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ABSTRACT: Electrochemical immunoassay amplified with redox cycling has become a
challenging topic in highly sensitive analysis of biomarkers. Here a ferritin-triggered redox
cycling is reported by using a highly outersphere reaction-philic (OSR-philic) redox
mediator ruthenium hexamine (Ru(NH,)s**) to perform the OSR-philic/innersphere
reaction-philic (ISR-philic) controlled signal amplification. The screened mediator can
meet the needs of lower E* than ferritin, low reactivity with ISR-philic species, and quick
electron exchange with ferritin redox couple. The ferritin-labeled antibody is first bonded
to immunosensor surface by recognizing the target antigen capured by the immobilized _ —

H;0,

primary antibody. The ferritin then mediates OSR-philic/ISR-philic transfer from

Ru(NH,),**/** /immunosensor to ferritin-H,O, redox system. The fast mediation and excellent resistant of highly OSR-philic
Ru(NH,),*" against radical oxygen species lead to highly sensitive electrochemical readout and high signal-to-background ratio.
The proposed redox cycling greatly enhances the readout signal and the sensitivity of traditional ferritin-labeled sandwich
immunoassay. Using Enteropathogenic coli (E. coli) antigen as a model analyte, the developed method shows excellent linearity
over the concentration range from 10.0 pg/mL to 0.1 yg/mL and a detection limit of 10.0 fg/mL. The acceptable accuracy, good
reproducibility, and selectivity of the proposed immunoassay method in real samples indicate the superior practicability of the

ferritin-triggered redox cycling.

F erritin is a 24-subunit protein that contains up to 4500 iron
atoms in its hollow, in the form of a Fe(O)OH-type
mineral core.' It possesses some unique features, such as safe
iron reservoir,” rapid mineralization capability,® nanosynthesis
capability within engineered protein cage,’ mineralization
possibility of variety of minerals within its cage,” and peroxidase
mimicking activity.” Although ferritin itself is not a redox active
protein, the redox status of the iron in the ferritin core can be
altered,” and it shows some electrochemical signature since an
electron transfer step is involved in the formation and
dissolution of the iron core.' Thus, it has been used for
determining intracellular localization of antigen through
labeling with the antibody.” However, the bulk structural
features and transient electrochemical properties of ferritin limit
its broad utility in developing sensitive electrochemical
bioassays. To improve the electrochemical redox behavior of
ferritin, many approaches have been developed by modifying
the electrode with self-assembled monolayers,”'® porous
nanostructured film,"' and electrodeposited nanoparticles,'”
or forming ferritin-contained composite with conducting
materials such as carbon nanotubes,’® and conducting
polymer.'* Although these strategies have significantly
improved its redox properties, the practicability in electro-
chemical and photoelectrochemical bioassays is still challenging
due to insufficient sensitivity.">'® Thus, the strategies to
amplify the ferritin-triggered electrochemical signal is highly
appealing.

Recently, a number of redox cycling schemes compatible
with the electrochemical biosensing platform have been
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designed as signal amplification strategies to improve the
performance of biosensors."” Among those strategies, outer-
sphere-to-innersphere redox reaction as a signal enhancement
concept exhibits both high signal amplification factor and low
electrochemical background.'® This concept can integrate the
specificity of outersphere reaction-philic (OSR-philic) and
innersphere reaction-philic (ISR-philic) redox couples, and
suppress many theoretically possible reactions by maintaining
the difference of OSR-philic/ISR-philic natures to obtain a high
signal-to-background ratio, thus showing improved immuno-
assay performances in real applications. >’ By introducing a
highly ISR-philic redox enzyme to trigger an electrochemical
enzymatic redox scheme, an outersphere-to-innersphere redox
reaction, the integrated electrochemical-chemical-enzymatic
(ECN) redox cycling, has been achieved to significantly
enhance enzymatic signal and lower the background.”!
However, these schemes suffer a problem using an OSR-philic
redox couple with high formal potentials (E”) to reduce the
highly OSR-philic signaling mediator with lower E”,'*~*'
which complicates the theoretical feasibility of the outersphere-
to-innersphere reaction mechanism. Thus, searching an OSR-
philic redox couple with the E” appropriate to OSR/ISR-philic
redox couple is crucial in achieving full advantages of highly
specific outersphere-to-innersphere redox reaction. Considering
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the fast oxidation of ferritin by the eco-friendly oxidant O, or
H,0,”” and the OSR/ISR-philic natures of ferritin, this work
used ferritin as a label to develop an outersphere-to-innersphere
redox reaction for highly sensitive immunoassay through
matching an appropriate OSR-philic redox mediator to perform
the primary electrochemical reaction on OSR-philic immuno-
sensor surface.

