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Title: 	AUTOMATED SELECTION OF MICROORGANISMS AND 
IDENTIFICATION USING MALDI 

FIELD OF THE INVENTION 

The present invention generally relates to a method for locating and 

selecting a colony of microorganisms and identifying microorganisms using MALDI, in 

particular MALDI-TOF-MS (Matrix Assisted Laser Desorption and Ionization Time- 

of-Flight Mass Spectroscopy) and the systems for performing such methods. 

5 MALDI-analysis is a useful tool for solving structural problems in 

biochemistry, immunology, genetics and biology. Samples are ionized in the gas phase 

and a time of flight (TOF) analyzer is used to measure ion masses. TOF analysis 

begins when ions are formed and are accelerated to a constant kinetic energy as they 

enter a drift region. They arrive at a detector following flight times that are 

10 proportional to the square root of their masses. A mass spectrum is created because 

ions of different mass arrive at the detector at different times. 

Mass spectrometry can be a powerful tool in the fields of drug discovery and 

development, genotyping, and proteome research. In addition MALDI has already 

been used for characterization and identification of bacteria and microorganisms. 

15 Current trends in research are to analyze larger and larger numbers of samples using 

quantities of individual samples ranging from the micro-mole levels to ato-mole levels. 

As a result, samples are also becoming smaller and needs exists for efficient and 

reliable acquisition of the correct amount of micro-organisms and accurately 

depositing a sample of the acquired amount on a target plate used in the MALDI- 

20 instrument. 

In a typical MALDI TOF MS operation, the sample to be analyzed is spotted 

or deposited on a metal plate (also called target plate or MALDI-plate), reagents are 

added (matrix) that support ionization, and then they are dried to form crystals. In 

these instruments, the target plate is positioned in a fixed position in the MALDI- 

25 instrument. The target plate has a plurality of depositing spots (e.g. from 24 to 384 

depositing spots on a single target plate) and these depositing spots have a fixed 

orientation with regard to the edges of the target plate. The target plate is positioned 

on an X-Y stage so that an obtained sample of a colony of microorganisms can be 
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deposited on a selected depositing spot. A high voltage potential is maintained 

between the target plate and a metal grid. This voltage can be maintained or pulsed, 

depending upon the desired results and a vacuum is created in the chamber. A laser is 

fired into the sample/matrix and a plume of ions is formed. The voltage difference is 

5 used to accelerate the ions up a flight tube so that they can be analyzed. The analysis 

directly relates the time of flight to the mass of the ionized component. 

Several parameters can affect the quality of the results, including flatness 

of the target, amount and type of matrix, concentration of the sample, conductivity of 

the sample target, accuracy of placement on the depositing spot, as well as other 

10 variables. 

In particular, an important aspect is the handling of the sample and the 

concentration of the sample. It is known that a suspension is made from a sample of a 

colony of microorganisms and that a researcher pipettes a drop of the obtained 

suspension containing the sample onto a depositing spot of the target plate by hand. 

15 To provide a correct analysis, however, the suspension has to contain a sufficient 

concentration of the sample from the start. 

In preparing such a suspension of a sample of microorganisms, a handheld 

device comprising a drive. The drive comprises a housing with a rotary drive motor 

contained therein, and a connector which is configured for the releasable attachment 

20 of the sample acquisition device to the drive. The sample acquisition device comprises 

a sample collection region which is first brought into contact with biological material 

(mostly grown on a culture dish) to be analyzed. Thereafter the sample collection 

region is attached to the rotary drive, brought into contact with a liquid medium 

contained in a tube and the rotary drive is activated for a certain period of time such 

25 that a sample of the biological material in the sample acquisition device is released in 

the liquid medium. After the sample collection region is removed from the tube the 

suspension tube holds a suspension containing the sample which for example can be 

used for performing MALDI-analysis. 

However, the efficiency of release of the sample from the sample 

30 acquisition region can in some cases be insufficient to perform a correct analysis of the 

microorganism suspended in the liquid medium. This may result in a prepared 

suspension that is unusable, resulting in lost of time and money. In addition since the 

sample collection region is rotated within the tube the tube must be of a sufficient 



WO 2013/147610 
	

PCT/NL2013/050239 

3 

dimension to allow such rotation without the sample acquisition region contacting the 

inner wall of the tube which might be detrimental for the release of the 

microorganism in the liquid medium. Such a relative large dimensioned tube thus 

contains a relatively large volume of liquid medium, leading to a corresponding 

5 lengthy time of further processing such liquid suspension medium. For example, the 

time in which the liquid suspension containing the sample has to incubate in an 

incubator is proportional to the amount of suspension liquid. Therefore, there is a 

need for a method in which the preparation of a suspension of a sample of 

microorganisms is performed automatically leading to a much more reproducible 

10 manner of preparing such a suspension. In addition there is a need for reliably and 

reproducibly releasing the sample on a depositing spot of a target plate. 

SUMMARY OF THE INVENTION 

15 In order to solve at least one of the problems mentioned above the present 

invention provides a method for locating and selecting a colony of microorganisms on 

a culture dish and identifying microorganisms in said selected colony using MALDI, 

wherein said method comprises the automated steps of: locating and selecting a 

colony of microorganisms on a culture dish; obtaining a sample of said selected colony 

20 of microorganisms; depositing at least some of said sample of said selected colony of 

microorganisms on a target plate; and transferring said target plate with said sample 

in an apparatus for performing MALDI for identification of said sample of said 

selected colony of microorganisms. It appears that the problems mentioned above for 

the greater part find their cause therein that the steps are performed manually and 

25 these steps are therefore prone to undesired variance and mistakes, leading to 

incorrect results from the MALDI-instrument, additional costs and loss of time. By 

automating each of the steps these problems can be overcome to at least a large 

extent. In the present field it has been taken for granted that at least some of the 

steps only could be performed manually, however in contrast hereto the present 

30 invention provides the possibility for the first time to automate all the steps necessary 

for locating and selecting a colony of microorganisms and identifying microorganisms 

in said selected colony using MALDI. 
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In an embodiment of a method according to the invention the step of 

depositing at least some of said sample of said selected colony of microorganisms on a 

target plate is performed by directly placing said obtained sample of said selected 

colony of microorganisms on said target plate. By directly placing a sample on a target 

5 	plate there is no need to first prepare a suspension of said sample, thereby 

circumventing every problem which might arise from preparing such a suspension. 

Preferably the method comprises the further automated step of overlaying a drop of a 

MALDI matrix solution on the portion of the sample deposited on the target plate. 

In an alternative embodiment of a method according to the invention the 

10 	step of depositing at least some of said sample of said selected colony of 

microorganisms on a target plate is performed by the automated steps of: transferring 

said obtained sample into a suspension tube containing an amount of a suspension 

medium; preparing a sample suspension by transferring at least a portion of said 

obtained sample into said suspension medium; obtaining a drop of said sample 

15 	suspension; and transferring said drop of sample suspension onto said target plate. 

By completely automating the preparation of a suspension the invention provides an 

accurate and reproducible method of using suspensions for identifying 

microorganisms using MALDI. In particular when the method further comprises the 

automated step of overlaying a drop of a MALDI matrix solution on said drop of 

20 	sample suspension deposited on the target plate, the inventive method is extremely 

suitable for characterization of microorganisms. The best analysis results can be 

obtained in a further embodiment of a method according to the invention in which 

said drop of sample suspension deposited on the target plate is allowed to dry before 

said drop of MALDI matrix solution is overlaid. This alternative method of using a 

25 	suspension is furthermore extremely useful in case another test or analysis is to be 

performed on the sample of the colony of microorganisms. Such additional analysis 

can in a particularly reproducible and efficient manner be realized in an embodiment 

of a method according to the invention in which the method further comprises the 

automated steps of: obtaining a second drop of said sample suspension; depositing 

30 	said second drop of sample suspension on a test culture dish; and transferring said 

test culture dish to an apparatus for performing a susceptibility test or another 

additional analysis. Consequently the inventive method can be used to automatically 
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obtain or pick a sample which can be fed into available ID/AST instruments including 

but not limited to BACTECTM, Phoenix, MGIT, BacT/Alert. 

The present invention also provides the possibility of performing such 

additional analysis in case no suspension is made from an obtained sample. In this 

5 situation a particular advantageous embodiment of a method according to the 

invention further comprises the automated steps of: obtaining a second sample of a 

colony of microorganisms from the culture dish; transferring said second sample of 

said selected colony of microorganisms; depositing at least some of said second sample 

of said selected colony of microorganisms on a test culture dish; and transferring said 

10 test culture dish to an apparatus for performing a susceptibility test or another 

additional test. 

Since for performing characterization and identification of microorganisms 

normally a plurality of colonies is grown on a culture dish, it is furthermore important 

that a sample is obtained from a colony of interest. If samples are taken from non- 

15 interesting colonies the efficient use of time and the MALDI-instrument is 

compromised. According to the knowledge of the applicant up till now no automated 

process or apparatus exists for discriminating interesting colonies from non-

interesting ones. However, the process of discriminating colonies can be at least partly 

automated under maintaining a very high certainty of correct discrimination in an 

20 embodiment of a method in accordance with the invention in which the method 

comprises before the automated step of locating and selecting a colony of 

microorganisms on a culture dish, the step of providing a culture dish comprising a 

number of colonies of microorganisms, obtaining an initial image of said culture dish 

including all the colonies of microorganisms, displaying said initial image of said 

25 culture dish including all the colonies of microorganisms on a display, and selecting at 

least one colony of microorganisms in said initial image. In this manner a researcher 

or analyst can select colonies of interest based on thorough education and knowledge. 

In a particular embodiment said culture dish is provided with an individual 

identification identifying said culture dish, such as a bar code, and the method further 

30 comprises the step of storing said initial image of said culture dish including all 

colonies, storing information regarding said at least one selected colony of 

microorganisms, storing said identification of said culture dish in a memory of a 

central control computer. In an additional embodiment the researcher or analyst can 
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manually enter processing instructions regarding the processing to which a selected 

colony of microorganisms of said culture dish is to be subjected, said processing 

instructions being stored in said memory of said central control computer for later 

use. 

5 In a further embodiment of the invention the method comprises the 

automated steps of positioning said culture dish on a stage for a culture dish, 

obtaining an image of said culture dish positioned in said stage, obtaining the 

identification of said culture dish, comparing the image obtained by the imaging 

device of said picking tool device with the stored initial image of said culture dish for 

10 obtaining information regarding the location of the selected colony of microorganisms 

and optionally for obtaining the processing instructions regarding the processes to be 

performed on said selected colony of microorganisms. By comparing the image of the 

culture dish when it is placed in the picking tool device with the initial image, the 

location of the selected colonies can be obtained automatically, for example by 

15 computerized image comparison. 

