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'ABSTRACT OF THE DISCLOSURE

A batch method for preparing polyacrylamide agueous
gels for electrophoresis 1s disclosed. The method comprises
providing a plurality of gel plate supporters abreast in an
airtight gel-forming container, eliminating oxygen from or
introducing oxygen-free gas into said container, charging a
gel-forming solution into said container, and gelatinizing

the solution. It can easily produce a large quantity of

high quality polyacrylamide gel plates for electrophoresis

with a uniform quality and a high resolving power in an

automated batch method in a short period of time.
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TITLE OF THE INVENTION

METHOD FOR PREPARING POLYACRYLAMIDE AQUEQUS
GEL PLATE FOR ELECTROPHQORESIS

BACKGROQUND QF THE INVENTION

Field of the Invention:

The present invention relates to a method for preparing
a polyvacrylamide aqueous gel plate for use in
electrophoresis, and, more particularly, to a method for
preparing a large quantity of polyacrylamide aqueous gel
plates which are of uniform and high quality in a simple
manufacturing procedure.

Description of the Background Art:

Agqueous polvacrylamide gels have wilidely been used for
electrophoresis analysis of in vivo components with a high
molecular weight, e.g., protein, nucleic acid, and the like.
Conventionally, polyacrylamide agueous gels are used as
electrophoresis media. They are prepared from a gel-forming
solution charged into or coated onto a gel-supporter in the
form of a cylinder, plate, or film, or the like, on which the
solution is polymerized by cross-linking to form an agueous
gel. Usually, plate-shaped gels (plate gels), which are
relatively simple to prepare, easy to handle, and suitable
for analyzing a plurality of samples under the same conditions,
are most widely used.

When preparing a gel plate, particularly in the case ot
a gel plate having a concentration gradient, the gel-forming
solution is usually charged into each set of gel-supporter

separately and individually, in most cases. According tO
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this procedure; however, 1t 1s difficult to consistently
produce a plurality of gel plates having a specified
analytical performance because of a problem in the
reproducibility 1in repeated charging. Moreover, it takes a
long time and requires complicated steps to prepare a large
quantity of such gel plates. In order to avoid these
problems, 1t 1s necessary to introduce an expensive unit for
charging of the solution and to employ a special mixing
method for the preparation of gel-forming solutions. Thus,
the method 1s not necessarily considered to be advantageous
for industrial production.

On the other hand, the batch method, which utilizes a
gel-forming container in which a plurality of gel-supporters
are placed abreast and the gel-forming solution is charged
into it to gelatinize, can afford a plurality of gel plates
having the same gquality by a simpler procedure as compared
to the aforementioned individual, repeated charging method.

However, such batch method requires one to stratify a water
layer, an organic solvent layer, or the like on top of the
gel-forming solution in order to prevent the gel-forming
solution from contacting directly with air (oxygen) which
prevents the polymerization reaction from proceeding. However,
the stratified layer may mingle with the gel-forming
solution producing unhomogeneous layers with different gel
concentrations or a part of the layered organic solvent may
remain in the gel plate. These can be the cause of

deformation of electrophoresis images or deterioration of
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samples.

In addition, in a conventional batch method, since gel
supporters are placed lengthwise in a container and the
gel-forming solution is then charged full into the
container, gelatinization takes place not only inside the
gel supporters, but also along their peripheral portions.
This often makes it difficult to take out the gel plates

formed from the container or to peel off the gel plates from each

other. Because of this, the gel supporters may be broken or
a gel supporter and the gel may be detached when they are
taken out from the gel-forming container. Thus, such a
conventional batch method often fails to produce the expected
gquantity of gel plates in a single operation. Furthermore,
in the conventional batch method, the size of container or
the number of supporters to be placed in a container is
limited because of exothermic heat of polymerization and the
like. This no£ only worsens the production yield and
workability, put also imposes a limitation to the scale of
the batch-size.

