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(57) Abstract: A method for adjusting the dispensing height of pipettes relative to an receiving element, comprising the following
steps: causing an adjustment liquid (14) to be received in the at least one pipette (10), arranging a pipette tip (20) at a first distance
(a) to the receiving element (18), passive dispensing of the adjustment liquid (14) into a first deepened portion (16) of the receiving
element (18), arranging the pipette tip (20) at a further distance, passive dispensing of the adjustment liquid (14) into a further
deepened portion (26), repeating steps d) and ¢) until no dispensing of the adjustment liquid (14) takes place anymore, whereby this
is detected by visual means, and using a distance that had been set in one of the steps preceding the step in which no dispensing of
the adjustment liquid (14) took place to define a dispensing height.
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Method for adjusting the dispensing height of pipettes

The invention relates to a method for adjusting the dispensing height of

pipettes relative to a receiving element.

Pipettes, being arranged e.g. in pipetting devices, are used for automatic
dispensation of liquids into receiving elements. The receiving elements typi-
cally are microtitration plates comprising a plurality of deepened portions
(wells) arranged in rows and columns. With the aid of such a pipetting de-
vice, liquid will each time be dispensed, e.g. from a plurality of pipettes ar-
ranged in a row, simultaneously into a plurality of deepened portions of a
titration plate, said deepened portions being arranged in a row or column.
The dispensing herein is preferably performed by means of passive pipettes.
In passive pipettes, in contrast to active pipettes, the liquid will not be
pressed out into the receiving element with the aid of a piezo element or
the like; instead, a drop of the liquid will drip out of the tip of the pipette,
due to a contact with a surface, e. g. the bottom of the receiving element or
a liquid comprised within such receiving element. In the process, a droplet
of the liquid issuing from the tip of the pipette can be placed in the receiv-
ing element if the liquid droplet is made to touch preferably the bottom of
the deepened portion of the receiving element and, under the effect of the
contact with the bottom, is pulled off the tip of the pipette. The droplet can
be created by a liquid delivering system, for example a plancher pump. In
view of this precondition, it must be safeguarded that the pipettes will be
arranged close enough to the bottom of the deepened portion to allow for
the liquid to dispensed. In case that the deepened portion does already con-
tain a liquid, the dispensing of the liquid should then be performed in such a
manner that the tip of the pipette will be positioned sufficiently close to the
surface of the liquid which is contained in the deepened portion.
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On the other hand, the problem exists that the tip of the pipette must not
be immersed too deeply into the deepened portion, such as e.g. a well, of
the titration plate because, otherwise, the liquid dispensation would cause
the outer side of the pipette to be wetted with liquid. As a consequence, a
part of the liquid would be removed again from the deepened portion, thus
reducing the quantity of liquid remaining in the deepened portion. Further, a
considerable problem is caused in that, during the next dispensation of lig-
uid, the liquid adhering to the outer side of the pipette will be carried over
in the next deepened portion, with a resultant risk of contamination. Thus,
with respect to the dispensing height of the pipette tip, the demand exists
that the pipette tip should have the maximum possible distance to the bot-
tom of the deepened portion and respectively to the surface of the liquid

already contained in the deepened portion.

Said two demands, i.e. the demand for reliable dispensation of liquid by
contact of the droplet and the demand for said maximum possible distance,

particularly in order to avoid contamination, are contrary to each other.

From US 5,143,849 a pipette system is known, comprising a pipette being
connected to a pressure device to deliver liquid to the pipette. Furthermore,
a pressure sensor is arranged to detect the pressure of the liquid within the
pipette. To adjust the distance of the tip of the pipette from a surface, the
liquid shall be delivered to, the tip of the pipette has a relatively large dis-
tance to that surface. By use of the pressure means, a meniscus is formed
on the tip of the pipette. Thereafter, the distance between the tip of the pi-
pette and the surface is decreased until the meniscus contact the surface.
This contact is detected by a pressure decrease within the pipette. This
measured distance is used to actively dispense liquid on the surface. The
main drawback of this device is that a very sensitive pressure sensor has to
be used. Another drawback is that the distance between the tip of the pi-
pette and the surface may vary, for example due to unevenesses of the sur-

face or tolerances. Since the exact height is used, even a small increase in
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the distance will cause the problem that the meniscus or droplet does not

contact the surface anymore.

