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HOLDER FOR CAPILLARIES

The present invention generally relates to a capillary array. In particular, the invention relates
to an array for a plurality of capillaries by means of which a simultaneous filling of a plurality
of capillaries of a microwell plate 1s made possible. Furthermore, the invention also relates to
an apparatus and a method for filling, transportation and measurement of fluds having

volumes at microlitre levels.

BACKGROUND OF THE INVENTION

NanoTemper Technologies GmbH develops and sells measurement devices, by means of
which liquids within a capillary are examined optically. It 1s further known that a single
capillary 1s taken by hand, immersed into a liquid and then separately put down on an array and
subsequently pushed into the measuring device. Said method of filling individual capillaries 1s
shown for example 1n a video of NanoTemper Technologies GmbH, which 1s published under
http://www.youtube.com/watch?v=rCot5Nf1 Og. The individual filling 1s advantageous for
certain single samples, however, if larger amounts of samples are to be examined, said method

requires many steps which cannot readily be automated.

Application no. EP 2 572 787, which was filed by the same applicant as the present invention,
describes capillaries which are adhered to an array by means of magnetic forces. Said method
allows, 1.a., easier and/or more precise positioning of the single capillary on the array. In other
words, 1t 1s still preferred to individually fill the single capillaries, however, the subsequent

step 1s supported by magnetic forces.

However, 1n some biochemical/biological/diagnostic/medical appliances, magnetic beads 1n the
liquds are used. Said substances or “magnetic beads” cannot be used with the magnetic
capillaries since they are negatively influenced by the magnetic fields, for example by the
magnetic fields holding the magnetic capillaries or by the magnetic material on the capillary
itself.
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Also 1 scopes of application like NMR (nuclear magnetic resonance), which also uses

magnetic fields, magnetic capillaries cannot be applied.

A micro cuvette array, Optim 1000 of ForteBio 1s known, 1n which 16 micro cuvettes are
arranged 1n recesses of an array and are filled separately or by means of a multichannel pipette.
The array has to be sealed after filling the micro cuvettes and 1s then led to an analysis device.
The array 1s presented under http://www.youtube.com/watch?v=DmIdWZcMO-M. Filling of
said miucro cuvettes can, however, only be carried out manually in a cumbersome way.
Furthermore, filling of said micro cuvettes cannot easily be followed or checked and the micro
cuvettes are so short that vaporization of the liquid 1s a huge problem which makes elaborate

sealing necessary.

Thus, there 1s the need for an improved device or an improved method. Preferably, 1t should be
allowed to f1ll a plurality of capillaries simultaneously and preferably in a secure and efficient

way as well as by simple and advantageous handling.

EP 1695762 A2 discloses an array with capillaries having a compact structure comprising a
connecting bridge and a series of pyramudal structures each 1if which holds a capillary.

WO 03066667 A2 discloses a further textile array having capillaries arranged 1n parallel.

SUMMARY OF THE INVENTION

The device according to the present invention as well as the method according to the present
invention 1s defined by the features of the independent claims. Advantageous embodiments are

described 1n the subclaims.

The device according to the present invention, 1n the following also referred to as array, carrier,
or support, 1s supposed to preferably hold a plurality of capillaries which are for example used
for optical thermophoresis measurements or microscale thermophoresis measurements,
preferably in the devices of NanoTemper Technologies GmbH. The plurality of capillaries are
preferably arranged 1n a plane and mechanically attached to the array, wherein the distance
between adjacent capillaries amounts to preferably 2.25 mm or an integer multiple thereof. At

least one first free end of each capillary projects from the array in such a way that said free
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ends of the capillaries may be inserted simultaneously into the wells of a microwell plate.
Further, the array on which the capillaries are attached or fixed should not be completely
impervious or opaque to light since 1n this way an optical measurement perpendicular to the
longitudinal axis of the capillary may be complicated. The array should comprise a translucent
region along the longitudinal axis of each capillary, in the following also referred to as
measurement region or measurement window or measurement recess. Alternatively, the
measurement region of the array may comprise a reflective and/or absorbing region or a
reflecting and/or absorbing material, preferably said region or material has a low

autofluorescence, preferably no autofluorescence.

For example, 24 capillaries are mechanically attached or fixed to an array according to the
present invention. According to a preferred embodiment, the center to center distance of the
capillaries 1s 4.5 mm. Said distance corresponds to the pattern of the wells 1n the industral
standard for 348 microwell plates (also mult1 well plate; 24x16 wells 1n a distance of 4.5 mm
from center to center). Thus, an array with 24 capillaries according to the present invention
(also referred to as 24 capillary array) corresponds to a “row” (numbering 1 to 24, “landscape™-
orientation) of said 384 microwell plates (ct. for example

http://de.wikipedia. org/wiki/Mikrotiterplatte).

The microwell plates which are mostly rectangular mostly consist of plastic (usually
polystyrene, sometimes also polyvinylchloride), for very specific uses also of glass. They
contain many wells which are 1solated from each other and arranged in rows and columns. The
exact measures (length x width x height) amount to 127.76 mm x 8548 mm x 14.35 mm

according to ANSI standard upon the recommendation of the Society for Biomolecular

Screening (SBS).

There are a plurality of dimensions, all on the same base area having a partly variable height: 6
wells (2 x 3), filling volume between 2-5 ml; 12 wells (3 x 4), filling volume between 2-4 ml;
24 wells (4 x 6), filling volume between 0.5-3 ml; 48 wells (6 x 8), filling volume between 0.5-
1.5 ml; 96 wells (8 x 12), filling volume between 0.1.-0.3 ml; 384 wells (16 x 24), filling
volume between 0.03-0.1 ml, and 1536 wells (32 x 48), filling volume 0.01 ml. The last ones
mentioned are used 1n the UHTS (UltraHTS).
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The wells are available in different shapes: F-bottom (flat bottom), C-bottom (flat bottom
having minimally rounded edges), V-bottom (tapered bottom) and U-bottom (U-shaped

recess).

The standardization was up to now carried out by for example the Society for Biomolecular
Sciences as ANSI standards (ANSI/SBS 1-2004, ANSI/SBS 2-2004, ANSI/SBS 3-2004,
ANSI/SBS 4-2004). The distances of microwell plates are also defined 1n said standardizations.
In particular, the distance of columns and lines adjacent to each other for 96, 384 and 1536
microwell plates 1s defined 1n said standard. In 96 microwell plates the distance between two
rows or two columns amounts to 9 mm; 1n 384 microwell plates the distance between two rows
or two columns amounts to 4.5 mm; and 1n 1536 microwell plates the distance between two

rows or two columns amounts to 2.25 mm.

According to the invention, the array with the 24 capillaries 1s 1immersed into the 384
microwell plate, wherem the 24 capillaries may completely soak themselves within a few
seconds due to the capillary forces. The array with the filled capillaries may subsequently be
put 1in/on a carrier (in the following also referred to as tray) capable of receiving several arrays.
Preferably, a tray may receive preferably up to four of the arrays according to the present
invention. Then, the tray 1s pushed into a corresponding measurement device, for example of

NanoTemper®.

By using the array of the invention together with the tray of the invention, for example
4x24=96 capillaries/samples may be measured very easily and fast, 1.e., significantly fewer
steps are required compared to the known method with single capillaries. For example, when
filling and putting down 96 individual capillaries from a multiwell plate (1x filling + 1x putting
down = 2 steps) 2x96=192 individual steps would be needed. When using 4 arrays, each
comprising 24 capillaries (4x24=96), for filling and putting down merely 2x4=8 steps are
required; the effort vis-a-vis 96 individual capillaries 1s thus reduced to 8/192*100%=4%, an
improvement by the factor of 25. The array may be handled more easily than individual
capillaries and protects the capillaries from mechanical damages and contaminations, for
example fingerprints, which may disturb the optical measurements for example by their
autofluorescence, which significantly increases process safety. The array prevents the

individual capillaries from being mixed up and/or commutated and allows a preferably



DK/EP 2848309 T3

S

unambiguous traceability/documentation/allocation of samples to be examined to capillaries

and carrier by a preferably unambiguous marking, which 1s advantageous for diagnostic

applications and analytical applications as for example drug research or drug formulation.

The present invention alternatively or additionally relates to the tray, which serves as rack or
storage box for receiving at least one, preferably two, three, four or more arrays according to
the present invention. The array of the invention and the tray of the invention thus lead to a

massive reduction of steps to be taken.