In still a further embodiment of a method according to the invention the 

method comprises the step of automatic preparing a suspension of a sample of 

microorganisms comprising the steps of: 

- providing a first picking tool and providing a positioning device with a 

20 picking tool holder for holding a picking tool, said positioning device being arranged 

for positioning a picking tool in a starting position above the obtained location of the 

selected colony of microorganisms on the culture dish and for automatically lowering 

and raising a picking tool towards and away from the culture dish and for positioning 

a picking tool in a transfer position, respectively; 

25 - positioning said first picking tool in said picking tool holder of the 

positioning device; 

- by said positioning device positioning the first picking tool in the starting 

position above the obtained location of the selected colony of microorganisms on the 

culture dish, automatically lowering the first picking tool towards the culture dish 

30 into contact with the microorganism to pick up a sample of said microorganism, 

automatically raising the first picking tool with said sample of the microorganism 

away from the culture dish to the transfer position; 

- providing a suspension tube holder for holding a suspension tube; 
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- positioning a suspension tube in the suspension tube holder; 

- providing an automatic suspension medium dispenser for automatically 

dispensing a suspension medium in a suspension tube held in the suspension tube 

holder; 

5 - by the automatic dispenser automatically supplying an initial amount of 

suspension medium into the suspension tube held in the suspension tube holder; 

- providing a transferring device for automatically transferring a picking 

tool from the transfer position of the positioning device to a position above a 

suspension tube held in the suspension tube holder, and for lowering and raising a 

10 picking tool into and away from a suspension medium contained in a suspension tube, 

and for positioning a picking tool in a waiting position above a suspension tube held in 

the suspension tube holder, respectively; 

- by said transferring device automatically transferring said first picking 

tool with the sample of the microorganism from the transfer position of the 

15 positioning device to a position above the suspension tube held in the suspension tube 

holder, lowering said first picking tool with the sample of the microorganism into the 

suspension medium contained in the suspension tube; by the transferring device 

oscillating the first picking tool in a linear vertical movement for a period of time 

while the first picking tool with the sample of said microorganism is submerged in the 

20 suspension medium; and after said period of time has elapsed raising the first picking 

tool away from the suspension medium contained in the suspension tube to the 

waiting position; 

- providing a turbidity meter for performing measurements of the turbidity 

of a suspension medium contained in a suspension tube held in the suspension tube 

25 holder; 

- at least after the period of time during which the picking tool is oscillated 

has elapsed measuring the turbidity of the suspension medium contained in the 

suspension tube held in the suspension tube holder by the turbidity meter and 

providing a final measurement value indicative of the measured turbidity; 

30 - providing a controller communicatively connected to the positioning 

device, the transferring device, the automatic suspension medium dispenser and the 

turbidity meter for automatically controlling the movement of the positioning device, 
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the movement of the transferring device, the operation of the automatic suspension 

medium dispenser and the operation of the turbidity meter, respectively; 

- by said controller: 

a) determining whether the final measurement value is above a 

5 	first threshold value previously stored in a memory of the controller, if yes perform 

step b); or whether the final measurement value is identical to or below the first 

threshold value and identical to or above a second threshold value previously stored 

in the memory of the controller, said first threshold value being equal to or greater 

than the second threshold value, if yes perform step c); or whether the final 

10 	measurement value is below the second threshold value, if yes then perform step d); 

b) controlling the automatic suspension medium dispenser to 

supply an additional amount of suspension medium into the suspension tube; 

c) providing a signal that the suspension tube with the suspension 

can be removed from the suspension tube holder for further processing; or 

15 d) providing a further picking tool; positioning said further 

picking tool in said picking tool holder of the positioning device; by said positioning 

device positioning the further picking tool in the starting position above the culture 

dish, automatically lowering the further picking tool towards the culture dish into 

contact with the microorganism to pick up an additional sample of said 

20 	microorganism, automatically raising the further picking tool with said sample of the 

microorganism away from the culture dish to the transfer position; by said 

transferring device automatically transferring said further picking tool with the 

additional sample of the microorganism from the transfer position of the positioning 

device to a position above the suspension tube held in the suspension tube holder, 

25 	lowering said further picking tool with the additional sample of the microorganism 

into the suspension medium contained in the suspension tube; by the transferring 

device oscillating the further picking tool in a linear vertical movement for a period of 

time while the further picking tool with the additional sample of said microorganism 

is submerged in the suspension medium; and after said period of time has elapsed 

30 	raising the further picking tool away from the suspension medium contained in the 

suspension tube to the waiting position; at least after the period of time during which 

the further picking tool is oscillated has elapsed measuring the turbidity of the 

suspension medium contained in the suspension tube held in the suspension tube 
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holder by the turbidity meter and providing an additional final measurement value 

indicative of the measured turbidity; and performing step a). In this manner it is 

possible to prepare a suspension of a sample of a microorganism in an advanced 

automatic manner while by means of the controller and the turbidity meter it is 

5 possible to provide a suspension tube containing a suspension medium which contains 

an amount of microorganism which is always sufficient (and reproducible) to perform 

a correct analysis of the microorganism. 

In an embodiment of a method for automatic preparing a suspension of a 

sample of microorganisms according to the invention the controller is arranged such 

10 that the step of measuring the turbidity of the suspension medium contained in the 

suspension tube held in the suspension tube holder by the turbidity meter is 

additionally performed during the period of time during which the picking tool is 

oscillated, wherein the turbidity meter is arranged for providing an on-line 

measurement value indicative of the measured turbidity during the period of time 

15 during which the picking tool is oscillated to the controller. In this way an extremely 

fast automatic determination of the amount of microorganism in the suspension can 

be obtained. In particular, if during oscillation the on-line measurement value of the 

turbidity is equal to or lower than the first threshold value and equal to or greater 

than the second threshold value the controller controls the movement of the 

20 transferring device such that the picking tool is raised to the waiting position, and the 

controller further provides a signal that the suspension tube with the suspension can 

be removed from the suspension tube holder for further processing. In this manner 

the oscillation of the picking tool is stopped when the suspension medium contains a 

sufficient amount of microorganisms, so that the method can be performed extremely 

25 time efficient. 

The mutual arrangement of the pick tool and the sensors of turbidity 

meter is such that during the oscillation of the pick tool the pick tool does not obstruct 

the pathway of the turbidity meter. 

In a further embodiment of a method for automatic preparing a suspension 

30 of a sample of microorganisms according to the invention the controller is arranged 

such as to control the turbidity meter that the step of measuring the turbidity of the 

suspension medium contained in the suspension tube held in the suspension tube 

holder by the turbidity meter is started before the picking tool is submerged in the 
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suspension medium contained in the suspension tube. In this way it is for example 

possible to check whether the initial suspension medium used is not contaminated. 

Furthermore, this provides an indication of the starting value for the turbidity which 

is useful in determining the final measurement value. 

5 In a still further embodiment of a method for automatic preparing a 

suspension of a sample of microorganisms according to the invention the method 

further comprises the step of providing as suspension tube holder for holding a 

suspension tube a rotatable suspension tube holder for rotating a suspension tube 

held in the rotatable suspension tube holder, the step of arranging the controller such 

10 that it is communicatively connected to the rotatable suspension tube holder for 

controlling the rotation of the suspension tube holder, and the step of arranging the 

controller such that the suspension tube is rotated during measurement of the 

turbidity of the suspension medium contained in the suspension tube. Such a rotation 

of the suspension tube enables that the turbidity measurements can be performed at a 

15 number of positions within the suspension tube which are rotationally spaced from 

each other leading to a more correct final measurement of the turbidity of the 

suspension. The rotation as such is not necessary for releasing the sample from the 

picking tool, the oscillational linear vertical movement of the picking tool is more than 

sufficient to release the sample. 

20 Although a further picking tool can be used that is different from the first 

picking tool, the method can be performed in an economical way when in step d) the 

first picking tool is provided as further picking tool; and the positioning of said further 

picking tool in said picking tool holder of the positioning device is performed by the 

transferring device under control of the controller. 

25 In a still further embodiment of a method for automatic preparing a 

suspension of a sample of microorganisms according to the invention the additional 

amount of suspension medium is determined by the controller based on the initial 

amount of suspension medium, the final measurement value and the value of the first 

and/or second threshold value. This makes it possible to use just enough additional 

30 suspension medium as necessary and thus in this embodiment as less as possible 

suspension medium can be used. 

Since according to the inventive method for automatic preparing a 

suspension of a sample of microorganisms the picking tool is oscillated in a vertical 
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linear movement relative to the suspension tube, the dimension of the suspension 

tube can be relatively small. This makes it possible that in an embodiment of a 

method according to the invention the controller can be arranged for controlling the 

automatic suspension medium dispenser such that the supplied initial amount is 

5 about 0,5 — 2 ml, preferably about 1 ml. Such a relatively small amount of suspension 

medium is sufficient for preparing a correct suspension of a sample of 

microorganisms. In such a method for automatic preparing a suspension of a sample 

of microorganisms it is this possible to use as suspension tube a suspension tube 

having a substantially circular cross-section having a diameter of about 6 to about 12 

10 

15 

mm, preferably about 10 mm, which is relatively small when compared to the 

traditional tubes which have a diameter of about 16 mm. With such a relatively small 

suspension tube a correct release of the sample from the picking tool is obtained when 

the controller is arranged for controlling the oscillation of the transferring device such 

that the picking tool oscillates at a frequency between about 5 Hz to about 120 Hz, 

preferably about 30 Hz to about 90Hz, most preferably about 50 Hz. Preferably the 

controller is arranged for controlling the oscillation of the transferring device such 

that the picking tool oscillates with an amplitude of about 0.5 mm to about 4 mm, 

preferably about 2 mm to about 3 mm, which results in an optimal release of the 

sample from the picking tool. In case the controller is arranged for controlling the 

20 oscillation of the transferring device such that the period of time during which the 

picking tool oscillates is about 3 seconds to about 10 seconds, preferably about 6 

seconds, it appears that in practically all cases the complete sample can be released 

from the picking tool. 

The values for the frequency, amplitude and duration are dependent on 

25 the properties of the specific microorganism and, for example its adherence to the 

picking tool. From inspection by imaging it can be deduced whether or not the sample 

has at least for the greater part been released from the picking tool by first using the 

above mentioned preferred values. If there is still some material left on the picking 

tool than the vertical oscillation is repeated within the given ranges at different 

30 values. 