It is an object of the invention to provide a method for adjusting the dis-
pensing height of particularly passive pipettes relative to an receiving ele-
ment, wherein, on the one hand, a safe dispensing of droplets is guaranteed
and, on the other hand, the danger of contamination and respectively of
undesired transfer of liquid via the outer side of the pipette is reduced.

According to the invention, the above object is achieved by a method as

defined in claim 1.

In a first method of the invention, it is provided that, in a first step, an ad-
justment liquid is initially caused to be received in a pipette, e.g. by taking
the adjustment liquid from a supply container by means of the at least one
pipette and sucking it into the pipette. In the next step, a pipette tip of the
filled pipette will be arranged at a first distance to the receiving element.
According to the preferred embodiment of the invention the first distance is
a small distance. This is followed by particularly passive dispensing of the
adjustment liquid into a first deepened portion of the receiving element,
said dispensing being performed by drop-wise dispensation. Due to the
presently still small distance between the pipette tip and the first deepened

portion, a safe dispensing of droplets is guaranteed.

In a further step, the pipette tip will again be arranged above a further
empty deepened portion of the receiving element. In this step, the distance
is enlarged so that the pipette tip will now be arranged at a second, larger
distance to the receiving element. This is again followed by a passive dis-
pensing of one or more droplets of the adjustment liquid into the further
and respectively second deepened portion.

After also the dispensing of liquid into said further and respectively second
deepened portion has been performed, this step will be repeated, wherein
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the distance of the pipette tip to the receiving element is enlarged again.
The dispensing is now performed into a still further and respectively third
deepened portion. These dispensing steps, wherein dispensation takes place
into different deepened portions with respective enlargement of the dis-
tance, will be repeated as often until no droplets are dispensed anymore.
When the dispensing of droplets has ceased, the distance between the pi-
pette tip and the receiving element has been made so large that the droplet
will not touch anymore the bottom of the deepened portion or the surface of

a liquid already existing in the deepened portion.

According to the invention, visual means are used to detect that no droplets
are dispensed anymore. Since the distance between the tip of the pipette
and the surface of the depended portion is increased each time before dis-
pensing into a further deepened portion (e. g. a second, a third, etc. deep-
ened portion) shall take place, it is very easy to visually recognize the first-
time a deepened portion remains empty. This visualization can be easily
performed by the person handling the device. Furthermore, by use of an
optical sensor, such as a camera and an image processing means, it is also
possible to detect automatically the first-time a deepened portion remains

empty.

The specific optimum dispensing height will be set in the next step of the
method. The optimum dispensing height is defined or for example calculat-
ed by using a distance that had been set in one of the steps preceding the
step in which no dispensing of the adjustment liquid took place anymore.
For example, the optimum dispensing height can be defined as the distance
of the pipette tip in the second previous step. Additionally or alternatively it
is possible to add or to deduct a certain safety margin to the used distance
of the pipette tip to define the optimum dispensing height. The optimum
dispensing height is preferably the distance of the pipette tip to the receiv-
ing element that the pipette tip had in the step immediately preceding the

step in which no dispensing of adjustment liquid took place anymore.
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Thus, in the method of the invention, as soon as it is detected that - due to
the relative large distance - no dispensing has taken place anymore, the
process is returned preferably by one step, and the dispensing height de-
tected in this step will be stored and respectively fixed as the optimum dis-
pensing height. The respective device can then be adjusted to this optimum
dispensing height.

