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(57) The present invention relates to an integrally
built, linear array of cuvettes made of a plastic material,
every cuvette of the array having the same shape and
dimensions, and neighboring cuvettes being connected
to each other by a single web, each cuvette of said array
has a symmetry axis (Y-Y), the symmetry axis (Y-Y) of
every cuvette forming part of said array (21) of cuvettes
lies in a plane (A-A) which extends along the length of
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said cuvette array, said array of cuvettes being charac-
terized in that a) the cuvettes have an open lower end
(33), b) at least two cuvettes (22) have means (31, 32)
for removably connecting said cuvettes (22) to said cu-
vette holder, and c) each cuvette is connected by a single
web to its neighboring cuvette, said single web is flexible
and curved and successive single webs maybe on either
one of opposite sides of the plane (A-A).
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Description

[0001] The invention concerns an integrally built, linear array of cuvettes made of a plastic material, every cuvette of
the array having the same shape and dimensions, and neighboring cuvettes being connected to each other by a single
web. Furthermore, the invention provides also a two-dimensional array of cuvettes and a system comprising two or more
two-dimensional arrays of cuvettes.

[0002] In the field of chemical analysis of samples, differential expression analysis (profiling) of genes and gene
fragments and in particular in the field of screening of pharmaceutical compounds and in bio-diagnostics of such com-
pounds and samples large numbers of such compounds should be analyzed as fast as possible. There is therefore a
need for a system of cuvette arrays making it possible to perform diffusion or filtration process steps as well as analytical
measurements simultaneously or sequentially on a plurality of liquid samples in order to perform a high throughput
screening of those samples.

[0003] In the prior art, cuvettes for this purpose are already known.

[0004] EP 1232792 describes a cuvette array 11 comprising cuvettes 12 with an open lower end 13, means for
removably connecting 14 and means for positioning the cuvettes 15 in the cuvette holder as shown in Figure 1A.
[0005] This invention is based on the observation that these positioning means are of disadvantage when welding a
layer at the lower open end of the cuvettes. For the welding process a steel matrix is imposed on the cuvettes. The steel
matrix comprises wholes whose position and dimensions correspond with the position and dimension of the cuvettes in
the array so that the steel plate may fit on the cuvettes. Then, a layer is laid on the open lower ends of the cuvettes and
welded, whereby the lower ends form the welding contour. A knife in dimension and form equivalent to the steel matrix
punches the layer so that only the layer welded to cuvettes remains. The steel matrix stops the knife of cutting through
the cuvette array.

[0006] The positioning means 15 of the cuvette array 11 as described in EP1232792 do not allow a proper welding
of the layers. Figure 1B shows a partial cross-section through a cuvette holder 16 with a cuvette array 11 of Figure 1A.
As clearly shown, the positioning means 15 prevent an accurate placement of a steel matrix 17 (see Figure 1B). The
steel matrix concisely locks up with the lower ends of the cuvettes 12 which form the welding contour 19. The distance
of the lower end 18 of the inlayed steel matrix 17 and the welding contour 19 is to low for accurate welding and/or
punching of the layer.

[0007] Asshown in Figure 10 a cuvette array 21 without positioning means allows to accurately position a steel matrix
17 below welding contour 29 (lower ends of cuvettes 22) so that a proper welding and cutting is possible.

[0008] Therefore, the present invention provides an integrally built, linear array of cuvettes made of a plastic material,
every cuvette of the array having the same shape and dimensions, and neighboring cuvettes being connected to each
other by a single web, each cuvette of said array has a symmetry axis (Y-Y), the symmetry axis (Y-Y) of every cuvette
forming part of said array 21 of cuvettes lies in a plane (A-A) which extends along the length of said cuvette array, said
array of cuvettes being characterized in that

a) the cuvettes 22 have an open lower end 33,

b) at least two cuvettes 22 have means 31, 32 for removably connecting said cuvettes 22 to said cuvette holder, and
c) each cuvette 22 is connected by a single web 25,26 to its neighboring cuvette 23,24, said single web is flexible
and curved and successive single webs maybe on either one of opposite sides of the plane (A-A).

[0009] The main advantages of the invention are that it allows to perform the welding process steps accurately and
efficiently.
[0010] Preferred embodiments of the invention are described hereinafter with reference to the accompanying drawings
wherein
Figure 1A shows a cross-section through a cuvette array 11 of the prior art.
Figure 1B shows a partial cross-section through a cuvette holder 16 with a cuvette array 11 comprising cuvettes 12
and a steel matrix 17 imposed on the cuvettes 12 (top). The cross-sectioned part is shown in magnification in the
bottom.
Figure 2 shows a top view of a linear cuvette array 21 according to the invention.

