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Abstract  Pig pancreas ferritin(PPF) was purified by ultra-centrifugation, ion-exchange chromatography, and native 
gradient polyacrylamide gel electrophoresis(PAGENG). Sodium dodecyl sulfate(SDS)-PAGE indicates that PPF consists 
of two subunit types, namely, H(21000) and L(19000) subunits, and its core shows an average element composition of 
1698 Fe3+ and 179 phosphate molecules within the hollow shell, giving a 9.5:1 ratio of Fe3+ to phosphate. An off line 
approach combining reversed-phase high-performance liquid chromatography(RP-HPLC) with matrix-assisted laser 
desorption ionization time of flight mass spectrometry(MALDI-TOF MS) made the decomposition of PPF shell into H 
and L subunits for the analysis of mass spectrometry(MS), giving molecular weights of both H(21014.4) and L(18319.9) 
subunits. Both subunit types were further identified by an approach combining peptide mass fingerprint(PMF) with 
database search. A ratio of 1H to 2L subunits in PPF was determined by SDS-PAGE, RP-HPLC, and MALDI-TOF MS, 
respectively. It is well known that the non-covalent interaction of L-L or H-L subunits is stronger than that of H-H 
subunits in PPF, which may be further used to explain the unclear physiological function between H and L subunits in 
PPF. 
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1  Introduction 

Iron is an essential element for most living or-
ganisms and it is abundant in the environment. Ho- 
wever, in the presence of oxygen, iron is potentially 
toxic owing to the catalytic generation of 
cell-damaging free radicals[1]. Ferritin is known as the 
main intercellular protein that provides for the reliable 
storage of iron in a physiological safe form[2]. Ferritin 
is a family of iron storage proteins consisting of 24 
subunits, of which the main types are H(heavy chain, 
molecular weight ~21000) and L(light chain, molecu-
lar weight ~19000), whereas microbial ferritins and 
shark liver ferritin show only single subunit type[3]. 
The 24 subunits are assembled as a hollow sphere 
with a high 4:3:2 symmetry[4]. In mammalian ferritins, 
the protein subunits are structurally interchangeable, 
and it is for this reason that multi-isoferritins such as 
human serum ferritins are possible[5]. The ratio of H to 

L subunits is specific in mammalian tissues, with the 
H-subunit being more abundant in the spleen and liv-
er[3,6]. It is important to evaluate differences between 
the subunit types for understanding their overall beha-
vior, and perhaps to gain a better insight into the 
process of iron storage and detoxification in living 
systems although the roles of both subunits in storing 
iron have been widely studied[6―8]. 

Recently, Huang et al.[7] found that liver ferritin 
of Sphyrna zygaena(SZLF) with unsaturated iron ex-
hibits five ferritin bands with isoelectric point(pI) 
values ranging from 4.0 to 7.0 in the gel slab after 
isoelectric focusing(IEF). Using SDS-PAGE, these 
authors measured and reported a molecular weight of 
~21000 for SZLF consisting of single subunit type. 
However, four peaks of molecular ions at m/z 
10611.07, 21066.52, 41993.16, and 63555.64 were 
determined for SZLF via MALDI-TOF MS, namely 
[M]2+, [M]+(subunit), [2M]+, and [3M]+, respective-
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ly[7]. Various types of organophosphorus pesticides 
can be trapped directly by a novel reactor of SZLF in 
flowing water, indicating that this trapping approach is 
related to an instantaneous widening channel across 
the protein shell[9]. Interestingly, the liver ferritin of 
Dasyatis akajei(DALF), apo-DALF, and reconstituted 
DALF were also employed to construct a ferritin 
reactor for trapping Cu2+ and Pb2+ in flowing seawa-
ter[10]. The research indicates that several novel func-
tions(apart from iron release and storage) of ferritin in 
vitro are still unclear and need to be investigated fur-
ther. 

