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Abstract An immunosensor based on surface plasmon
resonance (SPR) with a mixed self-assembled monolayer
(SAM) was developed to determine staphylococcal entero-
toxin B (SEB). The SAM on a gold surface was fabricated
by adsorbing a mixture of 16-mercapto-1-hexadecanoic
acid (16-MHA) and hexanethiol at various molar ratios.
Initially, full-length anti-SEB was randomly immobilized
onto the SAM to form the immunosensing surface. Through
optimization of surface functionalization and anti-SEB
immobilization, the SPR sensors can be applied to the
determination of SEB in a linear range of 0.01~1.0 μg.
mL−1. Furthermore, a smaller antibody fragment (F(ab)’)
was generated and immobilized randomly (via amino
groups) or in an oriented manner (via −SH groups) to form
the immunosensing surface. The oriented immobilization of
F(ab)’ led to a 50% increase in the antigen binding
efficiency compared to randomly immobilized covalent
F(ab’) fragments. The resulting calibration curve showed
higher sensitivity. In addition, the specificity and applica-
bility of the proposed immunosensor to milk samples were
also demonstrated. Furthermore, the sensor can be regen-
erated using 0.1 M HCl, and 70% of the initial response
was maintained over 3 cycles.
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Introduction

Staphylococcal enterotoxin B (SEB) is one of the many
toxins produced by Staphylococcus aureus. Staphylococcus
aureus makes 12 structurally similar enterotoxins, namely,
enterotoxins A, B, C1, C2, C3, D, and E, plus the recently
discovered G, H, I, J, and K [1, 2]. These enterotoxins are
heat-stable, so they can only be damaged when cooked for
more than 2 h at 100°C; therefore, they can still lead to
illness even after being cooked. SEB was the subject of this
research. It is a 28.4-kDa polypeptide with two tightly
packed domains that can resist proteases and thus, can
survive in the gastrointestinal tract. When ingesting as little
as 100 ng of SEB orally, patients will usually have
symptoms of classic food poisoning of vomiting, diarrhea,
and fever; ingestion of larger amounts, in severe cases, can
lead to lethal shock [3, 4]. Not only does this toxin cause
food poisoning, it is also considered a potential biological
weapon and is classified as a category B select agent by the
National Institutes of Health and Centers for Disease
Control in the United States [4]. If exposed to SEB-
contaminated air, one would have symptoms such as fever,
chills, headaches, and cough. Due to its high disease-
causing rate and infective ability, releasing SEB into food,
water, or air on purpose would be a great danger to a
nation. Thus, creating a fast, sensitive, and specific method
to detect SEB in food, water, blood, urine, or tissues is
required.

Immunosensors have attracted great interest in recent
years for monitoring biological and chemical agents in a
variety of applications. A number of different signal-
transduction platforms have been designed including
amperometric immunosensing [5–7], impedance spectros-
copy [8, 9], QCM-based immunosensors [10–12], and
surface plasmon resonance (SPR)-based immunosensors

Microchim Acta (2009) 166:115–122
DOI 10.1007/s00604-009-0171-1

W.-C. Tsai (*) : P.-J. R. Pai
Graduate Institute of Biotechnology, Chinese Culture University,
55 Hwa-Kang Rd.,
Taipei, Taiwan
e-mail: wctsai@faculty.pccu.edu.tw



[13, 14]. Among these, SPR-based sensors are known to
possess various technical advantages. For example, they
detect biomolecular interactions without the use of labeled
molecules, determine kinetics and equilibrium constants,
provide real-time analysis, require low sample amounts,
and have high sensitivity, specificity, and reusability [15–
17]. In this particular research, we attempted to develop an
SPR-based immunosensor.

SPR is a physical process which occurs when light hits a
metal at a special angle under total internal reflection
conditions. The angle of incidence at which SPR occurs is
called the SPR angle. At the SPR angle, a sharp decrease in
intensity is found. The position of the SPR angle depends on
the refractive index of the sensing surface. Upon binding of
macromolecules to the surface, the refractive index of the
sensor surface changes, the SPR wave will change, and
therefore the angle changes accordingly. As a result, the SPR
angle is directly proportional to the number of molecules on
top of the gold surface, and SPR angle shifts (in milli-
degrees) can be used as a response unit to quantify the
binding of macromolecules to the sensor surface [17–19].

