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The iron storage protein, ferritin, plays a key role in iron metabolism, but its regulation and functions in
many invertebrate species are still largely unknown. In our previous work, an inducible ferritin cDNA
from Phascolosoma esculenta with a full-length of 1017 bp has been cloned. In this follow-up study, the
deducted ferritin protein sequence was predicted to be a polypeptide of 175 amino acids with a molec-
ular mass of 20.1955 kDa and an isoelectric point of 5.08. The cDNA sequence of P. esculenta ferritin was
constructed into pET system expression system and efficiently expressed in E. coli BL21 under IPTG
induction. The recombinant ferritin was detected as a 24 kDa protein by SDS-PAGE. After purification
directly from the gel, the recombinant ferritin was used to immunize mice and the anti-serum was
prepared. The antibody displayed a strong immunological reactivity and specificity when used in
Western-blot analysis. For the first time, our work provided a set of molecular tools essential for the
further studies of ferritin protein functions in P. esculenta.

� 2009 Published by Elsevier Ltd.
1. Introduction

Ferritin is a member of ferritin-like diiron-carboxylate protein
superfamily and an iron storage protein distributed ubiquitously in
animals, plants, as well as fungi and bacteria. It plays a key role in
iron storage and detoxification [14]. Iron has been considered an
essential element for all living organisms, being critical in many
biological functions, such as oxygen transport, electron transfer,
DNA synthesis, and many enzymatic reactions. Moreover, iron is
a constituent of metalloproteins like enzymes, electron transfer
complexes, and oxygen carriers [5]. On the other hand, an excess of
free iron in living cells is potentially toxic since it promotes serious
adverse reactions like oxidative injury [1]. Therefore, cells have
evolved homeostatic mechanisms that regulate the transport,
storage and mobilization of cellular irons to prevent any deleterious
effects. Among the many proteins involved in iron metabolism,
ferritin plays the most important role [19].

Ferritin is a cytosolic protein composed of 24 subunits, capable
of sequestering up to 4500 ferric ions in its inner core. These
subunits consist of heavy (H) and light (L) chains [13]. In inverte-
brates, ferritin usually contains only one type of subunit that is
functionally equivalent to two subunits of ferritin in vertebrates.
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Phascolosoma esculenta is a Sipuncula only distributed in China.
Ferritin protein plays a very important role in its strong adaptability
to a living environment, especially to an iron environment.
Compared with the many studies on ferritins of vertebrates, to date,
there have been only a few studies on those invertebrates such as
the soma and yolk ferritins of snail (Lymnaea stagnalis), two heavy-
chain ferritin subunits of the Pacific oyster (Crassostrea gigas), and
ferritin from the pearl oyster (Pinctada fucata) [8,20]. Therefore, the
molecular regulation and ferritin functions in different invertebrate
species are largely unknown.

In this study, recombinant P. esculenta ferritin was expressed in
E. coli based on the cDNA sequence previously cloned in our labo-
ratory. It was purified and used to produce a mouse polyclonal
antibody against the P. esculenta specific ferritin.

2. Materials and methods

2.1. Construction and expression of recombinant ferritin

The PCR product of the P. esculenta specific ferritin and the
plasmid pET-28a plasmid were both digested by BamH _ and Hind
Z, and were ligated with T4 DNA ligase. The recombinant plasmid
pET-FER was then transformed into E. coli BL21 strain and grown on
an agar plate with ampicillin. Plasmid DNA extracted from antibi-
otic resistant clones was identified by enzyme digestion, and then
positive plasmids were further analyzed by sequencing. A positive
clone was cultured overnight at 37 �C, and then 1:100 diluted into
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Fig. 2. Specificity of pET-FER polyclonal antibody was determined by Western-blot.
Note, Lane 1: low molecular marker, lane 2: IPTG induced BL21 with pET-28a for 4 h,
lane 3: uninduced BL21 with pET-FER, lane 4: IPTG induced BL21 with pET-FER for 4 h,
lane 5: total protein of blood from Phascolosoma esculenta, lane 6: PBS-immunized
mice was used in replacement of the primary antibody.
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LB broth, and the culture continued while the bacterial growth was
monitored by measuring the cell densities at OD600. When OD600

was between 0.6 and 0.8, IPTG was added at the final concentration
of 1 mmol L�1 and culture was continued for another 1–5 h. Cell
lysates were prepared every hour and analyzed for the recombinant
protein expression by 15% SDS-PAGE.

2.2. Purification of recombinant protein

The total proteins were extracted from IPTG induced bacterial
cultures and separated by 15% SDS-PAGE. After staining the gel with
KCl, the recombinant protein with the molecular weight of expec-
ted size on the gel was carefully cut off with a clean blade, and
grinded in PBS. After storage at 4 �C for about 12 h and centrifu-
gation, PBS supernatant containing the recombinant protein was
collected into a new tube. The purity of the protein was then
confirmed by SDS-PAGE and staining with Coomassie brilliant blue.

2.3. Production of polyclonal antibodies against
recombinant ferritin

Five-week-old male BALB/c mice were divided into a non-
immunization group and a recombinant FER immunization group.
The purified recombinant protein was used as the antigen and was
mixed with an equal volume of Freund’s complete adjuvant (Sigma
Chemical Co., USA). The emulsion was injected intradermally into
mice of the immunization group and three booster shots were
administered at a two week interval. Three days after the last
injection, blood was collected, clarified by overnight incubation at
4 �C, and centrifuged at 3000 � g for 15 min. The serum was
prepared and stored at �20 �C. At the same time, mice in the
negative control group were similarly immunized with PBS without
the antigen.