Figure 3 shows a cross-section through a plane A-A of linear cuvette array 21 in Figure 2.

Figure 4 shows a cross-sectional view of one of the cuvettes 22 of linear cuvette array 21 in Figure 2.
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Figure 5 shows a cross-sectional view of one of the cuvettes 22 of linear cuvette array 21 in Figure 2, this cuvette
including a foil shaped layer 71 attached to the lower end of the cuvette.

Figure 6 shows a top view of a cuvette holder 42 forming part of a two-dimensional cuvette array according to the
invention.

Figure 7 shows a cross-section through a plane B-B of cuvette holder 42 in Figure 6.
Figure 8 shows a top view of a two-dimensional cuvette array 41 according to the invention.
Figure 9 shows a cross-section through a plane C-C of two-dimensional cuvette array 41 in Figure 8.

Figure 10 shows a partial cross-section through a cuvette holder 42 with a cuvette array 21 comprising cuvettes 22
without positioning means, and a steel matrix 17 imposed on the cuvettes 22 (top). The cross-sectioned part is
shown in magnification in the bottom.

Figure 11 shows a cross-sectional representation of stacked two-dimensional cuvette arrays 41 and 51.

Figure 12 shows a cross-sectional representation of a two-dimensional cuvette array 31 stacked onto a standard
analysis multiwell plate 48.

Figures 13A to 13E show a top view of a linear cuvette arrays according to the invention.
Figures 14A to 14G show a cross-section through a plane A-A of linear cuvette arrays according to the invention.

[0011] Figures 2 and 3 show an integrally built, linear array 21 of cuvettes 22 made of a plastic material.

[0012] Every cuvette of array 21 has the same shape and dimensions and neighboring cuvettes are connected to
each other by a single web 25, 26. Each of these single webs 25, 26 is flexible and has a curved shape.

[0013] The symmetry axis Y-Y of every cuvette 22 which forms part of array 21 of cuvettes lies substantially in one
and the same plane A-A which is a symmetry plane of cuvette array 21. The upper part of an intermediate cuvette 22
of array 21 is connected by a first single web 25 to a neighboring cuvette 23 which lies on one side of intermediate
cuvette 22 and is connected by a second single web 26 to a neighboring cuvette 24 which lies on the opposite side of
intermediate cuvette 22.

[0014] The single webs 25, 26 are flexible and therefore facilitate the insertion of the cuvettes in a cuvette holder, e.g.
cuvette holder 42 described hereinafter, in spite of variations of the length of cuvette array 21 which are due to different
shrinkage coefficients of the different materials used for manufacture of cuvette arrays 21 by injection molding. These
single webs 25, 26 may lie on either of two opposite sides of the plane A-A. This means that two successive single webs
may lie on the same side of the plane A-A, or on the opposite side of the plane A-A. However, it is preferred that at least
to single webs lie on opposite sides of the plane A-A.

[0015] Atleast two of the cuvettes of the array 21 have means for removably connecting the cuvettes to cuvette holder
42 described hereinafter. These means are an integral part of the cuvette. Preferably, these connecting means are
latches 31 and 32.

[0016] Preferably, the distribution of cuvettes with connecting means over the array is equitable. If two cuvettes have
connecting means preferably the first and the last cuvettes has each connecting means, or second and the last but one
cuvette has each connecting means, or the third and the last but two cuvette has each connecting means, and so on.
[0017] In a preferred embodiment, in array of eight cuvettes, the first cuvette, the third cuvette, the fourth, the fifth, the
sixth and the eighth cuvette has each connecting means.

[0018] Further preferred arrangements of the connecting means in array of eight cuvettes are shown in Figure 14.
[0019] Figure 3 shows a cross-section of one of the cuvettes, e.g. cuvette 22 of cuvette array 21. As shown by Figure
4, the cuvette has an upper chamber 27 and a lower chamber 28 which have a common symmetry axis Y-Y which
passes through the centers of both chambers. Upper chamber 27 and lower chamber 28 have each a substantially
cylindrical shape. The cross-section of upper chamber 27 at the central part thereof is larger than the cross-section of
lower chamber 28.

[0020] Lower chamber 28 has an open lower end 33. Upper chamber 27 has an open top end 34 and an annular
bottom wall 35. This bottom wall has a central circular opening 36 which connects said upper chamber 27 with lower
chamber 28.

[0021] The inner surface 37 of bottom wall 35 is part of a conical surface the cross-section of which forms an angle
of about 80 degrees with the symmetry axis Y-Y of the cuvette, so that there is an abrupt change of cross-section between
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said upper chamber 27 and said lower chamber 28.