Successful binding of large biomolecules such as anti-
bodies may require spacing of functional groups to prevent
steric hindrance. Mixed alkanethiol monolayers provide a
powerful methodology to create tailored, functional surfa-
ces that can be applied to almost limitless research
possibilities. Mixed self-assembled monolayers (SAMs)
are generally constituted of one thiolate with a functional
head group (such as carboxylic acid) at a low mole fraction
and of an another “diluting” thiolate at a high molar
fraction [20]. The second thiol (the “diluting” thiolate)
reduces the surface concentration of functional groups and
thus minimizes steric hindrance and non-specific interac-
tions that can produce interference signals [21]. In this
study, mixed SAMs were incorporated as a method of
antibody immobilization with the intention of creating a
spacious environment in order to prevent overlapping of the
antigen binding sites. Thiol mixtures of different molar
ratios of 16-mercapto-1-hexadecanoic acid (16-MHA) to
11-mercapto-1-undecanol (11-MUOH) and 6-mercapto-1-
hexanol (6-MHOH) were examined.

Furthermore, smaller and well-oriented antibody frag-
ments were used in an attempt to further minimize the steric
hindrance and increase the antigen-binding efficiency in a
single step. Since sensitivity is also strongly dependent on
the antigen-binding site directions, the effect of the
orientation of the antigen-binding site with respect to the
surface was evaluated. Several strategies have been
reported to attach antibodies to surfaces in an oriented
manner [22, 23] to improve the antigen-binding efficiency
of the immobilized antibodies. Antibodies can be oriented
on a surface by binding of the Fc region of the antibody to a
layer of protein A or G [24, 25]. Methods that utilize

fragmented immunoglobulin are also available for con-
trolled immobilization. For example, F(ab)’ binding
through the free sulphydryl group opposite antigen-
binding sites is a popular approach [26, 27]. In this study,
we compared three different antibody immobilization
strategies, all based on the binding of antibodies (or
antibody fragments) to mixed SAM-coated surfaces. The
three types were random immunoglobulin G (IgG), random
F(ab’) fragments, and oriented F(ab’) fragments. We
compared the surface densities and antigen binding effi-
ciencies of these preparations. The applicability of the
fabricated immunosensor to an actual sample was examined
as well.

Experimental

Materials

SEB from S. aureus, an anti-SEB IgG developed in a rabbit,
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC),
glycine, and phosphate-buffered saline (PBS) were obtained
from Sigma (www.sigmaaldrich.com). 16-Mercapto-1-
hexadecanoic acid (16-MHA), 11-mercapto-1-undecanol
(11-MUOH), and 6-mercapto-1-hexanol (6-MHOH) were
obtained from Aldrich Chemical (www.sigmaaldrich.
com). N-Hydroxysuccinimide (NHS) was purchased from
Fluka (www.sigmaaldrich.com). The ImmunoPure® F
(ab’)2 preparation kit was purchased from Pierce (www.
piercenet.com). Centriplus (YM-30) was obtained from
Millipore (www.millipore.com). 2-(2-Pyridinyldithio)etha-
neamine hydrochloride (PDEA) was purchased from
Biacore (www.biacore.com). A 30% acrylamide/bis solu-
tion, 29:1, ammonium persulfate (APS), N,N,N’,N-tetra-
methyl-ethylenediamine (TEMED), and precision plus
protein standards were obtained from BIO-RAD (www.
bio-rad.com). Tris-HCl was purchased from Merck (www.
merck-chemicals.com). Other chemicals used were of
analytical grade.

Apparatus

The SPR measurements were conducted using a single-
channel AUTOLAB ESPR (www.ecochemie.nl), which
was operated at a constant temperature of 37°C. The
geometrical setup of the instrument was in a Kretschmann
configuration, and the detection was in the angular
interrogation mode. It works with a laser diode fixed at a
wavelength of 670 nm, using a vibrating mirror to modulate
the angle of incidence of the p-polarized light beam on the
SPR substrate. The instrument is equipped with a cuvette.
A gold sensor disk (17 mm in diameter) mounted on a
hemi-cylindrical lens through index-matching oil forms the
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base of the cuvette. A syringe pump and a peristaltic pump
perform all liquid handling. The syringe pump is used for
sample mixing in the cuvette and for sample dispensing.
This experimental arrangement maintains a homogeneous
solution and hydrodynamic conditions. The peristaltic
pump is used for draining the cuvette, with the waste going
into a waste flask. The SPR angle shift (millidegree change;
Δθ) was measured at a non-flow liquid condition, i.e., with
the circulating pump paused. The degree of substance
immobilization is given by the change in millidegrees (m°).
Every 120 m° angle shift is equivalent to 1 ng.mm−2.

