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Abstract

Usually, SPR biosensor has been applied for the de-
tection of a target analyte in a sample by using the
highly specific antigen-antibody interaction. For the
specific binding of the target analyte in a sample,
suitable antibodies are usually immobilized on the
sensor surface, which is called ‘immunoaffinity (IA)
layer’. After repeated sample detection and regene-
ration processes, the activity of IA layer is damaged
and thrown away. In this work, a reconstruction me-
thod of IA is presented by using a proteolytic enzy-
me. By analysis of the amount of immobilized anti-
bodies to the reconstructed IA layer as well as the
activity of reconstructed IA layer of the reconstruct-
ed IA layers, the feasibility of reconstruction method
was demonstrated. 
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Introduction

Immunoaffinity biosensors employ antibodies (or
sometimes antigens) for the specific molecular re-
cognition of a target analyte. Such immunoaffintiy
biosensors based on the highly specific antigen-anti-
body interaction are usually applied for the detection
of a target analyte at extremely low concentration in a
complex mixture like blood sample. The surface of
immunoaffinity biosensors for the molecular recog-
nition of the target analyte have been generally called
as an immunoaffinity layer (IA layer)1-3. 

Usually, the target analytes bound to the IA layer
and they should be removed for the next measure-
ment. The conventional way to reuse such an IA lay-
er is called ‘regeneration’, which involves removing
the already bound analyte from the IA layer by using

high or low pH reagents. Chaotropic agents or ions at
high concentration, various kinds of detergents, and
nonpolar, water soluble solvents in diluted form have
been also used for the regeneration of the IA layer. In
rare cases, reducing agents such as DTT are reported
to have been used4. Recently, several research groups
have reported success in regenerating IA layers for
reuse of many cycles (50-60 cycles) by treatment of
acidic or basic solutions or competitor solutions5-8.
Such regeneration methods based on chemical treat-
ment can increase the possible number of measure-
ment per immunoaffinity sensor. However, each re-
generation cycle partially or completely denature the
antigens or the antibodies on the IA layer. Finally, the
IA layer on the IA sensor does not bind the target ana-
lyte and the IA sensor should be thrown away. 

The “reconstruction of IA layer” means the proteo-
lytic digestion of target analyte bound IA layer and
re-immobilization of the IA layer. As the basement of
such an IA layer, proteins such as protein A or bovine
serum albumin (BSA) layer were prepared on the
SPR sensor surface. The protein layer was digested
by using proteolytic enzyme so that primary amine
groups were exposed on the IA layer. These amine
groups were used for the covalent coupling of anti-
bodies which consist of the IA layer. For the recon-
struction of IA layer, the proteolytic digestion of tryp-
sin and antibody coupling can be performed repeated-
ly as follows (the procedure in following parenthesis
is carried out for reconstruction of IA layer): BSA
coating→ [trypsin treatment→ antibody coupling→
blocking→measurement]. 

In this work, a reconstruction method of the IA lay-
er by using a proteolytic enzyme called trypsin is pre-
sented. Anti-HRP antibodies was used as model IA
layer on an SPR chip called SpreetaTM which can di-
rectly detect the antigen-antibody interaction without
any additional label9-13. 

Results and Discussion

SPR Measurement
In this work, a home-made SPR biosensor system

based on SpreetaTM chip from Icx Technologies, Inc
(Arlington, VA, USA) was used for all sensor mea-
surement. As shown in Figure 1(a), the SPR chip is
equipped with an integrated flow cell with a capacity
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of 5 μL. The sample and the washing solution were
injected into the flow cell through an injection valve,

and buffer flows by an integrated peristaltic pump.
The pumping rate was set to be 1.0 mL/min. The peri-
staltic pump and the injection valve were controlled
using a custom-made microprocessor board. The flow
of solution was programmed to stop during the incu-
bation step. The response of the SPR chip was trans-
ferred to a PC through 12-bit analog-to-digital con-
verter. 