The excellent peroxidase-mimicking activity of ferritin has
been used for sandwich immunoassay with phenylenediamine®
and hydroquinone™ as substrate, respectively. However, these
substrates are not the appropriate OSR-philic mediators, and
the instability of phenolic or organic substrates with commonly
generated radical oxygen species from the degradation of any
H,0, related system™** also brings unpredictable background.
To achieve ferritin-triggered outersphere-to-innersphere redox
cycling, this work screened out a highly OSR-philic mediator
Ru(NH;)*" (Figure 1A) according to the needs of E” lower
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Figure 1. Schematic illustration of (A) OSR/ISR-controlled redox
cycling mechanism, and (B) preparation of electrochemical
immunosensor and immunoassay procedure with ferritin triggered
redox cycling.
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than that of ferritin, low reactivity with radical oxygen species,
and quick electron exchange with ferritin redox couple. The fast
innersphere reaction in ferritin-H,O, system can keep ferritin in
oxidized form to oxidize the highly OSR-philic mediator
(Ru(NH,)4*"), which opens a new avenue for highly sensitive
electrochemical immunoassay (Figure 1B). Compared to the
previous report,”’ the suggested scheme possessed theoretical
feasibility and simplified the detection system. Using Enter-
opathogenic coli (E. coli) antigen, produced from the different

—28
as a

strains of E. coli bacteria, a food borne pathogen,”
model analyte, the designed outersphere-to-innersphere redox
reaction showed high signal amplification efficiency, and the
proposed immunoassay method showed high sensitivity and
wide dynamic range, indicating the promising application of the
ferritin-triggered redox cycling in amplified biosensing.
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B EXPERIMENTAL SECTION

Materials and Reagents. Glutaraldehyde (GA), [Ru-
(NH,;)6]Cl;, [Ru(NH,)4]Cl, and ferritin (from equine spleen,
type-1) were purchased from Sigma-Aldrich Co. (U.S.A.). E.
coli lipopolysaccharide protein antigen (purified by HPLC),
mouse anti-E. coli antibody (AY-07718M) and rabbit anti-E. coli
antibody (AY-07718R) were purchased from Shanghai Anyan
Trading Co. Ltd. (Shanghai, China). Bovine serum albumin
(BSA) was from KeyGEN Biotech. O. Ltd. (Nanjing, China).
Chitosan was obtained from KAYON. Hydrogen peroxide
(H,0,) was obtained from Shanghai Zhanyun Chemicals Co.
Ltd. (Shanghai, china). 4-Amino-1-napthol hydrochloride was
purchased from TCI (Shanghai, China). Methylene blue, acetic
acid, nitric acid, acetone hydroxylamine-HCl, and ethyl-
enediaminetetraacetic acid (EDTA) (CAS[6381-92-8]) were
from Nanjing Chemical Reagent Co., Ltd. (Nanjing, China).
Sulfosuccinimidyl-4-[ N-maleimidomethyl] cyclohexane-1-car-
boxylate (sulfo-SMCC) and N-succinimidyl-S-acetylthiopropi-
onate (SATP) were obtained from Thermo Scientific Inc. 50 K
centrifuge filter was purchased from Merck Milipore Ltd.
(Tullagreen, Ireland). Washing buffer contained PBS and
0.05% tween-20, and blocking buffer contained PBS and 5%
BSA, which were obtained from Sigma-Aldrich Co. (U.S.A.).

Apparatus. Electrochemical measurements were carried out
using CHI 660B (CH Instruments, Inc.,, Austin, TX, USA).
All electrochemical experiments were carried out in a cell
containing 10 mL 10 mM pH 7.4 PBS, a platinum wire as
auxiliary, a Ag/AgCl (3 M NaCl) electrode as reference and a
modified glassy carbon electrode (GCE, 3 mm in diameter) as
working electrodes. Prior to modification, the GCE was
polished to a mirror-like finish with 0.3 and 0.05 mm alumina
slurry (Beuhler) followed by rinsing thoroughly with doubly
distilled water, and then successively sonicated in 1:1 nitric acid,
acetone, and doubly distilled water, and allowed to dry at room
temperature.