According to a second alternative method of the invention the pipette tip is
in a first step arranged at a first large distance to the receiving element
whereby this distance is reduced step by step. As soon as at least one of
the receiving elements is filled with adjustment liquid which is detected by
visual means, it is possible to define the optimum dispensing height. The
optimum height can e.g. be the height of the pipette tip at the step liquid is
dispensed. Also in this alternative method, it is possible to consider a cer-
tain safety margin to be added or deducted to the used distance of the pi-

pette tip to define the optimum dispensing height.

This method for adjusting the dispensing height of particularly passive pi-
pettes relative to an receiving element, comprises the following steps:

a) causing an adjustment liquid to be received in the at least one pi-
pette,

b) arranging a pipette tip at a first particularly large distance (a) to the
receiving element,

c) trying to passive dispense adjustment liquid into a first deepened
portion of the receiving element,

d) arranging the pipette tip at a further distance (b), whereby this dis-
tance is particularly smaller than the first distance,

e) trying to passive dispense adjustment liquid into a further deepened
portion,

f) repeating steps d) and e) until dispensing of the adjustment liquid
takes place, whereby this is detected by visual means,

g) optionally repeating step d) at least once, and
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h) wusing a distance that had been set in one of the step following the
step in which a first dispensing of the adjustment liquid took place
to define a dispensing height or using the distance that had been set
in the step in which a first dispensing took place.

The method of the invention will on the one hand guarantee a reliable deliv-
ery of the liquid to be dispensed and, on the other hand, it will reduce the
danger that larger quantities of liquid could be taken up by adherence to
the outer side of the pipette and possibly cause contamination of further
testing liquids.

Preferably, the enlarging or reduction of the distance between two succes-
sive dispensing steps will be performed always by the same amount. The
amount of the enlargement or decrease of the distance is preferably in a
range from 0.05 to 0.2 mm and with particular preference is 0.1 mm.

The small first distance is preferably selected to the effect that a dispensing
of liquid is definitely guaranteed to occur. Since the approximate size of the
droplets is known, the first distance is preferably smaller than the diameter
of the droplets. According to a first variant of the method, it can thus be
provided, in case that no droplets are dispensed already in the first step, to
first reduce the distance by performing a corresponding intermediate step.

Preferably, the small first distance is in a range from 0.05 to 0.1 mm.

Alternatively at the beginning of performing the adjustment method the en-
larging or reduction of the distance between two successive dispensive
steps may be by the same amount and is then followed by enlarg-
ing/reduction of the distance getting smaller from one step to the other.

According to a particularly preferred variant of the invention, a plurality of
pipettes are filled with adjustment liquid, e.g. by taking up adjustment lig-
uid simultaneously through the plurality of pipettes. Then, as described
above, the adjustment liquid will be dispensed simultaneously into a plurali-
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ty of deepened portions and respectively a group of deepened portions. In
this process, the plurality of pipettes are preferably arranged in a row. It is
particularly preferred herein that, for performing the method, use is made
of a device in which a plurality of pipettes has been wound onto a coil. The
pipettes are thus arranged parallel to each other in the configuration of a
band. From this band, there will each time be severed or cut off a prede-
termined number of pipettes and then be used for filling the deepened por-
tion with adjustment liquid, test liquid etc.

Then, in a first step of the filling process performed according to the first
alternative of the method of the invention, a first group of deepened por-
tions, preferably being arranged in a column of the receiving element, will
be filled by use of a row of pipettes comprising a plurality of pipettes. In the
next step, there will then be filled a second column, with the pipettes now
having an enlarged second distance to the deepened portions. The corre-
sponding filling steps are carried out in a column-wise manner, while the
whole row of pipettes will each time be displaced by the preferably fixed
amount of the distance. The enlarging of the distance is performed, as de-
scribed above with respect to one pipette, until at least one deepened por-
tion or a predetermined number of deepened portion in a column are not
filled with adjustment liquid anymore. Thus, the distance that had been set
in one of the steps preceding the step in which no dispensing of the adjust-
ment liquid into at least one deepened portion or a predetermined number
of deepened portions took place anymore is used to define the dispensing
height.

A plurality of pipettes may likewise be used in the second alternative of the
method of the invention, as described above.

