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Generally, an immunoaffinity SPR biosensor detects a target analyte in a sample through highly selective
adsorption by using the antigen–antibody interaction. For improving the sensitivity, various kinds of
particles have been added to the already bound analytes on the SPR biosensor (sandwich assay). In this
work, signal amplification was demonstrated by the expression of the IgG-binding Z-domain of protein
A on the outer membrane of Escherichia coli via “Autodisplay”. The amount of Z-domain of protein A
expressed on the outer membrane was calculated to be 280,000 molecules per cell. In addition, the IgG-
utodisplay
PR biosensor
yoglobin

mmunosensor
ignal amplification

binding ability of the expressed protein was characterized using FACS analysis. The signal amplification of
the SPR biosensor was performed in the sandwich assay format using a model of horseradish peroxidase
(HRP); the limit of detection was determined to be significantly improved from 1 �g/ml to 1 ng/ml. Finally,
myoglobin analysis was demonstrated for the medical diagnosis of cardiac diseases. The detection limit
was estimated to be improved from 10 ng/ml to <1 ng/ml. These results show that Z-domain-displaying E.
coli can be successfully used for the signal amplification of immunoaffinity biosensors, thereby improving
the sensitivity and the limit of detection.

s
m
t
r
i
(
t
m
A
c
a
a
t

. Introduction

Immunoaffinity (IA) biosensors have been developed by using
he highly specific interaction between antigens and antibodies.
he IA layer for the molecular recognition of a specific target analyte
as usually been produced by immobilizing the antibodies on the
urface of a transducer (Luppa et al., 2001). It is well known that the
ntibodies (IgG’s) have a ‘Y’-shaped structure with two binding sites
called Fabs) at the variable regions. These binding sites are localized
t the two edges of three-dimensional structure of the antibody.
herefore, effective detection of a target analyte by the antibodies
t the IA layer is possible when the Fab regions of the antibodies
re exposed toward the analyte by orientation control methods
Liddell, 2001). Density of antibodies on the IA layer should also be

ontrolled to improve the sensitivity of the immunosensors. This
s done by binding maximum amount of target analyte in a unit
ample volume.

∗ Corresponding author. Tel.: +82 2 2123 5851; fax: +82 2 365 5882.
E-mail address: jcpyun@yonsei.ac.kr (J.-C. Pyun).
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In order to improve sensitivity of immunosensors, both den-
ity and orientation of the antibodies should be controlled. Various
ethods aiming to achieve this have been tried. It has been reported

hat IA layers prepared by physical adsorption or chemical coupling
esult in randomly oriented antibodies, where only 20% of antibod-
es in the IA layer have proper orientation for the binding of analytes
Lu et al., 1996; Muramatsu et al., 1989). Especially for controlling
he orientation of antibodies at the IA layer, protein A has been

ost frequently used for the immobilization of antibodies. Protein
is well known to bind polysaccharides that are located at the

onstant region (called Fc region) of antibodies. Due to this char-
cteristic, protein A has been applied to immunosensors, as well
s conventional immunoassays, for the control of antibody orien-
ation (Chung et al., 2006; Anderson et al., 1997; Bae et al., 2005;
anno et al., 2000; Nakanishi et al., 1996; Owaku and Goto, 1995). In

his work, the antibody-binding domain of protein A from Staphy-
ococcus aureus, that is the Z-domain of protein A, was produced at

he outer membrane of Escherichia coli by “Autodisplay”, exhibiting
controlled orientation and density of the expressed protein.

The name “Autodisplay” was initially introduced for the use of
he autotransporter domain of a protein called adhesin involved in
iffuse adherence from E. coli (AIDA-I) (Benz and Schmidt, 1992)

http://www.sciencedirect.com/science/journal/09565663
http://www.elsevier.com/locate/bios
mailto:jcpyun@yonsei.ac.kr
dx.doi.org/10.1016/j.bios.2008.07.067
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or the outer membrane translocation of a recombinant protein in
ombination with the signal peptide of the cholera toxin-subunit
CTB) and an artificial promoter (Maurer et al., 1997). More recently,
Autodisplay” was established generally as a recombinant surface
isplay of proteins or peptides by means of any autotransporter

n any gram-negative bacterium (Jose and Meyer, 2007). In com-
arison to other cellular surface display systems, the “Autodisplay”
ystem has several unique features as follows: (1) more than 105

ecombinant molecules can be expressed on the outer membrane
. coli (Jose et al., 2001), (2) stable multi-meric proteins can be
xpressed from mono-meric genes (Jose et al., 2002; Jose and von
chwichow, 2004).