A typical sensor signal from the SPR biosensor is
shown in Figure 1(b). Each measurement step con-
sists of sample injection (indicated as ‘1’), incubation
(30 min), washing with 0.1% Tween 20 (indicated as
‘2’), and incubation (5 min). The signal was calculat-
ed by the difference of the SPR angles after washing
procedure as indicated by the arrow. The sensor sig-
nal was calibrated by using sucrose solution with dif-
ferent refractive index (RI) values. The standard RI
value of sucrose solution was determined by using a
conventional refractometer from Leica Co. (Germa-
ny), and the SPR sensor response was correlated to
the RI values by using the same sucrose solution as
shown in Figure 1(c).

Reconstruction of IA Layer
As described in Introduction, the reconstruction pro-

cedure consists of 1) the proteolytic digestion of IA
layer, and 2) re-immobilization of the IA layer as fol-
lows (the procedure in parenthesis is carried out for
reconstruction of IA layer): BSA coating→ [trypsin
treatment→ antibody coupling→ blocking→mea-
surement].

In this work, bovine serum albumin (BSA) layer
was prepared as the basement of IA layer on the SPR
sensor surface and then digested by using trypsin so
that primary amine groups were exposed on the IA
layer. These amine groups were used for the coupling
of antibodies which compose the IA layer. In this
work, anti-HRP antibodies were immobilized on the
IA layer by covalent coupling and the rest functional
groups were blocked by treatment of BSA solution.
The prepared IA layer of anti-HRP layer was applied
to detect the HRP in samples at three different con-
centrations. By using the SPR biosensor, the construc-
tion process as well as the HPP sample treatment was
monitored as shown in Figure 2(a).

The SPR response after trypsin treatment shows
that the basement BSA layer was slightly digested.
To ensure the high immobilization density of anti-
bodies, an ideal basement layer should expose amine
groups as much as possible. Trypsin is well known to
digest specifically the peptide bond between arginine
and lysine14. For the adjustment of the amine group
concentration, the selection of proteolytic enzyme can
be also considered to be changed. For the demonst-
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Figure 1. Home-made SPR system. (a) Picture of SPR sys-
tem. The enclosed picture shows the SPR chip equipped with
a flow cell. (b) Typical sensor response of sample injection,
incubation, and washing. (c) Sensor response according to
different RI samples (n==3).
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ration of the reconstruction process of IA layer, the
proteolytic digestion of the IA layer was carried out
by treatment of trypsin as shown in Figure 2(b). 

After proteolytic digestion of the basement BSA lay-
er, anti-HRP antibodies were immobilized by co-
valent coupling. The activity of so-prepared IA layer
was tested by injection of HRP samples at three dif-
ferent concentrations. In comparison to the signal

increase by the binding of anti-HRP antibodies (SPR
signal==1.369) and by three HRP samlples (additive
SPR signal==0.755), the proteolytic digestion by tryp-
sin resulted in the SPR signal of 0.366. This result
shows that the proteolytic digestion removes only the
IA layer which consisted of anti-HRP antibodies, the
bound HRP. This means that the basement layer be-
comes thicker and thicker after reconstruction process.

Repeated Reconstruction of IA Layer
The reconstruction of IA layer was repeatedly car-

ried out by treatment of trypsin and then immobili-
zation of anti-HRP antibodies. To confirm the fea-
sibility of reconstruction process, the following para-
meters were compared: 1) the amount of anti-HRP
antibodies which were immobilized on the SPR bio-
sensor, 2) the binding activity of reconstructed IA
layer when HRP sample at three different concen-
trations were injected to the SPR biosensor. 

The amount of immobilized anti-HRP antibodies
on the SPR biosensor indicates the amount of amine
groups which were produced after proteolytic diges-
tion of IA layer. As shown in Table 1, the SPR signal
by the immobilized anti-HRP antibodies was increas-
ed as the reconstruction of IA layer was repeatedly
carried out. In comparison to the 1st layer, far more
amount of anti-HRP antibodies were observed to be
immobilized on the 2nd IA layer. This result shows
that anti-HRP bound IA layer supplied far more amo-
unt of amine groups than the BSA layer digested by
trypsin. From the same reason, the 3rd IA layer was
observed to be also supplied similar amount of anti-
HRP antibody immobilization.

