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Conventional WB
(1% Anti-GST: 2 ug; 2% GAM: 0.2 ug)
GST {ug) 5 075 038 0.19 0.09

TDCS WB
{15 Anti-GST: 0.02 ug; 2" GAM: 0.2 ug)
GST{wg) 6 3 15 075 038 0.19 0.09

Figure 2
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METHOD FOR ENHANCEMENT OF THE
UNIFORM REACTION ON THE POROUS
MATERIALS

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method for the uniform
reaction on the porous materials, particularly to a method for
enhancement of the uniform reaction on the porous materi-
als.

2. Description of the Prior Art

According to the estimation of Ministry of Economic
Affairs, the annual market scale of the detection reagents in
Taiwan is about NT$ 3,000 million. The annual market scale
of the in vitro detection reagents is over NT$ 5,000 million
in the world. If the relevant diagnostic detection reagents are
included, the annual market scale has already been up to
US$ 30,000 million. Wherein, the immune-detection
reagents account for 25%, and the clinical chemistry detec-
tion reagents account for 16.5%. It reveals that the immune-
detection reagents have already become the mainstream of
the detection reagent market.

Wherein, in the market of the detection reagent, the need
of application for the uniformly coated biochemical mol-
ecules on the test piece, membrane, chip, plastics, metal,
filter paper, organic material, medical-grade product or the
substance made by the other biochemical molecules etc.
become more and more important. Especially, in the case of
the biochemical molecules which are scarce or expensive
with the high unit price, a key technology for quickly and
uniformly coating the microscale biochemical molecules has
become extremely important.

In the recent years, the biomedical detection carried out
by the immunoreaction mechanism has already been widely
applied in different fields, such as HIV immunodetection,
Lyme disease detection, Hepatitis B virus detection, the
tumor marker screening, the health examination, and the
various regular blood and urine detections etc. However,
when the protein or antigen is analyzed by the immunode-
tection, the detection process is commonly lengthy with the
needs of high-price antibodies, combining with high-effi-
cient catalysis of enzyme to reach high sensitive detection.
Therefore, how to reduce the antibody consumption without
sacrificing the signal intensity and also to save the reaction
time has become the key issue to reach the fast precision
immunodetection.

In the conventional Western blotting method, the mem-
brane is put in a container containing the antibody, and the
antibody is reacted with the target protein mainly via the
diffusion mechanism. The mechanism of conventional West-
ern blotting method is to combine the antibody exclusively,
then the enzyme is used to display the color of the combined
samples. The specific tissue or cell sample containing target
protein is analyzed through the position of color and the
density of color band. The target protein is then transferred
onto a polyvinylidene fluoride (PVDF) membrane and
immersed in an antibody solution container. To cover the
antibody on the membrane evenly and to reach the result of
combining with the antibody on the specific antigen, the
overnight reaction and/or with the shaking way are com-
monly used in the conventional Western blotting method.
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However, this conventional method has some drawbacks,
such as the high cost of the excessive antibody consumption
and long operation time.

To reduce the antibody consumption, the drop injection or
the spot coating has been used in the market. The biochemi-
cal molecules are coated on the carrier, such as the slice,
membrane or chip etc., then the air dry or the oven dry is
used. But the primary antibody cost and the operation time
are still unable to meet the requirement of the fast reaction
at user’s end. Recently, a feasible approach is to take the
advantage of microfluidic chip, such as the microchip elec-
trophoresis etc., in which the antibody is driven by the
voltage in the electrophoresis system, and then it is conju-
gated with target protein on the surface of porous membrane.
Although this technology has the advantages of high sensi-
tivity and high repeatability, but the high cost on chip
fabrication has still limited its application.

In addition, by using high unit price of antibody to carry
out the biochemistry and immunology test, it should always
be considered to minimize the amount of antibody to reduce
the cost under the required accuracy, and to offer multichan-
nel detecting technology synchronously, in order to meet the
goal of cost reduction, high-speed, abundance and accuracy.