Preparation of Immunosensor. The immunosensor was
prepared following previous report>® with some modification.
In brief, 20 uL of 0.25 mg/mL chitosan in 0.1 M acetic acid was
casted on a pretreated GCE and dried at room temperature for
1 h, which was then dipped in 0.25% GA solution for 2 h to
activate the chitosan film. After the activated film was washed
with distilled water repeatedly, the electrode was incubated with
20 L of mouse anti-E. coli antibody (200 ug/mL) for 3 h at 4
°C. Afterward, the surface was washed with distilled water to
remove unbound antibody for obtaining the immunosensor,
which was shortly immersed in blocking buffer containing 5%
BSA to block the active sites for minimizing the nonspecific
binding.

Conjugation of Ferritin to Anti-E. coli Antibody.
Ferritin-anti-E. coli antibody conjugate was prepared by cross-
linking the —NH, groups of rabbit anti-E. coli antibody and
ferritin. 500 uL of 200 pug/mL ferritin was first mixed with S0
uL of 1 mg/mL sulfo-SMCC in PBS to incubate for 30 min at
room temperature, which was filtered by centrifugation at
10 000 rpm for 30 min through 50 K centrifuge filter, and the
filtrate was dissolved in 500 pL PBS to obtain sulfo-SMCC-
conjugated ferritin solution. Meanwhile, 500 xL of 200 ug/mL
rabbit anti-E. coli antibody was mixed with 10 uL of 2 mg/mL
SATP in PBS to incubate for 30 min at room temperature. The
resulting solution was mixed with 20 uL of 0.012 g/mL EDTA
and 0.044 g/mL hydroxyl-amine-HCl in PBS (pH 7.4) to
incubate for 2 h at room temperature, which was then filtered
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Figure 2. Cyclic voltammograms of 10 mM dissolved oxygen-free PBS (pH 7.4) containing marked species in (A) absence and (B) presence of 200
pg/mlL ferritin and 10 mM H,0, at bare GCE at 20 mV/s. The concentrations of Ru(NH;),**, methylene blue, and 4-amino-1-napthol are 1.0 mM.

by centrifugation at 10000 rpm for 30 min through 50 K
centrifuge filter. The filtrate was dissolved in 500 yL of PBS to
obtain the SATP-conjugated anti-E. coli antibody. After mixing
the sulfo-SMCC-conjugated ferritin and the SATP-conjugated
anti-E. coli antibody at a molar ratio of 1:1 for 2 h at room
temperature, the mixture was centrifuged at 10 000 rpm for 30
min to obtain the ferritin-antibody conjugate, which was
dissolved in 500 uL of blocking buffer.

Electrochemical Immunoassay. Twenty uL of sample or
E. coli antigen at different concentrations was dropped on the
immunosensor and left for 30 min at 4 °C for antigen—
antibody binding. After washing with washing buffer, 20 uL of
ferritin-antibody conjugate (200 pg/mL) was dropped on the
surface and left for 30 min at 4 °C again. The surface was
washed with washing buffer and then dipped in detection
solution containing 10 mM PBS (pH 7.4), 1.0 mM
Ru(NH;)¢*, and 10.0 mM H,0, for 30 min to perform the
electrochemical measurement at room temperature (25 °C)
without need of removing the dissolved oxygen.