The recombinant passenger protein is transported by simply
ntroducing its coding sequence in-frame between the signal pep-
ide and the translocating domain of transformation vector as
hown in Fig. 1 (Maurer et al., 1999). The introduction of a mul-
iple cloning site instead of the native passenger allows in-frame
nsertion of various passenger domains. The C-terminal part of
utotransporter protein forms a porin-like structure (�-barrel)
ithin the outer membrane of gram-negative bacteria, such as E.
oli. Through this pore, the recombinant passenger domain is self-
ranslocated to the surface (Jose et al., 1995; Jose, 2005, 2006; Jose
nd Meyer, 2007). This autodisplay system was successfully used
or the functional surface expression of a wide variety of recom-
inant proteins (Mauer et al., 1997; Jose et al., 2001; Jose and von
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ig. 1. Autodisplay of proteins at the E. coli outer membrane. The autodisplaying plasmid w
he passenger domain is expressed on the outer membrane of E. coli. Structure of the pa
utodisplay as being a part of plasmid pJJ-AT-ZZ18-3. ‘SP’ represents signal peptide for th
tronics 24 (2009) 1324–1329 1325

chwichow, 2004; Lattemann et al., 2000; Schulthesis et al., 2002;
izos et al., 2003; Fischer et al., 2001; Krause et al., 2004; Veiga et
l., 2003).

In the present study, we used antibody-binding domain of pro-
ein A (called the Z-domain) as a recombinant passenger protein
n “Autodisplay”. This work aimed to express Z-domain of protein

in a controlled orientation on the E. coli outer membrane. To
haracterize the autodisplayed Z-domain, the amount of Z-domain
as estimated by comparison with a co-expressed reference pro-

ein called OmpA. Subsequently, the antibody-binding activity of
he autodisplayed Z-domain of protein A was confirmed by using
uorescence-labeled antibody and flow cytometric analysis (FACS).

The E. coli cells with autodisplayed Z-domain of protein A on the
uter membrane was used for the signal amplification of an SPR
iosensor. Usually, SPR biosensors are reported to have a detection
ange between �M and nM for a single step assay for analytes with
olecular weight of more than 1000 Da (Lundstroem, 1994; Kim

t al., 2007; Pyo et al., 2007). In comparison with the sensitivity of
he conventional methods for medical diagnosis, an SPR biosensor
hould have improved sensitivity (Chung et al., 2005). In order to

mprove the sensitivity of immunosensors, including SPR biosen-
ors, various labeled proteins have been added to the already bound
nalyte on the sensor surface (Mullett et al., 2000). For this ‘signal
mplification’, several methods, using various kinds of labeled pro-
eins, have been reported. For instance, secondary antibodies (Goh

ith a passenger domain (Z-domain of protein A) is transformed to E. coli, and then
ssenger domain which encodes the Z-domain–autotransporter fusion protein for

e translocation of the passenger across the inner membrane.
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t al., 2003), latex particles (Severs and Schasfoort, 1993), secondary
ntibodies conjugated with colloidal gold (Leung et al., 1994) and
vidin-biotinylated liposomes (Wink et al., 1998), have all been
sed. In this work, the E. coli cells with the autodisplayed Z-domain
as bound to the specific antibodies. The resulting antibody-bound

. coli cells were injected into the already bound target analytes on
he SPR biosensor for signal amplification. In this work, horseradish
eroxidase (HRP) and its antibody were used as a model system for
esting the feasibility of the method, and the medical diagnosis of
ardiac disorder was demonstrated by using protein A-displaying E.
oli and a marker protein called myoglobin (Matveeva et al., 2005).

. Materials and methods

.1. Materials

Bovine serum albumin (BSA), protein A, and avidin were
urchased from Calbiochem-Novabiochem GmbH (Schwalbach,
ermany). Anti-E. coli antibodies (polyclonal), myoglobin, anti-
yoglobin antibodies (polyclonal), and anti-HRP antibodies (poly-

lonal) were bought from AbCam (Cambridge, UK). Horseradish
eroxidase and all of the other chemicals (of analytical grade) were
urchased from Sigma–Aldrich Korea (Seoul, Korea). DyLight 647-
oupled goat anti-mouse antibodies (polyclonal) were purchased
rom Pierce (Rockford, USA).