The array with 24 capillaries, which has exemplarily been described, 1s preferably not only
suttable for 384 microwell plates but for example also compatible with 96 microwell plates
(pattern of 9mm); 1n this case for example 2 capillaries (commonly) meet 1 well of the
microwell plate. The array according to the present invention may preferably not only be
manually used by a person for filling and/or measuring, but may preferably also be handled

automatically, for example by pipetting robots.

The array according to the present invention 1s preferably unambiguously marked for example
in order to unambiguously assign measurement data to samples. Marking may be effected for
example by means of DataMatrix Code, RFID or the like with a “unique ID”, which allows to

track the measurements, for example for quality control and/or diagnostic applications.

The present invention also relates to a filling station. By means of said filling station the
capillaries of an array according to the present invention may preferably easily and safely be
filled. Since not all users work with microwell plates, 1t 1s preferably also possible to fill the
capillaries 1n an alternative or additional way. For example, the capillaries may be filled by
means of a single channel and/or multichannel pipette, preferably manually. Said manual
filling 1s preferably carried out from above. For smaller series of tests or preliminary tests, also

parts of the array may be filled, 1.e., not all capillaries of the array are filled.

In the following, further or alternative features of the present invention are exemplarily

discussed.

The capillaries preferably fill themselves, 1.e., only by means of capillary forces when the
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capillaries are immersed into a liquid. Preferably, no pumps or other active elements for filling
the capillaries are required. However, 1t 1s not excluded that additional devices or elements for
filling the capillaries may alternatively or additionally be used. For example, the capillaries of
the array according to the present invention may also be filled by means of a pipette (see for

example the discussion above regarding the filling station).

For filling by means of capillary forces 1t 1s preferred that the capillaries preferably fulfil at
least one of the following criteria. The capillaries should have a small inner diameter (ID). In
particular, the capillary forces depend on the inner radius/diameter of the capillary. Further, the
elevation of the liquud within the capillaries also depends on the surface tension and density of
the liqud. According to the present invention, different inner radii/inner diameters may be
preferred for liquds having different densities. Mostly, the liquid will be an aqueous solution.
Preferred inner diameters are for example 1n the range of 0.0lmm to 1.0mm, further preferred

in the range of 0. lmm to 0.5mm.

When the longitudinal axis of the capillary 1s parallel to gravitation and when the capillary 1s
filled from below, the capillary forces have to draw 1n the liquid column against gravitation. In
case for example a detergent or another substance reducing the capillary forces/surface forces
1s 1included 1n the solution/liquid, the capillary forces may be too weak when the longitudinal
axis of the capillary 1s parallel to gravitation. Thus, 1t may be advantageous for process safety
to f1ll the capillaries from above so that gravitation acts in the direction of the capillary forces
and even supports them. It may also be advantageous to utilize the effect of the “inclined
plane”. For example, the longitudinal axis of the capillary may be tilted or inclined at a
determined angle, preferably 45°, 60° and/or 90°, relative to gravitation (see for example the
discussion regarding the filling station). Preferably, the capillaries as well as the microwell
plate are tilted so that the capillary axes are preferably still aligned perpendicular to the plane
of the plate bottom of the microwell plate. When only the capillaries are tilted, 1t may happen
that, at large tilting angles, the capillaries project angularly into the wells of the microwell
plate, which results in the danger that the capillaries break because they push against the walls

of the wells 1n the microwell plate.

The microwell plates, into whose wells the capillaries are immersed, are preferably also tilted

respectively against the horizontal.
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Due to the limited capillary forces, only a certain “liquid column™ may be put or held against
ogravitation. However, for an optical measurement within a capillary, for example a
thermophoresis measurement, 1t should be preferably secured that the measuring window/the
measuring region of the capillary — 1.e. the portion of the capillary in which the optical
measurement 1s carried out — 1s filled with the liquid to be measured. According to the present
invention, this 1s achieved by the fact that the measuring portion 1s near the free capillary end.,
1.e., near the capillary end to be filled. Furthermore, the measuring window of the array 1s
preferably aligned to the measuring region of the capillary 1n such a way that an optical
measurement, preferably perpendicular to the plane in which the capillaries are arranged, can
be carried out. It 1s also advantageous, 1in particular regarding the process safety when
automating the process, when the capillary 1s exactly so long that 1t 1s always filled completely,
for example when ftilted at 90° to gravitation (=horizontal alignment). In particular, the
capillaries according to the present invention are preferably horizontally aligned during a

measurement, however, without being restricted thereto.

In order to allow filling of the capillaries via an end, preferably by means of capillary forces,
the capillaries should have a further opening from which air may leak (otherwise simple filling
1S not possible). The further opening 1s preferably the second end of the capillary. In preferred
embodiments of the array according to the present invention, the second ends of the capillaries
are aligned by means of an abutment so that the first front ends are preferably in one plane and
preferably on a straight line. Said abutment 1s preferably designed in such a way that air-vent at
the second end 1s possible. It 1s preferred that the abutment allows a positioning of the
capillaries without sealing the second ends. This 1s for example achieved by a mould

incline/slope or bevel and/or step.

Preferably, the array according to the present invention or the capillanies of the array 1s/are not
sealed after filling, 1.e., the liquid 1n the capillaries may possibly evaporate/volatilize. Thus, the
measuring window according to the present invention 1s preferably as far away from the
positions where the vaporzation/volatilization may occur that the measurement 1s not
negatively influenced by said possible vaporization/volatilization (which may induce liquid

flows).
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In other words, the geometry of the capillaries according to the present invention 1s preferably
advantageous 1n that the capillaries do not have to be sealed and nevertheless a reliable
measurement 1s possible. In particular, the capillaries according to the present invention are
longer or significantly longer than known capillaries in that field. Thus, according to the
invention 1t can preferably be measured during a measuring time of for example on average 2
hours without sealing. It resulted from tests that samples vaporize at 45°C with a liquid column
loss of approximately 4mm/hour (=2Zmm/hour per end of the capillary). The measuring
windows according to the present invention are positioned far enough from the end/s of the
capillaries so that, according to the present invention, said loss due to vaporisation does not
lead to the measuring window being emptied. Preferably, the capillaries according to the

present invention have a length between 20 mm and 50 mm.

In order to fill a capillary by means of capillary forces, the capillary may get in contact with or
be mmmersed mnto the liqud by a method according to the present mvention. Said
contact/immersion may cause the liquid not only to be inserted into the capillary but the
capillary to be coated by the liquid also on 1ts outer side. Said outer liquid/coating layer may
lead to artefacts in optical measurements. Thus, 1t may preferably be avoided that the
measuring window/the measuring region 1s coated. Thus, the array according to the invention
has preferably an abutment (stop), 1.e. an element which avoids that the measuring window 1s
coated/contaminated on 1ts outer side by the liquid to be inserted. The stop 1s preferably
designed 1n a multifunctional way, as described further below, and can simultaneously serve as
attachment of the capillanies to the array. In a preferred embodiment of the device according to
the present invention, an “adhesion topology”, which 1s a mechanical/geometrical structure
allowing the defined adhesion of the capillaries to the array material and for example

additionally preventing the adhesive from spreading, works as “coating stop™.

It 1s preferred that the depth of immersion of the capillaries into the liquid, which 1s preferably
provided 1n the wells of a microwell plate, 1s suited to guarantee a sufficient and/or equal
filling of the capillary. The array according to the present invention 1s preferably designed in
such a way that a part or region of the capillary projects far enough 1n order to be able to
immerse deeply enough into the microwell plates. In order to achieve a unmitary depth of
immersion of all capillaries of an array into the respective wells of a multiwell plate, 1t 1s

turther preferred that the first free ends of the capillaries to be filled lie on one line, preferably
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a straight line.

One advantage of the array according to the present invention 1s the low material consumption
of the liquid 1n the capillaries that needs to be analysed. However, if one would need 100ul per
well for filling the capillaries or if the capillaries would always need to be filled completely
(“to the edge”), the amount of material needed would significantly increase. According to the
present invention, i1t has to be preferably ensured that the capillaries may be filled easily, 1.e. 1n
particular be immersed deeply into a microwell plate. Further, 1t 1s preferred that the liquud of
the microwell plate rises above the measuring window of the capillaries. Thus, shorter

capillaries are preferred and/or a measuring window near the filling end 1s preferred.

Microwell plates mostly have a total height of 14.4mm. 384 DeepWell Storage plates (which
are often used by pharmaceutical companies) have a depth of the well of for example 11.5mm
calculated from the upper edge. 96 Deep Well Storage plates have a depth of the wells of for
example up to 20mm. The inner diameter of the well amounts to 3.8mm, which results 1n a
volume of 150ul. 384 low-volume, high-bottom plates have well depths of about 5.5mm

calculated from the upper edge (depending, however, on the manufacturer).