B RESULTS AND DISCUSSION

Screening of Highly OSR-philic Mediator for Ferritin-
Triggered Redox Cycling. The ferritin-triggered redox
cycling system was designed for signal amplification due to its
OSR/ISR-philic natures (Figure 1A). The ISR-philic redox
cycling could be performed by the fast oxidation of ferritin by
the eco-friendly H,O,. To screen out a suitable mediator for
performing the OSR-philic redox cycling on OSR-philic
immunosensor surface, its E” value, reactivity with radical
oxygen species, and electron exchange rate with oxidized
territin should be considered. According to the first condition,
the E* value of the mediator should be lower than that of
ferritin. Thus, three commonly used mediators, Ru(NH;)4*,
methylene blue and 4-amino-1-napthol, were first examined. As
shown in Figure 2A, all of them showed a couple of redox
peaks, from which the E” values were calculated from the
average of cathodic and anodic peak potentials to be —0.191,
—0.251, and —0.121 V, respectively. Upon mixing with ferritin
and H,0,, only Ru(NH,),** showed significant amplification of
the reduction signal from —8.92 pA to —21.33 pA and slight
decrease of the oxidation si§na1 from 4.13 pA to 3.27 uA, while
OSR-philic methylene blue”” and 4-amino-1-napthol™ showed
slight change of both reduction and oxidation signals (Figure
2B). This could be attributed to the fast electron transfer of
outersphere to innersphere redox reaction of highly OSR-philic
species, Ru(NH;)s*, on OSR-philic GCE,”" the instability of
methylene blue”* and phenolic mediator® influenced by
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unwanted generation of minute radical oxygen species, and
the similar E” of 4-amino-1-napthol to ferritin. So Ru(NH;)¢*"
could be considered as an appropriate mediator with its highly
OSR-philic properties, E” and high resistant against radical
oxygen species of H,O, related system, which ensured high
signal amplification by redox cycling with minute background
signal. To define the exact concentration of H,O, and minimize
its degradation, freshly prepared H,O, solution was used.
Feasibility of Ferritin-Triggered Redox Cycling. The
feasibility of electro-reduction-based ferritin-triggered redox
cycling was first confirmed by examining the E* values and
OSR/ISR-philicity of these redox couples. From the cyclic
voltammogram of ferritin, the E” of ferritin redox couple was
calculated to be —0.119 V vs Ag/AgCl (Figure S1 of the
Supporting Information, SI). The E” of H,0,/ H,O is
reported to be +1.77 V (vs SHE),’**" corresponding to +1.56
V vs Ag/AgCl. Considering Ru(NH,)s*" as the appropriate
redox mediator with E* lower than that of ferritin redox couple,
the complete ferritin-triggered redox system at —0.23 V of GCE
could be expressed in Figure 3A. The electrochemical signal

A Applied potential Ferritin
Ru(lll)/Ru(ll)  redox couple Hx0,/H,0
1 1 ] ] EO
1 I T T
023V -019V -0.12V +156V
D o — TR
(Fe;03)
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+ RU(NHy)g?* ——> + RU(NH;)6* - (2)
Ferritin (ox) Ferritin (red)

Ru(NH3)s%* — Ru(NH,;)g?*
(on electrode surface)

Figure 3. (A) Relative formal potentials (vs Ag/AgCl) of redox
couples and (B) reactions involved in immunoassay.

was achieved through the specific reactions among the redox
couples, by means of the outersphere-to-innersphere reaction
mechanism and the suppression of OSR-philic/ISR-philic
natures to theoretically possible reactions. The latter led to
low background in conventional ferritin labeled sandwich
immunoassay platform. The reaction specificity involved in the
ferritin-triggered redox system was also confirmed by
maintaining the OSR/ISR-philicity according to the following
manner as OSR-philic GCE, highly OSR-philic Ru(NH;)¢**/
Ru(NH,)s*" redox couple, OSR/ISR-philic ferritin redox
couple and highly ISR-philic H,0,. The highly ISR-philic

H,0, was evaluated by its inner sphere reaction mechanism
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Figure 4. (A, B) Cyclic voltammograms of 10 mM PBS (pH 7.4) containing marked species at GCE at 20 mV/s and (C, D) chronocoulograms of 10
mM PBS (pH 7.4) containing marked species at GCE at —0.23 V. The concentrations of Ru(NH;)¢*", Ru(NH;)4**, H,O, and ferritin are 1.0 mM,

1.0 mM, 10 mM, and 200 ug/mL, respectively.
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Figure 5. Plots of voltammetric response of (A) 1.0 mM Ru(NHj;)** + 10.0 mM H,0, vs ferritin concentration, (B) 1.0 mM Ru(NH,)s** + 200.0
ug/mL ferritin vs H,0, concentration and (C) 1.0 mM Ru(NH;)s** + 10.0 mM H,0, + 200 ug/mL ferritin vs incubation time, and (D)
chronocoulometric response of 1.0 mM Ru(NH;)s** + 10 mM H,0, in presence and absence of 200 yg/mL ferritin as signal (cyan) and background
(red) (n = 3), respectively, after applying different potentials for 100 s. The working electrode is bare GCE, and incubation time for A, B, and D is 30

min.

