
purity was confirmed by immunological and electrophoretic techniques (7).
Isoferritin profiles were obtained by isocelectric focusing in thin slabs of
polyacrylamide gel with the composition A = 4.0%Z, B = 0.16Z (10). Analyses
of subunit composition were determined by SDS dissociation and SDS gel electro-
phoresis as described by Fairbanks et al. (14) using gels of composition
A =11.2%; B = 0,42%. Ferritin was also dissociated in 67% acetic acid (15)
and the resulting subunits dialyzed overnight against 0.9 N acetic acid in 8 M
urea before electrophoresis in acetic acid-urea gels (16) (A = 15.0%Z; B = 0.10%).
RESULTS

Figure 1 shows the isoferritin profiles of crystalline human liver ferri-
tin and of human heart ferritin. These ferritins were chosen for analysis
since they contain isoferritins from the extreme ends of the isoelectric
focusing spectrum of all normal tissue ferritins (7,11). The heart contains
the most acidic isoferritins (approximate pl 4.8-5.3) and the liver the

least acidic isoferritins (approximate pI 5.1-5.6). Both, however, contain

common isoferritins of intermediate isoelectric points. This is most clearly
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Figure 1. Isoelectric focusing of human liver and heart isoferritin. 30 ug
of crystalline human liver ferritin and 100 ug of human heart
ferritin were focused in duplicate on parallel tracks in a thin
polyacrylamide gel slab. a, protein stained with Coomassie
Brilliant Blue; b, iron stained with Prussian blue.

indicated by protein staining, since Prussian blue preferentially stains the
iron-rich isoferritins and may not reveal isoferritins of low iron content (7).
After dissociation into subunits by treatment with SDS and DTIT, SDS electro-
phoresis of both heart and liver ferritins (Figure 2) indicated the presence
of one major subunit species of molecular weight about 19,000 in both cases.
The minor low-molecular weight species found in both liver and heart types
probably represent degradation products from the treatment with SDS inasmuch
as similar peptides are released by SDS degradation of the major subunit in
crystalline horse spleen ferritin (17). While SDS gel electrophoresis

shows only one class of subunits in liver and heart, subsequent analyses by
acid urea electrophoresis revealed multiple subunit types in both cases (Fig-
ure 3). This electrophoretic technique resolved proteins by charge as well
as by molecular volume. Heart ferritin gave rise to two bands, designated

H and HL. HL is apparently common to both heart and liver ferritin as judged
by co~electrophoresis (Figure 3, gel 3). In addition to HL, liver ferritin

also contained a major band (L) of faster mobility, together with several
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Figure 2. SDS electrophoresis of human ferritin subunits. Ferritins were
dissociated with SDS and DTT and electrophoresed as described in
Methods. The pin at the bottom of the gels indicates the position
of the pyronine dye marker before staining with Coomassie Brilliant
Blue (14). 1, 25 ug crystalline human liver ferritin; 2, 25 ug
human heart ferritin.

minor bands. Reduction with DIT altered the mobility of L and the minor bands
so that they appeared to comigrate with HL. After this reduction, a tail
appears above HL in gel 1 (Figure 3). This tail can not be identical with

the heart subunit H, as the tail derives from reduction of L type subunits
which are not found in heart. The electrophoretic mobilities of the subunits
from heart ferritin were not altered by treatment with DTT. These results
suggest that the fastest and slowest bands in liver represent structures with

intra- and intermolecular disulfide bridges respectively. A similar phenome-
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Figure 3. Acetic acid-urea electrophoreis of human ferritin subunits. Ferri-
tins dissociated in acetic acid were electrophoresed as described
in Methods for 4 hr. Protein was stained with Coomassie Brilliant
Blue (14). 1, 25 pug human liver ferritin + 40 mM DTT; 2, 25 ug
human liver ferritin; 3, 25 g human liver ferritin and 10 uUg human
heart ferritin; 4, 10 ug human heart ferritin; 5, 25 pg human heart
ferritin; 6, 10 yg human heart ferritin + 40 mM DTT.

non has been documented in crystalline horse spleen ferritin (17).

DISCUSSION

Although the currently accepted model of ferritin structure holds that

each tissue ferritin is composed of a single tissue-specific subunit, our
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experiments indicate that human heart and liver ferritins are each composed
of two different subunits; one of these subunits is common to both ferritins.
Acid-urea gel electrophoresis of heart ferritin demonstrated the existence
of two subunits, designated H and HL, both of which are stable to DIT reduc-~
tion. A similar analysis of liver ferritin also revealed the presence of
the HL subunit, as well as other liver-specific subunits whose mobilities
changed after DTT treatment. Although reduced L appears to comigrate with
HL, we think that HL and L represent two unique primary structures. This
conclusion is supported by the finding of more cyanogen bromide peptides
from liver ferritin than would be expected from the assigned methionine
levels of a single polypeptide chain (7), as well as from differences in
amino acid composition of individual liver isoferritins (18).

The existence in heart and liver ferritins of different subunit types,
with one type common to both ferritims, now provides a structural basis for
the extensive heterogeneity and the characteristic isoferritin profiles found
in mammalian tissue ferritins. It has recently been demonstrated that the
isoferritins in horse spleen are hybrid molecules with different combinations
of two dissimilar subunits (19,20). By analogy, a similar but more complex
situation might account for the isoferritins from different human organs.

We suggest that the most acidic isoferritins in heart may contain a high
proportion of the H subunit with only a small proportion of the HL subunit.
With increasing pI up to 5.3, the H type is replaced by the HL type so that
heart isoferritins which are also found in liver might comsist largely of

the common subunit HL. In isoferritins of higher pIs, e.g. - pI 5.3-5.6, the
HL subunit is gradually replaced by the liver subunit L, so the L type
predominates in the least acidic liver isoferritins. This model will account
for the overlap of the isoferritin profiles of different human ferritins and
for differences in amino acid composition both between heart and liver
ferritins and within liver isoferritins (11,18).

Our analyses to date suggest that the isoferritin spectrum in human
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tissues is unlikely to contain all possible combinations of a random distri-
bution of three dissimilar subunits. If one accepts the estimated molecular
weight of the three subunits at around 19,000 and the multimeric shell as
440,000, one would expect 20-24 subunits per shell, If 2 dissimilar subunits
are randomly distributed in the multimer,as is the case with lactate dehydrog-
enase, one would expect at least 220 combinations. Clearly this heterogeneity
is not present, or the various permutations are not resolved by our procedures
of isoelectric focusing. If the former explanation holds, it seems likely

that only a limited number of combinations exist in vivo.
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