.2. Construction of autodisplay vector, pJJ-AT-ZZ18-3

The antibody-binding Z-domain of protein A (from S. aureus)
as first cloned by PCR, resulting in plasmid pEZZ18 (Löwenadler

t al., 1987). The Z-domain for cloning in an autodisplay vec-
or was obtained by PCR amplification using following primers
ith restriction enzyme sites for XhoI and KpnI, respec-

ively: 5′-CGCTCGAGGACAACAAATTCAACAAAG-3′ and 5′-TAGGTA-
CTACTTTCGGCGCCTG-3′. The resulting PCR product (with 186 bp)
as first inserted into pBluescipt KS(-), and the PCR product was

onfirmed by nucleic acid sequencing. The PCR product was then
xcised by XhoI and KpnI, and then it was ligated to autotrans-
orter plasmid pET-Adx04 (Jose et al., 2002). The resulting plasmid
as referred to be pJJ-AT-ZZ18-3 as shown in Fig. 1.

.3. Surface display of the Z-domain of protein A

The autodisplaying vector pJJ-AT-ZZ18-3 was transformed into
. coli UT5600 (F– ara14 leuB6 azi-6 lacY1 proC14 tsx-67 entA403
rpE38 rfbD1 rpsL109 xyl-5 mtl-1 thi1, �ompT-fepC266) (Grodberg
nd Dunn, 1988), which is not able to form the outer mem-
rane protease T (OmpT). The transformed E. coli cells expressed
he recombinant passenger–autotransporter fusion gene of pJJ-AT-
Z18-3 and subsequently translocated the Z-domain of protein A
nto the cell surface of E. coli UT5600 through the autotransporter
athway (Maurer et al., 1997). E. coli cells were routinely cultured
t 37 ◦C in a Luria–Bertani (LB) broth of 10 �M EDTA, 10 mM 2-
ercaptoethanol, and ampicillin at a concentration of 100 mg/l.

.4. Analysis of outer membrane proteins

.4.1. Outer membrane preparation
The E. coli cells were grown overnight and this culture (1 ml)
as used to inoculate fresh LB medium (20 ml). The E. coli cells
ere incubated at 37 ◦C with vigorous shaking (200 rpm) for about
h until the optical density at a wavelength of 578 nm reached a
alue of 0.7. Then, the E. coli cells were harvested and the outer
embranes were prepared according to the rapid isolation method

t
w
a
t

tronics 24 (2009) 1324–1329

f Hantke (Hantke, 1981), using modifications by Schulthesis et al.
2002).

.4.2. SDS-PAGE and densitometric analysis
The outer membrane preparations were diluted (1:2) with a

ample buffer (100 mM Tris–HCl, pH 6.8, containing 4% SDS, 0.2%
romophenol blue, and 20% glycerol). The prepared outer mem-
rane samples were boiled for 20 min and then analyzed using
2.5% SDS-PAGE. After electrophoresis, proteins were visualized by
taining with Coomassie brilliant blue. The molecular weight of the
utodisplayed Z-domain of protein A was confirmed by comparison
ith the pre-stained molecular weight markers (Bio-Rad Labora-

ories, Munich, Germany). The density of each band was estimated
sing a documentation system (ChemiDoc XRSTM) and an analysis
rogram (Quantity-OneTM) from Bio-Rad Laboratories.

.4.3. Flow cytometer analysis
E. coli cells transformed with plasmid pJJ-AT-ZZ18-3 were grown

vernight and diluted (1:20) in a freshly prepared medium. The
. coli cells were grown at 37 ◦C with vigorous shaking until the
ptical density reached a value of 3.0 at a wavelength of 578 nm
OD578). The E. coli cells were harvested, washed three times with
BS, and then resuspended in PBS/3% fetal calf serum to a final
D578 of 1.0. After incubation at room temperature for 10 min, 20 �l
f DyLight 647-labeled IgG was added to 1 ml of the cell suspension,
esulting in a final concentration of 20 �g IgG/ml. After incubation
or 30 min at room temperature, the E. coli cells were washed three
imes with 1 ml of PBS and then resuspended in filter-sterilized
BS to have OD578 of 0.5. For each experiment, at least 10,000 cells
ere analyzed with a FACSAria flow cytometer (Becton-Dickinson,
eidelberg, Germany), using an excitation wavelength of 488 nm
nd filter-sterilized PBS as a sheath fluid. The threshold trigger was
et on side scatter to eliminate background noise and to analyze
nly intact cells.

