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t (§7) Abstract

The invention concerns an improved microplate composed of at least one frame part and at least one base part, the base part being
| at most 500 pm thick.

t (57) Zusammenfassung

Die vorliegende Erfindung betrifft eine verbesserte Microplatte, die aus mindestens einem Rahmenteil und mindestens einem Bodenteil
aufgebaut ist, wobei das Bodenteil eine Dicke von maximal 500 pm aufweist.
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Microplate with transgparent base

Description

The invention relates to a microplate with a
particularly high packing density with a transparent base and
to a process for its production.

Microplates, which are used for fluorescence,
luminescence or scintillation measurements, for example in
biochemical or molecular-biology questions, are known.

More recent luminescence and fluorescence
techniques require the provision of dyed microplates with a
transparent base. Microplates with ninety-six depressions
currently constitute a standardized platform for the
automatic or manual determination and evaluation of patient
samples in widespread analyzers. A current method for the
production of dyed microplates with a transparent base 1s the
ultrasonic welding of a dyved plate frame to a transparent
base. Both parts are preferably produced from polystyrene.
However, the problem which occurs again and agailin 1s the
absolute sealing of the ninety-six depressions with respect
to one another. Double welded ribs are therefore often
applied in order to achieve greater reliability.

EP 0 571 661 Al discloses a microplate which can be
used in measurement techniques in which light emission or
translucency are determined. The microplate disclosed

comprises an upper, opaque frame part forming a cell and a
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translucent base part, which has been welded to the upper
frame part by means of ultrasound. Also known are variants of
these microplates in which a protective grid produced from
non-transparent material 1s fitted underneath the transparent
base part and leaves optical windows free. It is also known
to produce microplates of this type in the multi-component
injection molding process, the frame and base parts being
produced by means of two injection moldings and joined
together.

In the case of the known microplates, 1t has proven
to be disadvantageous that the transparent base parts,
because of their thickness of about 1 mm, exhibit light
conduction effects which are based on the refraction of light
and on total reflection. Total reflection always occurs when
light from an optically ﬁore dense medium falls onto the
interface with an optically less dense medium, and the
material-épecific limiting angle is exceeded. This property
is effectively used nowadays in light-conduction technology.
Light is fed 1nto the light conductor at one end, passes
through it, because of total reflection, and can emerge again
at the other end virtually unattenuated. However, the walls
of the fibers must be absolutely smooth in optical dimensions
for this purpose. If this is not the case, as in injection-
molded parts, then the light is only partially totally

reflected at each reflection, and can therefore emerge into
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adjacent depressions or cells. The undesired light-conduction
effect also occurs, for example, in light transmission
measuremehts, and therefore manifests itself, inter alia, 1in
the fact that the transparent base acts as a light conductor
and partially deflects light beamed into a specific cell into
adjacent cells. In this connection, it has been established
that as the thickness of the base increases, the light-
conduction effect also increases, that 1s to say the
measurement accuracy decreases. In addition, the known
microplates, likewise because of the thickness of their
transparent bases, are only conditionally suitable for
radioactivity measurements, for example scintillation
measurements.

The technical problem on which the present
invention is based is therefore to provide micropléfeS'which
overcome the above-mentioned disadvantages, in particular at
the highest possible packing density; that is to say the
highest possible number of depressions per microplate, which
ensure a higher accuracy in the case of the optical
measurements and, in addition, are also suitable for

radioactive determinations.

The invention solves this problem by providing a

microplate having at least one frame part and at least

one base part assigned to the frame part,
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the at least one frame part comprising a large number of

cells, 1n particular at least 384 cells, and the at least
one base part forming the bases of the cells, and the base

part or, respectively, the bases of the cells having a

thickness of at most 500 um, preferably 20 - 500 um,
particularly preferably 40 to 100 um.