Preparation and characterization of F(ab’)2 fragments [28]

Anti-SEB F(ab’)2 fragments were prepared using an
ImunoPure® F(ab’)2 preparation kit. IgG of anti-SEB
(10 mg.mL−1) were digested with 0.125 mL of immobilized
pepsin for 4 h in a shaking water bath at 37°C. The crude
digests were purified with an immobilized protein A
column, and F(ab’)2 fragments were collected. The collect-
ed samples were characterized using 12.5% sodium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and concentrated with Millipore YM-30 centriplus.
The final concentration was determined by a spectropho-
tometer at a wavelength of 280 nm.

Preparation and characterization of F(ab’) fragments [28]

F(ab’) fragments were prepared by reducing the F(ab’)2
fragments with 0.1 M dithiothretiol solution. The reduced
samples were run through a Sephadex G-25 column and
were then characterized using 12.5% SDS-PAGE and
concentrated with Millipore YM-30 centriplus. The final
concentration was determined by a spectrophotometer at a
wavelength of 280 nm.

Preparation of mixed SAMs on gold surfaces [29, 30]

Prior to use, bare gold disks were completely soaked in a
freshly prepared piranha solution (a 3:1 mixture of H2SO4

and H2O2) 3 times, each for 10 s, and then the disks were
thoroughly washed with deionized water. A cleaned bare
gold disk was then mounted onto the SPR cuvette. Thiols
with carboxyl (16-MHA) and hydroxyl (6-MHOH or 11-
MUOH) terminal groups were used to modify the gold
disks. 16-MHA served as a linker, while 6-MHOH and 11-
MUOH served as spacers.

First of all, mixed SAMs with different spacer lengths
were prepared: 1 mM of 16-MHA was mixed separately
with 1 mM 6-MHOH and 11-MUOH in a 1:10 ratio.
Second, mixed SAMs with different concentrations were
formed: 1 and 10 mM 16-MHA/6-MHOH SAMs were
mixed in a 1:10 ratio. Finally, mixed SAMs with different

linker to spacer ratios were examined: 10 mM 16-MHA/6-
MHOH at 1:0, 1:3, 1:10, and 1:20 ratios. Each of these
SAMs was formed by depositing the thiol solution on the
gold surface for 1 h. These thiol-coated gold disks were
used in the following SPR experiments.

Immobilization of full-length antibody or antibody
fragments [31]

Two immobilization strategies, in random and oriented
manners, were employed (Fig. 1). For random immobiliza-
tion, the antibody and fragments were immobilized via their
primary amines (i.e., lysine residues). The terminal carbox-
ylic groups of the linkers were activated with a 10-min
pulse of a 1:1 mixture of 0.4 M EDC and 0.1 M NHS, and
then full-length antibody or antibody fragments were placed
onto the gold surface for 15 min (Fig. 1a). After
immobilization, 0.2 M glycine was used to block the
remaining NHS-ester groups for 10 min.

For oriented immobilization, antibody fragments were
coupled onto the linker through their thiol groups (i.e.,
cysteine residues) which caused the antigen-binding sites to
point upwards. In an identical manner to the random
immobilization, linkers of the SAM were first activated
with the EDC/NHS mixture for 10 min and then modified
with PDEA (100 mM in 0.1 M borate buffer at pH 8.5) for
10 min. F(ab’) fragments were applied to the surface and
allowed to react for 15 min (Fig. 1b). The surface was then
deactivated with cysteine (167 mM in 0.1 M acetate buffer
at pH 4.3, with 1 M NaCl) for 10 min.

Detection of SEB

Phopphate-buffered saline or milk samples spiked with
SEB solutions at various concentrations (10~1,000 ng.
mL−1) were applied to the antibody (fragment)-coated
surface. After 1 h of reaction, PBS buffer was flushed over
the surface to remove any loosely associated SEB. The
surfaces were regenerated by applying a NaOH or HCl
solution between analyte applications.