According to the invention, 1t 1s preferred that the immersed capillaries reliably receive enough
liguud by means of capillary forces even when there 1s for example only 20ul of volume in the
well, for example the 384 DeepWell (11.5mm well depth, 150ul maximum volume).
Preferably, the capillaries are thus attached to the array in such a way that they may immerse
down to the bottom of the well or cavity. Preferably, the device 1s designed 1n such a way that
the capillaries may mmmerse 5Smm to 20mm into the well, preferably 10mm to 12mm,

preferably up to 1 Imm.

The capillaries may not break off when immersing into the microwell plate. This may be
avolded by regions of the microwell plate and/or the base of the microwell plate pushing
against edges/regions of the array before a capillary may push against the microwell plate or

against the bottom of a respective well.

The measuring window/the measuring regions of the capillaries and the corresponding

measuring region of the array should preferably be wide enough so that possibly low
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“autofluorescence” of the array material 1s measured even with a fluorescence measurement
having optics with very high numerical aperture (NA). Thus, 1t 1s advantageous to choose an
array material having low autofluorescence. Since possibly also UV measurements (for
example measurement of the tryptophan fluorescence, fluorescence stimulation 280nm) are
carried out, 1t 1s further advantageous when the stimulation light cone has as little contact to the
array material as possible. Preferably, the array has a recess/hole/slot 1n the region of the

measuring window/measuring regions of the capillaries.

Dependent on the desired properties, the array according to the present invention may for
example be produced with a maximum assembly of: 4, 6, 8, 12, 16, 24, 48 or 96 capillaries. A
maximum assembly of 8, 12, 16, 24 or 48 capillanes, preferably 16 or 24 capillanes,
particularly preferred 24 capillaries, 1s preferred — in particular with respect to standardized
microwell plates. It 1s preferred that the arrays according to the present invention have a
maximum assembly within a range within the above limitations, for example between 4 and 96
or between 12 and 48 capillanies. Here, 1t 1s explicitly poimnted out that the invention 1s not
limited to the above-mentioned numbers. Thus, 1t 1s also possible, according to the present
invention, to provide the array in such a way that 1t may receive more or less capillaries.
Further, 1t 1s also possible that not all retaining devices on the array are equipped with
capillaries. For example, 1t may be desirable to attach fewer capillaries to the array than the
maximum assembly of the array would allow. For example, the array may be equipped with
only 12 capillaries 1n an embodiment according to which a maximum assembly of 24

capillaries 1s possible.

Dependent on the desired properties, the array according to the present invention may also be
equipped with different capillaries, for example with capillaries having different nner
diameters or different lengths or different materials and/or different inner coating/modification.
For example, the array may be equipped with capillaries having an inner diameter of 0.5mm
and 0.2mm, for example 1n alternating sequences (for example 0.5mm 1n uneven positions,
0.2mm 1n even positions). For example, an array according to the present invention may be
equipped with 24 different capillaries, for example 1n order to determine the optimum type of

capillary for a certain application.

According to the invention, the array should have a properly defined and preferably consistent
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distance of adjacent capillaries. The distance of adjacent capillaries 1s preferably measured as
center to center distance and should preferably amount to an integer multiple of approximately
2.25mm, preferably approximately 2.25mm or approximately 4.5mm or approximately 9mm
between the capillanies. It 1s particularly preferred that the distance of adjacent capillaries,
preferably the center to center distance, lies within a certain diameter starting from an integer
multiple of 2.25mm. Said diameter 1s preferably 0.7mm when 96 and 384 microwell plates are
used and 0.5mm when 1536 microwell plates are used. The distance of adjacent capillaries 1s
preferably selected in such a way that the capillaries mesh with the pattern of the wells of a

microwell plate or substantially correspond thereto.

Preferably, the capillaries are continuously transparent or translucent. According to the
invention 1t 1s, however, sufficient when the capillaries are optically transparent at least in the
region of a measurement window. According to the invention, transparent or translucent means
that a larger part of light in the wavelength ranges of 200nm to 2000nm 1s allowed to pass.
Thus, 1t may for example be secured that fluorescence measurements may be carried out or IR
light (for example from an IR laser) may be coupled mto the liquid within the capillaries.
Preferably, the capillaries are made of glass, for example of borosilicate glass and/or quartz

glass.

The capillanies preferably have an inner diameter in the range of 0.Imm to 1.0mm, preferably
in the range of 0.1lmm to 0.5mm. Preferably, the capillaries have a length of Smm to 50mm,

preferably from 10mm to 40mm and preferably of approximately 32mm.

The capillaries preferably have an outer diameter of 0.05mm to 2Zmm, preferably 0.2Zmm to

Imm, preferably 0.2mm to 0.65mm.

According to further preferred embodiments, the mnner sides/inner walls of individual or all
capillaries may be modified chemically, physically or structurally. In particular, said
modification may be used to specifically change or control hydrophobic and/or hydrophilic
properties and/or capillary forces. In such a way, for example surface tension and/or

attachment of biomolecules and/or solutions may be changed or controlled.

According to the present invention, the mner walls of the tube-shaped structure may be
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modified covalently and/or non-covalently and/or by adsorption, with polymers, with silanes,
biomolecules, amino acids, antibodies, proteins, nucleotides, oligonucleotides, DNA, RNA,
PNA, LNA, peptides, antigens, polysaccharoses, PEG, dextran, polyacrylic acid, antifouling
substances, nanoparticles, L-lysine, poly-L-lysine, aptamers, dendrimers, cells, lipids, and the
like. The skilled person understands that the term “modification” or “change™ also includes the
process of immobilisation. The modifications or changes may also be different regarding

dimensions, for example the changes may follow a pattern or gradient.

According to the invention the capillaries are mechanically attached to the array, for example,
adhesively bonded and/or clamped or tucked. Altemative or additional embodiments for
attaching the capillaries are: hot embossing, inserting (capillaries are inserted into the array)
and fixing by a binder. The capillaries may also be injected into the array (incorporated during
injection moulding). Mechanical attachment/fixation of the capillaries to the array facilitates
handling, in particular automated handling. Furthermore, by means of the mechanical fixation a
cost-efficient and secure connection between capillary and array 1s achieved which 1s
advantageous with respect to process safety. Thus, 1t 1s for example unlikely to lose or damage

a capillary during use.

In order to mimimize or avoid artefacts during an optical measurement, the material of the
capillaries and/or the array preferably has a low autofluorescence, preferably at least in the
region of the capillaries 1n which the optical measurement 1s carried out (measurement

window).

Furthermore, 1t 1s preferred that the array has a high thermal conductivity (tempering of the
capillaries via contact with the array maternal). According to further embodiments 1t may also
be preferred that the array 1s made of a matenial having a lower thermal conductivity, for

example tempering of the capillaries may be achieved via an air cushion.

It may further be advantageous for automation when the array has surfaces and/or structures for
orabbing and/or movement by a robot. The array may for example have bevels on at least one
side, preferably on two (opposite) sides, which may be grabbed by a corresponding fit (form

fit) in a robotic grabber.



DK/EP 2848309 T3

13

Preferably the array has surfaces (grabbing surfaces) which facilitate manual handling.

According to further embodiments 1t may further be advantageous to unite or combine a
plurality of arrays in one tray. Preferably a plurality of arrays may be coupled to each other
above each other, similar to a “stacking of Lego©bricks”. Alternatively or additionally a

plurality of arrays may be coupled to each other next to each other.

Preferably, the arrays may not only serve the purpose to securely fix the capillaries in a desired
distance to each other, but may preferably also have a protection function for the capillaries.
For example, the array may have a (foldable) frame, which may be attached in front of or

above the capillaries.

According to a further embodiment, the array may also be provided with a transportation lock.

According to a further embodiment, the individual capillaries or groups of capillaries may be

labelled individually, preferably by a numbering from 1 to 16, from 1 to 24, from A-P or from
A-X.

According to a further embodiment, the individual arrays are coded, for example electronically
and/or optically, preferably with a Datamatrix code and/or RFID. The array may also comprise
a surface which may be labelled (for example classic information as batch code or life period,
but also markings per hand for notices). In order to differentiate individual arrays, they may
also be designed (differently) coloured. It 1s also possible to allocate the arrays to a company

by attaching the company logo to the array.

In a further embodiment, an array 1s combined from different modules, for example an array
with 24 capillaries may be produced by combining three arrays with 8 capillaries each to one

single array.