[0022] The cuvette array 21 is made by injection molding of a selected first plastic material which is particularly suitable
for being used in combination with a second selected material of which a foil shaped layer is made. This layer is adapted
to be closely attached to at least one cuvette of the array of cuvettes for covering at least one opening of the cuvette.
The same plastic material may be used for said first plastic material and said second plastic material.

[0023] The attachment of the foil shaped layer to one or more cuvettes can be effected e.g. by gluing the layer and
the one or more cuvettes or by a welding process. Preferred is the attachment of the foil shaped layer by a welding
process. The foil attached to one individual cuvette is attached only to this individual cuvette and has no connection with
any other cuvette or with a foil attached to a different cuvette.

[0024] The attachment of the layer to the cuvette must ensure a medium tight connection (liquid and/or gas tight
connection) of these components.

[0025] Possible uses of such a foil shaped layer include e.qg. its use as a filter and/or as a transparent closure (e.g.
transparent to ultraviolet irradiation), which must not necessarily have the function of a filter.

[0026] When the foil shaped layeris used as afilter, the filtration process can be effected by use of vacuum or pressure
applied to the medium contained in each cuvette of a cuvette array.

[0027] Suitable materials for a foil shaped layer usable as a filter and having a thickness in a range of 10 to 200
micrometer are for instance: polyvinylidenfluorid (PVDF), polycarbonat (PC), polysulfon (PSU), regenerated cellulose,
polytetrafluorethylen (PTFE), PET, cyclic olefin copolymers (COC) and filter paper.

[0028] As shown by Figure 5 such a foil shaped layer is adapted to be closely attached to the lower end of the cuvette.
Figure 5 shows a cuvette 22 and a foil shaped layer 71 which is closely attached to cuvette 22 for covering the opening
of this cuvette at the lower end 33 thereof.

[0029] Theinjection molding apparatus for manufacturing the cuvette array is preferably so configured and dimensioned
that injection molding of different materials having different shrinkage coefficients can be carried out with one and the
same apparatus.

[0030] In order to obtain a high stability of the assembly formed by a cuvette array 21 and the above mentioned foil
shaped layer, the material of which this layer is made is so selected that properties of the layer are suitable for use with
the material of which the cuvettes are made.

[0031] On the other hand the materials of the cuvette array and of the foil shaped layer are so selected that they are
particularly well adapted for and thereby enable optimization of a particular process carried out with the assembly of
cuvette array and foil shaped layer. Such processes are e.g. filtration, diffusion, concentration determination and "mi-
crospotting”.

[0032] For instance, cuvettes made of a hydrophilic material, e.g. celluloseacetate, are suitably combined with ultra-
filtration membranes for carrying out ultrafiltrations in an optimal way. Diffusion processes through artificial membranes
are preferably carried out with hydrophobic filtration membranes, which are suitable for being combined by a melting
process with cuvette material having similar hydrophobic properties. Filtration processes require hydrophilic or lipophilic
properties of the cuvettes and of the filtration membrane attached thereto, and the selection of the materials of these
components depends from the properties of the substance to be filtered.

[0033] For processes involving genes or genes, fragments are deposited by microspotting on the foil which is attached
to the lower end of the cuvettes of cuvette array 21.

[0034] Following materials are examples of materials which can be used to manufacture cuvette array 21: cellulose-
acetate, polycarbonate, polyvinylidene fluoride (PVDF), polysulfones, polystyrene, polypropylene (PP) or cyclic olefin
copolymers (COC). Materials with similar shrinkage coefficient (in connection with injection molding) and melting prop-
erties may also be used for manufacturing cuvette array 21.

[0035] Figure 6 shows a top view of a cuvette holder 42 which can be used to hold a plurality of the above described
cuvette arrays 21 to form a two-dimensional cuvette array 41. Figure 7 shows a cross-section through a plane B-B of
cuvette holder 42 in Figure 6.

[0036] In a preferred embodiment cuvette holder 42 is of substantially rectangular shape and has four centering ribs
located each on the outer surface of one of the corners of cuvette holder 42.

[0037] Figure 8 shows a top view of a two-dimensional cuvette array 41 according to the invention. Figure 9 shows a
cross-section through a plane C-C of two-dimensional cuvette array 41 in Figure 8.

[0038] As can be appreciated from Figures 8 and 9, a two-dimensional array 41 of cuvettes according to the invention
comprises a cuvette holder 42 having a matrix array 43 of openings 44 for receiving cuvettes 22 of at least one linear
cuvette array 21 having the above described features. Each of the cuvettes 22 of cuvette array 21 has a shape and
dimensions that snugly fits, also with connecting means, into one of openings 44 of cuvette holder 42.