Results and discussion

Functionalization of the SPR sensor disks with various
mixed SAMs

It was reported that mixed SAMs can reduce the steric
hindrance caused by carboxylic-terminated groups of
SAMs, which results in accessibility of antibody immobi-
lization onto the surface [21, 29–31]. For this, thiols with a
short carbon chain and a small head group (11-MUOH and
6-MHOH) can be used as a spacer in conjunction with a
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longer-chain thiol (16-MHA) with the head group of
interest as a linker. To develop an optimum platform for
detecting SEB, mixed SAMs were examined in terms of
spacer length, thiol concentrations, and the ratio between
the linker and spacer. The results showed that 10 mM
mixed SAM with 16-MHA and 6-MHOH in a 1:10 ratio
provided an optimum combination of reactive sites and
steric hindrance of the terminal carboxylate groups (data
not shown). Therefore, this protocol was used throughout
the study for the surface functionalization. Optimal condi-
tion for antibody immobilization was subsequently exam-
ined, and 1 mg.mL−1 of anti-SEB was considered to be the
optimal concentration for surface preparation and was used
throughout the study.

Standard curve obtained in PBS buffer using immobilized
full-length anti-SEB

After optimizing the conditions for fabricating the immuno-
sensor, we detected SEB in different concentrations (0.01, 0.1,
0.25, 0.5, 0.75, 1.0, and 1.25 μg.mL−1) using these immobi-
lization conditions. The results are plotted on Fig. 2. Within
the examined SEB concentration range, the responses
increased accordingly and reached saturation at 1 μg.mL−1

SEB. The standard curve (y=170.3x), shown in the inset, was
linear between 0.01 and 1 μg.mL−1, with R2=0.98. These
experimental results indicated that the proposed immunosen-
sor was capable of detecting SEB at a concentration of as low
as 10 ng.mL−1. This result is comparable to previous reports
[32–34], which also demonstrated that immunosensors are
capable of detecting SEB in the ng.mL−1 range. Some of the

reports cited above were based on a sandwich format. The
sandwich format amplifies the signal using a second
antibody; however, this can also slow down the analysis
and make real-time monitoring more complicated.

Antibody fragmentation and SDS-PAGE

When considering the structure of immunoglobulin, there is
an unnecessary protein domain with respect to antigen
binding, called the Fc domain. It was reported that by
cutting off unnecessary antibody parts, the resulting
antibody fragments (F(ab’) and F(ab’)2) can be covalently
attached to the surface through the free sulfhydryl or
disulfide groups on the antibody fragments [30]. Since
sulfur-containing groups exist in opposition to the antigen
recognition region, the processed fragments can orient to
the antibody. Therefore, we prepared antibody fragments
and subsequently examined the performance of the immu-
nosurfaces prepared by the obtained fragments.

Enzymatic fragmentation of IgG for antibody fragment
production was carried out using an ImunoPure® F(ab’)2
preparation kit (Pierce) [28, 35, 36], and the produced
antibody fragments were analyzed using gel electrophoresis
(Fig. 3). Lane 3 of Fig. 3 shows the presence of one major
band with a molecular weight of ~100 kDa. This band can
be assigned to the F(ab’)2 fragment. F(ab’)2 fragments were
further reduced to F(ab’) fragments using dithiothreitol as
the reducing agent. Lane 4 of Fig. 3 shows that the
molecular weight of the F(ab’) fragment was around about
37 kDa. The molecular weight was less than expected
(~50 kDa), and this could be attributed to the suboptimum

Fig. 1 Schematic representation of (a) Random and (b) Orientated covalent antibody coupling procedures on mixed thiol layer
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reducing conditions [30]. Since the obtained F(ab’) frag-
ment retained its antigen-binding ability (data not shown),
we used it with no further optimization.

Comparison of immobilization of the full-length antibody
and antibody fragments

Full-length IgG, F(ab’)2, and F(ab’) fragments were
immobilized via EDC/NHS chemistry and were evaluated

with respect to their antigen-binding response (Fig. 4). We
found that absolute angle shifts caused by the immobilized
molecules decreased in the order of full-length anti-SEB, F
(ab’)2, and F(ab’). In addition, by taking the molecular
weight into account, the numbers of moles immobilized
ranged from 6.4 nmol.mm−2 for the full-length anti-SEB to
5.5 nmol.mm−2 for the F(ab’)2 and 8.5 nmol.mm−2 for the
immobilized F(ab)’ fragment. It should be noted that F(ab)’
is univalent. The lower immobilization level of the F(ab’)2
and F(ab)’ fragments could have been a consequence of the
decrease in the relative amount of available lysine residues
resulting from antibody fragmentation. As far as the
absolute antigen-binding response is concerned, the F(ab)’
fragment showed the highest antigen-binding response
(175 m°), followed by the full-length IgG (162 m°) and F
(ab’)2 fragment (129 m°). This indicates that antigen-
binding sites of F(ab’) fragments are more accessible than
those of F(ab’)2 or full-length IgG. Therefore, we conclud-
ed that the reduced molecular size of F(ab’) led to a further
decrease in the steric hindrance and an increased sensor
response. This agrees with Bonory et al.’s study [31] which
examined the anti-hIgG/hIgG system and also showed a
similar trend.