According to further embodiments, the array may be made of a plastic with high temperature
stability, which has the advantage that the array may be measured at very low and/or high
temperatures (1.e. melting point curve measurement). By means of specific matenals, for

example high-tensile plastics, twisting of the array may also be prevented. Modelling elements
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may furthermore secure an exact positioning within the measurement device (for example

antitwist protection).

In a preferred embodiment the array 1s manufactured by means of injection molding. Further
exemplary manufacturing procedures are embossing, pressing, cutting, milling, printing and/or

sintering.

The capillaries may be made of glass and/or a polymer and/or at least one of the elements of
borosilicate glass, borosilicate-3.3-glass (for example Duran glass), quartz glass as Suprasil,
Infrasil, synthetically manufactured quartz glass, soda-lime glass, Bk-7, ASTM Type 1 Class A
olass, ASTM Type 1 Class B glass. The polymers may contain: PTFE, PMMA, Zeonor™,
Zeonex™ Teflon AF, PC, PE, PET, PPS, PVDF, PFA, FEP and/or acryl glass.

It 1s particularly preferred that at least one region of the capillaries 1s light-transmissive for
light having a wavelength of 200nm to 1000nm, preferably of 250nm to 900nm. Particularly
preferred, but not limited to, 1s said at least one region also light-transmissive for light of the
following wavelength ranges: from 940nm to 1040nm (preferably 980nm +/-10nm), from
1150nm to 1210nm, from 1280nm to 1600nm (preferably 1450nm +/-20nm and/or 1480nm +/-
20nm and/or 1550nm +/-20nm), from 1900nm to 2000nm (preferably 1930nm +/-20nm). The
skilled person understands that the transparent region(s) may also extend over the complete

tube-like structure. In other words, the capillary may be transparent.

Light transmission of the segment allows carrying out measurements of
luminescence/fluorescence/phosphorescence and/or optical examinations/measurements (for
example interference, polarisation, absorption, dichroism, ellipsometry, anisotropy, Raman,
microscopy, dark field, light diffusion, FRET) and/or manipulations of the solution/liquid
and/or the gas (fluid) in the well of the tube-like structure. Light transmission can further allow
carrying out fluorescence measurements. According to a preferred embodiment light
transmission also enables the heating of fluids 1n the tube-like structure by means of
electromagnetic radiation, for example light (preferably a infrared (IR) laser), preferably the

heating of water and/or organic solvents.

Exemplary matenals for the array are polymers, preferably polypropylene, and/or metal and/or
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semiconductors (for example silictum) and/or materials which preferably comprise at least one
of the elements of the following group: polymer material, most preferred polypropylene,
acrylnitril-butadien-styrol (ABS), polycarbonate (PC), polyamude (PA), polybutylene
terephtalat (PBT), polyethylene terephthalat (PET), cyclo-olefin-copolymers (COC),
polyethylene oxide (PPO), polysulphone (PSU), polyetherketone (PEK), polyetheretherketone
(PEEK), polyphylene sulfide (PPS), polyoximethylene plastics (POM), polylactide (PLA) and
polyvinyl alcohol plastics (PVA).

The feature combinations of the following aspects are favourable for understanding the present

invention:

1. An array having a plurality of capillaries arranged 1n the same plane and mechanically
attached/fixed to the array, and wherein at least one first free end of each capillary
projects from the array in such a way that the free ends of the capillaries may be
inserted simultaneously into the wells of a microwell plate.

2. The array according to aspect 1 wherein the distance between adjacent capillaries
amounts to approximately 2.25mm or an integer multiple thereof.

3. The array according to aspect 1, wherein the first free end projects 3mm to 20mm,
preferably 10mm to 12Zmm, preferably 11mm from the array and/or wherein the first
free end projects from the array 1in such a way that it may be inserted 3mm to 20 mm,
preferably 10mm to 12mm, preferably 11mm into a well of a microwell plate.

4. The array according to any one of the preceding aspects, wherein the capillaries are
attached/fixed to the array in such a way that a second end of the capillaries 1s open 1n
such a way that air may leak, preferably when the first free end 1s filled with a liquid or
1s immersed into a liquid 1n order to be filled.

5. The array according to any one of the preceding aspects, which comprises on at least
one side, preferably on both sides, one/a plurality of gripping surface(s) and/or
positioning guide(s) for an automatic handling.

6. The array according to aspect 5, wheremn the positioning guide 1s preferably designed
for an automated seizing or guiding and comprises preferably at least one tapered
section, preferably two tapered sections.

7. The array according to aspect 6, wherein the tapered section(s) comprise(s) at least two

sloping surfaces approaching each other or running away from each other and wherein,
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preferably, the tapered sections are differently orientated, for example cross to each
other.

The array according to any one of the preceding aspects, wherein the array comprises at
least two bridges which are preferably substantially parallel to each other and which
extend preferably substantially transversely to the longitudinal axis of the capillaries,
and are preferably spaced apart from one another.

The array according to any one of the preceding aspects, wherein the capillaries are
attached/fixed to the array preferably each on at least two points or sections, wherein
preferably one point 1s on the first bridge and one point 1s on the second bridge.

The array according to any one of the preceding aspects, wherein the array comprises a
rear bridge comprising preferably an abutment in order to cooperate with the
capillaries.

The array according to any one of the preceding aspects, wherein the array comprises a
measurement recess so that the capillary may be screened or illuminated by means of
light from a light source which radiates light substantially perpendicular to the common
plane, preferably in a central region between the first and the second end of the
capillary.

The array according to aspect 11, wherein the measurement recess 1s arranged between
both bridges.

The array according to any one of the preceding aspects, wherein the array comprises a
tempering region, preferably two tempering regions, which enable preferably an
individual or simultaneous tempering of one or more capillaries.

The array according to aspect 13, wherein the tempering region 1s arranged between
one of the bridges and the rear bridge and between one of the bridges and the free end.
The array according to any one of the preceding aspects, wherein the first free end of
each capillary projects from the array by projecting from one of the bridges, 1n
particular from the outer bridge facing the free end.

The array according to any one of the preceding aspects, wherein the first free end of
each capillary projects from the array or 1s freely spaced apart therefrom.

The array according to any one of the preceding aspects, wherein outer regions of the
array, preferably the handle regions, are outwardly spaced apart from a fictive line (A)
connecting the first free ends of the capillaries, preferably by 2mm, preferably in such a

way that the capillaries do not cut the fictive line (A).
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The array according to any one of the preceding aspects, wherein the microwell plate 1s
a standard 96, 384 or 1536 microwell plate.

The array according to any one of the preceding aspects, wherein the array 1s equipped
with 4, 6, 8, 12, 16, 24, 48 or 96 capillaries.

The array according to any one of the preceding aspects, wherein the capillaries have an
inner diameter in the range of approximately 0.0lmm to approximately 1.0mm,
preferably 1n the range from 0.lmm to approximately 0.5mm and/or a length of
approximately 5mm to approximately 50mm, preferably from approximately 10mm to
approximately 40mm and preferred approximately 32mm.

The array according to any one of the preceding aspects, wherein the mechanical
attachment/fixation between capillary and array 1s at least one combination from the
oroup consisting of: glue, clip attachment, clamping, pressing.

The array according to any one of the preceding aspects, wherein the array comprises
one or more cut-outs for exact positioning and guiding of the array.

The array according to any one of the preceding aspects, wherein the array 1s preferably
produced by means of njection moulding, embossing, pressing, cutting, milling,
printing and/or sitering.

The array according to any one of the preceding aspects, wherein the array may be
clearly marked, preferably by means of at least one of the following procedures:
labelling, colouring, barcode, 2D barcode, DataMatrix Code, RFID.

The array according to any one of the preceding aspects, wherein the array and the
capillary are produced 1n one piece.

The array according to any one of the preceding aspects, wherein the inner diameter of
at least one of the plurality of capillaries, preferably of all capillaries, diminishes with
respect to the first free end and/or to the second end of the capillary.

A kit having an array according to any one of the preceding aspects and a tray for
recerving at least one array, preferably for receiving a plurality of arrays.

The kit according to aspect 27, wherein the tray comprises devices, preferably
protrusions, for positioning the array(s).

A method for filling a plurality of capillaries in an array, in particular according to any
one of the preceding aspects, wherein the plurality of capillanies are filled
simultaneously by means of capillary forces, by inserting the first free ends of the

capillaries ssmultaneously into the wells of a microwell plate.
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30.  The method of filling a plurality of capillaries in an array according to any one of the
preceding aspects, wherein a plurality of the plurality of capillaries are filled
simultaneously by means of a multichannel pipette via the first free ends.

31.  The method of filling a plurality of capillaries in an array according to any one of the
preceding aspects, wherein the plurality of capillanies are filled one after another by
means of a smgle-channel pipette via the first free ends.