[0039] Cuvette holder 42 is so configured and dimensioned that two-dimensional array 41 is adapted to be used in a
centrifuge. As shown by Figure 9, cuvette holder 42 snugly fits into a holder plate 49 of a centrifuge.

[0040] Figure 10 shows a cuvette holder 42 with a cuvette array 21 and a steel matrix 17 which is imposed on the
cuvettes 22 of the cuvette array 21.
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[0041] Forthe welding process the steel matrix 17 is imposed on the cuvettes as shown in Figure 10. The steel matrix
17 comprises wholes whose position and dimensions correspond with the position and dimension of the cuvettes 22 in
the array so that the steel plate 17 may fit on the cuvettes 22. Then, a layer is laid on the open lower ends of the cuvettes
and welded, whereby the lower ends form the welding contour 29. A knife in dimension and form equivalent to the steel
matrix 17 punches the layer so that only the layer welded to cuvettes remains. The function of the steel matrix 17 is to
stop the knife of cutting through the cuvette array 21.

[0042] As shown by Figure 11, two or more two-dimensional cuvette arrays e.g. arrays 41 and 51 each of which has
the structure described above with reference to Figures 8 and 9 can be stacked on each other to form a three-dimensional
cuvette array. According to the invention, the components of such an array are so configured and dimensioned that
cuvettes having the same relative position in their respective holders are accurately positioned one above the other with
coincidence of their symmetry axis, one of said cuvettes taking the position of an upper cuvette 61 and the other cuvette
taking the position of a lower cuvette 62. In a preferred embodiment a portion of the lower part of each upper cuvette
61 lies within the upper chamber of the corresponding lower cuvette 62 and the lower end of the upper cuvette 61 is at
a predetermined distance from the bottom wall of the upper chamber of the lower cuvette 62.

[0043] As shown by Figure 12, a two-dimensional cuvette array 41 which has the structure described above with
reference to Figures 8 and 9 can be stacked also on a standard holder plate 48 for a standard multiwell plate.

[0044] According to the invention a system comprising one or more two-dimensional arrays 41, 51, etc. of cuvettes
having the above-described structure are used to perform simultaneously diffusion, filtration or detection process steps
on a plurality of liquid samples, wherein said samples are e.g. genes, gene fragments, drug substance or precursors of
drugs.

[0045] In a preferred embodiment such a system comprises a first two-dimensional cuvette array 41 and a second
two-dimensional cuvette array 51, said cuvette arrays 41, 51 are stacked on each other, and the cuvette holders 42, 52
and the cuvettes 22 of said two-dimensional cuvette arrays 41, 51 are so configured and dimensioned that cuvettes
having the same relative position in their respective holders are accurately positioned one above the other with coinci-
dence of their symmetry axis, one of the cuvettes taking the position of an upper cuvette 61 and the other cuvette taking
the position of a lower cuvette 62. In a preferred embodiment a portion of the lower part of the upper cuvette 61 lies
within the upper chamber of the lower cuvette 62 and the lower end of the upper cuvette 61 is at a predetermined distance
from the bottom wall of the upper chamber of the lower cuvette 62. With this arrangement there is no capillary gap
between liquid contained in the lower part of the upper cuvette 61 and liquid contained in the upper chamber of the lower
cuvette 62.

[0046] Figures 13A to 13E show a top view of cuvette array 21 with preferred arrangements of the single webs 15,16.
[0047] Figures 14A to 14G show a cross-section through plane A-A of the cuvette arrays 21, with preferred arrange-
ments of the connecting means 31,32.

List of reference numbers

[0048]

11 cuvette array

12 cuvette

13 lower end of cuvette 12

14 connecting means

15 positioning means

16 cuvette holder

17 steel matrix

18 lower end of steel matrix 17

19 cuvette contour

21 linear cuvette array

22 cuvette

23 cuvette

24 cuvette
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(continued)

25 web
26 web

27 upper chamber

28 lower chamber

29 welding contour
31 latch
32 latch

33 open low end

34 open top end

35 bottom wall

36 opening

37 inner surface of bottom wall 35
38

39

41 two-dimensional cuvette array

42 cuvette holder

43 matrix array of openings

44 opening (for receiving cuvettes)
45
46
47

48 standard holder plate for a standard multiwell plate

49 holder plate

51 two-dimensional cuvette array

52 cuvette holder

53 holder plate

61 upper cuvette

62 lower cuvette

71 foil shaped layer

[0049] Modifications and alternative embodiments of the invention will be apparent to those skilled in the art in view
of the foregoing description. Accordingly, this description is to be construed as illustrative only and is for the purpose of
teaching those skilled in the art the best mode of carrying out the invention. Details of the apparatus and of the system
described may be varied without departing from the spirit of the invention and the exclusive use of all modifications which
come within the scope of the appended claims is reserved.