Electron microscopic examination has revealed 
pancreatic ferritin particles segregated in the lyso-
somes of acinar cells, as well as the diffuse cytoside-
rosis of macrophages in the interstitial septa, and the 
research may contribute to a better understanding of 
the pathway leading to the extensive lesions found in 
the advanced stages of human iron overloading di- 
seases[11]. Both human heart and pancreas ferritins 
were characterized by PAGENG, SDS-PAGE, and IEF, 
and the research reveals that these ferritins are com-
posed of both H and L subunits, corresponding to mo-
lecular mass of 22500 and 19000, respectively[12]. Ex-
cept for these studies of pancreatic ferritin, few reports 
indicate that its molecular structure is similar to that of 
other human organs. To better understand the specific 
relationship between diabetes(insulin) and ferritin in 
the pancreas, the molecular structure of ferritin from 
pig pancreas was further revealed using various ana-
lytical techniques.  

In this report, we draw attention to the studies of 
the subunit types and the ratio of H/L subunits in PPF 
comparing the ferritin to other mammalian ferritins. 
We suggest that the specific characterization of mole-
cular structure for pancreatic ferritin is closely related 
to the chemical characteristics of induced diabetes, 
such as insulin secretion, as well as its utilization and 
resistance in vivo. 

2  Experimental 

2.1  Summary of Key Experimental Approaches 

Two-gel filtration chromatography and PAGENG, 
including the electroosmotic flow method, were used 
in turn to purify the PPF before use. The subunit 
number, subunit types in PPF, and their molecular 
weights were measured via three approaches 
SDS-PAGE, RP-HPLC, and MALDI-TOF MS, re-

spectively. An approach combining PMF with data-
base search was used to identify the subunit types of 
PPF and their homology compared with the mamma-
lian ferritins as previously described.  

2.2  Materials and Reagents  

Horse spleen ferritin(HSF) as a reference ferritin 
sample and bovine serum albumin(BSA) samples with 
95% purity were obtained from Sigma Co. Fresh pig 
pancreas was obtained from the Xiamen Packinghouse, 
China. The standard markers for SDS-PAGE(Ferment 
Co.) and modified trypsin of sequencing grade  
(Promega Corporation, Madison, USA) were of ana-
lytical purity. Carrier ampholytes with pH gradients 
from 3.0 and 7.0 were obtained from the Amersham 
Biosciences Co.(Sweden), and sinapic  acid(SA), 
2,5-dihydroxy-benzoic acid(DBH), and other electro-
phoresis reagents were obtained from Sigma 
Co.(Cleanse, USA). Inorganic chemicals, of analytical 
grade as far as possible, were obtained from commer-
cial sources in China. 

2.3  Purification of Ferritin and Composition 
Analysis  

Pig pancreas ferritin was purified by heat treat-
ment at 75 ºC, and diethylaminoethyl(DEAE)-    
cellulose-32 and -52, two-gel filtration chromatogra-
phy based on the recently described approaches[3]. 
Ultrafiltration was done to concentrate the dilute solu-
tion of ferritin. The PPF samples were further purified 
with PAGENG before use. The PPF in the gel was ex-
tracted by means of an electroosmotic flow method. 
The total content of Fe3+/ferritin was measured by way 
of either atomic absorbance spectrometry or spectro-
photometry with α′,α-dipyridyl as solvent determined 
at 520 nm, as previously described by Harrison     
et al.[13]. The phosphate content within the ferritin core 
was determined with the normal Cooper method[14]. 
The protein concentration in ferritin collected was 
measured by Lowry method with 98% purity of BSA 
as a protein standard. 

2.4  Kinetics of Iron and Phosphate Release  

A sample of 3.0 mL of PPF, 150 µL of 
α′,α-dipyridyl, and 200 µL of excess dithionite or as-
corbic acid were mixed under anaerobic conditions. 
The mixture(pH 7.25) was placed in an anaerobic cu-
vette filled with 99% argon for iron release measure-
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ment on a UV-visible spectrophotometer at 520 nm 
equipped with a water thermostat set at 30 ºC. The 
kinetics of phosphate release was studied by virtue of 
the Cooper method with iron and phosphate release as 
previously described[15,16]. 