Accordingly, an objective of the present invention is
to solve the above-metioned problems in conventional batch

processes and to provide a method for preparing polyacrylamide

aqueous gels for electrophoresis having a high and uniform
quality in a large quantity by a simple and easy procedure.

As a result of intensive studies, the present inventors
found that a homogeneous gel can be obtained and deformation

of electrophoresis images can be avoided by making the gel-
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forming container an air-tight structure and eliminating

the oxygen 1n the container or introducing oxygen-free gas
1nto the container before charging the gel-forming solution.
In addition, damages of gel supporters and detachment of gel

and supporters at the time when they are taken out from the

contaliner can be prevented and excthermic heat of the

polymerization reaction can be suppressed by separating each
gel supporter individually with partition members. These

findings have led to the completion of the present

invention.
SUMMARY OF THE INVENTION

Accordingly, the present invention provides a batch
method for preparing polyacrylamide agqueous gel plates for
electrophoresis comprising: providing a plurality of gel
plate supporters abreast in an airtight gel-forming
container, eliminating oxygen from or 1introducing oxygen-free
gas into said container, charging a gel-forming solution
into said container, and gelatinizing the solution.

Other objects, features and advantages of the invention
will hereinafter become more readily apparent from the
following description.

BRIEFIDESCRIPTION QF THE DRAWINGS

Figure 1 shows is a view illustrating an embodiment of
a lid and a box of a gel-forming container.

Figure 2 is a view illustrating an embodiment of a rack

for partition members.
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Figure 3 is a drawing showing a partition rack wherein

gel plate supporters are placed abreast.
Figure 4 1s a drawing showing a broken-down gel plate
supporter.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

The gel-forming container used in the present invention
1s composed of a box in which gel supporters are placed and
a lid which seals the container airtignht, and preferably
equipped with, as 1llustrated in Figure 1, one or more inlet
ports for a gel-forming solution and one or more outlet
ports for charging gas into or discharging gas from the
container. Thé slze of the gel-forming container is
determined according to the size of the gel plate supporters
and the number of gel plate supporters to be used. The gel
plate forming container must have an airtight structure,
because 1t 1s necessary to eliminate oxygen from the
container or to introduce oxygen-free gas thereinto. This
airtight structure can easily be secured by applying a
packing beneath the lid and providing a buckle or the like
to fasten the lid and the box. The gas inlet or outlet port
may be closed by a plug after the gas charging or
discharging operation.

In the practice of the present invention, partition

members are employed for separating gel plate supporters.

The gel plate supporters do not adhere to each other by the gel

because of the provision of partition members. In addition,
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generation Cf heat due to the polymerization reaction can be
suppressed, siﬁce the partition members function as an
insulator. The partition members are plates preferably made
of a non-water-absorptive material, such as resin, e.qg.,

polyethylene, polypropylene; rubber, e.g., silicone rubber,

vrethane rubber; or a polymer resin described in the

"Chemistry Handbook - Applied Chemistry Part", edited by The

Chemical Society of Japan; or the like. Particularly

preferred materials are porous materials which can embrace a

large amount of air (oxygen) around 1its surface, materials
with high radical adsorptivity, soft resin plates which can
readily adhere to the surface of gel supporters, and the
like. Specifically, a polystyrene plate, a styrene foam
plate, and a fluorinated resin plate are most preferred.

The partition members may be placed so as to locate
individual gel plate supporters separately in the gel plate
forming container. It is more preferable to provide a rack
for partition members, as shown in Figure 2, in which the
gel supporters are placed to stand abreast as shown 1n
Figure 3, and to locate the rack as a whole 1n the
container. This construction ensures an easy and simple
procedure for taking out the formed gel plates. The
distance between each partition is not specifically limited
provided that the gel supporters can stand individually.
The partition member may have any thickness, so long as 1t
can adequately prevent adherence of gel supporters Dby a

sufficient amount of gel, can provide a sufficient heat
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insulation effect, and does not impair the analytical
performance df‘the gel plates and the workability of the
process.