2.4. Western blotting

Endogenously expressed proteins extracted from P. esculenta or
the recombinant protein from E. coli BL21 strain were separated by
15% SDS-PAGE, They were then transferred to the nitrocellulose
membranes electrically at 20 V for 14 h. After pre-blocking with
TTBS (0.02 M Tris–HCl, 0.5 M NaCl, 0.05% Tween-20, 0.01 M Leva-
misole, pH7.5) containing 5% skim milk for 4 h at room tempera-
ture, the membrane was incubated with mouse antiserum diluted
1:500 in TTBS containing 5% skim milk for 1 h. After rinsing with
TTBS three times, 10 min each, and washing with TBS for 10 min,
the membrane was incubated with rabbit-anti-mouse IgG
Fig. 1. Expression and purification of pET-FER recombinant protein in E. coli BL21. Note, (A) l
protein of pET-28a induced for 5 h, lane 4: total protein of non-induced pET-FER, lane 5-9: t
marker, lane 2: purified protein of pET-FER.
(1:10 000, Sigma Chemical Co, USA) in TTBS containing 5% skim
milk for 1 h. The membrane was washed three times in TTBS for
10 min each, and in TBS for 10 min, and then processed for BCIP/
NBT reaction for 1–3 min and stopped by rinsing with distilled
water.

3. Results

3.1. Expression and purification of recombinant ferritin protein

Protein extracts from bacteria carrying the recombinant plasmid
pET-FRT were separated by SDS-PAGE and a band of about 24 kDa
corresponding to the predicted size of the recombinant ferritin
protein was visualized. It was slightly larger than that of the native
ferritin (20 kDa) due to the addition of N-terminal 6 His tag in the
recombinant sequence expressed from the expression vector. The
amount of product increased significantly with IPTG induction
time. By monitoring the yield of the recombinant protein under
different induction times and concentrations of IPTG, the optimum
ane 1: low molecular marker, lane 2: total protein of non-induced pET-28a, lane 3: total
otal protein of pET-FER induced for 1 h, 2 h, 3 h, 4 h and 5 h; (B) lane 1: low molecular
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expression was achieved under 1.0 mmol L�1 IPTG at 37 �C for 4 h
(Fig. 1A). Protein was cut off and recovered from the gel. The purity
of the recombinant protein was confirmed by SDS-PAGE as a single
band of 24 kDa after Coomassie brilliant blue staining (Fig. 1B).

3.2. Western blotting analysis with antiserum against
the recombinant ferritin

The anti-serum collected from mice immunized with the
recombinant protein was used as the primary antibody for Western
blotting. Among protein extracts from E. coil BL21 carrying pET-FRT
with or without IPTG induction, bacteria carrying the empty pET
vector, and cell lysate from P. esculenta, the antiserum detected
a specific band about 24 kDa in sample of E. coil BL21 with pET-FRT
after 4 h IPTG induction (Fig. 1A, lane 4) and a specific band about
20 kDa in the total proteins from P. esculenta (Fig. 1A, lane 5). All
samples were negative for the expression of ferritin (Fig. 2, lanes 2
& 3). At the same time, when the serum from PBS-immunized mice
was used in replacement of the primary antibody, no non-specific
bands were detected for the same set of protein samples (Fig. 2,
lanes 6). The results confirmed that the polyclonal antibody against
the P. esculenta ferritin protein was prepared successfully with
desired specificity and immunological reactivity.

4. Discussion

Although ferritin proteins identified from a wide range of
organisms share highly conserved sequences and structural
conformation, they still vary greatly in size, cellular or sub-cellular
distribution, and the regulatory mechanisms [1,11,16]. The expres-
sion of ferritin gene also varies among different cell types, during
cell differentiation and neoplastic transformation, as well as in
response to different environmental stimuli [4,5]. Such differential
gene expression is regulated both at the transcriptional and post-
transcriptional levels, and can be induced by many molecules
including iron, heavy metals, cytokines [2,17]), hormones [7,18],
certain drugs and cAMP [3].

In this study, for the first time, we analyzed the structure of
P. esculenta ferritin based on the cDNA sequence [9]. According to
the literature reports, most ferritins in invertebrates contain only
one type of subunit except that ferritins from C. gigas [10], Haliotis
discus discus [15], and Drosophila melanogaster have two different
types of subunit. Results presented here show that ferritin of
P. esculenta only contains one type of subunit that is structurally
similar to the heavy (H) chains. We also produced a recombinant
ferritin and purified it directly from the preparation gel. The puri-
fication method is simple, convenient, fast, and cost-efficient. At
the same time, it resulted in high purity of the final product. Our
study also produced polyclonal antibody against ferritin of
P. esculenta. The mouse antiserum has been shown to be specific
and highly reactive to both the recombinant protein and the native
ferritin protein of P. esculenta by Western blotting.

Together, our study successfully expressed a new invertebrate
ferritin protein of P. esculenta and produced its specific polyclonal
antibody. Both the recombinant protein and antibody will offer
useful molecular tools for the future studies on the biological
functions of ferritin in this important endemic species.
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