2.5  Measurement of Subunit Molecular Weight  

The molecular weights of PPF subunits were de-
termined using sodium dodecylsulfate dissociation 
and discontinuous PAGE(SDS-PAGE, 10%, mass 
fraction) stained with Coomassie brilliant blue G-250 
at pH 8.3. The ferritin subunits were dissociated by 
heating at 90 ºC for 5 min in SDS(2%, mass fraction) 
and 2-mercaptoethanol(5%, volume fraction). The 
protein markers were obtained from Sigma Co. The 
SDS-PAGE gel was stained with colloidal Coomassie 
brilliant blue G-250. 

2.6  Subunit Separation of PPF with RP-HPLC  

The PPF sample purified with PAGENG was 
eluted on an RP-HPLC with a binary linear gradient 
consisting of solution A(2% acetonitrile, 98% distilled 
water, 0.1% formic acid, 0.02% TFA) and solution 
B(95% acetonitrile, 5% distilled water, 0.1% formic 
acid, 0.02% TFA) at a rate of 0.5 mL/min for 30 min. 
The eluent peaks of PPF subunits were monitored 
with a recorder at 280 nm. 

2.7  In-gel Digestion of Ferritin Subunits 

The protein spots of the subunit were cut into 
small pieces using a scalpel washed with 100 µL of 
200 mmol/L NH4HCO3 and dehydrated with 100 µL 
acetonitrile. This operation was repeated twice. Re-
duction was achieved by 1 h treatment of the subunit 
with 10 mmol/L DTT/100 mmol/L NH4HCO3 at 57 ºC. 
An alkylation reaction was performed with iodoace-
tamide for 1 h at room temperature, protected from 
light. Finally, the subunit spots were washed with 
acetonitrile containing 100 mmol/L ammonium car-
bonate and hand surged twice for 5 min. After dehy-
dration with acetonitrile, the gel pieces were dried 
completely with a vacuum concentrator before trypsin 
digestion. The dried gel volume was evaluated to 
which three volumes of trypsin at 12.5 ng/µL, and 25 
mmol/L NH4HCO3(freshly diluted) were added. The 
digestion was performed at 37 ºC overnight with 25 
µL buffer. The gel pieces were centrifuged at 7000g 
for 2 min, twice, and the supernatant fluid was col-

lected. 5% TFA and 50% ACN were added to the gel 
pieces for extracting peptides under ultrasonication for 
5 min. The mixture was centrifuged at 7000g for    
5 min. The supernatant was recovered and the opera-
tion was repeated once. A vacuum concentrator was 
employed to reduce the supernatant volume before 
MS analysis. 

2.8  Analysis of MALDI-TOF MS  

Mass spectra of peptide mixtures were obtained 
on a Reflex Ⅲ MALDI-TOF MS(Bruker Daltonik, 
Bremen, Germany), with DHB and SA serving as ma-
trix. The peptide samples for PMF analysis were pre-
pared(using a mixture of 0.4 µL of 1% aqueous TFA, 
0.5 µL of ferritin sample, and 0.4 µL of matrix solu-
tion) directly on the target and air-dried. To obtain a 
perfect ratio of signal-to-noise, the peptide solution 
was desalted and concentrated on a micro column 
equipped with Sephadex G-25 before measurement. 
The peptide spectra were recorded in the reflector 
mode and calibrated with standard peptides. The ac-
curacy of molecular ion mass was better than ±0.3 up 
to a mass of 6000.  