The gel plate supporter to be used in the present
invention may not be particularly limited provided that an
ordinary supporter is selected. For example, a mold
consisting of two sheets of plates made of a non-electric
conductive material (e.g., glass, plastic, etc.) arranged
with a certain space between them by a frame (spacer) can be
used. The mold must be provided with at least two openings
for charging and discharging the gel-forming solution and
the like. Specifically, as illustrated in Figure 4, a unit
consisting of two sheets of gel plates with a comb inserted
between them for providing a sample slot may be used.

In the present invention, oxygen gas must be eliminated
from or oxygen-~free gas must be introduced into the gel-
forming container after placing a plurality of gel plate
supporters in the container. Oxygen gas may be removed from
the container by evacuating the air confined therein by a
suction device or the like. Nitrogen gas, helium gas, OX
the like, is preferable as an oxygen-free gas.

The target gel plate for electrophoresis can be
prepared by charging a'gel“forming solution into this gel-
forming container and by gelatinizing. The gel-forming
solution used here may be those described in known
references oh electrophoresis, e.g., "Electrophoresis -

Fundamentals and Experiments", edited by H. Terada, oxr the
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like. Specific examples 1nclude, but are not limited to, a
monomer solutidn containing an acrylamide monomer, and as
required, a cross-linking agent, an anionic surface active
agent (e.g., SDS), and a pH buffering agent; a mixture of a
peroxide solution and a reducing agent solution; and the
like.

The electrophoresis gel plates prepared by the present
invention can be applied to horizontal or vertical

electrophoresis and the like according to a known method

disclosed in references on electrophoresis ("Electrophoresis
- Fundamentals and Experiments", edited by H. Terada; or the
like). It is most suitable for use in slab-gel
electrophoresis.

Other features of the invention will become apparent in
the course of the following description of the exemplary
embodiments which are given for illustration of the
invention and are not intended to be limiting thereof.

EXAMPLES

Example 1

50 pieces of gel plate supporters (Figure 4) were
placed in a gel-forming container (Figure 1) using a
partition rack (Figure 2), as 1llustrated in Figure 3. ‘With
this arrangement, the supporters were separated from each
other by polymerization prevention plates. After closing
the container with a lid, nitrogen gas was injected into the

container through the gel-forming sclution inlet port or the

gas discharging outlet port to make the inside of the
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container a low-oxygen atmosphere. Conditions of the gas

in the container was confirmed by measuring the amount of

dissolved oxygen in the gas blown out from the container Dy

a dissolved oxygen meter.
Then, the gel-forming solution of the following
formulation was charged into the container through the gel-

forming solution inlet port.

<Formulation of the gel-forming solution»>

1.5 M Tris-hydrochloride (pH 8.8) 250 ml
Acrylamide 97.5 g
N,N’'-methylenebisacrylamide 2.5 g
1% Ammonium peroxysulfate | . 3.0 g
N,N,Nf,N'-tetrémethylethylenediamine 0.05 g
Water (making the tbtal volume 1000 ml) Balance

After a required amount of the gel-forming solution was
charged into the container, a 50% aqueous glycerol solution
was filled into the container up to the bottom of the
supporters and the inlet port was plugged so that the
solution may not flow back. The container was allowed to
stand still for a specified period of time until the content
was fully gelatinized. After removing the lid, the gel
plates formed were taken out altogether with the rack and

subjected to washing in an automatic washing machine. Spaces

between supporters were not gelatinized with the provision of
partition members, and thus each set of gel plate was easily

taken out from the container. Detachment of the gels and
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supporters or damages to the gel plates were hardly

experienced when they were taken out from the container, soO
that almost all of the gel plates prepared could be used for
electrophoresis. Furthermore, since the surface of the
gel-forming solution did not mingle with air or with a
stratified liquid layer when the solution was charged into
the container, high quality gel plates without flaws or
stripes could be obtained.