Claims

1. An integrally built, linear array of cuvettes made of a plastic material, every cuvette of the array having the same
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shape and dimensions, and neighboring cuvettes being connected to each other by a single web, each cuvette of
said array has a symmetry axis (Y-Y), the symmetry axis (Y-Y) of every cuvette forming part of said array (21) of
cuvettes lies in a plane (A-A) which extends along the length of said cuvette array, said array of cuvettes being
characterized in that

a) the cuvettes have an open lower end (33),

b) at least two cuvettes (22) have means (31, 32) for removably connecting said cuvettes (22) to said cuvette
holder, and

¢) each cuvette is connected by a single web to its neighboring cuvette, said single web is flexible and curved
and successive single webs may be on either one of opposite sides of the plane (A-A).

The linear cuvette array according to claim 1, wherein said array of cuvettes is made of a selected first plastic
material which is particularly suitable for being used in combination with the same or a second selected material of
which the foil shaped layer (71) is made, said layer being adapted to be closely attached to each cuvette (22) of
said array of cuvettes for covering at least one opening of each cuvette (22).

The linear cuvette array according to claim 2, wherein said first plastic material and said second selected material
is COC.

A two-dimensional array of cuvettes comprising

(a) a cuvette holder (42) having a matrix array (43) of openings (44) for receiving cuvettes (22), and

(b) at least one linear cuvette array (21) according to any one of the claims 1 to 3, each cuvette (22) of said at
least one cuvette array (21) having a shape and dimensions that snugly fits into one of said openings (44) of
said cuvette holder (42).

The two-dimensional array of cuvettes according to claim 4, wherein said cuvette holder (42) and the cuvettes (22)
of said at least one linear cuvette array (21) are so configured and dimensioned that two or more cuvette holders
(42) carrying each at least one linear cuvette array (21) can be stacked in such a way that cuvettes having the same
relative position in their respective holders are accurately positioned one above the other with coincidence of their
symmetry axis, one of said cuvettes taking the position of an upper cuvette (61) and the other cuvette taking the
position of a lower cuvette (62), a portion of the lower part of the upper cuvette (61) lying within the upper chamber
of the lower cuvette (62) and the lower end of the upper cuvette (61) being at a predetermined distance from the
bottom wall of the upper chamber of the lower cuvette (62).

The two-dimensional array of cuvettes according to claim 4 or 5, further comprising a foil (71) which is attached to
the lower end of each cuvette (22) for covering the opening (33) of said cuvette at that lower end thereof.

The two-dimensional array of cuvettes according to claims 6, wherein said foil is a filter.
The two-dimensional array of cuvettes according to claims 6, wherein said foil is transparent.

The two-dimensional array of cuvettes according to claims 6, wherein said foil carries genes or gene fragments
deposited on said foil by microspotting.

The two-dimensional array of cuvettes according to claim 4 or 5, wherein said cuvette holder (42) is of substantially
rectangular shape and has four centering ribs located each on the outer surface of one of the corners of said cuvette
holder (42).

The two-dimensional array of cuvettes according to claim 4 or 5, wherein said cuvette holder (42) is so configured
and dimensioned that said two-dimensional array (41) of cuvettes is adapted to be used in a centrifuge.

A system for simultaneously performing diffusion or filtration process steps on a plurality of liquid samples, said
system comprising one or more two-dimensional arrays of cuvettes according to any of claims 4 to 10.

The system according to claim 11 comprising a first two-dimensional cuvette array (41) according to claim 4 and a
second two-dimensional cuvette array (51) according to claim 4, wherein said cuvette arrays are stacked on each
other, and wherein the cuvette holders (42, 52) and the cuvettes (22) of said two-dimensional cuvette arrays (41,
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51) are so configured and dimensioned that said two-dimensional cuvette arrays (41, 51) can be stacked in such a
way that cuvettes having the same relative position in their respective holders are accurately positioned one above
the other with coincidence of their symmetry axis, one of said cuvettes taking the position of an upper cuvette (61)
and the other cuvette taking the position of a lower cuvette (62), a portion of the lower part of the upper cuvette (61)
lying within the upper chamber of the lower cuvette (62) and the lower end of the upper cuvette (61) being at a
predetermined distance from the bottom wall of the upper chamber of the lower cuvette (62).

14. Linear cuvette arrays, two dimensional cuvette arrays as disclosed in the description and figures
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