2.9  Transmission Electron Microscopy  

An aliquot of Tris-buffer(pH 7.25)-washed frac-
tion of purified ferritin solution was diluted to about 
0.5 mg/mL protein and mounted onto formvar film 
supported by 400 mesh copper grids for TEM studies. 
Then, excess PPF was removed by touching the edge 
of the grid with a piece of filter paper. A drop of pho-
tographic tungstic acid was applied on the grid, and 
after staining for 10 min, the excess acid was removed 
using filter paper. The PPF sample was reviewed and 
photographed under a JEM-100CX-2 electron micro-
scope(JEOL, Japan) operated at 100 keV and 15000× 
magnification. Measurement of 50 scores from the 
enlarged photomicrographs determined the particle 
size of PPF.  

2.10  Database Research  

PMF interrogations were performed via a 
MASCOT database search. The mass peak harvesting 
was carried out automatically by means of XACQ and 
XMASS software. The maximum tolerance towards 
mass was adjusted to 4×10−5 mol/L; after an internal 
calibration with autolysis products of trypsin, one 
missed cleavage, at most, for tryptic peptides, was 
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allowed. The Mr and pI values of the analyzed spot 
were obtained from the 2D-PAGE gel, and 
SWISS-PROT and TrEMBL databases were used for 
protein identification.  

3  Results and Discussion  

3.1  Purification and Composition Analysis of PPF  

Ultracentrifugation of a crude extract of pig pan-
creas tissue, as described in the materials and methods 
section, provided a dark-brown pellet. The proteins in 
the pellet were fractionated by filtration through two 
columns filled with DEAE-cellulose-32 and -52 me-
dium, respectively. The ferritin samples were sepa-
rated on another column filled with an ion-change 
medium and an eluant of NaCl gradient concentration 
ranging from 0.01 to 0.4 mol/L. The fractions ob-
tained were yellow-brown protein samples, which 
showed a band in the gel when purified with PAGENG, 
and the element composition within the protein core 
was characterized by atomic absorbance spectrometry 
and chemical analysis. We found that the ferritin core 
consisted of 1698 Fe atoms and 179 inorganic phos-
phate(Pi) molecules per molecular PPF, showing an 
average ratio of 9.5:1 Fe3+/Pi in the shell interior, 
which is significantly lower than that of most mammal 
ferritins as previously described[3,6,17―19]. A large 
amount of PPF sample required for MS analysis was 
prepared with a homemade specific electrophoresis 
apparatus.    

3.2  Morphology of PPF  

The molecular structure of PPF purified with 
PAGENG was directly observed by transmission elec-
tron microscopy(TEM). The micrograph was taken in 
the absence of appositional contrast. The size distribu-
tion of ferritin molecule diameter was approximately 
10―11 nm and its iron core within the ferritin shell 
was approximately 5―6 nm in diameter. The ferritin 
image in Fig.1 was observed to show a single core  
 
 
 
 
 
 
 

 
Fig.1  Typical electron micrograph of PPF 

within the hollow shell, revealing the predominance of 
single iron core. The molecular structure of ferritin 
described here was very similar to that of HSF, PSF, 
SZLF, and DALF as recently described by the au-
thors[6,7], indicating that PPF shares common charac-
teristics with most mammal ferritins.  

3.3  Subunit Types in PPF 

To understand their protein characteristics, the 
PPF subunit types were separated by means of 
SDS-PAGE to obtain H and L subunit types with mo-
lecular weights of 210000±300 and 19000±300, re-
spectively(Fig.2). The absorbance of both subunit 
bands stained with Coomassie brilliant blue G-250, as 
determined by the scanner of an Investigator 2D Gel 
System at 600 nm, is shown in Fig.2. According to 
their absorbance values, a ratio of H to L subunits in 
the SDS-PAGE gel was calculated to be approximate-
ly 1:2, indicating that the PPF shell may consist of 8 H 
and 16 L subunits. Since PPF showed a single band in 
native IEF gel, we noted that there was an unchanged 
1:2 ratio of H to L subunits in the PPF shell, which 
differed from those of most mammal ferritins as pre-
viously described. It is well understood that the out-
side surface of protein shell in PPF should be 
well-proportioned once these subunits are reasonably 
arranged in high symmetry. PPF should show a single 
band rather than more bands in IEF gel. 