32.  The method of filling a plurality of capillaries according to any one of aspects 29 to 31,
wherein the array and/or the capillaries are aligned diagonally between a horizontal and
vertical position or vertically with respect to gravitation.

33. The method according to any one of aspects 29 to 32, wherein the method 1s carried out
by using a kit according to any one of aspects 27 or 28.

34. The method according to any one of aspects 29 to 33, wherein the method 1s conducted
In an automated way.

35.  The method according to any one of aspects 29 to 33, wherein the method comprises at
least one of the following steps which are conducted 1n an automated way:

. removing an array according to any one of aspects 1 to 26 from a package/stack

. transporting the array to a filling position

. filling the array

. transporting the filled array to a tray/measurement device

. positioning on the tray/in the measurement device

. conducting a measuring procedure

~J @) N AN U2 O pd

. removing the array/tray from the measurement device and transportation to a storage
container (e.g. rubbish bin or intermediate storage).

36. A filling station for filling the capillaries of an array according to any one of aspects 1
to 26, wherein the filling station comprises a mounting for the array and the array 1s
preferably tilted at an angle between 0° to 180° with respect to gravitational force.

37.  The filling station according to aspect 36, wherein the mounting 1s adjustable so that the
array may be aligned/tilted 1n a desired angle with respect to gravitational force.

38.  The filling station according to aspect 36 or 37, wherein the filling station comprises a
mounting for recerving a microwell plate, wherein the microwell plate may be aligned
in a tilted way with respect to gravitational force, preferably may be tilted/aligned at the
same angle as the array.

39. A tempering device for tempering the capillaries of an array according to any one of
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aspects 1 to 26, wherein the tempering device comprises a tempering body (50) with
tempering partitions (55) being spaced apart from each other, and the array (20) may be
laid onto the tempering body 1n such a way that at least one, preferably a plurality of
tempering partitions (55) lie between the capillaries.

40.  The tempering device according to aspect 39, wherein the capillaries are preferably

heated/cooled by means of a tempered air cushion between the tempering partitions and

the l1d.

BRIEF DESCRIPTION OF THE FIGURES

In the following, preferred embodiments of the present invention are described in detail with

respect to the Figures. The Figures show:

Figs. 1A and 1B a side view and a top view of an array according to the present

invention with 24 capillaries attached thereto;

Figs. 1C and 1D schematic details of preferred abutments of the capillaries at the
array:

Fig. 2A a perspective view of the array of Fig. 1;

Fig. 2B a partial view of a handle portion of the array of Fig. 2A;

Fig. 2C details of a gripping surface for handling systems/robots;

Fig. 3A a further schematic perspective view of the array of Fig. 2A;

Fig. 3B four arrays of the invention 1in an tray according to the present
Invention;

Fig. 3C an array of the invention in a tray of the invention according to a

further embodiment;

Fig. 3D a filling station of the mvention with an obliquely attached array,
whose capillaries are manually filled by a pipette;

Fig. 4A to 4D examples for the mechanical attachment of the capillaries at the
array of the invention;

Fig. 5 method steps for filling arrays of the invention;

Figs. 6A and 6B a side view and a top view of an alternative array of the invention
with 24 capillaries attached thereto:;

Figs. 7A and 7B a perspective view of an alternative embodiment of the array, here
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exemplarily according to Fig. 6, having inter alia an abutment 13’ in
the form of a recess or gap;

Fig. 7C a preferred detail of a gripping surface for handling systems/robots,
here exemplarily for the embodiment according to Figs. 6 or 7A and
B:

Fig. 8 a schematic perspective example for automated handling, wherein
Fig. 8A shows an end of an array with a handle portion 3 and Fig.
8B shows said ends with a grab of a handling system and Fig. 8C
shows a complete view of an array having engaged grabs;

Fig. 9 a tempering device by means of which the capillaries of an array
according to the present invention may be tempered, wherein Fig.
OA shows the array separated from the tempering device, Fig. 9B
shows the array engaged with the tempering device, Fig. 9C 1s a
detailed view of Fig. 9B and Fig. 9C shows a sectional view along
the line A-A of Fig. 9C; and

Fig. 10 tilting of a capillary and an array, wherein the filling of the capillary

1s explained with respect to weight;

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1B schematically shows an exemplary embodiment of an array 20 according to the present
invention 1n a top view. 24 capillaries 1 with a consistent distance of about 4.5mm are attached
to the array in a common plane, wherein the common plane lies parallel to or 1in the paper
plane. In particular, the common plane 1s visible in the side view of Fig. 1A. The array has
substantially two, preferably approximately parallel mounting struts 21, 22. Preferably, each
capillary 1 1s attached/fixed to both mounting struts, 1.e. each capillary 1s mounted to the array
at least at two points 9, 10 being spaced apart from each other, which enables a secure
mounting. Preferably, both mounting struts 21, 22 are being spaced apart from each other.
Preferably, the measuring slot/the measuring window 2, which enables light to be transmitted
through the individual capillaries perpendicular to the common plane, 1s positioned between
both mounting struts. For example, the measuring slot/measuring window 2 allows to conduct
optical measurements, for example fluorescence measurements, preferably microscale

thermophoresis measurements. At the (in the drawings upper and lower) ends of the mounting
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struts 21, 22 preferably handle portions 3 are present. On the one hand said handle portions
allow grabbing the array by a user and furthermore, strongly connect both mounting struts to
each other. Furthermore, the handle portions 3 may also be designed 1in such a way or have
respective devices, that an automated grabbing of the array 1s enabled or facilitated. In
particular, reference number 4 provides a device or guidance for an automated grabbing or
ouiding. The handle portions 3 furthermore preferably comprise a labelling region 5 on which

information may be applied in writing or machine-made.

The array 1s designed 1n such a way that the capillaries may be filled from one side (in Fig. 1B
the right side, 1n Fig. 1A the side facing the viewer). Said side 1s also referred to as “front” side.
The opposite side of the array (in Fig. 1B the left side or in Fig. 1A the not visible side facing
away from the viewer) 1s also referred to as “back side” or “rear” side. Corresponding terms

are used with regard to the capillaries arranged 1n the array.

In the following, both ends of a capillary 1 are referred to as first free or front end 11 (right end
in Fig. 1B) and as second or rear end 12 (left end in Fig. 1B). The first front ends preferably
project approximately 11mm over the array, more precisely over the front (right) mounting
strut 22 of the array, so that said ends may simultaneously be inserted into the wells of a
microwell plate in such a way that filling of the capillaries 1s made possible (cf. for example
Fig. 5-2a). Preferably, a plurality of, preferably all front ends 11 of the capillaries 1 are on a
common (front) line A (cf. Fig. 1B), which allows that the capillaries may simultaneously be
inserted equally far into the wells of a microwell plate. Preferably, line A 1s parallel to a virtual
connection line between the upper front end of the handle 3 and the lower front end of the

handle 3. Preferably, line A lies on said virtual connection line.

Furthermore, the handle 3, in particular the front section or the front end of the handle 3 (right
in Fig. 1B) may serve as abutment, which for example secures that the front ends 11 of the
capillary 1 are immersed into the wells of a microwell plate at a desired or predetermined
immersion depth, 1.e., the handle 3 1n 1ts function as abutment may avoid that the front ends 11
of the capillaries 1 hit the bottom of the wells of a microwell plate and are thus not damaged.
For example, the distance between the front ends 11 of the capillaries and the line A amounts
to 2mm. Additionally or alternatively also the front (right) mounting strut 22 of the array 20

may serve as such abutment.
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The array preferably comprises a (rear) abutment 13, to which the rear ends 12 of the
capillaries may be aligned. The abutment 13 1s preferably provided on a third strut 23, which
1s, preferably approximately parallel, provided on the struts 21, 22, further preferably in the
region of the rear of the array. Equally long capillaries may thus be aligned to abutment 13,
which runs preferably parallel to the mounting struts. Thereby, 1t may advantageously be

achieved that the first front ends 11 of the capillaries 1 lie on a common straight line (parallel

to the dashed line A 1n Fig. 1B).

A slot 6 1s provided between the abutment 13 or the rear strut 23 and the (left) rear mounting
strut 21 according to said embodiment. Said tempering slot 6 enables an individual or a
common tempering of the capillaries by means of for example tempered air (heated or cooled),
ouided through the tempering slot 6. Alternatively or additionally also heat conducting material
may be present in the tempering slot 6, which 1s being tempered via tempering elements in the
measuring device and connected to the capillaries in a heat conducting way. Preferably, the
region between the bridge 22 and the capillary end 11 may additionally be used for the
tempering of the capillaries. Additionally and/or alternatively the region between the bridges

21 and 22 may for example be used for the tempering of the capillaries.