.5. SPR biosensor measurements

A SpreetaTM chip from Texas Instruments Co. (Dallas, TX) was
sed for the SPR measurements. This SPR chip is equipped with
flow cell with a capacity of 5 �l and the measurements were

erformed using a home-made control circuit board, designed
ccording to the technical specification of SpreetaTM chip from
exas Instruments Co. In each case, the sample and the washing
olution were injected into the flow cell using an integrated injec-
ion valve and a peristaltic pump. The pumping rate was set at
.0 ml/min and the flow of the solution was programmed to stop
uring the incubation step. The whole instrument was kept in
n incubator where the temperature was set at 37 ◦C. Each mea-
urement step consists of sample injection (100 �l), incubation
30 min), and three repeated washing steps with 0.5% (v/v) Tween
0 (3 ml). In order to avoid any effect of buffer change, the signal
as calculated from the difference between SPR response prior to

ample injection and that after the washing steps, and the flow of
uffer was stopped during the measurement and the incubation
teps.

. Results and discussion

.1. Quantification of the surface-displayed protein A (Z-domain)
Recently, we reported that autodisplay method enables surface
o display numbers up to 1.8 × 105 passenger molecules per cell
ithout interfering with viability and growth of the cell (Jose et

l., 2001; Jose and von Schwichow, 2004; Jose and Meyer, 2007). In
his work, expression of 2.8 × 105 molecules per cell of Z-domain
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ig. 2. Quantification of the autodisplayed Z-domain of protein A on SDS-PAGE gel:
ane 1, protein molecular weight marker; lane2, the outer membrane sample of
ontrol cells (UT5600 (DE3)) without expressing Z-domain; lane 3, outer membrane
ith autodisplayed Z-domain of protein A.

f protein A was possible using the same autodisplay method.
his number of molecules autodisplayed on a single E. coli cell
as estimated by comparing the expression of the Z-domain with

he expression of the natural outer membrane protein OmpA.
he number of OmpA molecules on the intact outer membrane of
. coli UT5600 is known to be approximately 105 copies per cell
Koebnik et al., 2000). Based on this value, the amount of expressed
-domain molecules were estimated by normalizing the intensity
f protein bands on the SDS-PAGE gel, as described in Section 2.4.
s expected from the specification of the E. coli strain of UT5600

F– ara14 leuB6 azi-6 lacY1 proC14 tsx-67 entA403 trpE38 rfbD1
psL109 xyl-5 mtl-1 thi1, �ompT-fepC266), the protein bands of the
-domain of protein A did not appear on the outer membrane sam-
le of control cells (UT5600 (DE3)) without expressing Z-domain
lane 2) as shown in Fig. 2.

The protein band of the Z-domain was observed at the outer
embrane sample of E. coli, transformed by autodisplaying plasmid

f pJJ-AT-ZZ18-3 (lane 3), and the molecular weight was estimated
o be 58.5 kDa, as expected from the fusion protein sequence of
he Z-domain. Band intensities of the OmpA and Z-domain were
stimated by densitometric analysis (Section 2.4), and the num-
er of autodisplayed Z-domain molecules were estimated to be
.8 × 105 molecules per cell. From these results, the expression
f the Z-domain of protein A was confirmed and the amount of
he expressed Z-domain was estimated from these densitometric
nalyses of the outer membrane samples.

.2. Functional analysis of the autodisplayed Z-domain of protein
using flow cytometry (FACS)

The antibody-binding activity of the Z-domain, which was con-
rmed to be autodisplayed at the outer membrane (Fig. 2), was
stimated by using fluorescence-labeled antibodies and FACS anal-
sis. As shown in Fig. 3, DyLight 647 (a fluorescent dye)-labeled
ntibodies (IgG) were incubated with the intact E. coli UT5600
nd the E. coli UT5600 autodisplaying Z-domains on their outer
embranes. After washing steps described in Section 2, the E. coli
amples were studied by FACS analysis. In the case of native E. coli
T5600, the labeled antibodies were not expected to be specifically
ound to the outer membrane. As shown in Fig. 3(a), the labeled E.
oli was estimated to be 9.6% of the 10,000 E. coli cells. In the case of
he E. coli cells autodisplaying the Z-domain of protein A, the por-

3
c

2

ig. 3. FACS analysis for the antibody-binding activity of the autodisplayed Z-
omain of protein A on the outer membrane of E. coli cells. (a) FACS analysis data of
he native E. coli cells and (b) FACS analysis data of Z-domain autodisplaying E. coli
ells.