An automated method for preparing a suspension of a sample of 

microorganisms according to the invention can be obtained when the method 

additionally comprises the step of providing an automatic culture dish positioning and 
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removing device for automatically positioning and removing a culture dish comprising 

said microorganism on and from the stage, respectively. The controller is then 

arranged such that it is communicatively connected to the automatic culture dish 

positioning and removing device for controlling the operation of the automatic culture 

5 dish positioning and removing device. In this manner positioning a culture dish 

comprising said microorganism on the stage can be performed automatically under 

control of the controller. A further automation is realized by providing an automatic 

suspension tube positioning and removing device for automatically positioning and 

removing a suspension tube in and from the suspension tube holder, respectively. The 

10 controller is then arranged such that it is communicatively connected to the automatic 

suspension tube positioning and removing device for controlling the operation of the 

automatic suspension tube positioning and removing device, so that positioning of a 

suspension tube in the suspension tube holder can be performed automatically under 

control of the controller. Advantageously the controller is then arranged such that a 

15 culture dish is allowed to be automatically removed from the stage by the automatic 

culture dish positioning and removing device only after the signal that the suspension 

tube with the suspension can be removed from the suspension tube holder for further 

processing has been provided. Furthermore it is then preferred that the controller is 

arranged such that a suspension tube holder is automatically removed from the 

20 suspension tube holder by the automatic suspension tube positioning and removing 

device only after the signal that the suspension tube with the suspension can be 

removed from the suspension tube holder for further processing has been provided. 

25 

In still a further embodiment of a method according to the invention, the 

method comprises the step of providing an identifying mark on the suspension tube, 

and the step of storing the identifying mark of said suspension tube together with the 

properties of the suspension with a link to the identity of the culture dish from which 

the selected colony of microorganisms was obtained in the memory of said central 

control computer the method can not only be automatically operated in an extremely 

efficient manner but also the correct and fast processing of the obtained analysis 

30 results is improved. 

In a still further embodiment of a method according to the invention, 

wherein the processing instructions for a selected colony of microorganisms indicate to 

directly place said obtained sample of said selected colony of microorganisms on said 
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target plate, the method comprises the following automated steps: providing a first 

picking tool and providing a positioning device with a picking tool holder for holding a 

picking tool, said positioning device being arranged for positioning a picking tool in a 

starting position above the obtained location of the selected colony of microorganisms 

5 on the culture dish and for automatically lowering and raising a picking tool towards 

and away from the culture dish and for positioning a picking tool in a transfer 

position, respectively; positioning said first picking tool in said picking tool holder of 

the positioning device; by said positioning device positioning the first picking tool in 

the starting position above the obtained location of the selected colony of 

10 microorganisms on the culture dish, automatically lowering the first picking tool 

towards the culture dish into contact with the microorganism to pick up a sample of 

said microorganism, automatically raising the first picking tool with said sample of 

the microorganism away from the culture dish to the transfer position; providing a 

target plate holder for holding a target plate, said target plate having a plurality of 

15 

20 

depositing spots; positioning a target plate in the target plate holder; providing a 

transferring device for automatically transferring the picking tool from the transfer 

position of the positioning device to a position above one of the depositing spots of the 

target plate, and for lowering the picking tool such that the sample of the colony of 

microorganisms present on the picking tool comes into contact with the target plate, 

moving the picking tool in a plane parallel to the plane of the target plate such that 

the sample of the colony of microorganisms is deposited on the depositing spot, in 

particular covering at most approximately half of said one of the depositing spots of 

the target plate; and raising said picking tool from the target plate. By performing the 

deposition of the sample automatically a more reproducible and accurate deposition of 

25 the sample on the depositing spot can be obtained then by manually depositing a 

sample. Furthermore it appears then when the sample covers at most approximately 

half of said one of the depositing spots of the target plate, the analysis results 

obtained from the MALDI-instrument of the part of the depositing spot which initially 

was not covered with the sample are surprisingly extremely more accurate than the 

30 analysis results obtained from the MALDI-instrument of the part of the depositing 

spot which initially was covered with the sample. While the inventors do not wish to 

be bound by a particular theory, it is thought that the crystallization which takes 

place after a drop of matrix material has been overlaid on the sample covering part of 
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the depositing spot ensures that also the part of the depositing spot which was not 

covered contains an amount of sample material, and that this amount is extremely 

suitable for providing excellent analysis results. In an alternative embodiment of a 

method according to the invention, wherein in case the processing instructions for a 

5 selected colony of microorganisms indicate to obtain a drop from said sample 

suspension and to transfer said drop onto said target plate, the method comprises the 

following automated steps: providing a pipetting tool in said picking tool device and 

providing a positioning device with a pipetting tool holder for holding said pipetting 

tool, said positioning device being arranged for positioning said pipetting tool in a 

10 

15 

starting position above the suspension tube and for automatically lowering and 

raising the pipetting tool into and out of the suspension and for positioning the 

pipetting tool in a transfer position, respectively; positioning said pipetting tool in 

said pipetting tool holder of the positioning device; by said positioning device 

positioning the pipetting tool in the starting position above the suspension tube, 

lowering the pipetting tool into the suspension in said suspension tube, operating the 

pipetting tool to pick up an amount of suspension, raising the pipetting tool with said 

amount of suspension to the transfer position; said pipetting tool comprising a 

pressurizable chamber closed by a controlled valve for containing the amount of 

suspension medium; providing a target plate holder for holding a target plate, said 

20 target plate having a plurality of depositing spots; positioning a target plate in the 

target plate holder; providing a transferring device for automatically transferring the 

pipetting tool from the transfer position of the positioning device to a position above 

one of the depositing spots of the target plate, and for lowering the pipetting tool to a 

predefined distance above the target plate, pressurizing the chamber to a pressure in 

25 

30 

a range of about 0.5 bar to 1.1 bar, and opening the valve for such a time that a drop 

of suspension with a volume in a range of about 0.5 to 3.0 ill is deposited on the 

depositing spot, in particular covering at most approximately half of said one of the 

depositing spots of the target plate; and raising said pipetting tool from the target 

plate. In dependence of the properties of the specific microorganism, e.g. its stickiness, 

the pressure value and the opening time can be adjusted to obtain a small drop of 

suspension which can be reproducibly prepared and which as a result of the 

automated process can be deposited accurately on the target plate. 
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In order to avoid cross-contamination in a preferred embodiment of a 

method according to the invention the shape of the pipetting tool, in particular the 

dispensing tip thereof, is such that depositing the drop of suspension on the target 

plate takes place in a splash free manner. It has appeared that depending on the kind 

5 of microorganism used, and especially the stickiness thereof, in addition to choosing a 

correct pressure in the range mentioned above and opening time of the valve in the 

range mentioned above a suitable shape of the pipetting tool ensures that a drop of 

suspension can be is deposited in a splash free manner. 

In a further embodiment of a method according to the invention in which 

10 the method comprises the step of providing an identifying mark on the target plate 

and optionally providing an identifying mark on the depositing spots of said target 

plate, and the step of storing the identifying mark of said target plate and depositing 

spots together with the properties of the suspension with a link to the identity of the 

culture dish from which the selected colony of microorganisms was obtained in the 

15 memory of said central control computer the method can not only be automatically 

operated in an extremely efficient manner but also the correct and fast processing of 

the obtained analysis results is improved. 

The present invention further relates to a method for automatic preparing 

a suspension of a sample of microorganisms, said method comprises the steps of: 

20 - providing a stage for a culture dish comprising said microorganism; 

- positioning a culture dish comprising said microorganism on the stage; 

- providing a first picking tool and providing a positioning device with a 

picking tool holder for holding a picking tool, said positioning device being arranged 

for positioning a picking tool in a starting position above the culture dish and for 

25 automatically lowering and raising a picking tool towards and away from the culture 

dish and for positioning a picking tool in a transfer position, respectively; 

- positioning said first picking tool in said picking tool holder of the 

positioning device; 

- by said positioning device positioning the first picking tool in the starting 

30 position above the culture dish, automatically lowering the first picking tool towards 

the culture dish into contact with the microorganism to pick up a sample of said 

microorganism, automatically raising the first picking tool with said sample of the 

microorganism away from the culture dish to the transfer position; 
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- providing a suspension tube holder for holding a suspension tube; 

- positioning a suspension tube in the suspension tube holder; 

- providing an automatic suspension medium dispenser for automatically 

dispensing a suspension medium in a suspension tube held in the suspension tube 

5 	holder; 

- by the automatic dispenser automatically supplying an initial amount of 

suspension medium into the suspension tube held in the suspension tube holder; 

- providing a transferring device for automatically transferring a picking 

tool from the transfer position of the positioning device to a position above a 

10 	suspension tube held in the suspension tube holder, and for lowering and raising a 

picking tool into and away from a suspension medium contained in a suspension tube, 

and for positioning a picking tool in a waiting position above a suspension tube held in 

the suspension tube holder, respectively; 

- by said transferring device automatically transferring said first picking 

15 	tool with the sample of the microorganism from the transfer position of the 

positioning device to a position above the suspension tube held in the suspension tube 

holder, lowering said first picking tool with the sample of the microorganism into the 

suspension medium contained in the suspension tube; by the transferring device 

oscillating the first picking tool in a linear vertical movement for a period of time 

20 	while the first picking tool with the sample of said microorganism is submerged in the 

suspension medium; and after said period of time has elapsed raising the first picking 

tool away from the suspension medium contained in the suspension tube to the 

waiting position; 

- providing a turbidity meter for performing measurements of the turbidity 

25 	of a suspension medium contained in a suspension tube held in the suspension tube 

holder; 

- at least after the period of time during which the picking tool is oscillated 

has elapsed measuring the turbidity of the suspension medium contained in the 

suspension tube held in the suspension tube holder by the turbidity meter and 

30 	providing a final measurement value indicative of the measured turbidity; 

- providing a controller communicatively connected to the positioning 

device, the transferring device, the automatic suspension medium dispenser and the 

turbidity meter for automatically controlling the movement of the positioning device, 
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the movement of the transferring device, the operation of the automatic suspension 

medium dispenser and the operation of the turbidity meter, respectively; 

- by said controller: 

a) determining whether the final measurement value is above a 

5 	first threshold value previously stored in a memory of the controller, if yes perform 

step b); or whether the final measurement value is identical to or below the first 

threshold value and identical to or above a second threshold value previously stored 

in the memory of the controller, said first threshold value being equal to or greater 

than the second threshold value, if yes perform step c); or whether the final 

10 	measurement value is below the second threshold value, if yes then perform step d); 

b) controlling the automatic suspension medium dispenser to 

supply an additional amount of suspension medium into the suspension tube; 

c) providing a signal that the suspension tube with the suspension 

can be removed from the suspension tube holder for further processing; or 

15 d) providing a further picking tool; positioning said further 

picking tool in said picking tool holder of the positioning device; by said positioning 

device positioning the further picking tool in the starting position above the culture 

dish, automatically lowering the further picking tool towards the culture dish into 

contact with the microorganism to pick up an additional sample of said 

20 	microorganism, automatically raising the further picking tool with said sample of the 

microorganism away from the culture dish to the transfer position; by said 

transferring device automatically transferring said further picking tool with the 

additional sample of the microorganism from the transfer position of the positioning 

device to a position above the suspension tube held in the suspension tube holder, 

25 	lowering said further picking tool with the additional sample of the microorganism 

into the suspension medium contained in the suspension tube; by the transferring 

device oscillating the further picking tool in a linear vertical movement for a period of 

time while the further picking tool with the additional sample of said microorganism 

is submerged in the suspension medium; and after said period of time has elapsed 

30 	raising the further picking tool away from the suspension medium contained in the 

suspension tube to the waiting position; at least after the period of time during which 

the further picking tool is oscillated has elapsed measuring the turbidity of the 

suspension medium contained in the suspension tube held in the suspension tube 
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holder by the turbidity meter and providing an additional final measurement value 

indicative of the measured turbidity; and performing step a). In this manner it is 

possible to prepare a suspension of a sample of a microorganism in an advanced 

automatic manner while by means of the controller and the turbidity meter it is 

5 possible to provide a suspension tube containing a suspension medium which contains 

an amount of microorganism which is always sufficient (and reproducible) to perform 

a correct analysis of the microorganism. 