 
 
 
 
 
 
 
 
 

Fig.2  SDS-PAGE image of PPF subunit 
H subunit: 21000; L subunit: 19000.  

3.4  MS Characteristics of Subunit Types in both 
PPF and HSF  

With reference to the subunit ratio shown in Fig.2, 
we calculated that the PPF molecular weight was ap-
proximately 424000 according to the total content of 
24 subunits per molecular ferritin, which is somewhat 
lower than that of HSF(440000) as previously de-
scribed. Based on the basic principles of MS, we con-
sidered that the PPF mass was very large to be directly 
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analyzed by means of MALDI-TOF MS with the cur-
rent MS techniques. In addition, we found that the 
laser intensity from the MALDI-TOF mass spectro-
meter caused unlikely PPF to form a molecular ion of 
whole ferritin for MS analysis in the presence of ma-
trix SA including other matrixes. Similar experimental 
results for MS analysis in HSF, PSF, and DALF were 
also observed, respectively, under the same analytical 
conditions. Interestingly, three ion peaks of PPF sub-
unit(Fig.3) at m/z 10380.70, 20765.60, and 41830.92 
were obtained easily by increasing the laser intensity 
from the MALDI-TOF mass spectrometer. We found 
one of these ion peaks at m/z 20765.60 close to the 
molecular weight of H-subunit [M+] in PPF(21000) 
measured using SDS-PAGE(Fig.2), indicating that the 
remaining ion peaks at m/z 10380.70 and 41830.92 in 
Fig.3 were H-subunits with double charges or dimer, 
namely, [M]2+and [2M]+, respectively. We could not 
clearly find another ion peak for the L subunit of PPF. 
This novel phenomenon shows that only a laser with 
high intensity can cause H-H subunit rather than both 
L-H and L-L in PPF to decompose into dissociated 
subunits for MS analysis(Fig.3) although the ferritin is 
composed of H and L subunits. Thus, it is clearly seen 
that the interaction intensity of H-H subunit type is 
weaker than that of the H-L or L-L subunits in PPF. To 
support these views, HSF consisting of H and L sub-
units was measured by MALDI-TOF MS under the 
same analytical conditions.  

 
 
 
 
 
 
 
 
 

Fig.3  Mass spectra of the H subunits and their poly-
mers in PPF measured with MALDI-TOF MS 

The m/z for the peaks gives the molecular mass of both the H subunit and its 
polymers in PPF. The dominant peak at m/z 20765.60 corresponds to the L 
subunit with a single charge [M]+ in PPF. The second dominant peak at m/z 
10380.70 corresponds to the H subunit with double charges [M]2+, and the 
third weak peak at m/z 41830.92 is considered to be the H subunit of dimer 
with a single charge [2M]+. 

In Fig.4, five ion peaks of HSF subunits(at m/z 
8755.60, 10337.66, 19979.92, 20588.40 and 42068.19) 
are clearly observed synchronously. These ion peaks 
can be divided into two parts, namely, 8755.60 and 
19979.92 versus 10337.66, 20588.40, and 42068.19  

 
 
 
 
 
 
 
 
 

Fig.4  Mass spectra of the HSF subunits and their  
polymers measured with MALDI-TOF MS 

The m/z for the five peaks give the molecular mass of both the HSF subunits 
and their polymers. The two dominant peaks at m/z 8753.60 and 19979.92 
correspond to L subunit type with double charges [M]2+ and single charge 
[M]+, respectively. The two dominant peaks at m/z 10337.66 and 20558.40 
correspond to H subunit type with double charges [M]2+ and single charge 
[M]+, respectively. The weakened peak at m/z 42068.19 is considered to be 
the H subunit type with a single charge of dimer [2M]+. 

