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Various types of microplates made of polystyrene have been widely used for immunoassays. A
new microplate suitable for the covalent immobilization of proteins and peptides was
developed by thermal deposition of amino-modified parylene (parylene-A) on the microplate.
The primary amine groups of the parylene-A was exploited for the covalent coupling of
proteins and peptides. The optical transmittance at the wavelength of 400–500 nm was
estimated to be suitable for the application to immunoassays. The immobilization efficiency of
the parylene-A coated microplate was demonstrated to be far improved in comparison to the
conventional microplate by using horseradish peroxidase (HRP), anti-HRP antibody and a
peptide with 9-residues as model biomolecules.
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1. Introduction

The transparentmicroplatesmadeof polystyrenehave been
widely used as a solid support for the immunoassays. Usually,
protein molecules (antibodies or antigens) are immobilized on
the surface of the microplate through physical adsorption
which is possible by the hydrophobic interactions between the
hydrophobic amino acids of the protein molecules and the
polystyrene surface of the microplate (Winston et al., 1989).
The immobilization of proteins through thephysical adsorption
has many advantages, such as simple preparation, immobiliza-
tion at physiological condition of proteins, high stability of
immobilized proteins, and so on (Hermanson et al., 1992).

When small proteins or peptides are immobilized, however,
such a physical adsorption to the microplate is known to be so
weak that small proteins or peptides might be rinsed out from
the microplate surface or exchanged during the sample
treatment steps (Hermanson et al., 1992; Schellekens et al.,
2000). For the immobilization of such small peptides and
proteins, several immobilization methods have been devel-
oped. The plasma treatment of polystyrene microplate was
: +82 2 365 5882.
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reported for the introduction of functional groups, such as
carboxylic acids and hydroxyl groups required for the covalent
immobilization of proteins and peptides (Goda et al., 2007;
Pender et al., 2008). As streptavidin (molecular weight:
52.800 KDa) and avidin (molecular weight: 66–69 KDa) have
a high binding affinity to biotin, these proteins have been also
used for the immobilization of biotinylated small proteins and
peptides (Schetters, 1999). Modification methods of peptides
with hydrophobic amino acids such as ε-aminocaproic acid
have been also used for the effective immobilization of short
peptides on the conventional microplate through hydrophobic
interaction (Pyun et al., 1997). For the effective immobilization
of small proteins and peptides, the microplate with a suitable
functional group such as primary amine can be utilized as a
convenient immobilization method without such a peptide
modification. Furthermore, the efficiency of immobilization can
be optimized by controlling the surface density of functional
groups.

In this work, a new covalent immobilization method for
small proteins and peptides is presented by using parylene-A
coated microplate. The parylene A is a polymer of p-xylene
with primary amine groups as shown in Fig. 1. The primary
amine group can be used for the covalent binding of proteins
or peptides by using linker molecules such as glutaraldehyde
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Fig. 1. Structure of parylene-A and the mechanism of parylene deposition.
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or succinimide derivatives (Hermanson, 2008). In this work,
the applicability of the parylene-A coated microplate was
demonstrated by presenting the optical property for immu-
noassay as well as the efficiency of covalent immobilization of
the model protein and a short peptide.

2. Material and methods

2.1. Materials

Horseradish peroxidase (HRP), streptavidin–HRP complex,
and Albumin from bovine serum (BSA) were purchased from
Sigma-Aldrich Korea (Seoul, Korea). Anti-HRP antibodies were
purchased from ABcam (Cambridge, UK). The chromogenic
substrate solution of 3,3′,5,5′-tetramethyle benzidine (TMB)
were purchased from Pierce (Rockford, USA). Polystyrene
mircoplates were purchased from SPL Co (Seoul, Korea).
Parylene-A was supplied from KISCO LTD (Tokyo, Japan). The
model peptide with the amino acid sequence of GHPQGKKK
was synthesized by Peptron Co (Yousung, Korea). The peptide
was at least 90% pure from the HPLC analysis.