with ferritin®® (Figure 3B), high reduction overpotential and
slow electron transfer on OSR-philic GCE (Figure 44, C).
Although ferritin showed low response on OSR-philic GCE
(Figure 4A, C), in support of highly ISR-philic H,O,, the fastly
oxidized ferritin underwent fast chemical reduction by highly
OSR-philic Ru(NH;)** (Figure 3B), indicating its OSR/ISR-
philicity. So electrochemical reduction of chemically generated
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Ru(NH,)s*" (Figure 3B) via the redox cycling of Ru(NH;)**
with ferritin and H,O, produced high electrochemical readout
on GCE (Figure 4B, D). Moreover, the low electrochemical
response of ferritin at low scan rate (Figure 4A) and well-
defined peak at high scan rate (Figure S1) indicated that no
structural deformation occurred. For the sake of simplicity, the
chronocoulometric reduction charge was plotted on positive Y-
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Table 1. Comparison of Detection Results with Other Redox Cycling-Based Immunoassay and Ferritin-Labeled Bioassays

detection method target biosensing strategy detectable range detection limit ref

spectroscopy human ceruloplasmin ferritin-antibody 33 pM —3.3 nM 30 pM 6
chronocoulometry CEA tyrosinase-redox cycling 1 pg/mL to 50 pug/mL 1.0 fg/mL 21
voltammetry CA 15-3 ferritin-CNTs -antibody 0.05—100 U/mL 0.009 U/mL 23
chronocoulometry PfHRP2 methylene blue-redox cycling 10.0 fg/mL to 100 ng/mL 10.0 fg/mL 29
fluorescence PDGF-BB ferritin-glycine-rich peptide-eGFP 10 pM to 1.0 nM 100 fM 32
spectroscopy cTnl repebody-ferritin nanoparticles 1 pg/mL to 1 ug/mL 0.8 pg/mL 33
voltammetry TNF-a apoferritin tamplted metal phosphate NPs 10 pg/mL to 10 ng/mL 2 pg/mL 34
magnetic separation erythrocyte ferritin-concanavalin A 1-1S ug/mL 35
chronocoulometry CA-125 GOx-redox cycling 0.1-100 U/mL 0.1 U/mL 36
chronocoulometry PSA GOx-redox cycling 10 pg/mL to 100 ng/mL 10 pg/mL 37
chronocoulometry cTnl GPDH-redox cycling 10 pg/mL to 100 ng/mL 10 pg/mL 38
chronocoulometry CKMB Au NP-redox cycling 100 fg/mL-10 ng/mL 20.0 fg/mL 39
chronocoulometry PTH nonenzymatic and diaphorase redox cycling 10 pg/mL to 100 ng/mL 2.0 pg/mL 40
chronocoulometry PTH nonenzymatic and Pd-NP redox cycling 1 pg/mL to 10 ng/mL 0.3 pg/mL 41
chronocoulometry E. coli antigen ferritin-redox cycling 10.0 fg/mL to 100 ng/mL 10.0 fg/mL this work

scale. The similar electrochemical response of Ru(NH;)¢>" and
after mixing with ferritin (Figure 4B, C) also indicated that the
ferroxidase activity of ferritin did not impact the reaction
system. The complete schematic mechanism of ferritin-
triggered redox system considering OSR/ISR-philicity of
redox couples was presented in Figure 1B.

Optimization for High Electrochemical Signal-to-
Background Ratio. To achieve the greatest signal amplifica-
tion, the maximum electrochemical S/B ratio and the highest
sensitivity of ferritin-triggered redox cycling for immunosensing
application, the concentrations of the redox couples, incubation
time, the applied potential were optimized. The immunosens-
ing system required the addition of Ru(NH;)¢*" and H,0, to
the detection solution, and ferritin was used as a label of
biorecognition element to produce detection signal. Therefore,
the response of Ru(NH;)s** and H,0, mixed in detection
solution could be considered as the electrochemical back-
ground. With the increasing ferritin concentration, the CV
response of 10 mM PBS (pH 7.4) containing 1 mM
Ru(NH;)¢*" and 10 mM H,0, at —0.23 V quickly increased
up to 100 pg/mL ferritin and then trended to a maximum
increment value at 200 pug/mL (Figures S2A and SA). Thus,
200 pg/mL ferritin was used as an optimum condition. The
effect of H,O, concentration on CV response of 10 mM PBS
(pH 7.4) containing 1 mM Ru(NH,)* and 200 pg/mL ferritin
showed similar tendency (Figure S2B), which gave the
optimum H,0, concentration at 10 mM (Figure S$B).
Interestingly, the concentration variation of H,0, did not
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affect the electrochemical background (Figure S3), thus H,0,
at the optimized concentration did not show any detrimental
effect on ferritin. Due to the deeply imbedded iron core of
ferritin within the structure, which lowered the electron transfer
rate between ferritin redox couple and Ru(NH,)** or H,0, in
the detection solution, an incubation step was required to
produce the high electrochemical readout. With the increasing
incubation time, the CV response of 10 mM PBS (pH 7.4)
containing 1 mM Ru(NH;)¢*, 200 ug/mL ferritin and 10 mM
H,0, increased (Figure S2C) and trended to the maximum
increment value at 30 min (Figure SC), which was considered
as optimum incubation time for the bioassay.

