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Abstract

The filter paper-based analytical platform has been interested in recent years due to its
availability and inexpensiveness. This work focused on the silane functionalized filter paper
which was developed for immobilization of antibody probe, anti-B, for detecting their specific
antigen, antigen-B, on red blood cells surface. 3-Glycidoxypropyltrimethoxysilane (GPTMS)
was hydrolyzed under a basic solution to conduct anti-B immobilized onto the paper via
covalent bonding. The concentration of GPTMS was compared between 0.5% and 5% v/v to
obtain the strong signal of red blood cells adhering to the surface. The functionalized surface
was characterized with the FTIR technique. Then the pH of the buffer solution was varied to
find the suitable pH for linking the antibody onto the silanized filter paper. The results show
that using a high concentration of GPTMS can enhance the antibody and antigen interaction.
At strong pH (pH 9) solution, the opening epoxide ring can occur, and antibodies were linked
onto the surface via this reaction. The interaction of antibody-B and antigen on red blood cells
was measured by the mean intensity of the color present on the paper and confirmed red blood
cells adhering by scanning electron microscope. The GPTMS functionalized filter paper can
enhance the bioactivity of specific interaction of antibody-B and red blood cell-B and the
uniformity of the reaction.
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1. Introduction

Paper-based analytical devices have been interesting in the sensor research field due to the
platform is easy-to-use, inexpensive, and can be portable [1]. Determination of blood type is
normally based on the principle of haemagglutination between red blood cells and serum
antibodies. The currently common techniques used for the identification of blood groups
include the slide test, tube test, microplate, and column agglutination [2]. The paper-based
technique for ABO blood typing almost combines with wax printing [3] which is needed for
the specific chemical and printing machine. 3-Glycidoxypropyltrimethoxysilane (GPTMS)
has been used for a wide range of applications by tailor properties as well as increase
opportunities for their applications. It is one of the most common precursors for hybrid
organic—inorganic materials. Example for optical waveguides [4], coatings for anti-scratch
[5], or modification of organic polymer surface [6]. GPTMS can be acted as a grafting agent
for the functionalization of silica surfaces. Silane functionalized nanoparticles were used to
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Fig. 1. Hydrolysis reaction (1) and Condensation reaction ((2) and (3)) of alkoxysilane in a basic catalyst

increases detection sensitivity due to the uniformity of the reaction [7]. The alternative way
to increase the amount of antibody bound to the paper is using silane coupling onto the paper
surface. Alkoxy groups can react with the hydroxyl group on the paper in an aqueous
solution via hydrolysis and condensation reactions and then assemble into the silanized
papers. The general hydrolysis and condensation mechanisms of an alkoxysilane in a basic
catalyst are shown in Fig. 1 [8].

In this work, the GPTMS functionalized filter paper in basic condition was successfully
demonstrated. The antibodies can be covalently linked onto the paper surface via an opening
epoxide ring for detection of their specific antigen. The antibody-B was used as a protein
immobilization probe which will have specific interaction with antigen-B on the red blood
cells surface. The low and high concentration of GPTMS was treated on the paper to
compare the results. The pH of the buffer was varied to find the most optimum pH for
antibody immobilization onto the silanized surface. The color intensity of
antibody-antigen interaction was compared between silanized paper and without silanization.

2. Experimental details

2.1 Materials

The 3-Glycidoxypropyltrimethoxysilane (GPTMS) was purchased from Dow corning
(Thailand) LTD. Commercial filter paper (industrial grade) with a pore size of 10 um was
cut at 1 cm? sized. Antibody-B and red blood cells (RBC-A, -B, and -O) were purchased
from The National Blood Centre Thai Red Cross Society, Thailand. The chemical
used for preparing phosphate buffer saline pH 7.4 from Sigma-Aldrich. Hydrochloric acid
(HCI) and sodium hydroxide (NaOH) was used to adjust the pH buffer obtained from Sigma-
Aldrich and Carlo Erba, respectively. The chemical structure of GPTMS showed in Fig. 2.