In order to allow a filling of the capillaries 1 at the front end 11, the abutment 13 and the rear
end 12 of the capillaries are preferably not in fluid-tight contact. In the shown embodiment an
air-vent slot 7 1s present, by means of which the air in the capillaries may leak when filling the
capillaries. Said slot may for example be achieved by providing a mould incline 14 and/or step
15. This 1s exemplarily shown 1n the schematic details of Figs. 1C and 1D. The air-vent slot
may for example also be designed in such a way that 1t consists of a small air gap between
abutment 13 and rear capillary end 12, for example the abutment does not have to be oblique 1n

this case.

Each capillary 1 has an individual labelling 8 at the abutment, here at the strut 23 forming the

abutment.

Fig. 2 shows a perspective view of a respective array. Fig. 2B shows the detail of a handle

portion 3 with a device or guidance for automated gripping or guiding. Said device or guidance
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1s preferably designed in a tapered way and has two surfaces 4a, 4b running obliquely
outwards, 1.e. facing away from the array, towards each other. Furthermore, the device 4
preferably comprises front and/or rear abutments 4c¢ or 4d. Said abutments run preferably
obliquely or bent towards each other (tapered), in particular from outwards to inwards, or 1n the
direction of the capillaries. An 1inner abutment 4e, 1.e. arranged from outwards 1n direction to
the array or the capillaries, may also be provided. Preferably two abutments 4c¢, 4d and/or 4e
each are provided, which are arranged substantially symmetrically preferably with regard to the
tapered design of the surfaces 4a, 4b. Fig. 2C shows a sectional view A-A of a detail of the
ouiding device 4 according to Fig. 2A.

Preferably, the array 1s designed 1n a stackable manner. In particular, the arrays may lie on top
of each other or be stacked without the capillaries being damaged or contaminated. This may
for example be achieved by a suitable “thickening” of the array, for example 1n the section of
the handle portion 3. In order to allow a secure positioning 1n the stack, preferably stacking
elements are provided (not shown), which for example allow positioning and sufficient spacing
apart. Further exemplarily and preferably the arrays are designed in such a way that the
distances of the corresponding capillaries 1 of two adjacent arrays in the stacked condition, as
described above, amount to approximately for example 4. 5mm or another multiple of 2.25mm.
In this way, the capillaries of the stacked arrays may be immersed and filled preferably

simultaneously.

Figs. 7A and 7B show a perspective view of an alternative embodiment of the array as well as
a corresponding detail. Said array has an abutment 13 1n the form of a recess or pocket, which
may be used also 1n the other embodiments. The remaining features correspond to those which
have been described 1n relation to the other embodiments. Here, the capillaries 1 for example
push against a rear abutment, as described above and for example explained in relation to Figs.
1C and 1D or for example a small air gap 1s provided between capillary end 12 and abutment
13°. The capillanies 1 are additionally positioned 1n a pocket or recess, wherein preferably one
pocket for each capillary 1s provided. Said embodiment preferably allows, besides the
advantages mentioned above, that not only air may leak from the capillary but that possibly
additionally leaking liquid 1s collected and preferably soaked back into the capillary. In this
way 1t 1s preferably prevented that leaking liquid runs from one capillary 1nto adjacent

capillaries. Preferably, an undesired “cleaning™ of the capillaries may be complicated or even
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prevented.

Fig. 3A shows a further schematic perspective view of the array of Figs. 1 and 2A. In Fig. 3B 1t
1s exemplarily shown how a plurality of, here four, arrays 20 of the invention are arranged 1n a
tray 30 of the invention. Fi1g. 3C shows a further tray 30° of the invention which 1s designed to
recerve a single array 20. Tray 30 or 30’ 1s designed in such a way that 1t may receive one or
more arrays 20. In order to achieve this, the tray preferably comprises one or more recess(es)
and/or further mechanical means, as for example protrusions or clamping devices. Said
protrusions or clamping devices match with the geometry of the array and preferably allow a

secure, anti-slip positioning of the array(s) on the tray.

Fig. 3D shows a filling station 30" according to the present invention with an array 20
according to the present invention. Further, the filling station 30°° 1s preferably designed or
aligned 1n such a way that an inclined positioning of the array 20, for example at 45° to the
horizontal, 1s achieved. In doing so, for example manual filling may be facilitated. The
preferred advantages of such a tilting of the array 20 and/or the capillaries with respect to
gravitational force 1s described further below with regard to Fig. 10. Furthermore, the filling
station 30" 1s preferably designed in such a way that a multiwell plate 32 may be received and

arranged with respect to the array. Hence, manual filling of the capillaries may be facilitated.

Figs. 4A to 4D show examples for the mechanical attachment of individual capillaries 1 to the
arrays according to the present invention, however, without being restricted thereto. For
example Fig. 4A on the left shows a capillary 1, which 1s attached to the array by means of a
two-part clip. In the shown embodiment the two-part clip comprises two L-shaped elements 41,
42 substantially projecting from the array, which attach the capillary 1 to the array. Preferably
at least one of the elements 41, 42 1s so flexible that the capillary may be pressed into the
intermediate space 43 between the L-shaped elements, 1.e., at least one of the L-shaped
elements 41, 42 flexibly moves outwards to the side, when the capillary 1s pressed into the
intermediate space and preferably springs back again when the capillary 1s positioned 1n the
intermediate space 43. This may preferably be supported by providing a bevel 44 on at least

one of the elements 41, 42.

Fig. 4B shows a further embodiment of the invention for attaching the capillary 1 on the array
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by means of adhesion. Preferably, the array comprises a recess 44 or notch 44 which may
recerve adhesion 45 and/or the capillary 1. In the shown embodiment, the depth of the recess 1s
smaller than the diameter of the capillary so that the adhered capillary projects (upwards) from

the array.

Fig. 4C shows a further embodiment of the invention for attaching the capillary 1 on the array
by means of embossing or hot embossing. Preferably at least one element 46 1s provided which
gets plastically deformed so that 1t fixes the capillary after inserting a capillary 1. This may be
achieved preferably by means of a respective tool, for example a stamp 406, which may also be

designed as hot embossing stamp.

Finally, Fig. 4D exemplarily shows the attachment of the capillary 1 to the array by means of
an additional mounting piece 48. Mounting piece 48 1s preferably designed as an element
which 1s separated by array 10 and 1s a substantially angle-shaped or L-shaped. For example a
U-shape or other geometries are possible. The array or bridge 1s provided with a respective
receiving element, here opening 49. The mounting of mounting piece 48 at the receiving
element 49 may be achieved form-fit and/or by frictional connection. The shape of the
mounting piece allows an inserted capillary to be embraced at least partially and be fixed to the

array.

Preferably the mounting means, 1in particular as described above, are designed in such a way
that they, possibly together with the bridge, substantially embrace the individual capillary
along 1ts periphery. Thus, preferably a barrier may be formed which prevents the liquid which
oot onto the outer side of the capillaries when filling the capillaries from ending up in the
measurement region. The barrier may be mechanically (almost complete embracement) and/or
physically (only little slot or free space so that for example due to surface tension within the

times of use, for example up to 5 days, no liquid may leak).

Fig. 5 shows preferred method steps for filling arrays according to the invention as well as the
use of arrays and trays according to the invention. Here, in a first step according to Fig. 5 a
multiwell plate 1s filled with sample liqud. This 1s preferably conducted by a filling robot, as

also known 1n the prior art.
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Subsequently, according to step 5-2, the capillaries arranged 1n the array according to the
invention are filled. This 1s for example carried out by simultaneous immersing of all
capillaries of at least one array into wells of the microwell plate according to step 5-2a. A
stacked arrangement of a plurality of arrays, as described above, allows simultaneous filling of
the capillaries of a plurality of arrays. Here, the array 1s advantageously preferably designed
and/or dimensioned in such a way that positioning of the array and thus of the capillares
relative to the microwell plate 1s facilitated, for example by given abutments, for example of
the handle portions 3 at the microwell plate. Preferably, also an adaptor or a filling aid may be
provided, schematically illustrated in Fig. 5-2a, which supports and facilitates immersion and
filling of the capillanies. The array according to the present invention thus allows a semi-

automatic, ssmultaneous filling of a plurality of capillaries, for example of 24 capillaries.