More specifically, the present invention provides

a microplate having at least one frame part and at least one

base part assigned to the frame part, the at least one frame
part having at least 384 cells, the at least one base part

being formed as a membrane or film, the base part forming

the bases of the cells, the bases of the cells being formed
as a membrane or film and having a thickness of at most 500
um, the frame part having standard dimensions and contalining
the at least 384 cells, and a seal formed by the frame part

being applied to one side of the base part 1n an injection

molding process at a pressure of 1000 bar with a holding

pressure of about 250 bar and prevented from 1njection

underneath the base part.

In conjunction with the present 1nvention, the

frame part of a microplate 1s understood to be the part of a
microplate which forms the cells or depressions, open toward

the top and the bottom, in particular their side walls. The

base part of a microplate 1s understood to be the part of a
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microplate which seals off the cells and, 1f appropriate,

the cell interspaces at the bottom.

In conjunction with the present invention, a cell
is understood to mean a vessel produced from any desired
material, preferably plastic, which can be designed as a
little bowl, depression, hole, hollow or the like and is

used to hold samples to be examined.
In a particularly preferred way, the whole of the
base part or only those parts of the base part which form

the bases of the cells are designed as a membrane oOr as a

film, especially a transparent film. In conjunction with
the present invention, a film 1s understood to be a thin,

preferably flexible, material layer which has no apertures,

holes or the like and 1s accordingly impermeable to air and
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ligquids. A film therefore has no filter function.

The i1nvention therefore advantageously provides a
microplate which, on account of the only very low thickness
of the base part or, respectively, of the bases of the cells,
makes a large number of advantages and applications possible.
Because of the low thickness of the base part or,
respectively, of the bases of the individual cells, it is for
example particularly advantageously possible to carry out
radioactivity determinations. If the base part is designed as
a transparent film, the resultant advantage is that the
undesired light-conduction effect is reduced considerably, so
that the measurements can be carried out with an accuracy
which 1s increased considerably by comparison with the prior
art. If the base part 1s designed as a membrane, any possibly
desired nutrient diffusion from below through the membrane
into the (biological) cells growing on the membrane in the
cell can take place particularly efficiently and largely
unimpeded.

The microplates according to the invention are
therefore suitable for any type of fluorescence, lumine-
scence, colorimetric, chemiluminescence or radiocactivity
measurements, for example scintillation measurements. The
microplates according to the invention can be used in ELISA
tests, DNA and RNA hybridizations, antibody titer determina-

tions, protein, peptide, immunological tests, PCR and
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recombinant DNA technigques, hormone and receptor bonding
tests and the like. Since provision is preferably made to
design the base part or, respectively, the bases of the
individual cells to be transparent, that 1s to say trans-
lucent, optical devices can be arranged both above and below
the microplate. In addition, it is possible to examine the
samples contained in the cells by optical microscopy.

The microplate according to the invention has at
least one frame part and at least one base part assigned to
the frame part. The at least one frame part 1s preferably
designed to be essentially rectangular and comprises a large
number of cells, open at the top and bottom, in a supporting
plate, the side walls of the cells being formed by the frame
part, designed in this region as a supporting plate. The
cells formed in the'framepart can have circular, hexagonal,
square or other geometric cross sections. The cells are
arraﬁged in“the supporting plate of the frame part in matrix
form or in a row. The cells can be designed in the supporting
plate as distinct individual cells connected to one another
by webs, for example, as holes in an otherwise solid
supporting plate or as a combination of the two.

The invention provides, in particular in an advan-
tageous embodiment, microplates with a high packing density,

that is to say microplates which have standard dimensions but

at the same time have very many cells. In particular,
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provision is made for the microplate according to the
invention having standard dimensions (SBS standard
dimensions, cf. description relating to Figure 1) to have at
least 384 cells. Of course, numbers of cells above dr below
this per microplate are also possible. For each frame part,
it is therefore possible, for example, for there to be
multiples of six, twelve, twenty-four, forty—eight Or ninety-
six cells, for example in a particularly advantageous
embodiment 384, 768, 864, 1536 or 6144 cells.