In order to save the antibody consumption and reduce the
operation time, the brand new thin-film direct coating
method is designed and developed here. The film is coated
on the substrate by the principle of the relative motion
between the fluid and the substrate applied. The suitable
coating interval, the fluid flow rate and the coating speed can
be controlled to obtain the desired uniform thin wet film
accurately. The thickness of the film determines the material
consumption, and the diffusion distance among the mol-
ecules can be shortened to increase the reaction efficiency.
However, when the thickness of liquid film is reduced to a
critical thickness, the ratio of the surface area and the
volume of the membrane will be increased. The liquid film
tends to reduce the total surface area to reach the minimum
surface energy, so that the film will break and shrink
nonuniformly to cause the uneven concentration and fail the
detection. This is the difficult point of the prior art which
could be also prevented by the present invention. The
purpose of the present invention is to effectively increase the
detection efficiency and reduce the processing cost by the
premise without sacrificing the signal-to-noise ratio and
reliability. Up to now, there is no uniform coating method
and the reaction technique of the biochemical molecules
similar to the present invention.

SUMMARY OF THE INVENTION

The present invention provides a method for the uniform
reaction on the porous materials, particularly to a method for
enhancement of uniform reaction on porous materials. After
the first reactant (such as target protein) is transferred onto
the porous material (such as polyvinylidene difluoride,
PVDF) which is subsequently placed on the platform of the
machine, a small amount of second reactant (such as anti-
body) is injected into a compact coater. Then, all parameters
are set on the machine. The coating head maintains a
constant coating distance above the membrane and has no
contact with the porous material (such as polyvinylidene
difluoride). The reactant (such as antibody) is distributed and
diffused uniformly on the porous material (such as polyvi-
nylidene difluoride) by the coating head and the capillary
force.

The present invention provides an example of correspond-
ing antibody that was uniformly coated on the porous PVDF
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material blotted with another reactant (such as target anti-
gen). The reaction collision probability is increased and the
need of the reactant-dosage consumption is reduced by
increasing the area-to-volume ratio at the reaction interface.
The steps comprise the followings: providing a thin-film
direct coating method and an adjustable coating width,
uniformly coating a reactant (such as antibody) film on
another reactant (such as target antigen).

The present invention provides an uniform chemical
reaction to enhance for uniformly coating a reactant film on
the porous materials, the steps comprise the followings:
providing a thin-film coating method, a porous material, and
a negative pressure vacuum apparatus. Wherein, the thin-
film coating method comprises a coating head, which is for
uniformly coating the reactant on a porous material. The
porous material comprises a characteristic pore diameter.
The suction direction of negative pressure vacuum apparatus
is not parallel to the film coating direction. A forced con-
vection is produced, that forces the reactant (such as anti-
body) moving in the direction to another reactant (such as
target antigen), and then inhibit the reactant moving to other
directions due to the diffusion mechanism and cause the
local concentration of reactant being higher. When the
interaction of reactant (such as antibody) and another reac-
tant (such as target antigen) is increased, the signal-to-noise
ratio can be increased.

The present invention provides a method for enhancement
of the uniform reaction on the porous materials, which is a
quick, miniaturized and uniform coating method to reach the
cost reduction, high-speed, the mass production and the
precision products for the market requirements.

The present invention provides a method for enhancement
of the uniform reaction on the porous materials. Comparing
with the conventional Western blotting method, the present
invention needs much less processing time (at least one
order of magnitude), and much less amount of the reagent
dosage (at least two orders of magnitude) to reach the same
detection signal strength.

The present invention provides a method for enhancement
of the uniform reaction on the porous materials, which is a
quick, miniacturized and uniform coating method, and can
be widely applied in biochemistry and immunology etc. for
the huge market requirements.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 illustrates an embodiment and method for
enhancement of the uniform reaction on the porous materials
in the present invention.

