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Ox spleen ferritin was purified and its purity checked by two-dimensional immunoelectro­
phoresis and polyacrylamide plate electrophoresis. Microheterogeneity was shown with a prepa­
ration of purified ferritin by isoelectric focusing. The protein was separated into at least 6 frac­
tions; two large fractions in the 4.50-4.55 pH range and another 4 in the 4.65-4.80 interval.
Microheterogeneity was confirmed in purified preparations by crossed immunoelectrofocusing.
Seven fractions were observed, the most acid ones (4.50-4.55) also being the most abundant. In
the crossed IEF procedure, exactness in the isoelectrophoretic separation time is important in
that excessive time may impair the resolution potential.
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Ferritin, an iron protein, is widely dis­
tributed throughout the animal, plant
and bacterial kingdoms. In mammals, the
ferritins of different organs have been
characterized —heart, liver, spleen, kid­
ney— in species such as rat (4), pig (8),
sheep (10), horse (13) and man (14).

The ferritin molecule comprise a pro­
tein structure of 480 Kd made up of 24
subunits with an approximate molecular
weight of 20 Kd and nucleus of varying
size (13). Ferritins of different organs ex­
hibit differing electrophoretic behaviour, 

* To who all correspondence showed be ad­
dressed.

as has been shown in isoelectrofocusing
experiments (2). The origin of heteroge­
neity of ferritin lies in the existence of
two kinds of subunits; H and L (21 Kd
and 19 Kd, respectively) (1), which are
joined-’in different combinations to con­
stitute different isoferritins (1, 13). These
subunits are the products of different
genes (13).

By the use of isoelectrofocusing tech­
niques it is possible to characterize the iso­
ferritins of diverse animal species; in the
present work ox spleen ferritins are char­
acterized by isoclectrofocusing and
crossed immunoelectrofocusing. The latter
technique was employed because it pro­
vides better resolution.
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Materials and Methods

Isolation of ox-spleen ferritin. — Tliis
was obtained from spleen tissue accord­
ing to the procedure described by May
and Fish (8) for pig spleen ferritin.

Electrophoretic characterization of the
ferritin. — The ferritin from ox-spleen
was characterized by two electrophoretic
techniques: a) Polyacrylamide plate elec­
trophoresis, based on tire technique of
Orstein (11). The sample, 10 pg of ferri­
tin, was applied to the gel electrophoresis
apparatus; the plates were stained with
Comassie blue R-250, specific to pro­
teins, and potassium ferrocyanide at
0.2 % hi 3 % trichloroacetic acid, specif­
ic to iron, b) Two- dimensional Immu­
noelectrophoresis; tliis was performed
according to the teclmique of Laurell
(6). For the first electrophoretic separa­
tion, 10 pg of purified ferritin were used
wliich in the second separation were run
against specific antiserum obtained from
rabbits at 2.3 %. Sigma type I agarose gel
was employed.

Polyacrylamide gel isoelectrofocusing
(PAGIF). — Isoelectrofocusing was car­
ried out on thin layer polyacrylamide
gels (PAGIF). Gels (SO X SO X 1 nun)
were prepared from 6 ml acrylamide, bis
acrylamide solution (9.70 and 0.30 %,
respectively) 0.37 ml ampholyte, pH 2.5-
5.0; 0.37 ml ampholyte, pl I 5-8 (Pharma­
cia); 1.2 g sucrose and 3.64 ml of distilled
water. Air bubbles were removed from
the mixture by applying vacuum for 20
min, 180 pl ammonium persulphate
(1 %) was added. The mixture was load­
ed into a prepared gel mold with a sy­
ringe. and the fels polymerized within 30
min; 10 pl ferritin (12 pg) were applied to
a filter paper and placed on the gel at 2
cm from the cathodic edge of the plate. A
Pharmacia FBI: 3000 multiphor chamber
was used. Isoelectrofocusing was per­
formed for 60 min at 16 W up to maximum 

of 2,000 V; 0.1 M L-histidine and 0.03 M
glutamic acid were employed at the cath­
ode and anode, respectively. Protein fix­
ing was accomplished by precipitation
with sulphosalicylic acid and trichloroa­
cetic acid, 30 min. Gels were stained with
briant Comassie blue R-250 and the fer­
rocyanide method.