The second parameter for the binding activity of
reconstructed IA layer was also related to the amount
of anti-HRP antibodies. However, this parameter re-
presents more directly the feasibility of the recon-
struction method. As shown in Table 1, the activity of
reconstructed IA layer was observed to be increased
when the reconstruction process was repeated. This
result shows that IA layer can be prepared repeatedly
at the same sensor element by using reconstruction
method based on proteolytic enzyme. 

However, the SPR signal by proteolytic digestion is
always smaller than the increased SPR signal by bind-
ing of anti-HRP antibodies and HRP. This means that
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Figure 2. SPR sensorgram for IA layer preparation and
reconstruction process. (a) IA layer preparation on BSA
basement layer. (b) Reconstruction of IA layer and sequen-
tial injection of HRP samples.

Table 1. SPR signal parameters of repeated reconstruction of IA layer.

SPR signal by anti-HRP SPR signal by HRP samples SPR signal by proteolytic 
antibodies 1 μg/mL 10 μg/mL 100 μg/mL digestion

1st IA layer 0.3064 0.0511 0.2146 0.3815 0.3659
2nd IA layer 1.3690 0.1115 0.2657 0.7552 1.1667
3rd IA layer 1.6409 0.3388 1.2063 1.0482 1.2553



the basement layer becomes thicker and thicker after
reconstruction process. From this reason, the SPR
signal saturation at 3rd IA layer was reached sooner
than 2nd IA layer by the same HRP injection.

In summary, the reconstruction results show that
the reconstruction method of IA layer is feasible for
IA sensor application. The repeatable number of
reconstruction is expected to be dependent to the sel-
ection of adequate basement proteins as well as the
proteolytic enzymes.

Conclusions

Usually, SPR biosensor has been applied for the de-
tection of a target analyte in a sample by using the
highly specific antigen-antibody interaction. For the
specific binding of the target analyte in a sample, suit-
able antibodies are usually immobilized on the sensor
surface, which is called ‘immunoaffinity (IA) layer’.
After repeated sample detection and regeneration pro-
cesses, the activity of IA layer is damaged and thrown
away. In this work, a reconstruction method of IA is
presented by using a proteolytic enzyme. By analysis
of the amount of immobilized antibodies by the SPR
measurement, the amount of immobilized anti-HRP
antibodies was observed to be increased as the recon-
struction of IA layer was repeatedly carried out. Addi-
tionally, the binding activity of reconstructed IA layer
was observed to be increased when HRP samples at
three different concentrations are injected. From these
results, the IA layer can be prepared repeatedly at the
same sensor element by using reconstruction method
based on proteolytic enzyme.

Materials and Methods

Materials
Bovine serum albumin (BSA), trypsin and sucrose

were purchased from Sigma-Aldrich Korea (Seoul,
Korea). SpreetaTM chip was purchased from Icx Tech-
nologies, Inc (Arlington, VA, USA).

IA Layer Preparation & Reconstruction
A model IA layer was prepared by using BSA layer

on SPR biosensor. The BSA layer was prepared by
incubation of BSA solution (10 mg/mL) for 1 hr at
room temperature. After rinsing with washing solu-
tion (0.1% Tween 20 in PBS), the BSA layer was di-
gested by treatment of trypsin (1 mg/mL in PBS) for
10 min at 37�C. Then, the proteolytic reaction of tryp-
sin was quenched by rinsing the sensor surface by
using the washing solution.

For the coupling of anti-HRP antibodies, the sur-
face was treated with 100 mM EDAC/50 mM NHS in
10 mM sodium phosphate buffer (pH 5.0) for 10 min.
In order to block the other reactive sites, BSA solu-
tion (1 mg/mL in PBS) was incubated for 30 min at 37
�C. After incubation the sensor surface was rinsed by
using washing solution (0.1% Tween 20 in PBS).
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