Preferably, the filling aid prevents the capillaries from being damaged. Preferably, the filling
aid 1s designed 1n such a way that the capillaries and the microwell plate are aligned preferably
in a predetermined angle relative to the gravitational direction, in order to support the filling of
the capillaries. For example Fig. 10 illustrates the tilting of the microwell plate 32 and the
capillaries 1 with respect to gravitational force. Preferably the mucrowell plate and/or the
capillary 1s aligned 1n angles of about 0°, about 30°, about 45°, about 60°, about 90° or about
180° with respect to gravitational force g. Preferably, said alignment/tilting 1s carried out by
the filling aid 1n such a way that the longitudinal axis of the capillaries 1s substantially
perpendicular (see angle gl) to the grouond/bottom surface of the microwell plate. For example
the microwell plate 1s aligned by the filling aid 1n such a way that 1ts ground/bottom surface 1s
aligned 1n an angle of 30° with respect to gravitational direction (see angle g0), preferably the
capillaries/capillary arrays are aligned by the filling aid in such a way that they form an angle
of 60° with respect to gravitational direction. Preferably, the microwell plate 32 and the
capillaries 1 are aligned by the filling aid in such a way that breaking off of the capillaries
when being immersed into the microwell plate 1s avoided. Preferably, the microwell plate 1s
aligned vis-a-vis the capillaries in such a way that the longitudinal axis of the capillaries 1s
aligned parallel to the walls of the wells 1n the microwell plate. Preferably, said inclination
with respect to the gravitational direction facilitates the filling of the capillanies, since the
capillary forces do not have to work against the full gravitational forces when being inclined
(“principle of the inclined plane™). For example, the inclination of the microwell plates and the

capillaries may depend on the liquid to be sucked 1n, for example the microwell plate may be
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aligned 1n a larger angle relative to the gravitational direction when liquids having many
detergents are used, in order to avoid leakage of the liquids from the wells. For example, the
orouond/bottom plane of the microwell plate may be aligned in an angle of 0° relative to
gravitation or for example also 1n an angle of 180° relative to gravitation (microwell plate 1s
upside down) m order to guarantee the filling of the capillaries with very viscous liquids or

liquds which have marginal capillary forces.

Alternatively, the capillaries may be filled by pipetting, as for example described in relation to
Fig. 3D or 5-2b. Here, the array of the invention 1s particularly advantageous since 1t allows a
secure lilling, 1n particular by suitable alignment and arrangement of the capillaries. Thus, 1n

particular, ssmultaneous filling of a plurality of capillaries 1s advantageously allowed.

Alternatively, as described further below, the array according to the present invention allows

an automated filling of the capillaries.

In a preferred subsequent step 5-3 the array or the arrays are deposited or positioned on a tray
according to the present invention. Subsequently, the tray with the array(s) 1s inserted mto an
analysis device, according to step 5-4. Depending on the kind of analysis device the arrays may
also be 1nserted directly, 1.e. without tray. However, using a tray proves to be advantageous, in

particular regarding handling and process safety.

After analysis, the tray 1s removed from the analysis device, possibly intermediately stored, for
example for later comparative measurements, and subsequently emptied, according to step 3-5.

The tray may then be re-used. The arrays are preferably deposed of.

Fig. 6B schematically shows an exemplary embodiment of an array 20 of the invention in a
top view, Fig. 6A 1n a side view. The array 20° substantially corresponds to the array described
in connection with Figs. 1 and 2. Thus, subsequently only the differences are discussed,
wherein the differentiating features of the embodiments may be preferably provided also in the
respective other embodiment. Preferably, for example the recess-shaped abutment 13°
according to the embodiment shown 1n Figs. 6 and 7, as already described above, may also be
provided 1in the embodiment shown 1n Figs. 1 and 2. Conversely, this also applies for the

abutment according to the embodiment shown 1n Figs. 1 and 2, which may also be provided in
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the embodiment shown in Figs. 6 and 7. Further, the features described hereinafter, separately

or in combination, may also be provided in the other embodiments or be replaced or completed

by the features provided in the other embodiments.

The array according to Fig. 6 preferably comprises at least one cut-out or opening or recess 25,
as shown preferably two. The cut-outs 25 are preferably designed oblong and extend
approximately parallel to the capillaries 1. Preferably, the cut-outs 25 are arranged between
handle portion 3 and the capillaries 1. They may be limited by the handle portion 3, the bridges
21, 22 and/or 23 as well as a further limitation bridge 27 substantially extending transversely to

the bridges 21, 22 and/or 23 and 1s arranged preferably between cut-out 25 and the capillaries
1.

The cut-out preferably allows exact positioning and alignment of the array, for example when
filling 1t semi-automatically or automatically and/or when arranging 1t on a tray according to
the present invention. Exactly aligned protrusions grasp into said cut-outs, which allows an
exact positioning or alignment of the array. Such protrusions or projections may be provided

on a filling accelerator, a tray and/or a grab of a robot/handling device.

A further preferred feature 1s the formation of a depth stop by cut-outs 25. This may be
advantageous when immersing into microwell plates. In particular, a guding element, for
example a cylindrical bolt (not shown), may engage with these cut-outs. So, the array may only
be shifted around the region of or along the free cut-out (cf. array in Fig. 6B). Such a guiding
element may be provided on a filling aid and/or a grab of a robot/handle device. The cut-outs
thus advantageously allow a guiding and/or positioning in the longitudinal direction of the
capillaries arranged on the array and/or 1n cross direction of the capillaries in their arrangement
plane. Preferably, the cut-out 1s not designed as constant cut-out but as recess. In this way, for
example a guiding and/or positioning perpendicular to the arrangement plane of the capillaries
may be allowed. In this case, at least 1, 2, or 4 cut-outs 25 may be provided. When more than
two cut-outs designed as recesses are provided, two cut-outs each on opposite sides of a handle
portion 3 may be arranged. Thus, an advantageous, multidimensional guding and/or

positioning may be achieved.

A further advantage of the arrays according to the present mmvention 1s the possibility of
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automation. In particular, the arrays of the invention preferably have devices/grab surfaces 4
allowing the array to be handled automatically, for example with pipetting robots or other
automated devices/grabs. Thereby, the complete filling procedure may be completely
automated. A preferred embodiment of the guiding or grabbing means 4 was already described
above. Such means 4 particularly facilitate grabbing for example by means of a handling
device. Preferably said means are arranged on opposite outer sides of the array, preferably on
longitudinal sides (sides extending transversely to the longitudinal axis) of the side of the
handle portions 3 facing outwards. The skilled person will, however, know that also different

positions are possible.

The grabbing means, for example as described above, are designed in such a way that or
particularly allow that the array may be positioned securely and centred 1n a grab. For example
may the tapered surfaces 4a, 4b, 4c¢, 4d support the automated alignment or the automated
centring 1n the horizontal as well as the vertical axes. Even if the array 1s not completely

strongly grabbed, 1t may not easily fall out of the grabs (tolerance zone).

The grabbing means further allow grabbing of the array from a stack of arrays, from a
packaging, from a surface or from a device. Here, 1t 1s merely required that there 1s enough
space at the narrow side for the grabs to grab at the grabbing means. The handle/grabbing
means are preferably designed in such a way that they may be grasped with a combined grab

which 1s able to carry out different handling steps.

Fig. 8 exemplarily shows a respective grab of a robot or handling system which has a geometry
corresponding to the grabbing means and engages with the grabbing means. The grab
preferably has surfaces which correspond to surfaces 4a, 4b, 4c, 4d and 4e and which may
engage with these surfaces, in particular in order to allow a secure grabbing and a secure
positioning and handling. Fig. 8 shows a schematically perspective example for automated
handling, wherein Fig. 8A shows an end of an array with a handle portion 3 and Fig. 8B shows
said end with a grabber of the handling system which engages with the grabbing means 4 of the
handle portion 3. Fig. 8C shows a complete view of the array with engaged grabbers.

Fig. 9A exemplarily shows a tempering device for tempering the capillaries 1 of an array 20.

The perspective view shows the carrier before tempering separated from the tempering device.
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The tempering device has a tempering body 50 having tempering partitions 55 being spaced
apart from each other. Between the tempering partitions there are recesses 51 which serve for
receiving the capillaries 1 (cf. Figs. 9B, 9C and 9D). Fig. 9B shows an array 20 being
positioned on the tempering body 1n such a way that at least one, preferably a plurality of the
tempering partitions 55 lies between the capillaries. The capillaries are located in the respective
recesses S51. Preferably the tempering device has at least one line of tempering partitions,

preferably two lines of tempering partitions, as shown 1n Figs. 9A to 9C.