2.2. Methods

2.2.1. Parylene coating on the microplate
The parylene-Awas coated on a polystyrenemicroplate by

using a parylene coater from KISCO Co (Tokyo, Japan) and the
parylene dimer powder called Dix A was synthesized by
KISCO Co (Japan). The parylene coater has a cylindrical
coating chamber with a capacitance of 10 L. The parylene-A
coating is deposited on the microplate by the polymerization
step shown in Fig. 1: (i) evaporation of monomer at the
temperature of 160 °C, (ii) pyrolysis for the production of
highly reactive p-xylene radical at the temperature of 650 °C,
and (iii) deposition to the microplate under vacuum
condition of less than 10−2 Torr at room temperature. The
whole coating procedure was carried out by a microprocessor
controller of the parylene coater. In this work, the thickness of
the parylene-A film was controlled by adjusting the initial
amount of parylene-A monomer and the correlation was
evaluated to be 1.1 nm (parylene-A film)/1 mg (parylene-A
dimmer). The thickness of the parylene-A coating was
measured by using an ellipsometric measurement with a
reported refractive index profile according to the wavelength
of incident light (Callahan et al., 2003), and the deviation of
parylene-A film thickness was estimated to be less than ±5%
from ellipsometric analysis (n=10).
2.2.2. Covalent immobilization of proteins and peptides
The immobilization of proteins and peptides to the

parylene-A coated microplate was demonstrated by using
HRP and a short peptide with the amino acid sequence of
GHPQGKKK. For the immobilization of the protein (HRP) and
the peptide to themicroplate, 150 μl of 2.5% glutaraldehyde in
50 mM carbonate buffer (pH 9.6) was treated to the parylene-
A coated microplate for 2 h at 37 °C. After washing with
50 mM phosphate buffered saline (pH 7.0), 100 μl of the HRP
solution at the concentrations between 100 ng/ml and
100 μg/ml was treated to the microplate for 1 h at 37 °C.
After incubation step, the microplate was washed with 1%
Tween 20 in PBS by using an automated washing machine
from Molecular Devices (USA). To quantify the immobilized
HRP, TMB solution was treated for 3 min. To demonstrate
applicability of the parylene-A coated microplate to immu-
noassay, anti-HRP antibodies were immobilizaed to the
microplate. After treatment of the glutaraldehyde, 100 μl of
the anti-HRP antibody solution at the concentration between
100 ng/ml and 10 μg/ml was treated to the microplate for 1 h
at 37 °C. After blocking with 1 mg/ml of BSA solution in PBS
and washing with 1% Tween 20 in PBS, 100 ng/ml of HRP was
treated for 30 min at 37 °C. TMB solution was treated for
3 min to quantify HRP captured by anti-HRP antibodies.
100 μl of the peptide (GHPQGKKK) solution at the concentra-
tions from 100 ng/ml to 20 μg/ml was treated glutaraldehyde
treated microplate for 1 h at 37 °C. After BSA blocking and
washing step, streptavidin–HRP complex at the concentration
of 10 μg/ml was treated for 30 min at 37 °C, and then TMB
solution was treated for 3 min. In all cases, TMB reaction was
quenched with 2 M sulfuric acid and the optical density was
measured at the wavelength of 450 nm with a reference
wavelength of 650 nm by using an ELISA reader (VESAmax,
Molecular Devices, USA). For the comparison of immobiliza-
tion efficiencies the control plates were prepared by physical
adsorption of proteins and peptides to the conventional
polystyrene microplates. For the control plates, the same
concentrations of proteins and peptides as the covalent
immobilization to parylene-A coated microplates were used.