with reference to their corresponding m/z multiples. In 
addition, we found that two of these peaks(at m/z 
19979.92 and 20588.40) are close to the molecular 
weights of both L(19000) and H(21000) subunits as 
determined by SDS-PAGE(Fig.3), which are called 
subunit types H{[M+]H} and L{[M+]L} with single 
charges. Moreover, the five HSF subunit types shown 
in Fig.4 are further classified as [M2+]L(m/z 8755.60), 

[M+]L(m/z 19979.92), [M2+]H(m/z 10337.66), 

[M+]H(m/z 2058 8.40), and [2M+]H(m/z 42068.19). Di-
rect evidence indicates that higher laser intensity can 
cause the HSF subunit structures of H-H, H-L, and 
L-L to form molecular ions for MS analysis in the 
presence of SA matrix. It is indicated that the interac-
tion intensities of both H-L and L-L subunits in PPF 
are higher than that in HSF, with the result that only 
the H subunit type in PPF can be determined by 
MALDI-TOF MS. Thus, it can be seen that ferritin 
consisting of 24 subunits and its subunit types can 
meet the physiological need for iron release and sto-
rage by interaction and regulation among subunits 
such as L-L, L-H, and H-H. Recently it has been 
found that heme binding to mammalian ferritin can 
accelerate the rate of iron release[3,19]. This behavior 
can be explained perfectly by the change of interac-
tion intensity among ferritin subunits after heme 
binding to protein. However, these chemical factors 
have been ignored in the studies of ferritin functions 
in iron release and storage, including other novel 
functions such as trapping various organic com-
pounds[7,9,20,21].  

In addition, we have reported that the regulation 
rate of the protein shell plays an important role in li-
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miting the rate of iron release, which is closely con-
nected with the interaction intensity among ferritin 
subunits[3,22,23]. However, these factors are ignored in 
most current research reports. 

Ferritin is a specific protein, which still shows its 
native molecular structure at pH 2.0―10 and 75 °C[22]. 
Under the same condition, most proteins in nature can 
be denatured quickly. Using the PAGE method, we 
found that the acidic matrices such as DHB or SA 
containing 1% TFA(pH 3.0) can still not make the 
ferritin denature before performing the analysis of 
MALDI-TOF MS. This behavior indicates that the 
interaction intensity among L-L, H-H, and L-H sub-
units in PPF exhibited different comparatively. This 
intensity among the subunits in ferritin differs from 
that of most proteins. It can be directly revealed by 
MALDI-TOF MS, but not for other proteins[20,23].  

3.5  MS Characteristics of PPF Subunits Sepa-
rated with HPLC  

The present study was designed to investigate the 
subunit stability of PPF in a mixed solution consisting 
of an organic compound(acetonitrile) and an organic 
acid(formic acid and TFA). The PPF sample purified 
by PAGENG was separated further to form the subunit 
samples by means of RP-HPLC. Fig.5 shows the elu-
tion pattern of PPF samples separated with RP-HPLC 
equipped with a C18 column, where the two proteins 
monitored at 280 nm show the elution time of the 
maximum sample peaks at 11.8 and 14.7 min, respec-
tively. Thus, the elution solution consisting of acetoni-
trile and organic acids has the ability for decomposing 
PPF into its subunits directly. We found that the area 
of elution peak for PPF subunits at 14.7 min was ap-
proximately twice as large as that at 11.8 min, indi-
cating that the ratio of H to L subunits in PPF is ap-
proximately 1:2, which is similar to that in Fig.2. To 
understand this novel ratio further, the molecular  

 
 
 
 
 
 
 
 
 

Fig.5  An elution map of the PPF subunits separation 
using RP-HPLC method 

masses of these elution proteins collected as shown in 
Fig.5 were identified by MALDI-TOF MS. 