In an embodiment of a method for automatic preparing a suspension of a 

sample of microorganisms according to the invention the controller is arranged such 

10 that the step of measuring the turbidity of the suspension medium contained in the 

suspension tube held in the suspension tube holder by the turbidity meter is 

additionally performed during the period of time during which the picking tool is 

oscillated, wherein the turbidity meter is arranged for providing an on-line 

measurement value indicative of the measured turbidity during the period of time 

15 during which the picking tool is oscillated to the controller. In this way an extremely 

fast automatic determination of the amount of microorganism in the suspension can 

be obtained. In particular, if during oscillation the on-line measurement value of the 

turbidity is equal to or lower than the first threshold value and equal to or greater 

than the second threshold value the controller controls the movement of the 

20 transferring device such that the picking tool is raised to the waiting position, and the 

controller further provides a signal that the suspension tube with the suspension can 

be removed from the suspension tube holder for further processing. 

In a further embodiment of a method for automatic preparing a suspension 

of a sample of microorganisms according to the invention the controller is arranged 

25 such as to control the turbidity meter that the step of measuring the turbidity of the 

suspension medium contained in the suspension tube held in the suspension tube 

holder by the turbidity meter is started before the picking tool is submerged in the 

suspension medium contained in the suspension tube. In this way it is for example 

possible to check whether the initial suspension medium used is not contaminated. 

30 This can for example be done by performing a turbidity measurement of a suspension 

tube and compare the obtained value with a predetermined value indicating that the 

suspension is uncontaminated. In case the difference exceeds a threshold value, then 

e.g. a warning signal can be given indicating that the suspension is contaminated. 
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In a still further embodiment of a method for automatic preparing a 

suspension of a sample of microorganisms according to the invention the method 

further comprises the step of providing as suspension tube holder for holding a 

suspension tube a rotatable suspension tube holder for rotating a suspension tube 

5 held in the rotatable suspension tube holder, the step of arranging the controller such 

that it is communicatively connected to the rotatable suspension tube holder for 

controlling the rotation of the suspension tube holder, and the step of arranging the 

controller such that the suspension tube is rotated during measurement of the 

turbidity of the suspension medium contained in the suspension tube. Such a rotation 

10 of the suspension tube enables that the turbidity measurements can be performed at a 

number of positions within the suspension tube which are rotationally spaced from 

each other leading to a more correct final measurement of the turbidity of the 

suspension. The rotation as such is not necessary for releasing the sample from the 

picking tool, the oscillational linear vertical movement of the picking tool is more than 

15 sufficient to release the sample. 

Although a further picking tool can be used that is different from the first 

picking tool, the method can be performed in an economical way when in step d) the 

first picking tool is provided as further picking tool; and the positioning of said further 

picking tool in said picking tool holder of the positioning device is performed by the 

20 transferring device under control of the controller. 

In a still further embodiment of a method for automatic preparing a 

suspension of a sample of microorganisms according to the invention the additional 

amount of suspension medium is determined by the controller based on the initial 

amount of suspension medium, the final measurement value and the value of the first 

25 and/or second threshold value. This makes it possible to use just enough additional 

suspension medium as necessary and thus in this embodiment as less as possible 

suspension medium can be used. In case the measured value indicates that the 

amount of microorganisms is too low, then the control system controls the picking tool 

to obtain an additional sample from the same selected colony, and the process is 

30 repeated. 

Since according to the inventive method for automatic preparing a 

suspension of a sample of microorganisms the picking tool is oscillated in a vertical 

linear movement only, the dimension of the suspension tube can be relatively small. 
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This makes it possible that in an embodiment of a method according to the invention 

the controller can be arranged for controlling the automatic suspension medium 

dispenser such that the supplied initial amount is about 0,5 — 2 ml, preferably about 1 

ml. Such a relatively small amount of suspension medium is sufficient for preparing a 

5 correct suspension of a sample of microorganisms. In such a method for automatic 

preparing a suspension of a sample of microorganisms it is this possible to use as 

suspension tube a suspension tube having a substantially circular cross-section 

having a diameter of about 6 to about 12 mm, preferably about 10 mm, which is 

relatively small when compared to the traditional tubes which have a diameter of 

10 about 16 mm With such a relatively small suspension tubes a correct release of the 

sample from the picking tool is obtained when the controller is arranged for 

controlling the oscillation of the transferring device such that the picking tool 

oscillates at a frequency between about 5 Hz to about 120 Hz, preferably about 30 Hz 

to about 90Hz, most preferably about 50 Hz. Preferably the controller is arranged for 

15 controlling the oscillation of the transferring device such that the picking tool 

oscillates with an amplitude of about 0 5 mm to about 4 mm, preferably about 2 mm 

to about 3 mm, which results in an optimal release of the sample from the picking 

tool. In case the controller is arranged for controlling the oscillation of the 

transferring device such that the period of time during which the picking tool 

20 oscillates is about 3 seconds to about 10 seconds, preferably about 6 seconds, it 

appears that in practically all cases the complete sample can be released from the 

picking tool. 

The invention further relates to an apparatus for automatic preparation of 

a suspension of a sample of microorganisms for performing a method for locating and 

25 selecting a colony of microorganisms on a culture dish and identifying microorganisms 

in said selected colony using MALDI or for performing a step of a method for 

automatic preparing a suspension of a sample of microorganisms according to the 

inventive methods, said apparatus comprising: 

- a stage for a culture dish comprising said microorganism; 

30 - a first and a further picking tool and a positioning device with a picking 

tool holder for holding a picking tool, said positioning device being arranged for 

positioning a picking tool in a starting position above the culture dish and for 
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automatically lowering and raising a picking tool towards and away from the culture 

dish and for positioning a picking tool in a transfer position, respectively; 

- a suspension tube holder for holding a suspension tube; 

- an automatic suspension medium dispenser for automatically dispensing 

5 	a suspension medium in a suspension tube held in the suspension tube holder; 

- a transferring device for automatically transferring a picking tool from 

the transfer position of the positioning device to a position above a suspension tube 

held in the suspension tube holder, and for lowering and raising a picking tool into 

and away from a suspension medium contained in a suspension tube, and for 

10 	positioning a picking tool in a waiting position above a suspension tube held in the 

suspension tube holder, respectively, said transferring device further being arranged 

for oscillating a picking tool in a linear vertical movement for a period of time; 

- a turbidity meter for performing measurements of the turbidity of a 

suspension medium contained in a suspension tube held in the suspension tube holder 

15 	and for providing a final measurement value indicative of the measured turbidity; 

- a controller communicatively connected to the positioning device, the 

transferring device, the automatic suspension medium dispenser and the turbidity 

meter for automatically controlling the movement of the positioning device, the 

movement of the transferring device, the operation of the automatic suspension 

20 	medium dispenser and the operation of the turbidity meter, respectively; 

- said controller being arranged for: 

a) determining whether the final measurement value is above a 

first threshold value previously stored in a memory of the controller, if yes said 

controller being arranged for performing step b); or whether the final measurement 

25 	value is identical to or below the first threshold value and identical to or above a 

second threshold value previously stored in the memory of the controller, said first 

threshold value being equal to or greater than the second threshold value, if yes said 

controller being arranged for performing step c); or whether the final measurement 

value is below the second threshold value, if yes said controller being arranged for 

30 	performing step d); 

b) controlling the automatic suspension medium dispenser to 

supply an additional amount of suspension medium into the suspension tube; 
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c) providing a signal that the suspension tube with the suspension 

can be removed from the suspension tube holder for further processing; or 

d) positioning said further picking tool in said picking tool holder 

of the positioning device; by said positioning device positioning the further picking 

5 tool in the starting position above the culture dish, automatically lowering the further 

picking tool towards the culture dish into contact with the microorganism to pick up 

an additional sample of said microorganism, automatically raising the further picking 

tool with said sample of the microorganism away from the culture dish to the transfer 

position; by said transferring device automatically transferring said further picking 

10 tool with the additional sample of the microorganism from the transfer position of the 

positioning device to a position above the suspension tube held in the suspension tube 

holder, lowering said further picking tool with the additional sample of the 

microorganism into the suspension medium contained in the suspension tube; by the 

transferring device oscillating the further picking tool in a linear vertical movement 

15 for a period of time while the further picking tool with the additional sample of said 

microorganism is submerged in the suspension medium; and after said period of time 

has elapsed raising the further picking tool away from the suspension medium 

contained in the suspension tube to the waiting position; at least after the period of 

time during which the further picking tool is oscillated has elapsed measuring the 

20 turbidity of the suspension medium contained in the suspension tube held in the 

suspension tube holder by the turbidity meter and providing an additional final 

measurement value indicative of the measured turbidity; and performing step a). 

In a further embodiment of an apparatus according to the invention the 

controller is arranged for controlling the turbidity meter such that measuring the 

25 turbidity of the suspension medium contained in the suspension tube held in the 

suspension tube holder by the turbidity meter is started before the picking tool is 

submerged in the suspension medium contained in the suspension tube. 

In a still further embodiment of an apparatus according to the invention 

the suspension tube holder for holding a suspension tube is a rotatable suspension 

30 tube holder for rotating a suspension tube held in the rotatable suspension tube 

holder, wherein the controller is arranged for being communicatively connected to the 

rotatable suspension tube holder for controlling the rotation of the suspension tube 

holder, and said controller is arranged for rotating the suspension tube during 
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measurement of the turbidity of the suspension medium contained in the suspension 

tube. 

In an advantageous embodiment of an apparatus according to the 

invention in step d) the first picking tool is provided as further picking tool; and said 

5 controller is arranged for controlling the transferring device for positioning said 

further picking tool in said picking tool holder of the positioning device. 