The first line of tempering partitions 55 1s preferably designed in such a way that they are
arranged between the capillaries 1 1n front of the front bridge 22 (front mounting strut) of the

array 20, when the array 1s put into the tempering device for tempering.

It 1s further preferred that a second line of tempering partitions 55 1s designed 1n such a way
that 1t lies between the capillaries 1 and behind the muddle bridge 21 (middle mounting strut),
preferably between bridge 21 and the third strut 23, when the array 1s put into the tempering

device for tempering.

In other words, the tempering partitions preferably lie in the tempering portion 6 of the array
during tempering, wherein an array preferably comprises two tempering portions which
preferably allow an individual or common tempering of one or more capillaries. A first
tempering portion 6 of the array 1s preferably designed between one of the two bridges 21, 22
and the rear bridge 23 and/or between one of the two bridges 21, 22 and the free end 11.

The capillanies are preferably heated/cooled/tempered by means of a tempered air cushion
between the tempering partitions and the lid (not shown). Preferably the lid 1s designed 1n such
a way that 1t completely covers the array and the capillaries and preferably comprises an

opening 1n the region of the measurement region 2.

A process 1n which a handling device 1s integrated may exemplarily be 1llustrated as follows,
wherein the steps are optional: 0. Opening of the package by the grabber. 1. Removing an array
from a package/stack. 2. Transporting the array to a filling position. 3. Filling the array. 4.
Transporting the filled array to a tray/measurement device. 5. Depositing (and positioning) on

the tray/in the measurement device. 6. After the measurement procedure: Removing the
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array/tray from the measurement device and transportation to a storage container (e.g. rubbish

bin or intermediate storage).

The 1nvention also comprises the accurate or exact expressions, features, numeric values or
ranges etc when said expressions, features, numeric values or ranges are before or subsequently
named with terms like “approximately, about, substantially, generally, at least” etc (1.e.
“approximately 3 should also comprise “3” or “substantially radial” should also comprise

“radial™). The term “and/or” means also “and/or™.
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1. Beerer (20) med flere kapillarrgr (1), hvor kapillarrgrene (1) og beereren (20) er
anbragt i et feelles plan og kapillarrgrene (1) er mekanisk fastgjort til beereren (20),
hvor baereren omfatter mindst to trin (21, 22), som forlgber parallelt og med afstand til

5 hinanden og som straekker sig pa tvaers af laangdeaksen af kapillarrgrene (1), og
hvor mindst én forste fri ende (11) af hvert kapillarrgr (1) star frem over baereren (20),
saledes at de frie ender af kapillarrgrene (1) kan fgres samtidigt ind i kaviteter af en mi-
krotiterplade, hvor den fgrste frie ende (11) star mellem 3mm til 20mm frem over baere-
ren.

10 2. Beerer ifglge krav 1, hvor afstanden mellem til hinanden greaensende kapillarrgr
andrager omtrent 2,25mm eller et heltalligt multiplum deraf.

3. Baerer ifglge krav 1 eller 2, hvor den fgrste frie ende (11) star 10mm til 12mm,
fortrinsvis 11mm, frem over basreren, og/eller hvor den fgrste frie ende (11) star frem
over baereren, sa den kan fgres 3mm til 20mm, fortrinsvis 10mm til 12mm, fortrinsvis

15 11mm, ind i en kavitet af en mikrotiterplade.

4. Baerer ifglge et af de foregaende krav, hvor kapillarrgrene (1) er fastgjort pa bee-
reren (20) pa en sadan made, at en anden ende (12) af kapillarrgrene (1) er aben pa en
sadan made at luft kan undvige, fortrinsvis nar den forste fri ende (11) fyldes med vaeske
eller til fyldning nedsaenkes i en vaaske.

20 5. Baerer ifglge et af de foregaende krav, som pa mindst én side, fortrinsvis begge
sider, omfatter én/flere gribeflade(r) (3) og/eller positioneringshjeelper(e) (4, 25) til en
automatisk handtering,
hvor positioneringshjeelperne fortrinsvis er indrettede til et automatiseret indgreb eller fg-
ring og fortrinsvis omfatter mindst ét kileformet udformet afsnit, fortrinsvis to kileformet

25 udformede afsnit.

6. Barer ifglge et af de foregaende krav, hvor kapillarrgrene hver er fastgjort til
mindst to punkter eller omrader pa baereren, fortrinsvis hvor ét punkt ligger pa det farste
trin (21) og ét punkt ligger pa det andet trin (22).

7. Baerer ifglge et af de foregaende krav, hvor basreren omfatter et bagerste trin

30 (23), som ligger overfor de frie ender, som fortrinsvis omfatter et anslag (13) til at arbejde
sammen med kapillarrgrene (1).

8. Baerer ifglge et af de foregaende krav, hvor baereren omfatter en maleudsparing
(2), saledes at kapillarrgrene kan gennemlyses eller belyses med lys fra en lyskilde, som
straler lys ud i det vaesentlige vinkelret pa det faelles plan, fortrinsvis i et midterste omrade

35 mellem den fgrste og den anden ende (11, 12) af kapillarrgrene (1),
hvor maleudsparingen (2) fortrinsvis er udformet mellem de to trin (21, 22).

9. Baerer ifglge et af de foregaende trin, hvor baareren omfatter et tempereringsom-
rade (6), fortrinsvis to tempereringsomrader, som fortrinsvis muligggr en individuel eller
feelles temperering af et eller flere kapillarrgr,

40 hvor tempereringsomradet (6) fortrinsvis er udformet mellem ét af de to trin (21, 22) og
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det bagerste trin (23) og/eller mellem ét af de to trin (21, 22) og den frie ende (11).
10. Beerer ifglge et af de foregaende krav, hvor den fgrste frie ende (11) af hver ka-
pillarrgr (1) star frem over beaereren (20), idet den star over ét af trinene (21, 22), isaer
over det ydre, mod den frie ende (11) vendende trin (22).
11. Baerer ifglge et af de foregaende krav, hvor mikrotiterpladen er en standard 96-,
384- eller 1536-mikrotiterplade og beereren fortrinsvis er forsynet med 4, 6, 8, 12, 16, 24,
48 eller 96 kapillarror.
12. Beaerer ifglge et af de foregaende krav, hvor baereren kan kendetegnes entydigt,
fortrinsvis med mindst én af de fglgende fremgangsmader: markering, farvning, stregkode,
2D-stregkode, DataMatrix-kode, RFID.
13. Kit med en beerer ifglge et af de foregaende krav og en bakke til optag af mindst
én beerer, fortrinsvis til optag af flere beaerere.
14. Fremgangsmade til at fylde flere kapillarrgr i en baerer ifglge et af de foregaende
Krav, hvor
1) de flere kapillarrgr fyldes samtidigt ved hjeelp af kapillarkraefter, idet den fgrste
frie ende af kapillarrgrene indfgres samtidigt i kaviteter af en mikrotiterplade, eller
ii) flere af de flere kapillarrgr fyldes samtidigt via de fgrste frie ender ved hjeelp af
en flerkanalpipette.
15. Fremgangsmade til at fylde flere kapillarrgr ifglge krav 14, hvor baereren og/eller
kapillarrgrene under fyldningen er udrettet skrat mellem en horisontal og vertikal position
eller vertikalt og dermed parallelt i forhold til gravitationen.
16. Fremgangsmade ifglge et af kravene 14 til 15, hvor fremgangsmaden omfatter
mindst ét af de folgende trin, som gennemfgres automatiseret:
1. udtag af en beerer ifglge et af kravene 1 til 12 fra en emballage/et magasin
2. transport af baereren til en fyldningsposition

. fyldning af beereren

. transport af det fyldte baerer til en bakke/en maleindretning

. afleegning pa bakken/i maleindretningen

G O H~ W

. gennemfgrsel af en maleproces
7. udtag af arrayet/bakken fra maleindretningen og transport til en lagerbeholder
(f.eks. affaldsboks eller mellemlager).

17. Fyldningsstation til fyldning af kapillarrgrene af en baerer (20) ifglge et af krave-
ne 1 til 12, hvor fyldningsstationen omfatter et optag til baereren (20) og baereren fortrins-
vis er vippet i en vinkel mellem 0° og 180° i forhold til gravitationskraften.

18. Tempereringsindretning til temperering af kapillarrgrene af en beerer ifglge et af
kravene 1 til 12, hvor tempereringsindretningen omfatter et tempereringslegeme (50) med
| afstand fra hinanden anbragte tempereringsribber (55), og hvor beaereren (20) kan laag-
ges sadan pa tempereringslegemet, at mindst én, fortrinsvis flere, af tempereringsribberne

(55) ligger mellem kapillarrgrene.
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