The frame part is fitted to the base part, at most
500 um thick, in the injection molding process, and thus
closes the cells from below and at the saﬁe time provides the
base for each individual cell. The microplate according to
the invention may, for examble, comprise such a frame part
and a base part assigned to this frame part. According to the
invention, however, provision may also be made to arrange one
or preferably a number of frame parts removably in a base
frame which is open at the center. A microplate of this type
accordingly comprises a base frame and frame parts which are

arranged in the base frame and are each provided with a base

part.

AMENDED SHEET
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In a further preferred embodiment, the invention

provides for the frame part to be dyed white or black or else
to be designed to be transparent or natural-colored. In a

particularly preferred way, provision 1s made to produce the

AMENDED SHEET
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frame part from a material type or a material mixture which
ensures an increased thermal conductivity, for example by
including metal chips, such as nickel or stainless-steel

chips, or carbon black.

In a particularly preferred embodiment, the
invention provides for the production of the frame part from
acryl-butadiene styrene (ABS), polyamide (PA), polycarbonate
(PC), polystyrene (PS), polymethylmethacrylate (PMMA),
polypropylene (PP) or styrene-acrylonitrile (SAN).

In a further advantageous refinement, the invention
provides for the film to be designed to be transparent or
dyed. According to the invention, provision may be made to
use a film with an increased thermal conductivity, for
example by using aluminum as the film material. In a
particularly preferred embodiment of the present invention,
provision is made to construct the film from a number of
layers; for example, that layer of the film which faces the
frame part being used for a particularly good connection to
the frame part, while that layer of the film which faces away
from the frame part is used for improving stability.

In a particularly preferred way, the film 1s pro-
duced from acryl-butadiene styrene (ABS), polyamide (PA),
polycarbonate (PC), polystyrene (PS), polymethylmethacrylate
(PMMA) , polypropylene (PP) or styrene-acrylonitrile (SAN),

and consists of these materials or thelir mixtures.
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In a particularly preferred embodiment, the

membranes provided according to the invention are produced
from polyamide (PA6, PA66), polyester (PET, PETG),
polycarbonate (PC), cellulose, cellulose derivative or
regenerated cellulose, and consists of these materials or
their mixtures.

The invention preferably provides for the base part
to have a constant thickness and to be produced from the same
material over 1ts entire extent. However, the invention also
provides for the base part to have the thickness envisaged by
the invention of at most 500 um only in the regions in which
the base part forms the base of the respective cell, while in
the regions between the cell bases and/or in the regions
underneath the cell side walls, a greater thickness of the
base part is provided and/or a different material
composition.

In a further advantageous refinement, the invention
provides for the provision, underneath the base part, of a
supporting structure, which serves to stabilize the base part
and can be welded or injection molded to said base part or to
the frame part itself. This supporting structure
advantageously leaves an optical window free in each case
underneath the cell bases.

The 1nvention further provides for at least one,

preferably two, corners of the frame part or of the base
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frame to be bevelled or otherwise marked, so that orientation

can be carried out unequivocally.

The 1nvention also relates to a process for
producing microplates from at least one frame part and at
least one base part, the base part having a thickness of at
most 500 um. The invention provides for the microplates
according to the invention to be produced in a single-stage
process, the base part, designed as a film or membrane, being
arranged 1n an injection molding device and a molding
compound heated to 200 to 300°C, preferably 250°C, and
plasticized subsequently being injection molded into the
injection molding device in order to produce the frame part,
and being attached to the base part.

The process according to the invention provides for
a thin, prestamped film or membrane, preferably having a
thickness of 60 um, to be inserted into an injection mold and
to be encapsulated by and connected to the material used for
the frame part. The material can be both transparent and dyed
black or white so as to be highly opaque. The fixing of the
film or membrane can be carried out both using vacuum via
small channel gaps, but these leave small visible imprints on
the molding, and also via the electrostatic charging of the
film or membrane and/or injection mold.