2.2 Functionalization of filter paper

The 0.5% and 5% of GPTMS were prepared in deionized (DI) water for hydrolysis for
30 minutes. The pH was adjusted in basic condition (pH13) by NaOH. The filter paper was
immersed in the solution for 3 hours then dried at room temperature. The filter paper was
then baked at 70 °C for 6 hours to condense the silane on the paper surface. The
functionalized filter paper was characterized by the FITR technique compared with the non-
functionalized.
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Fig. 2. Chemical structure of GPTMS
2.3 Antibody immobilization and red blood cell detection

The functionalized filter paper was rinsed with DI water before used. The PBS buffer at
various pH (<4, 5, 6, 7, 8, 9, and >9) was dropped onto each piece of paper followed with 10
pL of antibody-B and waited for 20 minutes. A red blood cell sample at 5 pL was dropped on
the antibody area and wait for the reaction for around 2 minutes. The paper was rinsed with
PBS buffer to wash unbound red blood cells from the paper surface and observed the red color
on the paper that determined the reaction of antibody-B and antigen on the red blood cells
surface. The results were scanned by EPSON L210 scanner for recording the picture. The spot
intensity was analyzed by the Image J program. The specific interaction of RBC-B adhered
on the immobilized antibody-B surface was measured by a scanning electron microscope.

3. Results and discussion
3.1 GPTMS functionalized filter paper

In this study, 3-glycidoxypropyltrimethoxysilane (GPTMS)organosiloxane can be used as
a coupling agent to immobilize biomolecule (antibody) onto the paper surface to increase the
detection signal of antigen on red blood cells. GRTMS can couple organic molecules through
the reactive epoxide functionality and coat the paper surface through the hydrolyzed Si-OH
groups. FTIR spectra of non-functionalized (non-FN) paper and functionalized (FN) paper
were compared in Fig. 3. As expected, the bands of interest are weak and they could be
overlapped by characteristics of cellulose when functionalized GPTMS on filter paper. The
peak at 3,335 cm™ is characteristic for O-H stretching and 2,897 cm™ for C-H stretching
of polysaccharides or cellulose fiber. The typical bands represented to cellulose also were
shown in the range of 1,630-900 cm that belong to stretching and bending vibrations of -
CH; and -CH, -OH, and C-O bonds [9], [10]. In the spectra of GPTMS functionalized paper,
the Si-O-Si bands were noticed at 852 cm™ and 790 cm™ (inset graph) for bending and
stretching, respectively [11]. The peak of epoxide ring [12] (C-H of the three-
membered ring) at 3,045 cm™ was not observed which concordant to the previous work [11]
may be due to the overlapping of the O-H board band of the cellulose paper. By the way,
the strong specific band of Si-O-Si around 1,150 cm™ may be overlapped with the same
region of an intense C-O-C vibration band of cellulose. Hence, these signals are not easily
measured by the FTIR technique.

For immobilization of antibody-B onto filter paper, 0.5% and 5% (v/v) GPTMS in water
which represented the low and high content of linker molecule were compared for the
covalent link of antibody onto the surface. The hydrolysis and condensation reaction of
GPTMS were done in basic catalysis for the formation of silica. An increase of GPTMS
content can increase antigen binding to the antibody surface which was seen by the more
intense red color of the paper as shown in Fig. 4. Specific reaction of antibody-B and red
blood cells-B (RBC-B) was observed compared with unspecific binding with RBC-A and
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RBC-O. The unspecific signal was around 2.7+0.7% while the specific interaction showed
the signal more than 2.7% on both functionalized GPTMS (0.5% and 5%). The intensity of
8.0+0.6% to 11.8+1.6% was obtained on the specific interaction of RBC-B and antibody-B
on the functionalized surface. Although the non-functionalized surface showed a specific
signal of 6.4+1.2% which was lower than the functionalized surface. Functionalized paper
with 5% GPTMS can increase the signal for 45.7% and 32.2% when compared with non-
functionalized paper and 0.5% GPTMS functionalized paper, respectively. From this result
can be noted that a modified surface with a suitable amount of GPTMS can enhance the
bioreactivity and uniformity of the reaction.