The subunit ratio in ferritin is considered to re-
flect its novel physiological functions(other than iron 
release and storage in vivo)[7]. The protein sample 
shown in Fig.5 at 11.8 min was identified with 
MALDI-TOF MS; we obtained the result shown in 
Fig.6(B), that is, a peak at m/z 21014.4 shows an ab-
solute intensity of approximately 575 in the absence 
of PPF polymers. Using the same procedure for 
another protein sample shown in Fig.5 at 14.7 min, we 
obtained the result shown in Fig.6(A), that is, a peak 
at m/z 18319.9 exhibits an absolute intensity of ap-
proximately 1250 in the absence of PPF polymers. 
The proteins as shown in both Fig.6(A) and 6(B) can 
be named as L and H subunit types in PPF with refer-
ence to Fig.2 results and their m/z values in Fig.6. Al-
though the absolute intensity of mass peaks measured 
with MALDI-TOF MS cannot normally be used to 
analyze the protein amount quantitatively, apparently, 
we can still ensure that the total protein content(m/z at 
18319.0, L subunit) shown in Fig.6(B) is higher than 
that shown in Fig.6(A)(m/z at 21014.8, H subunit), 
based on their relative intensity of m/z. Further analy-
sis indicates that the total content of the L sub-
unit[Fig.6(B)] is more abundant than that of the H 
subunit[Fig.6(A)] compared to the results shown in 
both Fig.2 and Fig.5, indicating that there are three 
subunit types, namely, L-L, L-H, and H-H in PPF, 
which is similar to that seen in most mammalian ferri-
tins. 

 
 
 
 
 
 
 
 

Fig.6  Mass spectra of L and H subunits in PPF 
measured with MALDI-TOF MS for the pro-
tein samples collected as shown in Fig.5 

The m/z 21014.40 peak in (A) corresponds to the H subunit with a single 
charge [M+]H without its polymers. The m/z 18319.9 peak in (B) corres-
ponds to the L subunit with a single charge [M+]L without its polymers. 

To confirm that both proteins shown in Fig.5  
are ferritin subunits further, a combined analytical 
technique involving PMF, MALDI-TOF MS, and da-
tabase research was used to identify both protein sub-
units.   
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3.6  Identification of PPF Subunits with PMF and 
Database Search  

The key techniques of proteomics today include 
2D-PAGE, HPLC, and mass spectrometry[24,25]. The 
matching results of both PMF techniques and database 
searches can be used for protein identification. The 
databases most commonly used are SWISS-PROT, 
TrEMBL, and the non-redundant collection of protein 
sequences at the US National Center for Biotechnol-
ogy Information(NCBI). To understand the subunit 
structure and function further, both subunits in PPF 
were identified by PMF technology. Thus, H and 
L(Fig.5) subunit samples collected from the PPF se-
parated on RP-HPLC were identified by a combined 
approach of PMF, MALDI-TOF MS, and database 
search. According to the search results, two significant 
viewpoints are summarized as follows: (1) The data-
base search has clearly identified that both proteins 
separated on RP-HPLC in Fig.5 are H and L subunits 
in PPF, indicating that the eluant from the HPLC has a 
capacity of decomposing PPF into both H and L sub-
units. (2) We have found that both subunits show a 
high homology(75% for L and 61% for H subunits) 
compared to the reference protein sequences in the 
database, which indicates that both subunits are dif-
ferent types, called H and L subunits.  

4  Conclusions  
Based on the experimental results of both pre-

vious reports and the Figs.1―6 described here, the 
three main characteristics of PPF can be summarized 
as follows: an approximately 1:2 ratio of H to L sub-
units can be observed in PPF, indicating that the con-
tent of L-L or L-H subunit types is more than that of 
H-H subunit in PPF; in terms of kinetics, the rate and 
law of iron release from PPF are similar to those of 
PSF and HSF, as well as other mammalian ferritins, 
giving complex kinetic characteristics[26,27]; PPF sub-
unit structures differ from those of most mammalian 
ferritins, suggesting that this novel subunit structure 
plays an important role in carrying out unknown phy-
siological functions in vitro except iron release and 
storage, such as constructing a peptide or metal cores 
such as Mn encapsulated with ferritin[27―29].  
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