Preferably the controller is arranged for determining the additional 

amount of suspension medium based on the initial amount of suspension medium, the 

final measurement value and the value of the first and/or second threshold value. In 

10 particular the controller is arranged for controlling the automatic suspension medium 

dispenser such that the supplied initial amount is about 0,5 — 2 ml, preferably about 1 

ml. In a further embodiment of an apparatus according to the invention the controller 

is arranged for controlling the oscillation of the transferring device such that the 

picking tool oscillates at a frequency between about 5 Hz to about 120 Hz, preferably 

15 about 30 Hz to about 90Hz, most preferably about 50 Hz. Furthermore the controller 

can be arranged for controlling the oscillation of the transferring device such that the 

picking tool oscillates with an amplitude of about 0 5 mm to about 4 mm, preferably 

about 2 mm to about 3 mm, and for controlling the oscillation of the transferring 

device such that the period of time during which the picking tool oscillates is about 3 

20 seconds to about 10 seconds, preferably about 6 seconds. 

In an inventive device for the automatic preparation of a suspension of a 

sample of microorganisms the suspension tube can have a substantially circular cross-

section with a diameter of about 6 to about 12 mm, preferably about 10 mm. 

A fully automatic device according to the invention when the apparatus 

25 comprises an automatic culture dish positioning and removing device for 

automatically positioning and removing a culture dish comprising said microorganism 

on and from the stage, respectively, said controller being arranged for being 

communicatively connected to the automatic culture dish positioning and removing 

device for controlling the operation of the automatic culture dish positioning and 

30 removing device, and for automatically positioning a culture dish comprising said 

microorganism on the stage, and when the apparatus comprises an automatic 

suspension tube positioning and removing device for automatically positioning and 

removing a suspension tube in and from the suspension tube holder, respectively, said 



WO 2013/147610 	 PCT/NL2013/050239 

24 

controller being arranged for being communicatively connected to the automatic 

suspension tube positioning and removing device for controlling the operation of the 

automatic suspension tube positioning and removing device, and for automatically 

positioning a suspension tube in the suspension tube holder. In this case it is then 

5 preferred that the controller is arranged for allowing a culture dish to be 

automatically removed from the stage by the automatic culture dish positioning and 

removing device only after the signal that the suspension tube with the suspension 

can be removed from the suspension tube holder for further processing has been 

provided. In addition the controller is then preferably arranged for automatically 

10 removing a suspension tube holder from the suspension tube holder by the automatic 

suspension tube positioning and removing device only after the signal that the 

suspension tube with the suspension can be removed from the suspension tube holder 

for further processing has been provided. 

The invention still further relates to a method for automatically depositing 

15 a sample of a colony of microorganisms on a depositing spot of a target plate for 

MALDI, wherein the method comprises the step of depositing the sample of the colony 

of microorganisms on the depositing spot such that the sample covers at most 

approximately half of said one of the depositing spots of the target plate. It has been 

discovered that then when the sample covers at most approximately half of said one of 

20 the depositing spots of the target plate, the analysis results obtained from the 

MALDI-instrument of the part of the depositing spot which initially was not covered 

with the sample are surprisingly extremely more accurate than the analysis results 

obtained from the MALDI-instrument of the part of the depositing spot which initially 

was covered with the sample. It is assumed that the crystallization which takes place 

25 after a drop of matrix material has been overlaid on the sample covering part of the 

depositing spot ensures that also the part of the depositing spot which was not 

covered contains an amount of sample material, and that this amount is extremely 

suitable for providing excellent analysis results. The physical or chemical processes 

which are the cause for this effect are, at the moment, unclear, but perhaps more 

30 clarity might arise when the fundamental processes underlying MALDI are known. In 

an embodiment of such a method the sample of a colony of microorganisms is in the 

form of a suspension, wherein the sample of the suspension is deposited on a 
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depositing spot of the target plate in the form of a drop having a volume in a range of 

about 0.5 to 3.0 pl. 

The invention still further relates to a method for automatically depositing 

a drop of a suspension containing a sample of a colony of microorganisms on a 

5 depositing spot of a target plate for MALDI, wherein the method comprises the 

following automated steps: 

- providing a pipetting tool in a picking tool device and providing a 

positioning device with a pipetting tool holder for holding said pipetting tool, said 

positioning device being arranged for positioning said pipetting tool in a starting 

10 position above a suspension tube holding said suspension containing a sample of a 

colony of microorganisms, and for automatically lowering and raising the pipetting 

tool into and out of the suspension and for positioning the pipetting tool in a transfer 

position, respectively; 

- positioning said pipetting tool in said pipetting tool holder of the 

15 positioning device; 

- by said positioning device positioning the pipetting tool in the starting 

position above the suspension tube, lowering the pipetting tool into the suspension in 

said suspension tube, operating the pipetting tool to pick up an amount of suspension, 

raising the pipetting tool with said amount of suspension to the transfer position; said 

20 pipetting tool comprising a pressurizable chamber closed by a controlled valve for 

containing the amount of suspension medium; 

- providing a target plate holder for holding the target plate, said target 

plate having a plurality of depositing spots; 

- positioning the target plate in the target plate holder; 

25 - providing a transferring device for automatically transferring the 

pipetting tool from the transfer position of the positioning device to a position above 

one of the depositing spots of the target plate, and for lowering the picking tool to a 

predefined distance above the target plate, pressurizing the chamber to a pressure in 

a range of about 0.5 bar to 1.1 bar, and opening the valve for such a time that a drop 

30 of suspension with a volume in a range of about 0.5 to 3.0 pl is deposited on said one 

of the depositing spots; and 

- raising said pipetting tool from the target plate. Preferably the shape of 

the pipetting tool is such that depositing the drop of suspension on the target plate 
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takes place in a splash free manner. In particular the method comprises pressurizing 

the chamber to such a pressure in a range of about 0.5 bar to 1.1 bar, and opening the 

valve for such a time that a drop of suspension with a volume in a range of about 0.5 

to 3.0 pl is deposited on at most half said one of the depositing spots. It has been 

5 discovered that then when the sample covers at most approximately half of said one of 

the depositing spots of the target plate, the analysis results obtained from the 

MALDI-instrument of the part of the depositing spot which initially was not covered 

with the sample are surprisingly extremely more accurate than the analysis results 

obtained from the MALDI-instrument of the part of the depositing spot which initially 

10 was covered with the sample. It is assumed that the crystallization which takes place 

after a drop of matrix material has been overlaid on the sample covering part of the 

depositing spot ensures that also the part of the depositing spot which was not 

covered contains an amount of sample material, and that this amount is extremely 

suitable for providing excellent analysis results. The physical or chemical processes 

15 which are the cause for this effect are, at the moment, unclear, but perhaps more 

clarity might arise when the fundamental processes underlying MALDI are known. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The invention will be further explained with reference to Figure 1, in 

which a non-limiting exemplary embodiment of an apparatus of the invention is 

shown, which Figure 1 will also be used to explain exemplary embodiments of the 

method according to the invention. 

25 DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

In the present invention MALDI or MALDI-TOF-MS is used to identify 

microorganisms. In a MALDI TOF MS operation a sample of a colony of 

microorganisms is spotted or deposited on a target plate which is held in a fixed 

30 position in the MALDI-instrument. Such a target plate has a plurality of depositing 

spots (e.g. from 24 to 384 depositing spots on a single target plate) and these 

depositing spots have a fixed orientation with regard to the edges of the target plate. 

The target plate is positioned on an X-Y stage so that an obtained sample of a colony 
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of microorganisms can be deposited on a selected depositing spot, wherein the location 

where a specific sample has been deposited is indicated by the X-Y parameters and is 

stored in a memory of a central control computer. 

Although not depicted in detail in Figure 1, the target plate is positioned 

5 	below a transfer track 18 at a position indicated by B. A sample can be transferred 

along the transfer track 18 from a culture dish 3 and/or a suspension tube 11 to above 

the target plate at position B, where the sample is lowered to be deposited on a 

depositing spot of the target plate. 

Although the invention will be described detailed below with reference to 

10 	preparing a suspension containing a sample and depositing a drop of said suspension 

on a depositing spot of a target plate, the present invention also relates to directly 

depositing a sample obtained (picked) from a culture dish onto a depositing spot of a 

target plate. 

In general, in the latter method a colony of microorganisms is automatically 

15 	located and detected on a culture dish. A sample of said selected colony of 

microorganisms is obtained in an automated way, e.g. by a picking tool which is 

brought into contact with the colony. At least some of said sample of said selected 

colony of microorganisms is directly deposited on a target plate in an automated way, 

by lowering the picking tool such that the sample of the colony of microorganisms 

20 	present on the picking tool comes into contact with the target plate, and moving the 

picking tool in a plane parallel to the plane of the target plate such that the sample of 

the colony of microorganisms is deposited on the depositing spot, in particular 

covering at most approximately half of said one of the depositing spots of the target 

plate. Thereafter the target plate with said sample is automatically transferred into 

25 	an apparatus for performing MALDI for identification of said sample of said selected 

colony of microorganisms. 

More detailed this method comprises the following automated steps: 

- providing a first picking tool and providing a positioning device with a 

picking tool holder for holding a picking tool, said positioning device being arranged 

30 	for positioning a picking tool in a starting position above the obtained location of the 

selected colony of microorganisms on the culture dish and for automatically lowering 

and raising a picking tool towards and away from the culture dish and for positioning 

a picking tool in a transfer position, respectively; 
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- positioning said first picking tool in said picking tool holder of the 

positioning device; 

- by said positioning device positioning the first picking tool in the starting 

position above the obtained location of the selected colony of microorganisms on the 

5 	culture dish, automatically lowering the first picking tool towards the culture dish 

into contact with the microorganism to pick up a sample of said microorganism, 

automatically raising the first picking tool with said sample of the microorganism 

away from the culture dish to the transfer position; 

- providing a target plate holder for holding a target plate, said target plate 

10 	having a plurality of depositing spots; 

- positioning a target plate in the target plate holder; 

- providing a transferring device for automatically transferring the picking 

tool from the transfer position of the positioning device to a position above one of the 

depositing spots of the target plate, and for lowering the picking tool such that the 

15 	sample of the colony of microorganisms present on the picking tool comes into contact 

with the target plate, moving the picking tool in a plane parallel to the plane of the 

target plate such that the sample of the colony of microorganisms is deposited on the 

depositing spot, in particular covering at most approximately half of said one of the 

depositing spots of the target plate; and raising said picking tool from the target plate. 

20 	A drop of a MALDI matrix solution is then automatically laid over on the amount of 

the sample deposited on the target plate. 