As an adjustment liquid, preference is given to a colored liquid so that the
adjustment method can be carried out in a simple manner by means of op-
tical systems or through visual inspection. Preferably, use is made of an ad-
justment liquid having liquid properties similar to those of the test liquid
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employed for testing. Particularly, the adjustment liquid has a similar - and
preferably the same - viscosity as the test liquid. It is also possible, for ad-

justing, to use the test liquid itself as the adjustment liquid.

Preferably, the adjustment method is performed each time a new batch of
receiving elements, e.g. titration plates, is used. Tests have shown that the
manufacturing tolerances occurring within a batch are negligible. Further, it
is preferred that the adjustment method of the invention is performed each
time when a new band and respectively coil of pipettes is started to be
used. Also in this regard, tests have revealed that the tolerances within a

batch of pipettes, in particular within a coil of pipettes, are negligible.

According to a particularly preferred variant of the method of the invention,
it is provided to carry out a test run after the adjusting process so as to ver-
ify whether the executed adjustment has been correct. By way of analyses
performed with the aid of mass spectrometers, for instance, it can be de-
tected whether an inacceptable contamination between liquids of different
deepened portions has occurred or whether the required amount of liquid
has possibly not been achieved.

Since the adjustment method of the invention allows for an adjustment to
be achieved with high precision, a correspondingly adjusted device can be
used for performing dilution series. Such dilution series, whose end volumes
will be about 1 pl, have different dilution ratios of e.g. 1:2, 1:3 and 1:5. The
pipettes will thus have to deliver quantities of liquid in the range of merely
several nanoliters. Thus, already a possible transfer of even minimum
amounts of liquid adhering to the outer side of the pipette would have cor-

respondingly critical consequences.

In another preferred embodiment of the method according to the invention
both methods starting at a small and large distance respectfully can be
combined. In this combination both methods are performed one after the
other so that two dispensing heights will be defined. The dispensing height



WO 2014/009251 PCT/EP2013/064153

being finally defined can for example be the smaller defined dispensing

height or the arithmetic average of both defined dispensing heights.

The invention will be explained in greater detail hereunder by way of a pre-

ferred embodiment.

In the drawing, the following is shown:

Fig. 1 a schematic diagram in lateral view for explanation of the method,
and

Fig. 2 a schematic plan view of a titration plate for performing the adjust-

ment method.

To begin with, the important steps for performing said method will be ex-
plained in greater detail hereunder by way of a single pipette 10 with refer-
ence to Figure 1. Within the discussed embodiment the pipette tip is located

in a small first distance and the distance is increased step by step.

In the initial method step, the pipette 10 will be caused to take up an ad-
justment liquid 14 from a supply vessel 12.

In the next step, the pipette 10 will be introduced into a deepened portion
16 of a receiving element 18 (Fig. 2) until the pipette tip 20 is arranged at a
first small distance a from the receiving element and respectively from a
bottom 22 of the deepened portion 16. Then, dispensing of liquid takes
place in a passive manner since the droplet 24 of the liquid will touch the
bottom 22 and thus be pulled off from the pipette.

In the next step, the pipette 10 will be introduced into a further and respec-
tively second deepened portion 26 wherein the pipette tip 20 now has a

larger distance b from the bottom 22 of the deepened portion 26. Since,
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now, a further droplet 24 will touch the bottom 22, also this droplet will be

pulled off from the pipette.

In a further step - in the illustrated embodiment, the third step - of the ad-
justment method of the invention, the pipette 10 will be arranged in a fur-
ther deepened portion 28 wherein the pipette tip 20 now has a still larger
distance c from the bottom 22 of the deepened portion 28. The distance c is
presently so large that the droplet 24 will not touch the bottom 22 anymore
and thus will not be dispensed into the deepened portion 28 anymore. This
can easily be detected by visual means.

In the illustrated embodiment, it is thus the dispensing height b which will
be defined as the optimum dispensing height because this is the largest dis-

pensing height at which a droplet 24 had still been dispensed.