3. Results and discussion

3.1. Optical property of parylene-A coated microplate

Generally, immunoassays use chromogenic reactions for
the quantification of analytes by using antibodies labeled
with enzymes such as HRP or alkaline phosphatase. For the
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chromogenic reaction of HRP, 3,3′,5,5′-tetramethylbenzi-
dine (TMB, λmax=450 nm), o-phenylenediamine (OPD,
λmax=492 nm) and 2,2′-azinobis [3-ethylbenzothiazoline-6-
sulfonic acid]-diammonium salt (ABTS, λmax=405 nm) have
been most frequently used for immunoassays. In the case of
alkaline phosphatase, p-nitrophenylphosphate (pNPP,
λmax=405 nm) has been used for immunoassays. Therefore,
the microplate should be transparent at the wavelength of the
chromogenic reaction which is usually visible at the wave-
length range of 400–500 nm (Josephy et al., 1982). The
transmittance of the parylene-A coated microplate with a
thickness of 100 nmwas measured to be more than 85% at the
wavelength range of 400–500 nm, which is a similar transmis-
sion level to the conventional microplates (approx. 90%) as
shown in Fig. 2. In the case of the parylene-A film with a
thickness of 200 nm, a waving transmittance was observed at
thewavelength range of 400–500 nm,whichwas resulted from
the interference of two reflected lights from the air–parylene
film interface and parylene film–substrate (microplate) inter-
face. Therefore, the period of such a transmittance wave could
be correlated to the wavelength of incident light as well as the
thickness of the parylene film. These results show that the
parylene-A coatedmicroplate has similar optical transmittance
with a difference less than 5% at thewavelength range required
for the application to the conventional immunoassays. In this
work, the parylene-A filmwith a thickness of 200 nmwas used
for the immobilization of proteins and peptides.

3.2. Covalent immobilization of proteins on parylene-A
coated plate

As previously mentioned, proteins have been immobilized
to the conventional microplate by physical adsorption through
hydrophobic interactions. In this work, proteins were immo-
bilized by covalent binding between the amine groups of
proteins and parylene-A film by using glutaraldehyde as a
linker molecule. The feasibility of covalent immobilization was
tested by using horseradish peroxidase (HRP) as a model
protein and the immobilization efficiency was evaluated by the
activity assay of the immobilized HRP with a chromogenic
reaction of TMB (Josephyet al., 1982).As shown in Fig. 3 (a), the
parylene-A coated microplate presented a far higher HRP
Fig. 2. Optical transmittance of parylene-A coated microplates at the
wavelength range of the chromogenic reactions for the conventiona
immunoassays in comparison with the conventional polystyrene microplate

Fig. 3. Comparison of the immobilization efficiency of the parylene-A coated
microplate in comparison to a conventional polystyrene microplate. As a
model protein for immobilization, (a) horseradish peroxidase (HRP) and (b)
anti-HRP antibodies were used. The amount of immobilized HRP was
estimated by the chromogenic reaction of TMB, and the amount of anti-HRP
antibodies was estimated after the additional treatment of HRP at the
concentration of 100 ng/ml. The error bar indicates the standard deviation of
the measurements (n=5).
l
.

activity in comparison to the conventional microplate. For
example, the HRP activity on the parylene-A was five times
higher than the polystyrene microplate at the HRP concentra-
tion of 100 ng/ml. Additionally, the activity immobilized HRP
(y-axis) was observed to be proportional to the initial
concentration of HRP treated the parylene-A coated micro-
plates (x-axis). These results show that parylene-A coated
microplate can be effectively used for the covalent immobili-
zation of proteins, and the amount of immobilization can be
quantitatively controlled by the initial concentration of the
proteins.