In case the same colony of microorganisms is to be subjected to another 

analysis or test, such as but not limited to an Antibiotic Susceptibility Test (AST) a 

second sample of said selected colony of microorganisms can be obtained in a manner 

25 	similar to obtaining the initial sample. Since the location of the colony of 

microorganisms on the culture dish has already been selected, and is therefore 

"known" to the central control computer, it is possible to easily and reproducibly 

obtain a second sample from the same colony. At least some of the second sample of 

said selected colony of microorganisms is then transferred and deposited on a test 

30 	culture dish, which can for example be automatically positioned at another position 

below the transfer track 18. Thereafter said test culture dish is automatically 

transferred to an apparatus for performing a susceptibility test or another additional 

analysis. 
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Since for performing characterization and identification of microorganisms 

normally a plurality of colonies is grown on a culture dish, and in addition a plurality 

of different culture dishes is used, the invention provides the possibility to identify 

each culture dish separately, e.g. by means of a bar code, and furthermore each colony 

5 of interest on a single culture dish is selected and given an identification mark. 

Hereto before the automated step of locating and selecting a colony of microorganisms 

on a culture dish, the method according to the invention comprises a step of providing 

a culture dish comprising a number of colonies of microorganisms, obtaining an initial 

image of said culture dish including all the colonies of microorganisms, displaying 

10 said initial image of said culture dish including all the colonies of microorganisms on 

a display, and selecting at least one colony of microorganisms in said initial image. In 

this manner a researcher or analyst can select colonies of interest based on thorough 

education and knowledge. Since each culture dish is provided with an individual 

identification identifying said culture dish, such as a bar code, the initial image of 

15 said culture dish including all colonies is stored, and information regarding said at 

least one selected colony of microorganisms is stored (preferably with links given in 

the (electronic) initial image), storing all said information and identifications of the 

culture dish in a memory of a central control computer allows a very correct further 

processing. In this manner the only manual operation is the act of selecting the 

20 interesting colonies, whereas all relevant data are processed in an automated way. 

Optionally the researcher or analyst can manually enter processing instructions 

regarding the processing to which a selected colony of microorganisms of said culture 

dish is to be subjected, said processing instructions being also stored in said memory 

of said central control computer for later use. After this manual act all the further 

25 steps are performed completely automated in a reliable and efficient manner. For this 

automated further processing the culture dish is automatically positioned on a stage 

for a culture dish of a picking tool device comprising an imaging device. An image of 

said culture dish positioned in said picking tool device is obtained, and together with 

the identification of said culture dish it is possible to compare this image obtained by 

30 the imaging device of said picking tool device with the stored initial image of said 

culture dish and thus derive information regarding the location of the selected colony 

of microorganisms and optionally regarding the processing instructions regarding the 

processes to be performed on said selected colony of microorganisms. By comparing 
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the image of the culture dish when it is placed in the picking tool device with the 

initial image, the location of the selected colonies can be obtained automatically, for 

example by computerized image comparison. Furthermore each target plate is 

provided with an identifying mark and optionally each depositing spot of said target 

5 plate has an individual identification mark or location identifier, so that after storing 

the identifying mark of said target plate and depositing spots together with the 

properties of the suspension with a link to the identity of the culture dish from which 

the selected colony of microorganisms was obtained in the memory of said central 

control computer a correct linking of the obtained MALDI results to the specific colony 

10 of microorganism under test is possible in a correct and automated way. 

Now an embodiment of a method of the invention will be described in 

which a suspension is made from a sample of a colony of microorganisms picked from 

a culture dish together with an embodiment of an apparatus for performing such a 

method. 

15 Figure 1 schematically shows an embodiment of an apparatus 1 for the 

automatic preparation of a suspension of a sample of a microorganism according to 

the invention. Said apparatus 1 comprises a stage 2 for a culture dish 3 comprising a 

microorganism 4 on a nutritional layer 5, such as a layer of agar gel. 

The apparatus 1 further comprises a first picking tool 6 and a further 

20 picking tool 7. A positioning device 8 comprises a picking tool holder 9 for, in the 

shown embodiment releasably holding a picking tool, in the embodiment shown in 

Figure 1 the picking tool holder 9 holds the first picking tool 6. The positioning device 

8 is arranged for positioning the first picking tool 6 in a starting position (shown in 

solid lines in Figure 1) above the culture dish 3 and is arranged for automatically 

25 lowering and raising the first picking tool 6 towards and away from the culture dish 3, 

such that the first picking tool 6 can be positioned in a position (indicated with broken 

lines 6') in which it contacts the microorganism 4 and picks up a sample of said 

microorganism. After the first picking tool 6 has picked up a sample the positioning 

device 8 raises and positions the first picking tool 6 in a transfer position, which in the 

30 embodiment shown in Figure 1 is identical to the starting position. In other 

embodiments the starting and transfer positions may be different from each other. 

The apparatus 1 according to the invention further comprises a suspension 

tube holder 10 for holding a suspension tube 11 which can contain a suspension 
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medium which is dispensed from an automatic suspension medium dispenser 12, 

which in the shown embodiment has a dispensing nozzle 13 for automatically 

dispensing a suspension medium 14 in the suspension tube 11 held in the suspension 

tube holder 10. In the present embodiment the suspension tube holder 10 is a 

5 rotatable suspension tube holder for rotating the suspension tube 11 around a vertical 

axis A. 

A transferring device 15 is incorporated in the inventive apparatus 1 for 

automatically transferring a picking tool from the transfer position of the positioning 

device 8 to a position above the suspension tube 11 held in the suspension tube holder 

10 10. In the embodiment shown the transferring device 15 comprises a transfer holder 

16 with a grasping means 17 for releasably holding a picking tool. The transferring 

device 15 may in a manner known per se be mounted on a transfer track 18, such as a 

rail, for linear movement thereon as indicated by the arrows. In this manner the 

transferring device 15 may be moved to the positioning device 8, such that the 

15 grasping means 17 can take over the picking tool from the positioning device 8, the 

picking tool holder 9 thereof releasing the picking tool after the grasping means 17 

has grasped the picking tool. In the embodiment shown in Figure 1 the second or 

further picking tool 7 having previously picked up a sample 19 of the microorganism 4 

is positioned above the suspension tube 11 by the transferring device 15 in a starting 

20 position indicated by solid lines. The transferring device 15 is arranged for lowering 

the second picking tool 7 into the suspension medium 14 contained in the suspension 

tube 11, in which position the second picking tool 7' with the sample 19 is submerged 

in the suspension medium 14 as indicated by broken lines in Figure 1. In this position 

the transferring device 15 is activated for oscillating the second picking tool 7 in a 

25 linear vertical movement for a period of time which is sufficient for the sample 19 to 

be released from the second picking tool 7. Thereafter the transferring device 15 

positions the second picking tool 7 in a waiting position above the suspension tube 11, 

which waiting position is in the embodiment shown in Figure 1 identical to the 

starting position. In other embodiments the waiting position and the starting position 

30 may be different from each other. 

The inventive apparatus 1 further is provided with a turbidity meter 20 for 

performing measurements of the turbidity of the suspension medium 14 contained in 

the suspension tube 11 held in the suspension tube holder 10. As generally known in 
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the art a turbidity meter can provide measurement values which are a measure of the 

concentration of material, in the present case the concentration of a microorganism 

suspended in the suspension medium. In the embodiment shown in Figure 1 the 

turbidity meter 20 comprises a laser 21 which transmits laser light towards and 

5 through the suspension medium and a sensor 22 which detects the amount of laser 

light transmitted through the suspension medium. In addition there is a further 

sensor (not indicated in the drawing) which is e.g. arranged perpendicular to the path 

of the laser light to detect the amount of laser light which has been scattered by the 

suspension. 

10 The operation of the inventive device is controlled by a controller 23, for 

example comprising a microprocessor, which is communicatively connected ( as 

indicated by the signal lines) to the positioning device 8, the transferring device 15, 

the automatic suspension medium dispenser 12, and the turbidity meter 20 for 

automatically controlling the movement of the positioning device 8, the movement of 

15 the transferring device 15, the operation of the automatic suspension medium 

dispenser 12 and the operation of the turbidity meter 20, respectively. In addition the 

controller 23 might be directly communicatively connected to other parts of the 

apparatus such as for example the picking tool holder 9, the transfer holder 16, the 

laser 21 and the sensor 22. 

20 In the embodiment shown in Figure 1 the controller 23 is arranged for 

controlling the turbidity meter 20 such that the turbidity measurement of the 

suspension medium 14 is started before the second picking tool 7 is submerged in the 

suspension medium 14. In addition the controller 23 controls the rotatable suspension 

tube holder 10 for starting the rotation of the suspension tube 11 held in the holder 10 

25 before the second picking tool 7 is submerged in the suspension medium 14, and for 

maintaining the rotation of the suspension tube 11 during the measurement of the 

turbidity of the suspension medium 14. In the shown embodiment the controller 23 

controls the turbidity meter 20 such that the measurement of the turbidity is 

performed during the total period of time during which the second picking tool 7 is 

30 oscillated. In this manner the turbidity meter 20 provides an on-line measurement 

value to the controller 23 which value is indicative of the measured turbidity, and 

thus the concentration of the microorganism, during the period of time during which 

the second picking tool is oscillated. 
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The controller 23 comprises a memory in which a first and a second 

threshold value are stored, in which said first threshold value is equal to or greater 

than the second threshold value. If the turbidity measurement value provided by the 

turbidity meter is equal to or between the first and second threshold value, the 

5 	concentration/amount of microorganism in the suspension medium is sufficient to 

allow the suspension tube with the suspension to be further processed. In that case 

the controller 23 provides a signal that the suspension tube can be processed further. 

In addition in this situation the second picking tool 7 can be discarded e.g. by 

transferring the transferring device to a position C in which the grasping means 17 

10 	are activated to release the second picking tool 7. 

In case the final measurement value of the turbidity meter is above the 

first threshold value previously stored in a memory of the controller 23 then the 

concentration of the microorganism is too high to allow the suspension tube to be 

processed further. In that situation the controller 23 controls the automatic 

15 	suspension medium dispenser 12 to supply an additional amount of suspension 

medium into the suspension tube 11. This additional amount of suspension medium is 

based on the initial amount of suspension medium, the final measurement value and 

the value of the first and/or second threshold value such that the addition of the 

additional amount of suspension medium to the suspension medium already present 

20 	in the suspension tube 11 will lead to a concentration of microorganism in the 

suspension medium which satisfies the requirement for further processing, as can be 

confirmed by an additional or further measurement of the turbidity by the turbidity 

meter 20. 

In case the final measurement value of the turbidity meter 20 is below the 

25 	second threshold value, meaning that the concentration of microorganism in the 

suspension medium is too low, the controller 23 controls the apparatus 1 such that an 

additional sample of microorganism is picked up by the first picking tool 6 

(alternatively the second or another picking tool can be used for picking up an 

additional sample). Thus the controller 23 in this case controls the positioning of the 

30 	transfer device 15 such that the second picking tool 7 is discarded as described above. 