At the optimum concentrations of redox couples and
incubation time, the applied potential for the ferritin-triggered
redox cycling was optimized to be —0.23 V (Figure S4), at
which the maximum electrochemical S/B ratio of 42 could be
obtained (Figure SD). Here the chronocoulometric readout at
100 s was used to calculate the electrochemical S/B ratio. Since
chronocoulometry showed better reproducibility of the
accumulated electrochemical signal and improved immunosens-
ing performance than cyclic voltammetry for redox cycling
based bioassay,'® the following immunoassay was performed
using chronocoulometry at —0.23 V.

E. coli Immunosensing with Ferritin-Triggered Redox
Cycling. To examine the application of the ferritin-triggered
redox cycling in highly sensitive immunoassay, E. coli
lipopolysaccharide protein antigen (purified by HPLC) was
used as a model analyte, for which mouse anti-E. coli antibody
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was immobilized on GCE surface as capture antibody, and
rabbit anti-E. coli antibody was labeled with ferritin as detection
probe of the traditional sandwich immunoassay. The perform-
ance of the detection probe was first evaluated (Figure SS). The
charge response of ferritin in the mixture of Ru(NH;)s>" and
H,O0, upon its conjugation to antibody showed minute change
(from 793 uC to 759 uC), indicated insignificant impact of
antibody on its catalytic activity and stability. The chronocou-
lometric response of the immunosensor showed continuous
increment with the increasing E. coli concentration (Figure 6A).
The plot of the response at 100 s vs the logarithm of E. coli
concentration showed a good linearity in the range of 10.0 pg/
mL to 0.1 ug/mL (Figure 6B). The detection limit was
calculated at 3SD to be 10 fg/mlL, according to the TUPAC
definition: average of the detection signals from the negative
control samples plus 3 times the standard deviation of the
negative control signals. Although the detection limit of 10 fg/
mL for E. coli antigen was 1 order of magnitude worse than that
of 1 fg/mL for carcinoembryonic antigen (CEA) in previously
reported tyrosinase-tri§gered redox scheme due to the
difference of analytes,” the sensitivity of the proposed
chronocoulometric immunoassay, the slope of signal enhance-
ment at 10 pg/mL (1.1 X 10~* C, Figure 6), was 1 order of
magnitude higher than that of 1.2 X 107> C for the tyrosinase-
triggered redox scheme, which was due to the theoretical
teasibility of the proposed redox scheme and the faster redox
reaction. The high sensitivity indicated the improved analytical
performance of the ferritin-triggered redox cycling. It is
anticipated that the developed ferritin-triggered redox cycling
also offered high superiority over other ferritin labeled bioassays
as well as improved biosensing performance over other redox
cycling based immunoassays (Table 1). Although the proposed
scheme exhibited similar sensitivity to the electro-oxidation
based redox scheme where methylene blue was used as label
and TCEP as reductant, it offered advantages of theoretical
feasibility and negligible interference of dissolved O, through its
electro-reduction based assay. Moreover, it opens a new avenue
for using ferritin as an efficient label for biosensing.

The practicability of the developed immunosensing method
was demonstrated by testing commercial milk containing E. coli
antigen. Five samples of commercial milk were prepared by
spiking various concentration of E. coli antigen directly to the
commercial milk to measure the chronocoulometric responses
(Figure S6A). The matrices in the milk samples showed
ignorable effect on the immunoassay of E. coli antigen (Figure
S6B). The excellent reproducibility at different concentrations
and wide detection range of the immunosensor indicated its
superior practicability in sensitive detection of food borne
pathogens from commercial sources.

B CONCLUSIONS

This work reports a concept of ferritin-triggered redox cycling
for significant electrochemical signal amplification. By using
Ru(NH,)** as an OSR-philic redox mediator and H,0, as an
ISR-philic oxidant, the detection system shows excellent
resistant of the mediator against radical oxygen species, and
thus negligible background. The designed outersphere-to-
innersphere redox reaction can produce greatly amplified
electrochemical response, which leads to high S/B ratio for
territin labeled immunosensing. Using E. coli antigen as a model
analyte, the immunosensing method based on ferritin-triggered
redox cycling shows excellent performance with greatly
improved sensitivity. This work opens a new avenue to use
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ferritin as an efficient label of traditional biosensor for
developing highly sensitive methodology for bioanalysis.
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