Determination of isoelectric points. —
The isoelectric points (IP’s) of the ferri­
tins separated by isoelectrofccusing were
determined by comparison with markers
of known IP: methyl red - 3.75; glucose
oxidase - 4.5; soybean trypsin inhibitor -
4.55; B-lactoglobulin - 5.20 and anhy­
drase B - 5.85 (Pharmacia).

Crossed immunoelectrofocusing (IEF).
Isoelectrofocusing was carried out
in agarose IEF gel (Pharmacia). Gels
(90 x 110 x 1 mm) were prepared from
0.17 g IEF agarose, 2.04 g D-sorbitol
and 15.30 ml distilled water. The mix­
ture was heated until it dissolved. Fol­
lowing tliis it was allowed to cool to
about 75°C and 0.5 ml of ampholyte 2.5-
5.0 and 0.5 ml of ampholyte 5.0-8.0
(Pharmacia) were added, 10 pl ferritin
(12 ug) were applied to a filter paper and
placed on the gel at 2 cm from the cathod­
ic edge of the plate. IEF was performed
several times at 7 W up to maximum of
1.500 V; times ranged between l"h 26 min
and 2 h 50 min.

Once the first dimension had been per­
formed, the ferritins were run against the
specific anti-rabbit antiserum at 3.3 % in
Immunoelectrophoresis. Finally the plates
were stained with Comassie blue R-250.

Results

The polyacrylamide gel electrophore­
sis of ox spleen ferritin (fig. 1) exhibits
one monomer and one dimer. Two-
dimensional immunoelectrophoresis of
the protein isolated revealed only one
precipitin arc (fig. 2),
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Fig. 1. Polyacrylamide plate electrophoresis of ex­
tract of purified ox-spleen ferritin.

Lane 1: 10 pg; Lane 2: 20 ng; Lane 3: markers of
molecular weight.

When ox spleen ferritin was subjected
to PAGIF (fig. 3) several proteins could
be observed located at a pH range of 4.5-
4.8; in particular it was possible to observe
in the photography 8 bands grouped 

Fig. 3. Polyacrylamide plate isoelectrofocusing of
ox-spleen ferritin.

a) Coomassie blue staining, b) specific staining for
iron.

into 4 fractions. Their IP’s were deter­
mined by comparison with standards of
known IP’s. The more acid isoferritins
appear as thicker bands compared with
others. Iron specific staining gave identi­
cal results.

The crossed IEF study of the purified
fraction (fig. 4) carried out under the
same isoelectrophoretic conditions shows
the best resolution, according to the dif­
ferent times employed, after 1 h 54 min.
With tliis technique it is possible to distin­
guish 7 immunoprecipitations correspond­
ing to the same number of fraction.

Discussion

Fig. 2. Two-dimensional immunoelectrophoresis
of ox-spleen ferritin.

Until now, isoelcctrofocusing has often
been used to correlate the isoelectric
point of the different isofcrritins to their
iron content (1-4, 15, 16),-their subunit
composition (1-4, 15) and even to the in­
corporation kinetics of iron within the
protein cavity (12, 14, 15). In this sense,
it may be considered as a particularly val­
uable technique for the characterization
and differentiation of the ferritins from
different organs of a particular species.
The good resolution obtained with isoe­
lectrofocusing in polyacrylamide gels as
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Fig. 4. Crossed immunoelectrofocusing of purified ox-spleen ferritin after different isoelectrofocusing
separation times.

A: 1 h 20 min; B: 1 h 35 min; C: 1 h 54 min; D: 2 h 45 min.

