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Abstract

In a number of applications, e.g. DNA/protein micro-array technology, enzyme-linked
immunosorbent assay (ELISA) technology or surface plasmon resonance (SPR) technology, the
covalent coupling of proteins to surfaces is required. Following the covalent coupling of proteins, the
remaining reactive groups should be blocked in order to avoid covalent binding of the analyte to the
reactive surface. To this end, preferably blocking agents containing groups that avoid nonspecific
adsorption should be used. These blocking agents are typically ethanolamine and cysteine for protein
coupling via amino groups and thiol groups, respectively. This report presents novel blocking agents
containing poly(ethylene oxide) (PEO) groups. These blocking agents show enhanced qualities to
avoid nonspecific adsorption and can therefore have advantages in versatile protein-surface
technologies.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The adsorption of proteins on solid surfaces is influenced by the physical and chemical
characteristics of the real sample (blood, urine, waste water,...). Changes in pH, ionic
strength or particular additives in the sample can cause desorption of the adsorbed
proteins. These problems can be overcome using covalent coupling procedures. Currently,
there is a growing interest in the covalent coupling of proteins, e.g. antibodies, to solid
substrates. The use of covalent coupling procedures in DNA or protein micro-array
technology and in enzyme-linked immunosorbent assay (ELISA) is increasing because of
the higher robustness of this approach. For immunosensor applications the affinity
biosensor interface consists of antibodies, which are preferably covalently attached onto
the transducer surface. In most cases, the surface should be activated before the attachment
of proteins [1,2]. After covalent coupling, the remaining reactive groups should be blocked
in order to avoid covalent binding of the analyte to the surface. To achieve specific
recognition, the analyte should bind to the bioreceptors via specific interactions and not to
the surface itself. Therefore, the blocking agents should have groups which are excellent in
preventing nonspecific adsorption such as hydroxyl or poly(ethylene oxide) groups [3—9].
Nonspecific signals due to interferences constitute a major problem in diagnostic
applications, where an analyte at low concentrations must be detected in the presence
of a much larger concentration of nonspecific molecules. In order to couple proteins by
their amino groups, typically the 1-ethyl-3-(3-dimethylamino-propyl)carbodiimide and N-
hydroxysuccinimide procedure is used to activate a carboxylic group on the surface [1].
Subsequently, the remaining activated carboxylic groups are in general blocked with
ethanolamine (Fig. 1) [1,8]. For covalent coupling to the thiol groups of proteins (e.g.
reduced antibody), a similar activation is used in combination with an extra crosslinker 2-
(2-pyridinyldithio)ethaneamine hydrochloride (PDEA) [8]. The unreacted groups are then
usually blocked with cysteine (Fig. 2).

In this contribution, we report on the replacement of ethanolamine and cysteine by
triethylene glycol monoamine: H,N-(CH,-CH,-O);-H and triethylene glycol monothiol:
HS-(CH,-CH,-0);-H, respectively. The ability to couple triethylene glycol monoamine to
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Fig. 1. The covalent coupling of the amino groups of proteins to a carboxylic-terminated surface and the blocking
of unreacted N-hydroxysuccinimide esters via ethanolamine.
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Fig. 2. The covalent coupling of the thiol groups of proteins to a carboxylic-terminated surface and the blocking
of unreacted groups via cysteine.

activated carboxylic groups and its excellent qualities against nonspecific adsorption were
described by Chapman et al. [9]. However, the procedure used by Chapman et al. is only
useful for amino coupling procedures and is based on the use of a combination of organic
solvents. This approach can be used to realize surfaces with good qualities against
nonspecific adsorption but not as a blocking procedure after covalent coupling of proteins
via their amino groups. As a matter of fact, proteins will denaturate in organic solvents and
will loose their ability to recognize their complement [10]. In order to test the
poly(ethylene oxide) containing blocking agents, we have used self-assembled monolayers
(SAMs) of thiols on gold. These SAMs are known for their stable bond to gold and for
their reproducible behavior [11]. They may be used in applications such as electroanalyt-
ical chemistry [12,13], molecular electronics [14], corrosion research [15,16] and
biomaterial research [17—19]. In our approach, we deposited 16-mercapto-1-hexadecanoic
acid (HS-(CH,);5-COOH) on a gold surface, which generates a carboxylic-terminated
surface. This surface is subsequently used to evaluate the enhanced qualities of the
poly(ethylene oxide) containing blocking agents with and without antibody coupling to the
surface.

2. Materials and methods

All materials and reagents were used as commercially received. Anti-human transferrin
(anti-HT) was supplied by Diamed Eurogen (Belgium). Human IgG reagent (IgG), human
transferrin (HT) and cysteine were obtained from Sigma. 16-Mercapto-1-hexadecanoic
acid (16-MHA) (>90%) was purchased from Aldrich. Ultrapure ethanol was purchased
from Riedel-DeHaén. 1-Ethyl-3-(3-dimethylamino-propyl)carbodiimide (EDC), N-
hydroxysuccinimide (NHS), ethanolamine and 2-(2-pyridinyldithio)ethaneamine hydro-
chloride (PDEA) were purchased from Biacore. To characterize the adsorption of proteins
on SAM coated gold slides, we used the Biacore® 2000 Surface Plasmon Resonance
(SPR) system provided with a SIA-kit® (bare gold substrates) [20,21]. The deposition of
the SAM and the working procedures for the SPR system have been described in Frederix
et al. [22]. The immobilization degree of proteins in a Biacore SPR system is reported as
refractive units (RU). One RU corresponds to a shift in the resonance angle of
approximately 0.1 millidegrees [20]. The poly(ethylene oxide) (PEO) containing blocking



70 F. Frederix et al. / J. Biochem. Biophys. Methods 58 (2004) 67—74

agents are synthesized based on reported methods [23—25]. Triethylene glycol monoamine
is currently available at Molecular Biosciences.