Using this process, it is possible for example to

encapsulate polystyrene, polymethylmethacrylate, polyester or
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polycarbonate films or membranes in the thickness range from
20 to 500 um. In this context, according to the invention it
is preferable to provide for the film or membrane and the
encapsulating molding compound to form a good connection to
each other. If appropriate, according to the invention the
film or membrane should be pretreated in corona or plasma
processes or is to be activated using suitable adhesion
promoters. The temperature resistance of the composite
depends on the film or membrane and the molding compound used
for the production of the frame part and, for example in the
case of polystyrene, is around 50°C. It is preferable to
provide for no thermal deformations of the film or membrane
to occur when the heated molding compound (about 250°C) 1is
injected. The injection mold should be designed in such a way
that the film or membrane 1s not dispiaced.

A very wide range of objectives can be implemented
with this process techhology by means of suitable films or
membranes. These objectives include better properties of use,
such as high translucency and good chemical resistance.
Furthermore, the film surfaces according to the invention can
be made hydrophilic or hydrophobic in plasma or corona
processes, and functional amino groups can be incorporated.
Microplates modified in accordance with the invention are
used in immunoassays and in cell cultivation. According to

the invention, it is also possible to encapsulate membranes
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which are to be used for cell culture techniques and
filtration processes.

Any sterilization with accelerated electrons or
gamma quanta which may be necessary leads to no noticeable
changes in the materials.

The use of a matched mold makes it possible to
produce both small series and large series cost-effectively.
Different film and surface qualities can be produced in this
way without any long interruption to production.

Further advantageous refinements of the invention
can be taken from the subclaims.

The invention will be explained in more detail
using exemplary embodiments and the associated figures, 1in
which:

Figure 1 shows a plan view of a microplate according to the
invention having 96 depressions,
Figure 2 shows an offset cross section through the micro-

plate of Figure 1,

Figure 3 shows a further cross section through the micro-

plate of Figure 1,

Figure 4 shows a view from below of the base part of the

microplate according to Figure 1,

Figure 5 shows a detail from Figure 4,
Figure 6 shows a detail of the cross-sectional illustration

of Figure 2,
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Figure 7 shows a detail from Figure 6,

Figure 8 shows an alternative embodiment of the invention
with frame parts arranged in a base frame,

Figure 9 shows a plan view of a microplate according to the
invention with 384 depressions, and

Figure 10 shows a plan view of a microplate according to the
invention with 1536 depressions.

Figure 1 shows a microplate 1 having a rectangular
frame part 2 which has rounded corners and is made of white,
opaquely dyed polystyrene, and a base part 3 which is
assoclated with the latter but not illustrated here. The
frame part 2 is designed 1n one piece, complies with the
standard dimensions of the SBS (Society of Biomolecular
Screening) standard (MIPTEC standardization draft dated
October 12, 1996) and has a supporting plate 5 in which cells
7 in the form of an 8x12 matrix are formed. The cells 7,
which have a circular cross section, are open toward the top,
and their side walls 9 are shaped by the supporting plate 5.
The cell side walls 9 are connected to the respectively
adjacent cell side walls and, respectively, the frame inner
wall 19 of the frame part 2 by means of webs 11l. Interspaces
13 are therefore arranged between the side walls 9 of the
cells 7. These 1nterspaces 13 are open toward the top while
they are closed toward the bottom by a terminating plate 15

(Figure 2). The frame part 2 has two bevelled corners 27. The
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individual cells 7 can be identified by means of alphanumeric
and numeric matrix labeling.