compared with other analytical tech­
niques (electrophoresis) pennits the sepa­
ration of proteins into molecular species
of different IP’s: it is furthermore possi­
ble to detect differences as small as 0.01
U in the IP’s. Accordingly, even though
two protein molecules may have the same
M.W. and may display the same electro­
phoretic migration patterns it is unlikely
that their charges will be identical and it
is therefore possible to differentiate be­
tween them with this technique. Having
ox-spleen ferritin, the purity of prepara­
tion was checked by electrophoresis on
polyacrylamide gel plates; the typical
electrophoretic pattern of purified ferri­
tin could be observed. Furthermore, a
second criterion for purity (two-dimen­
sional electrophoresis) gave only a single
precipitin arc, clearly evidencing the pu­
rity of the preparation. The molecular
species of ox-spleen ferritin analyzed by
PAGIF arc acid; the IP’s range from 4,40
to 4.80. Six fractions may be. distinguished,
comprising 12 bands. These results
coincide with those of Wagstaff et al.
(15) in which for human hepatic ferritin 6
fractions arc detected, each containing
more than one band. The application of
PAGIF to the detection of isoferritins has
been employed since the middle of the
sixties; however, the technique has been 

gradually modified in order to increase
the power of resolution, mainly by in­
creasing the wattage and decreasing the
time of electrofocusing, which has chang­
es from 3 W and 18 h to 10 W and 1 h for
a single plate, in our study. However, it
has not been possible to achieve suffi­
cient resolution to permit the exact visua­
lization of a number of bands; in rat heart
ferritin and liver ferritin 6-7 bands are de­
tected (4); in horse heart ferritin, 15-18
bands (12); in horse spleen ferritin, 11-15
bands (12). In the present work 12 bands
in 6 fractions were visualized which after
photography are difficult to observe total­
ly. These resrrlts are in agreement with
others in which spleen ferritins are report­
ed to be more, acid than those of the
heart, liver and kidney (12). The PAGIF
resolution potential may be increased if
isoelectrofocusing separation is com­
bined with a second run with immunoclec-
trophoresis (crossed IEF). In this case,
the first separation is performed using an
agarose gel (of low electroendosmosis)
which upon binding to the gel containing
the anti-ferritin antiserum constitutes a
homogeneous medium through which the
passage of electric current in the second
dimension is facilitated, as is the final
separation. Once the isoelectrofocusing
conditions have been determined —pH 
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range, temperature, wattage, etc.—
(common to all separation by IEF), the
resolution potential by crossed IEF is
time-conditioned. As may be seen in fig­
ure 4, 1 h 54 min is needed to achieve
the best resolution. Seven precipitin arcs
may be visualized, corresponding to the
same number of ferritin fractions. The
semi-quantitative nature of the technique
permits the identification of those ferri­
tins which appear at the highest concen­
trations and their relationship with the
IP; it may be seen that the two most acid
fractions (IP’s 4.40 and 4.55) are also the
most abundant. This has already been
observed with PAGIF. Moreover, with
this technique it is easy to detect on a sin­
gle plate the immunorreactive character­
istics of different types of ferritin against
different specific antibodies, making it
possible to characterize the immunologi­
cal properties of each isoferritin without
the need to separate them by preparative
electrofocusing, as has been the case to
the present (15), and then applying RIA
techniques with different specific antibod­
ies. Furthermore, it is not necessary to
use purified and radioactively labelled
antibodies to immunologically character­
ize the different isoferritins, as has been
described in other works (5, 9). Finally,
the application of crossed IEF points
clearly to the heterogeneity of ox-spleen
ferritin as compared with that of other
species and may permit the establishment
of a hypothesis concerning the genetic
control of other proteins in which it has
been possible to demonstrate the exis­
tence of pathological alleles (7). In conclu­
sion, the application of these techniques
could contribute to a better knowledge
concerning the structure and physiolog}'
of this important protein.

Resumen

Sc afsla ferritina de bazo de toro comprobandose
su purcza por elcctroforesis cn placa de poliacrila- 

mida y por inmuno electro foresis bidimensional; su
microheterogeneidad se ha puesto de manifiesto
por isoelectroenfoque: la protefna se ha separado
en seis fracciones: dos grandes fracciones de pH en-
tre 4,50-4,55 y otras cuatro en el intervalo 4,65-
4,80. La microheterogeneidad fue confirmada por
inmunoelectroenfoque cruzado, observando siete
fracciones, siendo las mds dcidas las mds abundantes
(pH 4,50-4,55). En el procedimiento de inmunoelec­
troenfoque cruzado es importante la exactitud en el
tiempo de la separacidn, ya que un tiempo excesivo
puede disminuir la capacidad resolutiva de esta
tdcnica.
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