FIG. 2 illustrates the examples of experimental results for
enhancement of the uniform reaction on the porous materials
in the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following description, the attached Figures will be
used to describe the implementation of the present inven-
tion. In the Figures, the same symbol of element is used to
represent the same element. Also, in order to explain clearly,
the size or thickness of the element may be exaggerated.
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As shown in FIG. 1, an embodiment for a method for
enhancement of the uniform reaction on the porous materials
in the present invention is illustrated. After another reactant
(such as target antigen) is transtferred to the polyvinylidene
difluoride membrane, which is subsequently placed on the
platform of the machine. A small amount (at least two orders
of magnitude less than the conventional Western blotting
method) of reactant (such as antibody) is injected into
through the coater inlet (11) into a light, compact and thin
coater (12), then, all parameters could be set on the machine.
The coating head (12) maintains a constant coating distance
above the membrane and has no contact with the porous
material. The reactant (such as antibody) is distributed and
diffused uniformly on the porous material (such as polyvi-
nylidene difluoride, PVDF) (13) from the coating head (14)
by the surface tension.

As shown in FIG. 2, the experimental results for the
enhancement method of a uniform reaction on the porous
materials in the present invention are illustrated. Except that
reactant (such as antibody) consumption of the present
invention can be significantly reduced, it (such as antibody)
can also contact the antigen (such as proteins or peptides)
blotted membrane (such as polyvinylidene difluoride,
PVDF) uniformly, so that the antibody can effectively com-
bine with the particular antigen, and increase the sensitivity
of conventional Western blotting method.

A method for enhancement of the uniform reaction on the
porous materials is described in the present invention.
Firstly, a thin-film direct coating method is used to distribute
the reactant (such as antibody) on the membrane (such as
polyvinylidene difluoride, PVDF) (13). The present inven-
tion collects the coating head, injection pump and/or surface
tension as the fluid driving force. The reactant (such as
antibody) is coated on the polyvinylidene difluoride mem-
brane which has been blotted with another reactant (such as
target antigen).

A method for enhancement of the uniform reaction on the
porous materials is described in the present invention. In the
coating process, the speed of coating membrane, distance
and the flow rate of transport fluid are controlled. The
abovementioned speed of coating membrane, distance and
the flow rate of transport fluid should be precisely matched,
so that the reactant (such as antibody) will form a uniform
and very thin liquid film after the coating is finished, and the
combination time for the reactant (such as antibody) probing
with the another reactant (such as target antigen) by the
diffusion mechanism, which can be shortened. Because the
film thickness of per unit area is positive proportional to the
reactant (such as antibody) amount of per unit area, that is,
in the premise of the evenly liquid membrane, the reactant
(such as antibody) on every place of liquid membrane will
be distributed uniformly to obtain uniform dyeing color.

A method for enhancement of the uniform reaction on the
porous materials is described in the present invention, in
which the vacuum is used to prevent the uneven distribution
for the diffusion of reactant (such as antibody). The reactant
(such as antibody) contacting the membrane which has been
blotted with another reactant (such as target antigen) by the
thin-liquid film type is different with the diffusion phenom-
enon appeared when the antibody consumptions is getting
much more as the prior art. At this moment, the ratio of the
volume to the surface area for the membrane is increased,
the liquid membrane trends to reduce the overall surface
area, in order to reach the minimum low surface energy, it
makes the membrane is easy to be broken by shrinking, to
become as the liquid pearl, and leading to the uneven
concentration.
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A method for enhancement of the uniform reaction on the
porous materials is described in the present invention,
wherein the vacuum pump is used to force the convection of
the reactant (such as antibody) by a negative pressure, the
reaction time is further shortened and the noise signal caused
by the non-specific combination is reduced. The present
invention uses a vacuum pump to force the reactant (such as
antibody) moving to another reactant (such as target antigen)
by a negative pressure, and inhibit the reactant (such as
antibody) moving to other directions due to diffusion mecha-
nism and cause the local concentration of reactant (such as
antibody) being higher. Upon interaction of the reactant
(such as antibody) and another reactant (such as target
antigen) is increased, the unreacted expensive antibody
without combining with the target protein can be recovered
and the signal-to-noise ratio can be increased. Through the
automatic modularized, light, compact and thin coater as
well as the vacuum pump, the machine is already verified
that the method of the present invention can significantly
reduce the antibody consumption and the operation time,
reduce the human error, increase the detection efficiency,
and sufficiently comply with the requirements of quick
biomedical detection in the future.