ion of fluorescence-labeled E. coli was estimated to be 90.8% and
he number of E. coli without antibody-binding activity was evalu-
ted less than 10% (n = 104) as shown in Fig. 3(b). These FACS analysis
esults indicated that the Z-domain of protein A (which was dis-
layed by transformation of UT5600 with the Autodisplay plasmid
JJ-AT-ZZ18-3) had an antibody-binding activity, and the portion of
he Z-domain active E. coli cells was more than 90% (n = 104).
.3. SPR response by the specific binding of antibody-coupled E.
oli

Usually, E. coli cells have a cylindrical shape with a length of
.0 �m and a width of 0.5–1.0 �m (Muramatsu et al., 1989). As
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he thickness of the sensitive layer of a SPR biosensor is known
o be less than 200 nm (Caide and Sui, 2000), the binding of E. coli
an saturate the SPR response. In order to show the feasibility of
ignal amplification, response of the SPR biosensor was measured
hen the Z-domain-displayed E. coli was specifically bound to the

A layer. For this measurement, the BSA was coated onto the SPR
iosensor through physical adsorption. This was done by incubating
SA solution (at a concentration of 10 mg/ml) for 1 h. Subsequently,
he anti-BSA antibody-coupled E. coli and antibody-unbound E. coli
ere sequentially injected onto the SPR biosensor. For the bind-

ng of anti-E. coli antibody to the autodisplayed Z-domain, the E.
oli solution (at a concentration of 108 cell/ml) was mixed with
he same volume of the anti-E. coli antibody solution (at a con-
entration of 100 �g/ml) for 1 h. The anti-BSA antibody-coupled
. coli and antibody-uncoupled E. coli (100 �l) were then sequen-
ially injected onto the SPR biosensor. The anti-BSA antibody-bound
. coli indicated significant SPR response in comparison to that
f antibody-unbound E. coli. The amount of non-specific binding
f the antibody-uncoupled E. coli to the BSA surface (15 AU) was
stimated to be approximately 10% in comparison to the specific
inding (150 AU). This result shows that the antibody-bound E. coli
ith Z-domain can make a significant SPR response by the specific

inding to the IA layer of the SPR biosensor.

.4. Application of Z-domain autodisplayed E. coli for sandwich
ssay on the SPR biosensor

Sandwich assays have been widely used to increase sensitivity
f immunosensors, including the SPR biosensor. In such an assay
ormat, a target analyte is bound to the IA layer, and then addi-
ional antibodies or antibody-coupled particles were injected to

ake a sandwich complex with the already bound target ana-
yte. To demonstrate feasibility of the sandwich assay using the
-domain autodisplayed E. coli, a protein called horseradish perox-
dase was used as a model target analyte. The anti-HRP antibodies

ere immobilized to produce an IA layer on the SPR biosensor and
he HRP solutions (at different concentrations) were injected as
amples.

For the HRP measurement, the IA layer was prepared through
hysical adsorption. This was done by incubating the anti-HRP anti-
ody solution (at a concentration of 100 �g/ml) for 1 h. The binding
f anti-HRP antibodies were bound to the E. coli cells with the
utodisplayed Z-domain by mixing the E. coli (at a concentration
f 108 cell/ml) with the same volume of the anti-HRP antibody
olution (at a concentration of 100 �g/ml) for 1 h. After the HRP
ample solution was injected onto the SPR biosensor, the anti-HRP
ntibody-bound E. coli (100 �l) was sequentially injected onto the
PR biosensor.

The typical procedure used for the signal amplification, by the
andwich assay, is shown in Fig. 4. At first, SPR response was mea-
ured after the HRP sample injection, and then the E. coli bound
o the anti-HRP antibodies were injected sequentially. In the case
f HRP detection, limit of detection was determined to be approx-
mately 1 �g/ml. When the signal amplification is applied to the
RP detection by sandwich assay, limit of detection was improved
ore than 1000-fold, to be less than 1 ng/ml, and the concen-

ration range from 1 ng/ml to 1 �g/ml could be measured with a
ignificantly high sensor response. This result clearly shows appli-
ability of the E. coli cell with Z-domain to signal amplification
hrough the sandwich assay format. The signal amplification effect

y the antibody-bound E. coli was compared with the effect by the
ntibody binding to the analyte. For this experiment, anti-HRP anti-
ody (100 �g/ml) was sequentially injected onto the SPR biosensor
fter the HRP treatment. The LOD was improved to be less than
0 ng/ml and the signal amplification by the antibody-bound E. coli

s
s
m
i

ig. 4. SPR biosensor responses before and after the sandwich assay of a model
rotein (HRP) by using anti-HRP antibody-bound E. coli cells.

as estimated to be more than 10-fold higher than only-antibody
reatment.

