
Horse spleen ferritin was immobilized on self-assembled
monolayers (SAMs)-modified gold electrodes by electrostatic
interaction.  Electrochemically regulated iron uptake and
release for the ferritin immobilized on the electrode was
demonstrated.  

Ferritin is an iron-storage protein found in most animals,
plants and bacteria.  Ferritin has been studied extensively with
regard to its biochemical characterization.1–5 Some redox prop-
erties of ferritin have also been examined using an electron
transfer mediator such as viologen,4 because the iron uptake
and release mechanisms are caused by the oxidation and reduc-
tion of iron ions (Fe(II) / Fe(III)) in the protein shell.  The redox
mechanisms of iron ions in the shell are still unclear.  Recently,
the direct electrochemistry of ferritin adsorbed onto an indium
oxide and bare gold electrodes has been investigated.6–8

However, in these reports, a stronger ionic solution (µ =
0.4–1.0) is required for the electrode reaction of ferritin, since
the adsorption force of ferritin is due to hydrophobic interaction.

In this study, we immobilized ferritin on SAMs-modified
gold electrodes in a phosphate buffer solution (µ = 0.1, pH 7) by
the electrostatic interaction between ferritin and the terminal
functional groups of the SAMs.  The iron uptake and release for
the ferritin immobilized on the SAMs-modified gold electrode
could be regulated electrochemically by changing the electrode
potential.

Horse spleen ferritin (Sigma) was purified by size exclusion
chromatography to remove free iron ions using a Sephadex G-25
column.4 The concentration of purified ferritin was determined
by the BCA-protein reaction (using BCA protein assay kit,
PIERCE Chem. Comp., USA) against an albumin standard
curve.9

The SAMs-modified gold electrodes were prepared accord-
ing to the following procedures.10–12 A single crystal gold
working electrode (Au(111)) was prepared by the method of
Clavilier et al.,13 and was pretreated by flame-annealing and
quenching in ultra-pure water saturated with hydrogen.  The
pretreated electrode surfaces were modified with one of four
SAMs:  6-amino-1-hexanethiol (AHT, Dojin Chem. Co.,
Japan), 5-carboxy-1-pentanethiol (CPT, Dojin Chem.), 6-
hydroxy-1-hexanethiol (HHT, Dojin Chem.) or 1-hexanethiol
(HT, Tokyo Kasei).  The SAMs were formed by immersing the
gold electrode into a 1 mM (M = mol dm–3) aqueous solution of
AHT, CPT or HHT, or an ethanol solution of HT, respectively,
for 25 min.  The surface coverage of each SAMs on the elec-
trode was estimated to be (7.4–7.6) × 10–10 mol cm–2 by the
reduction waves on voltammograms observed in 0.5 M KOH
solution,12 indicating that full coverage monolayers had been

formed on the gold surface.  To investigate the immobilization
of ferritin on the SAMs, the SAMs-modified gold electrodes
were immersed into a phosphate buffer solution (pH 7, µ = 0.1)
of 2 µM ferritin for 60 min.  Prior to the cyclic voltammetric
measurements, this electrode was rinsed with the buffer solution. 

The cyclic voltammograms were performed, using a Fuso
HECS 972C potentiostat with a function generator, in phos-
phate buffer solution (pH 7, µ = 0.1) under an argon gas atmos-
phere.  An Ag|AgCl (saturated KCl) electrode and a platinum
electrode were used as the reference and the counter electrodes,
respectively.  All potentials are reported with respect to the
Ag|AgCl (saturated KCl) electrode. 

Figure 1 shows cyclic voltammograms of AHT and CPT-
modified gold electrodes in the buffer solution not containing
ferritin after immersion into a ferritin solution. Well-defined
redox waves representing the ferritin immobilized on the AHT
and CPT-modified gold electrodes were observed.  Ferritin was
immobilized on the AHT-modified electrode approximately 5-
fold greater than on the CPT-modified electrode, because of the
approximately 5 times higher current. The isoelectric point of
horse spleen ferritin has been reported to be 4.1–5.1,5 indicating
that the whole ferritin molecule has a negative charge in the
buffer solution (pH 7) used.  Therefore, ferritin was immobi-
lized on the AHT-modified electrode by electrostatic interac-
tions between the ferritin molecule and the amino terminal
group of AHT.  On the other hand, the ferritin molecule has
positively charged amino acid residues locally.1 Thus, an elec-
trostatic force of attraction would also occur between the posi-
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tively charged amino acid residues of ferritin and the carboxyl
terminal group of CPT, which could explain how the ferritin
was also immobilised on the CPT-modified electrode.  In the
case of HHT and HT-modified electrodes, no well-defined
redox response for ferritin was observed.  Furthermore, no
redox response was observed at the Au(111) electrode in buffer
solution following immersion into the ferritin solution. These
results also suggest that ferritin can be immobilized on AHT
and CPT-modified electrodes by electrostatic interaction.  

The anodic and cathodic peak potentials for the ferritin
immobilized on AHT were observed around –0.22 and –0.35 V,
respectively.   These values are not significantly different from
the values reported for ferritin adsorbed onto an indium oxide
electrode.6 However, the values obtained are more positive than
the reported redox potential (approximately –0.41 V) for a solu-
tion of ferritin using mediated coulometry,4 which suggests that
a slight conformational change of ferritin may have occurred
during the immobilization onto the AHT-modified electrode.
The anodic and cathodic peak potentials for the ferritin immobi-
lized on the CPT-modified electrode were around –0.14 and
–0.27 V, which represents a positive potential shift of approxi-
mately 80 mV compared to ferritin immobilized onto AHT-
modified electrode.  This might reflect the difference in confor-
mation and/or surface orientation of the immobilized ferritin.

The redox peak currents of ferritin immobilized on AHT and
CPT decreased gradually with potential cycling in a buffer solu-
tion not containing ferritin.  The peak current was significantly
decreased when the electrode potential was held at –0.4 V for a
few minutes.  Eventually, no redox response for ferritin could be
observed (Figure 2, broken line).  These behaviors suggest that
reduced Fe2+ ions were released from the ferritin (Scheme 1).  

We investigated the electrochemically regulated iron
uptake for ferritin immobilized on an electrode.  The iron ions
released ferritin-immobilized electrode (Figure 2, broken line)
was immersed into a phosphate buffer solution of 10 µM FeSO4
at an applied potential of 0 V for 30 min, followed by rinsing
with the buffer solution.  After this procedure, the redox wave
of ferritin was observed again in the buffer solution not contain-

ing ferritin.  The redox wave was also observed even in the
presence of 1 mM nitrilotriacetic acid (NTA) as an iron chelator
(Figure 2, solid line).  This result indicates that the observed
redox wave is attributed to iron atoms reincorporated into the
ferritin core (Scheme 1), since any free iron atoms adsorbed
onto the electrode are immediately chelated by NTA. 

In conclusion, we have developed a ferritin-immobilized
electrode based on SAMs-modified gold electrodes, using the
electrostatic interaction between ferritin and the terminal func-
tional groups of the SAMs.  The electrochemically regulated
uptake and release of iron ions for the immobilized ferritin on
the SAM was demonstrated.   

We gratefully acknowledge Professor M. Kunitake of
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