Comparative Example 1

50 pieces of gel plates were prepared in the same
manner as in Example 1, using the same gel-forming container
as used in Example 1, except that the use of the partition
members was omitted and a water layer on the gel-forming
solution for preventing the solution from contacting air was
not produced.

Gel plates prepared in Example 1 and Comparative
Example 1 were examined on the following items:

(1) Time consumed for processing and taking out 50
pieces of gel plates. The washing time required for the
avtomatic washing machine in the process of the present
invention (A) was also counted and included.

(2) The number of gel plates which can be used for
electrophoresis, with no supporter-gel detachment, no flaws
oxr stripes, ang no gel discoloration.

(3) Breakdown of the number of defective gels in terms
of various defects. .

The results are presented in Table 1.

10
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TABLE 1
Present Invention Conventional Method
Process (A) Process (B)
(1) Time required 12 minutes 65 minutes

for processing
50 gel plates

(2) Number of gel plates
usable for 48 pieces 12 pieces
electrophoresis
per 50 gel plates

(3) Defective gel plates (pieces)
a. broken supporter 0 18

h. detachment of

supporter and gel  ( ' 10
c. chipped gel plate 1 5
d. stripes and foams. 1 4

in gel plate

e. contamination of 0 1
foreign material

As can be seen from Table 1, the method of the present
invention (A) took less than one-fifth of the processing
time required for the conventional process since the method
was automated as described in Example 1, whereas the
conventional process (B) in Comparative Example 1 required
much time and labor to take out the gel plates from the
container or to peel off the gel plates from each other.
Furthermore, while the conventional process produced more
than 3/4 unacceptable products out of 50 pieces 1in the

outward appearance examination, the method of the present

invention could produce high quality gel plates at a yield
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of four times or higher than that of the conventional
process, only producing one defective gel plate with
chipping and ancother defective gel plate with stripes, each
found at each end of the container. This satisfactory
result was due to the facts that no extreme force was needed
for separating each gel plate formed, there was no mingling
of the gel-forming solution with the stratified laver
solution around their interface, and the like.

As illustrated above, a large quantity of high quality
polyacrylamide gel plates for electrophoresis, which 1is
homogeneous 1n properties and has high resolving power, can
easlily be prepared in a batch method in a short processing
period according to the method of the present invention. In
addition, procedures for taking out the gel plates after
gelatinization, washing of final products, and the like, which
conventionally relied upon manual labor, can be automated by
the suitable design of the structure of the gel-forming
container, the partition members, and the like.

Obviously, further modifications and wvariations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within the

scope of the appended claims, the invention may be practiced

other than as specifically described herein.

12

P BTV A oI 4 ML O IR AT CH L e MR G 164 Srgon 2 dn T 110500 e S TR A IS 141410 TN £ AR i ST [P ON T A S 5 I L ) I 40 224 1 SRR LRI A MLl PO A LIt > M LA A I3 KT TEE MM M RO SCHAER LT | SN TR LT B v N A T R IO L od GO £ TN o 1 - I UM 537 16 I 34 <dH LIS B Nt A IS A A LA T LTI LG . Sl 4P LI i LA {05 181 b ot 4 da A b s fees 2oy e el o :



Ll Jtdwn ' B gagd bty

CA 02088548 2000-05-11

What 1s claimed is:

1. A batch method for preparing polvacrylamide agueous

gel plates for electrophoresis comprilising:

providing a plurality of gel plate suppcorters abreast
in an airtight gel-forming container,
eliminating oxygen from or i1ntroducing oxygen-free gas

into said container,

charging a gel-forming solution into said container,

and
gelatinizing the solution.

5. The method according to Claim 1, wherein the plurality

of gel plate supporters are individually separated in said

airtight gel-forming container by partition members.

3. The method according to Claim 2, wherein said

partition members are plastic plates or rubber plates.
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