Then (or simultaneously) the first picking tool 6 in the picking tool holder 9 of the 

positioning device 8 is lowered from the starting position above the culture dish 3 

towards the culture dish and into contact with the microorganism 4 to pick up an 
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additional sample of said microorganism. Thereafter the first picking tool 6 is 

automatically raised with the additional sample of the microorganism away from the 

culture dish to the transfer position. Then said transferring device automatically 

transfers the first picking tool with the additional sample of the microorganism from 

5 the transfer position of the positioning device 8 to a position above the suspension 

tube 11. The first picking tool 6 with the additional sample of the microorganism is 

lowered into the suspension medium 14 and is oscillated by the transferring device 15 

in a linear vertical movement for a period of time for releasing the additional sample 

of said microorganism in the suspension medium. Again the turbidity is measured 

10 during the oscillation, and the measured value is compared with the first and second 

threshold value stored in the memory of the controller 23. In this case the controller 

23 can be arranged for controlling the movement of the transferring device 15 such 

that the first picking tool 6 is raised to the waiting position if during oscillation the 

on-line measurement value of the turbidity performed by the turbidity meter 20 is 

15 equal to or lower than the first threshold value and equal to or greater than the 

second threshold value. 

Suspension tubes which are particularly useful in the inventive apparatus 

have a substantially circular cross-section with a diameter of about 6 to about 12 mm, 

preferably about 10 mm In these relatively small suspension tubes the controller 23 

20 can control the automatic suspension medium dispenser 12 such that the supplied 

initial amount of suspension medium is about 0,5 — 2 ml, preferably about 1 ml. 

The oscillation of the transferring device 15 is controlled by the controller 

23 such that the picking tool oscillates at a frequency between about 5 Hz to about 

120 Hz, preferably about 30 Hz to about 90Hz, most preferably about 50 Hz, with an 

25 amplitude of about 0.5 mm to about 4 mm, preferably about 2 mm to about 3 mm. The 

controller is furthermore arranged for controlling the oscillation of the transferring 

device 15 such that the period of time during which the picking tool oscillates is about 

3 seconds to about 10 seconds, preferably about 6 seconds. 

The inventive apparatus 1 in addition comprises a conveyor 24 of which 

30 the end position can form the stage 2 for the culture dish or as shown in Figure 1 a 

conveyor 24 and a stage 2 which are mutually positioned such that a culture disk can 

be transported onto the stage and removed from the stage by appropriate operation of 

the conveyor 24. The conveyor 24 is controlled by the controller 23 for automatically 
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positioning and removing a culture dish comprising said microorganism on and from 

the stage, respectively. Please note that in other, not shown, embodiments different 

means for automatically positioning and removing a culture dish on and from the 

stage, respectively, can be used. In particular the controller 23 is arranged for 

5 allowing a culture dish to be automatically removed from the stage by the automatic 

culture dish positioning and removing device only after the signal that the suspension 

tube with the suspension can be removed from the suspension tube holder for further 

processing has been provided. This ensures that it is always possible to pick up an 

additional sample, if necessary. 

10 As shown in Figure 1 the inventive apparatus 1 further comprises an 

automatic suspension tube positioning and removing device 25 for automatically 

positioning and removing a suspension tube in and from the suspension tube holder, 

respectively. In the shown embodiment automatic suspension tube positioning and 

removing device 25 comprises grasping means 26 for releasably grasping a suspension 

15 tube 11'. Again, the controller 23 is arranged for being communicatively connected to 

the automatic suspension tube positioning and removing device 25, 26 for controlling 

the operation of the automatic suspension tube positioning and removing device, and 

for automatically positioning a suspension tube in the suspension tube holder. The 

controller 23 in particular is arranged for automatically removing a suspension tube 

20 holder from the suspension tube holder by the automatic suspension tube positioning 

and removing device 25, 26 only after the signal that the suspension tube with the 

suspension can be removed from the suspension tube holder for further processing has 

been provided. In the shown embodiment the automatic suspension tube positioning 

and removing device 25 is movable along the rail 18 independent of the movement of 

25 the transferring device 15. In the position indicated by C empty suspension tubes can 

be fetched and suspension tubes with a suspension medium containing a sufficient 

concentration of microorganism can be handed over to equipment for further 

processing, such as an incubator. Please note that the position C can for example be 

formed by a multitrack system which can lead the suspension tube positioning and 

30 removing device 25 and the transferring device 15 to different location at which 

different components are present or processes can be performed. 

The sample suspension thus prepared is used for performing 

characterization or identification of the microorganisms using MALDI and optionally 
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used for other analysis, such as AST. For identifying microorganisms using MALDI a 

drop of said sample suspension is obtained; and this drop is transferred onto said 

target plate. A drop can be obtained by using another picking tool which is held by the 

grasping means 17 and which is automatically lowered in the suspension. When this 

5 picking tool is raised out of the suspension a drop of suspension will stick on the tip of 

this picking tool, which can be transferred along the track to position B, where the 

picking tool with the drop is lowered until the drop contacts the depositing spot on the 

target plate, and at least a part of the drop will remain on the depositing spot after 

the picking tool has been raised away from the target plate. Alternatively a pipetting 

10 tool, to be described below, can be used to pick up an amount of suspension from the 

suspension tube, transfer this amount to position B and deposit a drop of suspension 

on the target plate. After a drop of suspension has been deposited on the target plate, 

and in particular when this drop has been allowed to dry, a drop of a MALDI matrix 

solution is automatically overlaid on the amount or portion of the sample deposited on 

15 the target plate. For performing other tests or another analysis a second drop of said 

sample suspension can be obtained in a similar way, and such a drop may be 

automatically transferred to and deposited on e.g. a test culture dish which is further 

transferring in an automated way for performing a susceptibility test or another 

additional analysis. 

20 Each suspension tube comprises an unique identifying mark, which is 

stored together with the properties of the suspension with a link to the identity of the 

culture dish from which the selected colony of microorganisms was obtained in the 

memory of said central control computer for the purpose of amongst other things 

correctly and in a fast manner link the obtained results of analysis with the culture 

25 dish and colony pertaining to said results. 

Although not shown in Figure 1 an amount of suspension can be taken 

from the suspension in the suspension tube by means of a pipetting tool which can be 

automatically held and positioned by the grasping means (functioning as pipetting 

tool holder) 17 and transferring or positioning device 15 in the same manner as a 

30 picking tool. The positioning device 15 is arranged for positioning said pipetting tool 

in a starting position above the suspension tube and for automatically lowering and 

raising the pipetting tool into and out of the suspension and for positioning the 

pipetting tool in a transfer position, respectively. When the pipetting tool is lowered 
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into the suspension in said suspension tube the pipetting tool is operated in a manner 

known per se (e.g. using sub pressure) to pick up an amount of suspension. Thereafter 

the pipetting tool with said amount of suspension is raised to the transfer position. 

For holding the amount the pipetting tool comprises a pressurizable chamber closed 

5 by a controlled valve. The pipetting tool is automatically transferred by the 

transferring device 15 to the position B above one of the depositing spots of the target 

plate. In this position the pipetting tool is lowered to a predefined distance above the 

target plate, after which the chamber is pressurized to a pressure in a range of about 

0.5 bar to 1.1 bar. The valve is then opened for such a time that a drop of suspension 

10 with a volume in a range of about 0.5 to 3.0 ill is deposited on the depositing spot, in 

particular covering at most approximately half of said one of the depositing spots of 

the target plate. After the drop has been deposited the pipetting tool is raised from 

the target plate and can be transferred to position C where it can be discarded or 

cleaned for reuse. 
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Claims 

1.  A method for locating and selecting a colony of microorganisms on a culture 

dish and identifying microorganisms in said selected colony using MALDI, wherein 

said method comprises the automated steps of: 

- locating and selecting a colony of microorganisms on a culture dish; 

5 - obtaining a sample of said selected colony of microorganisms; 

- depositing at least some of said sample of said selected colony of 

microorganisms on a target plate; and 

- transferring said target plate with said sample in an apparatus for 

performing MALDI for identification of said sample of said selected colony of 

10 	microorganisms. 

2.  A method according to claim 1, wherein the step of depositing at least some 

of said sample of said selected colony of microorganisms on a target plate is performed 

by directly placing said obtained sample of said selected colony of microorganisms on 

said target plate. 

15 	3. A method according to claim 1, wherein the step of depositing at least some 

of said sample of said selected colony of microorganisms on a target plate is performed 

by the automated steps of: 

- transferring said obtained sample into a suspension tube containing an 

amount of a suspension medium; 

20 - preparing a sample suspension by transferring at least a portion of said 

obtained sample into said suspension medium; 

- obtaining a drop of said sample suspension; and 

- transferring said drop of sample suspension onto said target plate. 

4. A method according to claim 2, wherein the method further comprises the 

25 	automated steps of: 

- obtaining a second sample of said selected colony of microorganisms; 

- transferring said second sample of said selected colony of microorganisms 

and depositing at least some of said second sample of said selected colony of 

microorganisms on a test culture dish; and 
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- transferring said test culture dish to an apparatus for performing a 

susceptibility test or another additional analysis. 

5. A method according to claim 3, wherein the method further comprises the 

automated steps of: 

5 - obtaining a second drop of said sample suspension; 

- depositing said second drop of sample suspension on a test culture dish; 

and 

- transferring said test culture dish to an apparatus for performing a 

susceptibility test or another additional analysis. 

10 	6. A method according to claim 2, wherein the method further comprises the 

automated step of overlaying a drop of a MALDI matrix solution on the portion of the 

sample deposited on the target plate. 

7.  A method according to claim 3, wherein the method further comprises the 

automated step of overlaying a drop of a MALDI matrix solution on said drop of 

15 	sample suspension deposited on the target plate. 

8. A method according to claim 7, wherein said drop of sample suspension 

deposited on the target plate is allowed to dry before said drop of MALDI matrix 

solution is overlaid. 

9.  A method according to claim 1, wherein the method comprises before the 

20 	automated step of locating and selecting a colony of microorganisms on a culture dish, 

the step of providing a culture dish comprising a number of colonies of 

microorganisms, obtaining an initial image of said culture dish including all the 

colonies of microorganisms, displaying said initial image of said culture dish including 

all the colonies of microorganisms on a display, and manually selecting at least one 

25 	colony of microorganisms in said initial image. 

10.  A method according to claim 9, wherein said culture dish is provided with 

an individual identification identifying said culture dish, such as a bar code, and the 

method comprises the step of storing said initial image of said culture dish including 

all colonies, storing information regarding said at least one manually selected colony 

30 	of microorganisms, storing said identification of said culture dish in a memory of a 

central control computer. 

11.  A method according to claim 10, wherein the method further comprises the 

step of manually entering processing instructions regarding the processing to which a 
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selected colony of microorganisms of said culture dish is to be subjected, and storing 

said processing instructions in said memory of said central control computer. 