100

% Transmittance

95-
90—-
85 -
80-
75—-
70-

65

60

3335cm”
O-H streching

[ 2897cm™
| C-H streching

1638 cm” \,
O-H bending ¥

% Transmittance

non-FN paper

1600 1250

1000
Wavenumber (cm)

750 500

—— FN paper

T T T T T T T T
2500 2000 1500 1000 500

Wave number (cm”)

T T T T
4000 3500 3000

Fig. 3. FTIR spectra of non-functionalized paper and functionalized paper with GPTMS
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Fig. 4. The adhering of red blood cell-B on immobilized antibody-B on the non-functionalized
(non-FN) paper and functionalized paper with 0.5% and 5% GPTMS
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3.2 pH effect on the antibody immobilization

Filter paper functionalized with 5% GPTMS was used to immobilized antibody-B by
varying the pH of a solution in the range of 4 to 9. To find the optimum immobilizing pH, red
blood cell samples were dropped onto the surface and the red color was measured after loosely
bound RBCs were washed off. The intensity of the unspecific signal of antibody-B and
RBC-O was lower than the specific signal on both non-functionalized and functionalized
surfaces as shown in Fig. 5. The specific signal of antibody-B and RBC-B on
non-functionalized paper still exhibit too low at pH range 4 to 7 but it showed a little bit
increase when pH more than 8. The higher signals were clearly seen in the case of
antibody-B and RBC-B interaction on functionalized paper at all immobilizing pH.

We noticed that the signal was higher in low and high pH it means that the reaction occurs
in strongly acidic and basic conditions which can open the epoxide ring and link the antibody
onto the surface via the amine group. The opening of epoxides ring under acidic conditions
occurs in 2 steps, first, the epoxide is protonated by H* and second, the nucleophile (NH;
from antibody) attacks at the carbon-oxygen atom (C-O) in the epoxide ring. The ring-opening
reaction occurs to form an antibody linkage to the surface. In case of strong basic condition,
ring-opening of epoxides proceed by a nucleophile (NH, from antibody) attacks the epoxide
at the carbon of the C-O atom and result in a transfer of proton to the alkoxide (RO") providing
neutral alcohol with having antibody link at the end chain. The epoxide ring-opening reaction
in basic and acid conditions can be seen in Fig. 6. From this context, the highest signal of
antibody-B and RBC-B showed at pH 9 of antibody immobilization then the immobilizing
solution was chosen at pH 9 which was an optimum immobilizing pH in this work.

3.3 SEM characterization of the interaction of antibody and red blood cell

SEM image can confirm the interaction of immobilized antibody-B and RBC-B on
GPTMS functionalized paper compared with non-functionalized paper as shown in Fig. 7.
The results show that less amount of red blood cells adhered on the non-functionalized surface
while the functionalized surface showed a higher amount of red blood cells adhering. Because
GPTMS acts as the grafting agent to anchor the functionality which linking the antibody onto
the surface. This can enhance the bioactivity between immobilized antibodies and antigens on
the red blood cell surface. For a non-functionalized surface, the antibody could be physically
adsorbed onto the filter paper then loosely bound molecules may be washed off easily leading
to the low signal of red blood cells adhered on the surface.
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Fig. 5. Measurement signal of antibody-B with RBC-B and RBC-O interaction by immobilizing
antibody with different pH in the range of 4 to 9
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Fig. 6. Immobilization of antibody via epoxide ring opening of GPTMS under a) basic and b)
acidic conditions

Fig. 7. SEM image of specific interaction of immobilized antibody-B and RBC-B on a) GPTMS
functionalized filter paper and b) non-functionalized filter paper

4. Conclusion

In this study, surface functionalization of filter paper is accomplished to modify property
as well as increase the opportunity for antibody immobilization. By using
3-Glycidoxypropyltrimethoxysilane (GPTMS) in an aqueous solution through the hydrolysis
and condensation reaction to form silica in high pH conditions. The efficiency of GPTMS
grafting showed in the high signal intensity of red blood cells adhered onto the surface more
than that of non-functionalize. Moreover, the functionalized surface provided uniformity of
the reaction and signal enhancement. GPTMS functionalized filter paper may offer the
application in biochemistry by probing different types of protein reactions.
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