Figure 2 represents an offset cross section through
the microplate of Figure 1. Figure 6 shows a detail from
Figure 2. It 1s possible to see that the microplate 1 has,
over the entire circumference in its edge region, a hollow
wall 17 which 1s open toward the bottom and is formed by the
supporting plate 5. The cells 7 having side walls 9 formed by
the supporting plate 5 are in each case connected to the
adjacent cells 7 or to the frame inner wall 19 via four webs
11 which are arranged at 90° to one another. The frame inner
wall 19 thus likewise forms the inner side, facing the cell
area, of the hollow wall 17 and encloses the entire cell area
65. It 1s also possible to see the interspaces 13, which are
bopen toward the top and terminated toward the bottom by the
termination plate 15 formed by the supporting plate 5. The
termination plate 15 terminates only the interspaces 13
between the cells 7, but does not terminate the cells 7
themselves. It 1s also possible to see from Figures 2 and 6
that the webs 11 do not entirely reach the height of the
cells 7 but end at a distance d below the top edge of the
cells 7. Of course, 1t 1s also possible, depending on the
geometry of the cells, to dispense with the webs, the
interspaces, the termination plate and/or the frame inner

wall.
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Figure 6 makes it clear that both the downwardly
open cells 7 and the termination plate 15 are covered by a
film 3. The film 3 has a constant thickness of 60 um and is
produced from polystyrene. The passage of light is not
impeded over the entire internal diameter of the cells 7. The
film 3 forms the bases 4 of the cells 7 and covers the
termination plate 15 in the area 60.

Figure 3 constitutes an offset cross section
transversely to the longitudinal axis of the microplate of
Figure 1. Figure 7 constitutes a detail from Figure 3. Both
figures likewise reveal the hollow wall 17 which is open
toward the bottom, formed by the supporting plate 5 and runs
around the entire circumference of the microplate 1. Also
i1llustrated are the frame inner wall 19 that encloses the
cell area 65, the webs 11 thaf connect the cells 7 and the
side walls 9 of the cells 7. Figure 7 shows in detail a lower
corner area of‘the microplate 1 shown in Figure 3. The illus-
tration shows the hollow wall 17 formed by the supporting
plate 5 of the frame part 2, together with its frame inner
wall 19 and the web 11 and the side wall 9 of the cell 7.
Clearly to be seen is the frame inner wall 19 which encloses
the entire cell area 15 and which, with an extension 21,
projects downward beyond the level of the termination plate
15. Also 1llustrated is the base plate 3, which is

1mplemented as a film and covers the entire cell area 65
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toward the bottom without any gaps. Both the termination
plate 15 and the downwardly open cells 7 are covered by the
film, so that the cells have a flat base 4.

Figure 4 illustrates the microplate 1 from below.
The illustration shows the hollow wall 17 formed by the
supporting plate 5 of the frame part 2, with its frame inner
wall 19. Also 1llustrated are connecting webs 23 between the
frame inner wall 19 and the frame outer wall 25 of the frame
part 2. It 1s possible to see the cells 7, which are covered
toward the bottom by the transparent base part 3, implemented
as a film, with their side wall 9 and the webs 11. It is also
possible to see that the termination plate 15, which
terminates the interspaces 13 toward the bottom, is covered
by the base part 3.

Figure 5 illustrates a detail of Figure 4 and‘makes
1t clear that the base part 3 terminates the entire cell area
65 of the frame part 2 toward the bottom..

Figure 8 illustrates a further embodiment of the
invention. In a base frame 30 which is open at the center,
eight units each built up from a frame part 2 and a base part
3 having eight cells in the form of a étrip are arranged so
that they can be removed by means of the grip surfaces 67.

Figures 9 and 10 illustrate microplates which
li1kewlise have standard dimensions (SBS) but contain

considerably more cells. Identical or functionally similar
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elements are provided with identical reference symbols.
Figure 9 shows a microplate 1 which has 384 cells 7 in the
form of a 16x24 matrix. The cells are square as viewed in
cross section. The alphabetic and numeric labeling of the
matrix is also 1llustrated.

Figure 10 1llustrates a microplate 1 which has 1536
cells 7, likewise with a square base surface as viewed in
cross section, 1n the form of a 32x48 matrix.