.5. Detection of myoglobin using antibody-coupled E. coli

Cardiac disorder is usually known as ‘silent killer’ because the
ymptoms are trivial or vague right up until a dangerous heart
ttack. Myoglobin is known to be a specific biomarker for cardiac
isorder, along with troponins and chreatine kinases (Matveeva et
l., 2005). If heart infarction occurs by the clogging of a blood ves-
el, the tissue of the heart muscle is partially damaged and these
roteins are released into the blood stream. If this condition is
etected within 24 h after the infarction happens, life of a patient
an be saved by the thrombolytic treatment. The normal concen-
ration of myoglobin, 100 ng/ml, has been used as the cut-off value
or diagnosis of cardiac disorder. In this work, medical diagnosis of
ardiac disorder by the detection of myoglobin was demonstrated
y using a SPR biosensor. The sandwich assay using E. coli cells with
-domain was applied for the improvement of sensitivity.

For the myoglobin measurement, the IA layer was prepared
hrough physical adsorption by incubating the anti-myoglobin
ntibody solution (at a concentration of 100 �g/ml) for 1 h. The
nti-myoglobin antibody coupling to the E. coli with autodis-
layed Z-domain was carried out by mixing the E. coli (at the
oncentration of 108 cell/ml) with the same volume of the anti-
yoglobin antibody solution (at a concentration of 100 �g/ml) for
h. After the sample solution was injected onto the SPR biosensor,

he anti-myoglobin antibody-bound E. coli solution (100 �l) was
equentially injected onto the SPR biosensor.

As shown in Fig. 5, the myoglobin sample was injected onto
he SPR biosensor with the IA layer of anti-myoglobin antibod-
es. The E. coli cells bound with anti-myoglobin antibodies were
hen sequentially injected for signal amplification. Before and after
mplification, the detection limit was estimated to be improved
rom 10 ng/ml to less than 1 ng/ml as shown in Fig. 5.
This result shows that E. coli displaying the Z-domain at its
urface can be effectively used for signal amplification using the
andwich assay. Based on the result of a model protein (HRP) and
yoglobin, limit of detection is expected to be more than 10-fold

mproved by the amplification method.
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ig. 5. Comparison of SPR biosensor response with and without the sandwich assay
f myoglobin by using anti-myoglobin antibody-coupled E. coli.

. Conclusions

In this work, signal amplification was demonstrated by using the
. coli cells autodisplaying the antibody-binding Z-domain of pro-
ein A at the outer membrane. The amount of Z-domain of protein,
utodisplayed at the outer membrane, was calculated to be 280,000
olecules per cell. In order to confirm the antibody-binding ability

f the autodisplayed Z-domain, the DyLight 647-labeled antibodies
ere added to the E. coli cells autodisplaying Z-domain and to the
ative E. coli (negative sample). The two samples were analyzed
y flow cytometry and over 99% of E. coli cells autodisplaying Z-
omain bound the DyLight 647-labeled antibodies. In the negative
ample, no fluorescence was detected. This result showed that the
utodisplayed Z-domain at the outer membrane has the expected
ntibody-binding activity. The signal amplification of the SPR
iosensor was performed in the sandwich assay format by using
. coli cells displaying Z-domain. Antibodies against horseradish
eroxidase were immobilized and then HRP was injected onto the
RP-bound SPR biosensor. The anti-HRP antibody was immobi-

ized on the Z-domain autodisplayed at E. coli by incubation and
hen added to the HRP-bound SPR biosensor. By the signal ampli-
cation method, the limit of detection was significantly improved

rom 1 �g/ml to 1 ng/ml. To demonstrate the feasibility of using E.
oli as a signal amplification tool, E. coli cells displaying Z-domain
ere applied to the myoglobin, and analyzed for the medical diag-

osis of cardiac diseases. The detection limit was estimated to be

mproved from 10 ng/ml to <1 ng/ml. These results show that E. coli
ells autodisplaying Z-domain can be successfully used for the sig-
al amplification of immunoaffinity biosensors, thereby improving
ensitivity and the limit of detection.
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