An immunoassay was demonstrated by immobilization of
antibodies to the parylene-A coated microplate. In this work,
anti-HRP antibodies were immobilized to the parylene-A
coated microplate, and then HRP sample at known concen-
tration was treated to the microplate as a model analyte. The
amount of HRP bound to the anti-HRP antibodies was
quantified by using the chromogenic reaction of TMB. As
shown in Fig. 3 (b), parylene-A coated microplate presented
the far higher HRP activity than the conventional microplate,
which means that larger amount of anti-HRP antibodies were
immobilized on the parylene-A coated microplate than the
conventional microplate. The amount of immobilized anti-
HRP antibodies from the activity assay (y-axis) was also
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observed to be proportional to the initial concentration of
anti-HRP antibodies immobilized to the parylene-A coated
microplates (x-axis). These results present that the antibodies
were quantitatively immobilized to the parylene-A coated
microplate and the microplate was feasible for the
immunoassay.

3.3. Covalent immobilization of a short peptide on parylene-A
coated plate

As short peptides with less than 20-mers are usually
difficult to immobilize by the physical adsorption through
hydrophobic interactions, such short peptides have been
immobilized by covalent bonding to the solid-supports for
immunoassays. Modified peptides with an increased hydro-
phobicity by insertion of hydrophobic amino acids such as ε-
aminocaproic acid have been also used for an effective
immobilization to the conventional microplate through
hydrophobic interactions (Pyun et al., 1997; Schellekens
et al., 2000).

In this work, a short peptide with the amino acid sequence
of GHPQGKKKwas used as amodel peptide. The short peptide
was covalently immobilized to the parylene-A coated micro-
plate by using glutaraldehyde as a linker molecule (Herman-
son et al., 1992). The amino acid sequence of HPQ was
reported to have a high binding affinity to streptavidin (Lam
et al., 1991). From the affinity of the short peptide, the
streptavidin labeled with HRP could be selectively bound to
the short peptide immobilized on the parylene coated
microplate. And the amount of immobilized peptides was
quantified by the chromogenic reaction of TMB. For the
comparison of immobilization efficiencies, the conventional
microplate was also treated with the short peptides at the
same concentration and the amount of immobilized peptides
was estimated by using the chromogenic reaction of TMB.

As shown in Fig. 4, the parylen A coated microplate shows
HRP activities in proportion to the initial concentrations of
the peptide solutions while the conventional microplate
shows almost no HRP activities with no relation to concen-
trations of the peptide solutions. These results show that the
parylene-A coated microplate can be effectively applied for
Fig. 4. Covalent immobilization of a short peptide (GHPQGKKK) to the
parylene-A coated microplate in comparison to a conventional polystyrene
microplate. The amount of immobilized peptide was quantified by using
streptavidin–HRP complex and chromogenic reaction of TMB (n=3).
the covalent immobilization of short peptides which is hardly
adsorpted to the conventional microplate.
4. Conclusion

The microplates made of polystyrene have been widely
used for immunoassays. A new microplate suitable for the
covalent immobilization of proteins and peptides was
developed by thermal deposition of amino-modified parylene
(parylene-A) on the polystyrene microplate. The primary
amine groups of parylene-A was exploited for the covalent
coupling of proteins and peptides. The transmittance of the
parylene-A coated microplate was measured to be more than
85% at the wavelength range between 400–500 nm, which is
a similar transmission level to the conventional microplates
(approx. 90%). The immobilization efficiency of the parylene-
A coated microplate was estimated to be far improved in
comparison to the conventional microplate by using horse-
radish peroxidase (HRP) as a model protein. From this result
the parylene-A coated microplate was proved to be effec-
tively used for the covalent immobilization of a protein, and
the amount of immobilization is quantitative to the initial
concentration of the protein. The applicability of parylene-A
coated microplate to the immunoassay was demonstrated by
covalent immobilization of anti-HRP antibodies. When HRP
was detected as a model analyte, the parylene-A coated
microplate presented the far higher HRP binding activity than
the conventional microplate. There results show that the
parylene-A coated microplate is feasible for immunoassays. A
short peptide with an amino acid sequence of GHPQGKKK
was covalently immobilized to the parylene-A coated micro-
plate by using glutaraldehyde as a linking reagent. The result
demonstrate that the parylene-A coated microplate can be
effectively applied for the covalent immobilization of short
peptides.
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