The production of the microplate 1 was carried out
- as follows: a transparent polystyrene film with a thickness
of 60 um was positioned in an injection mold. The arrangement
was carried out in such a way that the molding compound to be
injected cannot be injected underneath the film, and
relatively large dust particles were denied access into the
injection chamber. In order to produce the frame part 2,
polystyrene dyed white was used. This was 1initially heated to
260°C in a cylinder and thus brought into a plastic state.
The plasticized molding compound was then pressed out of the
cylinder by means of a screw conveyor under a pressure of
1000 bar and quickly injected into the cool, closed mold, 1in
which the film had been positioned. The molding solidified
under a holding pressure loading of about 250 bar, the
shrinkage of the cooling molding being compensated for by
applying holding pressure to the plastic compound. The

holding time until solidification was a few seconds, but 1in
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the case of large and thick-walled parts, may also be several
minutes. After cooling and solidifying, the molding applied

to the film is ejected.
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The embodiments of the invention 1n which an exclusive

property or privilege 1is claimed are defined as follows:

1. A microplate having at least one frame part and at

least one base part assigned to the frame part, the at
least one frame part having at least 384 cells, the at
least one base part being formed as a membrane or film, the
base part forming the bases of the cells, the bases of the
cells being formed as a membrane or film and having a
thickness of at most 500 um, the frame part having standard
dimensions and containing the at least 384 cells, and a
seal formed by the frame part being applied to one side of
the base part in an 1njection molding process at a pressure
of 1000 bar with a holding pressure of about 250 bar and

prevented from injection underneath the base part.

2 . The microplate as claimed 1n claim 1, wherein the
membrane is comprised of polyamide, polyester,

polycarbonate, cellulose, cellulose derivative or

regenerated cellulose.

3. The microplate as claimed 1n claim 1 or 2, wherein the

bases are formed as a film.

4 . The microplate as claimed in claim 3, wherein the film
is comprised of acryl-butadiene styrene, polyamide,
polycarbonate, polystyrene, polymethylmethacrylate,

polypropylene or styrene-acrylonitrile.
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5. The microplate as clailmed 1n any one of claims 1 to

wherein the bases or the base part have a thickness of 20

to 500 wum.

6. The microplate as claimed i1n any one of claims 1 to

4,

oy

wherein the at least one frame part i1s dyed white or black,

or 1s transparent or 1s natural-colored.

7. The microplate as claimed 1n any one of claims 1 to
wherein the at least one frame part has an 1ncreased

thermal conductivity.

8 . The microplate as claimed in any one of claims 1 to
wherein the at least one frame part contains metal chips

carbon black.

9. The microplate as claimed in any one of claims 1 to

wherein the film in transparent or dyed.

10. The microplate as claimed in any one of claims 1 to

wherein the film has an increased thermal conductivity.

11. The microplate as claimed in any one of claims 1 to

10, wherein the film is constructed from a number of

layers.

12. The microplate as claimed 1n any one of claims 1 to
11, further comprising a base frame which 1s open at 1its
center and the at least one frame part of the microplate

arranged in the center.

0,

Or

18
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13. The microplate as claimed 1n claim 12, wherein at

least one frame part or the base frame are essentially

rectangular.

14. The microplate as claimed in claim 12 or 13, wherein
the cells are arranged in the frame part in a matrix form

Or 1n a row.

15. The microplate as claimed in claim 12, 13 or 14,

wherein at least one of the at least one frame part and the

base frame have at least one beveled corner.

16. The microplate as claimed in any one of claims 1 to

15, wherein the cells have a square, hexagonal or circular

Cross section.

17. The microplate as claimed 1n any one of claims 1 to
16, further comprising a supporting structure, arranged

underneath the at least one base part.

18. The microplate of any one of claims 1 to 17, wherein

the bases or the base part have a thickness of 60 um.
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