3. Results and discussion

In a first test, the carboxylic groups of the SAMs of 16-MHA on gold were activated
with EDC-NHS, immediately followed by a covalent coupling of the PEO containing
blocking agents. The resulting surface was subsequently evaluated for its ability for
protein resistance without antibody coupling. This surface should be regarded as the worst
possible situation to test nonspecific adsorption, since antibodies will also prevent
nonspecific adsorption. To evaluate the nonspecific adsorption, IgG (100 ng/ml—100
pg/ml) was used because it is present in the blood in high concentrations and its adsorption
is thoroughly documented [26—28]. In a later stage, we performed a real immunosensing
experiment where we covalently immobilized anti-HT and recognized HT and a nonspe-
cific analyte, e.g. IgG. The buffers and activation of the carboxylic groups and the
immobilization of antibodies were similar to those described by Frederix et al. [22]
Ethanolamine or triethylene glycol monoamine (1 M in water) was reacted for 40 min. The
blocking agent used after a coupling with the thiol groups of proteins requires an extra
activation step (Fig. 2). To this end PDEA (127 mM in 0.1 M borate buffer pH 8.5) was
added to the activated surface for 10 min, followed by a 40-min reaction with the thiol
containing blocking agents cysteine or triethylene glycol monothiol (167 mM in 0.1 M
formate buffer with 1 M NaCl pH 4.3).

The adsorption characteristics of different concentrations of IgG on the amino group
containing blocking agents are shown in Fig. 3. It is very clear that the adsorption is much
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Fig. 3. The adsorption of different concentrations of IgG on ethanolamine and triethylene glycol monoamine
blocked carboxylic surfaces.
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smaller on monoamine triethylene glycol compared to ethanolamine blocked surface
(results are averaged over two injections on two lines on two different samples). To
calculate the surface coverage, the obtained RU values can be converted to ng/cm”. For
example the adsorption of the highest concentration (100 pg/ml IgG) on the ethanolamine
blocked surface gave a response of ~ 500 RU, which yields a monolayer coverage
between 8% and 38% depending on the orientation of the antibodies [22]. The same
concentration adsorbed on the surface treated with the PEO containing blocking agent
resulted in 3% to 13% coverage, which is significantly less than the ethanolamine blocked
surface.

A similar approach was followed for the covalent coupling of the thiol group containing
blocking agents. The carboxylic groups were activated via EDC/NHS and PDEA and
subsequently blocked with cysteine or triecthylene glycol monothiol. Again the nonspecific
adsorption is significantly lower using the PEO containing blocking agent (Fig. 4). For the
highest concentration of IgG (100 pg/ml), the monolayer coverage is between 4% and
18% on a cysteine blocked surface compared to only between 0.5% and 2% for the
triethylene glycol monothiol blocked surface.

For real immunosensing or biosensor applications, the nonspecific adsorption will be
lower since the surface is already partially blocked by the immobilized antibody. In
order to access the influence of the PEO groups on the recognition of the analyte, we
covalently coupled anti-HT and evaluated the affinity binding of HT and of a
nonspecific analyte (high concentrations of IgG). Fig. 5 demonstrates that the recogni-
tion is slightly larger on the surface with immobilized anti-HT subsequently blocked
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Fig. 4. The adsorption of different concentrations of IgG on cysteine and triethylene glycol monothiol blocked
carboxylic surfaces.
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Fig. 5. The recognition of HT by the covalently immobilized anti-HT. After the immobilization of anti-HT, the
unreacted groups are blocked with monoamino triethylene glycol or ethanolamine.

with triethylene glycol monoamine, although a similar amount of antibody was
immobilized on the triethylene glycol monoamine blocked surface and the ethanolamine
blocked surface. The nonspecific adsorption is negligible and therefore not significantly
different for the two chosen chemistries. This is probably due to the high anti-HT
coverage on both surfaces. The procedure used was optimized to achieve a high anti-HT
immobilization [22]. The anti-HT immobilization calculated from the SPR signal is
270 £ 7 ng/cm?, which is close to a monolayer coverage. The difference in nonspecific
adsorption is expected to be more pronounced if fewer antibodies are immobilized which
is useful for kinetic calculations and determinations of affinity constants. We can
therefore conclude that by using the PEO containing blocking agents, the recognition
is definitely not negatively influenced and that the nonspecific adsorption can be
reduced.

4. Conclusion

In this report, we have shown the enhanced qualities of PEO containing blocking
agents for covalently bound protein coupling procedures using either the amino groups or
the thiol groups of the proteins or biomolecules. In both cases, the nonspecific adsorption
is much smaller on the PEO containing blocking agents compared to the classically used
blocking agents. The recognition of the antigen is not negatively influenced and even
slightly higher using the novel blocking agents described in this report. This approach
could therefore be a possible solution for nonspecific adsorption interference problems in
ELISA tests, micro-array technology, biosensors or the widely used surface plasmon
resonance technology.
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