The present invention for uniformly coating a reactant
(such as antibody) film on another reactant (such as target
antigen) by increasing the area-volume ratio of the reaction
interface increases the reaction collision probability and
reduces the whole reactant dosage. The method comprises
the followings: providing a thin-film coating method and an
adjustable coating width, and uniformly coating a reactant
(such as antibody) film on another reactant (such as target
antigen).

The present invention provides a uniform chemical reac-
tion to enhance for uniformly coating a reactant film on the
porous materials. The steps comprise the followings: pro-
viding a thin-film coating, a porous material, and a negative
pressure vacuum apparatus. Wherein, the thin-film coating
method comprises a coating head for uniformly coating the
reactant on a porous material substrate. The porous material
comprises a characteristic pore diameter for blotting with
target reactant and washing with solution smoothly. The
suction direction of negative pressure vacuum apparatus is
not parallel to the flat direction of the thin-film coating. A
forced convection is produced, that forces the reactant
moving to the direction of another reactant (such as target
antigen), and then inhibit the reactant moving to other
directions due to the diffusion mechanism and cause the
local concentration of reactant being higher. When the
interaction of reactant (such as antibody) and another reac-
tant (such as target antigen) is increased, the signal-to-noise
ratio can be increased.

The present invention has the quick detection function,
because the premise is for reducing the detection time
established under the same developing effect. This method
uses the fluid characteristics of the thin film, which shortens
the diffusion distance between the reactant (such as anti-
body) and another reactant (such as target antigen), and uses
a vacuum pump to force the antibody moving to the target
protein by controlling a negative pressure, in order to inhibit
the reactant moving to other directions due to diffusion
mechanism and cause the local concentration of reactant
being higher, and increase the interaction of the antibody and
the target protein to reach the quick reaction.

40

6

The antibody consumption of the conventional immuno-
reaction, such as Western blotting method, should be at least
greater than 2 pg. In the embodiment of the present inven-
tion, the thin-film direct coating method is adopted, only
0.02 pg or even less of antibody is required to coat on the
polyvinylidene fluoride membrane, the content of target
protein and the change of signal still can be detected stably
and precisely. Upon carrying out the high-price biochemical
detection, the primary antibody cost can be lowered under
Y100, which is significant advancement compared with the
existing technique.

The present invention provides a method for enhancement
of the uniform reaction on the porous materials, which is the
quick, miniaturized and uniform coating method to reach the
cost reduction, high-speed, the mass production and the
precision products and the market requirements. The present
invention provides a method for enhancement of the uniform
reaction on the porous materials. Also, comparing with
Western blotting method, the present invention needs only
one order of magnitude less of the processing time, and two
orders of magnitude less amount of the reactant dosage to
reach the same detection signal strength. Summary by the
abovementioned, the present invention provides a method
for enhancement of the uniform reaction on the porous
materials, which is quick, miniaturized and uniform coating
method, and can be widely applied in biochemistry and
immunology etc. for the huge market requirements.

It is understood that various other modifications will be
apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this
invention. Accordingly, it is not intended that the scope of
the claims appended hereto be limited to the description as
set forth herein, but rather that the claims be construed as
encompassing all the features of patentable novelty that
reside in the present invention, including all features that
would be treated as equivalents thereof by those skilled in
the art to which this invention pertains.

What is claimed:

1. A method by using a machine to uniformly coat to form
a thin-film on a porous material with a first reactant and
enhance a chemical reaction between said first reactant and
said second reactant of said thin-film by a negative pressure,
comprising:

placing said porous material with said first reactant trans-

ferred on a platform of said machine:

preparing a coater having a coater inlet and a coating head

of said machine with said second reactant by injecting
said second reactant through said coater inlet into said
coater, a coating distance being formed between said
coating head and said porous material;

distributing uniformly said second reactant with a fluid

flow rate from a coating head of said coater to coat said
second reactant with a coating speed on said porous
material to form said thin-film;

diffusing uniformly said second reactant of said thin-film

on said porous material;

using said negative pressure in a direction of being

non-parallel to a flat direction of said thin-film by
forcing convention to force said second reactant of said
thin-film moving to said first reactant combined on said
porous material;

wherein, said porous material comprises a characteristic

pore diameter for washing with a solution smoothly.

#* #* #* #* #*