The number of adjustment steps to be performed can also be distinctly
higher than three. This will depend on various influential factors, such as
e.g. the viscosity of the liquid, the change of the distance in successive ad-
justment steps, etc. Further, for performing the method of the invention, it
is not essential to actually know said distance a. Moreover, it is important
that the pipette tip 20 has a sufficiently small distance from bottom 22 to
guarantee a reliable dispensing of a droplet. Also the optimum dispensing
height detected at the end of the adjustment method does not necessarily

have to be known as an absolute value.

The method described with reference to Fig. 1 is preferably carried out not
only in a sole row of deepened portions 16,26,28 but, particularly when use
is made of a titration plate 18 as a receiving element, in a plurality of rows.
Thus, when using the titration plate 18 shown in Fig. 2, the first dispensing
step is carried out in 16 deepened portions (column 1). The second step
described with reference to Fig. 1 will then again be performed in 16 deep-

ened portions corresponding to column 2, and the third step will be per-
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formed in a like manner in column 3. As can be seen in the schematic rep-

resentation, two deepened portions 28 in column 3 are empty.
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Claims

1. A method for adjusting the dispensing height of preferably passive pi-

pettes relative to an receiving element, comprising the following steps:

a)

b)

f)

9)

causing an adjustment liquid (14) to be received in the at least
one pipette (10),

arranging a pipette tip (20) at a first distance (a) to the receiving
element (18),

passive dispensing of the adjustment liquid (14) into a first deep-

ened portion (16) of the receiving element (18),

arranging the pipette tip (20) at a further distance (b),

passive dispensing of the adjustment liquid (14) into a further

deepened portion (26),

repeating steps d) and e) until no dispensing of the adjustment
liquid (14) takes place anymore, whereby this is detected by vis-

ual means, and

using a distance that had been set in one of the steps preceding
the step in which no dispensing of the adjustment liquid (14) took
place to define a dispensing height.

2. The method according to claim 1, wherein the distance to the receiving

element (18) applied in two successive dispensing steps is each time

increased.

3. The method according to claim 2, wherein the distance is increased

each time by the same amount.
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10.

11.

13

The method according to claim 2 or 3, wherein said amount is in the

range from 0.05 mm to 0.2 mm.

The method according to any one of claims 1 to 4, wherein said further
distance (b) being larger than said first distance (a) and larger than
the previous distance.

The method according to any one of claims 1 to 5, wherein the dis-
pensing height is calculated on the basis of a distance that had been
set in one of the steps preceding the step in which no dispensing of the

adjustment liquid took place anymore.

The method according to any one of claims 1 to 6, wherein the dis-
tance of the step immediately preceding the step in which no dispens-
ing of the adjustment liquid took place anymore is used to define a
dispensing height.

The method according to any one of claims 1 to 7, wherein said first
distance (a) is smaller than the droplet diameter.

The method according to any one of claims 1 to 8, wherein a plurality
of pipettes (10) simultaneously receive adjustment liquid (14) and
simultaneously dispense said liquid into a group of deepened portions
(16,26,28).

The method according to claim 9, wherein the pipettes (10) are ar-

ranged in a row.

The method according to claim 9 or 10, wherein groups of deepened
portions (16,26,28) are arranged in columns or rows of the receiving
element (18).
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12.

13.

14.

15.

16.

14

The method according to any one of claims 9 to 11, wherein the dis-
pensing height is defined according to step (g) if no dispensing takes
place anymore in at least one deepened portion (28) of a group of
deepened portions.

The method according to any one of claims 1 to 12, wherein the re-

ceiving element is a microtitration plate (18).

The method according to any one of claims 1 to 13, wherein the ad-
justment liquid (14) has liquid properties similar to, particularly identi-

cal to, those of a test liquid used for examination.

The method according to claim 14, wherein a test liquid is used as the

adjustment liquid (14).

The method according to any one of claims 1 to 15, wherein, after
completion of the adjustment, a test series is performed for examina-

tion.
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