Comparison of random and oriented immobilization
of F(ab’) fragments on mixed SAMs

To make the antigen-binding sites point upward in an oriented
position, immobilization via the free sulfhydryl group, which
is structurally opposite the antigen-binding site, of the F(ab’)
fragment was employed. A thiol-reactive crosslinker, PDEA
[37], was used in combination with EDC/NHS activation.
The result of random vs. oriented immobilization is shown in
Fig. 5. The amount of antibody immobilized was larger in
the random fashion than in the oriented way. This may be
ascribed to the high abundance of amino groups contained
by a protein compared to sulfhydryl groups. Despite the fact
that more F(ab’) fragments were bound onto the surface in
the random mode, a 26% increase in the absolute antigen-

Fig. 3 SDS-PAGE analysis (12.5% gel) of anti-staphylococcus
enterotoxin B (SEB) and anti-SEB fragments. Lane 1, Molecular
weight marker; lane 2, anti-SEB after fragmentation (before protein A
purification); lane 3, purified anti-SEB F(ab’)2 fragments; lane 4, DTT
reduction of anti-SEB F(ab’)2 fragments to F(ab’) fragments; lane 5,
full-length anti-SEB. (The gel was silver stained, but the molecular
weight marker was not stained.)

Fig. 2 Dynamic range of staphylococcus enterotoxin B (SEB) in
buffer solution obtained using an immobilized full-length anti-SEB.
The self-assembled monolayer (SAM) used was 10 mM 16-MHA/6-

MHOH in a 1:10 ratio. The immobilized antibody used was 1 mg/ml
anti-SEB. Vertical bars indicate the standard deviation (SD) for the
mean of three measurements. The inset shows the calibration curve
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binding signal was observed for the oriented coupling
procedure (220 m°) compared to the random coupling
methods (175 m°). In addition, we assessed the antigen-
binding efficiency of the F(ab’)-immobilized surfaces using
the following equation [38]:

% binding efficiency ¼ MAb

MAg
� ΔqAg

ΔqAb
� 100

where MAb is the molecular weight of the antibody or
antibody fragments, ΔθAg is the angle shift due to
antigen binding, MAg is the molecular weight of the
antigen, and ΔθAb is the response upon antibody or
fragment immobilization.

The molecular weights of F(ab’) and SEB are 37 and
28.4 kDa, respectively, and the calculated antigen-binding
efficiency was 60% for the random mode and 90% for the
oriented mode. These calculations strongly indicate that
some antigen-binding sites on the randomly immobilized F
(ab’) fragments were blocked due to an incorrect binding
position, whereas in the oriented immobilization mode, the
antigen-binding sites were more accessible to the solution.
This is in agreement with previous reports [39] which
claimed that F(ab’)-oriented immunosurfaces result in
enhanced antigen-binding activity when compared to
surfaces prepared via random immobilization.

Standard curve obtained in buffer sample using
immobilized F(ab’)

Based on the above studies regarding the effects of
antibody structure and orientation, SEB in different
concentrations (1, 0.75, 0.5, 0.25, 0.1, and 0.01 μg.mL−1)
was detected using the new immobilization condition. A
standard curve has a linear relationship between 0.01 and
1 μg.mL−1 (y=211.39x, R2=0.99) was observed. According
to a previous report [40], sensitivity is defined as the
change in response that results from a unit change in
concentration of an analyte, Δresponse/Δconcentration.
For the simplest case of a univariate calibration scheme, the
slope of the curve is the sensitivity relative to the analyte.
When we overlaid the calibration curves obtained from the
full-length antibody (Fig. 2) and F(ab’) fragment, we noted
that the latter had a higher slope. Once more, the use of a
smaller F(ab’) fragment in combination with an oriented
immobilization may have produced increased sensitivity.

Standard curve obtained in a milk sample using
the immobilized F(ab’)

Applicability of SPR immunosensor systems to precisely
determine analytes of food industry interest from diverse
samples is highly desirable to establish quick and reliable

Fig. 5 Effect of antibody immobilization orientation on the antibody
immobilization and staphylococcus enterotoxin B (SEB) determina-
tion. The self-assembled monolayer (SAM) used was 10 mM of 16-
MHA/6-MHOH in a 1:10 ratio. Vertical bars indicate the standard
deviation (SD) for the mean of three measurements

Table 1 Effect of two regeneration solutions on the reusability of the
staphylococcus enterotoxin B (SEB) immunosensor

Regeneration solution SEB

Trial ∆θ (millidegrees) Recovery (%)

HCl (0.1 M) 1 227.7±92.0 100

2 171.0±68.4 75.1

3 158.9±64.0 69.8

NaOH (1.2 M) 1 220.0±71.1 100

2 8.5±2.4 3.9

3 7.6±5.2 3.5

Fig. 4 Effect of antibody structures on the antibody immobilization
and staphylococcus enterotoxin B (SEB) determination. The self-
assembled monolayer (SAM) used was 10 mM of 16-MHA/6-MHOH

in a 1:10 ratio. On the right is an enlargement of the specific SEB
angle shift. Vertical bars indicate the standard deviation (SD) for the
mean of three measurements
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analytical tools and avoid time-consuming pretreatment
methods. To investigate the performance of the F(ab’)-
based biosensor in a complex medium, a milk solution was
selected as a representative sample. Milk samples spiked
with various concentrations of SEB standard solutions, to
final concentrations of 1, 0.75, 0.5, 0.25, and 0.1 μg.mL−1,
were directly analyzed using the proposed immunosensor.
A linear relationship (y=310.28x+337.5, R2=0.99) was
observed within the examined SEB concentration range
(0.1~1.0 μg.mL−1). A clear matrix effect was observed in
the absence of SEB. The difference in the refractive index
between milk samples and buffer solutions as well as the
non-specific adsorption of molecules from milk samples
onto the sensor surface may have been responsible for this.
The result demonstrated the feasibility of applying the
immunosensor to a complex sample, and thus it is possible
to measure the analyte directly in milk samples without
dilution pretreatment.

Cross-reactivity

Cross-reactivity is an important analytical parameter re-
garding the specificity and reliability of immunoassays.
Due to its close relatedness to SEB [41], SEA was selected
as a model system to evaluate the specificity of the
proposed immunosensor. At SEA concentrations of <
1 μg.mL−1, the response was negligible (data not shown),
while at 1 μg.mL−1 of SEA, a 3.3-m° angle shift was
observed. This accounts for about 1.5% of the response
compared to SEB at the same concentration. This result
indicates that SEA showed a small interference effect on
SEB detection in the present immunoassay.

Regeneration

Surface regeneration for cyclic use of the same sensor
platform in serial determinations of various analytical
samples is an important part of SPR immunoassays. Good
regeneration results in the removal of SEB from the surface,
while the immobilized antibodies remain intact. Since the
native tertiary structure of antibodies are sensitive to pH, a
variety of regeneration buffers in the pH range from highly
acidic to basic have been used for surface regeneration [42,
43]. As shown in Table 1, with 0.1 M HCl as a regeneration
solution, a decrease of about 30% in the response signal
was observed over 3 cycles. When using 1.2 M NaOH as
the regeneration buffer, a large decrease in the signal was
observed, and only 4% of the initial response was
maintained. These results suggest that 1.2 M NaOH not
only dissociates SEB but also causes denaturation of the
antibody, thus resulting in a diminished lifetime of the
immunosensor. As such, 0.1 M HCl seems to be more
feasible as a regeneration buffer for the examined sensor.

Conclusions

By controlling the orientation of the antibody molecules
immobilized on the sensor surface using a mixed SAM, we
developed an SPR-based immunosensor to detect SEB with
satisfactory sensitivity. The optimum mixed SAM on the
Au surface was fabricated by adsorbing 10 mM 16-MHA
and 6-MHOH in a 1:10 ratio. The higher response signal
observed was attributed to a sufficient amount of reactive
sites as well as reduced steric hindrance. Smaller receptor
molecules such as F(ab)’ decreased the steric hindrance and
thus improved accessibility for the antigen. Furthermore, it
was demonstrated that specifically immobilized F(ab’)
fragments can be used to produce immunosurfaces with
higher antigen-binding efficiencies than corresponding
surfaces modified with randomly immobilized antibody
fragments. Pure SEB and SEB in spiked milk were detected
with satisfactory specificities. These results demonstrate
that the proposed immunosensor could be a useful tool for
real-time analysis of SEB in foods.
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