12. A method according to claim 10 or 11, wherein the automated step of 

locating and selecting a colony of microorganisms on a culture dish, comprises the 

5 automated step of positioning said culture dish on a stage for a culture dish of a 

picking tool device comprising an imaging device, obtaining an image of said culture 

dish positioned in said picking tool device, obtaining the identification of said culture 

dish, comparing the image obtained by the imaging device of said picking tool device 

with the stored initial image of said culture dish for obtaining information regarding 

10 the location of the selected colony of microorganisms and optionally for obtaining the 

processing instructions regarding the processes to be performed on said selected 

colony of microorganisms. 

13. A method according to claim 3 and 12, wherein in case the processing 

instructions for a selected colony of microorganisms indicate to prepare a suspension 

15 of a sample of said colony of microorganisms, the method comprises the step of 

automatic preparing a suspension of a sample of microorganisms comprising the 

automated steps of: 

- providing a first picking tool and providing a positioning device with a 

picking tool holder for holding a picking tool, said positioning device being arranged 

20 for positioning a picking tool in a starting position above the obtained location of the 

selected colony of microorganisms on the culture dish and for automatically lowering 

and raising a picking tool towards and away from the culture dish and for positioning 

a picking tool in a transfer position, respectively; 

- positioning said first picking tool in said picking tool holder of the 

25 positioning device; 

30 

- by said positioning device positioning the first picking tool in the starting 

position above the obtained location of the selected colony of microorganisms on the 

culture dish, automatically lowering the first picking tool towards the culture dish 

into contact with the microorganism to pick up a sample of said microorganism, 

automatically raising the first picking tool with said sample of the microorganism 

away from the culture dish to the transfer position; 

- providing a suspension tube holder for holding a suspension tube; 

- positioning a suspension tube in the suspension tube holder; 
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- providing an automatic suspension medium dispenser for automatically 

dispensing a suspension medium in a suspension tube held in the suspension tube 

holder; 

- by the automatic dispenser automatically supplying an initial amount of 

5 suspension medium into the suspension tube held in the suspension tube holder; 

10 

- providing a transferring device for automatically transferring a picking 

tool from the transfer position of the positioning device to a position above a 

suspension tube held in the suspension tube holder, and for lowering and raising a 

picking tool into and away from a suspension medium contained in a suspension tube, 

and for positioning a picking tool in a waiting position above a suspension tube held in 

the suspension tube holder, respectively; 

- by said transferring device automatically transferring said first picking 

tool with the sample of the microorganism from the transfer position of the 

positioning device to a position above the suspension tube held in the suspension tube 

15 holder, lowering said first picking tool with the sample of the microorganism into the 

suspension medium contained in the suspension tube; by the transferring device 

oscillating the first picking tool in a linear vertical movement for a period of time 

while the first picking tool with the sample of said microorganism is submerged in the 

suspension medium; and after said period of time has elapsed raising the first picking 

20 tool away from the suspension medium contained in the suspension tube to the 

waiting position; 

- providing a turbidity meter for performing measurements of the turbidity 

of a suspension medium contained in a suspension tube held in the suspension tube 

holder; 

25 - at least after the period of time during which the picking tool is oscillated 

has elapsed measuring the turbidity of the suspension medium contained in the 

suspension tube held in the suspension tube holder by the turbidity meter and 

providing a final measurement value indicative of the measured turbidity; 

- providing a controller communicatively connected to the positioning 

30 device, the transferring device, the automatic suspension medium dispenser and the 

turbidity meter for automatically controlling the movement of the positioning device, 

the movement of the transferring device, the operation of the automatic suspension 

medium dispenser and the operation of the turbidity meter, respectively; 
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- by said controller: 

a) determining whether the final measurement value is above a 

first threshold value previously stored in a memory of the controller, if yes perform 

step b); or whether the final measurement value is identical to or below the first 

5 threshold value and identical to or above a second threshold value previously stored 

in the memory of the controller, said first threshold value being equal to or greater 

than the second threshold value, if yes perform step c); or whether the final 

measurement value is below the second threshold value, if yes then perform step d); 

b) controlling the automatic suspension medium dispenser to 

10 supply an additional amount of suspension medium into the suspension tube; 

c) providing a signal that the suspension tube with the suspension 

can be removed from the suspension tube holder for further processing; or 

d) providing a further picking tool; positioning said further 

picking tool in said picking tool holder of the positioning device; by said positioning 

15 device positioning the further picking tool in the starting position above the culture 

dish, automatically lowering the further picking tool towards the culture dish into 

contact with the microorganism to pick up an additional sample of said 

microorganism, automatically raising the further picking tool with said sample of the 

microorganism away from the culture dish to the transfer position; by said 

20 transferring device automatically transferring said further picking tool with the 

additional sample of the microorganism from the transfer position of the positioning 

device to a position above the suspension tube held in the suspension tube holder, 

lowering said further picking tool with the additional sample of the microorganism 

into the suspension medium contained in the suspension tube; by the transferring 

25 device oscillating the further picking tool in a linear vertical movement for a period of 

time while the further picking tool with the additional sample of said microorganism 

is submerged in the suspension medium; and after said period of time has elapsed 

raising the further picking tool away from the suspension medium contained in the 

suspension tube to the waiting position; at least after the period of time during which 

30 the further picking tool is oscillated has elapsed measuring the turbidity of the 

suspension medium contained in the suspension tube held in the suspension tube 

holder by the turbidity meter and providing an additional final measurement value 

indicative of the measured turbidity; and performing step a). 
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14. A method according to claim 13, wherein the controller is arranged such 

that the step of measuring the turbidity of the suspension medium contained in the 

suspension tube held in the suspension tube holder by the turbidity meter is 

additionally performed during the period of time during which the picking tool is 

5 oscillated, wherein the turbidity meter is arranged for providing an on-line 

measurement value indicative of the measured turbidity during the period of time 

during which the picking tool is oscillated to the controller. 

15. A method according to claim 14, wherein if during oscillation the on-line 

measurement value of the turbidity is equal to or lower than the first threshold value 

10 and equal to or greater than the second threshold value the controller controls the 

movement of the transferring device such that the picking tool is raised to the waiting 

position, and the controller further provides a signal that the suspension tube with 

the suspension can be removed from the suspension tube holder for further 

processing. 

15 16. A method according to claim 14 or 15, wherein the controller is arranged 

such as to control the turbidity meter that the step of measuring the turbidity of the 

suspension medium contained in the suspension tube held in the suspension tube 

holder by the turbidity meter is started before the picking tool is submerged in the 

suspension medium contained in the suspension tube. 

20 17. A method according to claim 13, wherein the method further comprises the 

step of providing as suspension tube holder for holding a suspension tube a rotatable 

suspension tube holder for rotating a suspension tube held in the rotatable suspension 

tube holder, the step of arranging the controller such that it is communicatively 

connected to the rotatable suspension tube holder for controlling the rotation of the 

25 suspension tube holder, and the step of arranging the controller such that the 

suspension tube is rotated during measurement of the turbidity of the suspension 

medium contained in the suspension tube. 

18. A method according to claim 13, wherein in step d) the first picking tool is 

provided as further picking tool; and in that positioning of said further picking tool in 

30 said picking tool holder of the positioning device is performed by the transferring 

device under control of the controller. 

19. A method according to claim 13, wherein the additional amount of 

suspension medium is determined by the controller based on the initial amount of 
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suspension medium, the final measurement value and the value of the first and/or 

second threshold value. 

20. A method according to claim 13, wherein the controller is arranged for 

controlling the automatic suspension medium dispenser such that the supplied initial 

5 amount is about 0,5 — 2 ml, preferably about 1 ml. 

21. A method according to claim 13, wherein the controller is arranged for 

controlling the oscillation of the transferring device such that the picking tool 

oscillates at a frequency between about 5 Hz to about 120 Hz, preferably about 30 Hz 

to about 90Hz, most preferably about 50 Hz. 

10 22. A method according to claim 13, wherein the controller is arranged for 

controlling the oscillation of the transferring device such that the picking tool 

oscillates with an amplitude of about 0 5 mm to about 4 mm, preferably about 2 mm 

to about 3 mm 

23. A method according to claim 13, wherein the controller is arranged for 

15 controlling the oscillation of the transferring device such that the period of time 

during which the picking tool oscillates is about 3 seconds to about 10 seconds, 

preferably about 6 seconds. 

24. A method according to claim 13, wherein the method comprises the step of 

providing as suspension tube a suspension tube having a substantially circular cross- 

20 section having a diameter of about 6 to about 12 mm, preferably about 10 mm. 

25. A method according to claim 13, wherein the method comprises providing 

an automatic culture dish positioning and removing device for automatically 

positioning and removing a culture dish comprising said microorganism on and from 

the stage, respectively, the step of arranging the controller such that it is 

25 communicatively connected to the automatic culture dish positioning and removing 

device for controlling the operation of the automatic culture dish positioning and 

removing device, wherein the step of positioning a culture dish comprising said 

microorganism on the stage is performed automatically under control of the controller. 

26. A method according to claim 25, wherein the controller is arranged such 

30 that a culture dish is allowed to be automatically removed from the stage by the 

automatic culture dish positioning and removing device only after the signal that the 

suspension tube with the suspension can be removed from the suspension tube holder 

for further processing has been provided. 
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27. A method according to claim 13, wherein the method comprises providing 

an automatic suspension tube positioning and removing device for automatically 

positioning and removing a suspension tube in and from the suspension tube holder, 

respectively, the step of arranging the controller such that it is communicatively 

5 connected to the automatic suspension tube positioning and removing device for 

controlling the operation of the automatic suspension tube positioning and removing 

device, wherein the step of positioning a suspension tube in the suspension tube 

holder is performed automatically under control of the controller. 

28. A method according to claim 27, wherein the controller is arranged such 

10 that a suspension tube holder is automatically removed from the suspension tube 

holder by the automatic suspension tube positioning and removing device only after 

the signal that the suspension tube with the suspension can be removed from the 

suspension tube holder for further processing has been provided. 

29. A method according to claim 13, wherein the method comprises the step of 

15 providing an identifying mark on the suspension tube, and the step of storing the 

identifying mark of said suspension tube together with the properties of the 

suspension with a link to the identity of the culture dish from which the selected 

colony of microorganisms was obtained in the memory of said central control 

computer. 

20 30. A method according to claim 2 and 12, wherein in case the processing 

instructions for a selected colony of microorganisms indicate to directly place said 

obtained sample of said selected colony of microorganisms on said target plate, the 

method comprises the following automated steps: 

- providing a first picking tool and providing a positioning device with a 

25 picking tool holder for holding a picking tool, said positioning device being arranged 

for positioning a picking tool in a starting position above the obtained location of the 

selected colony of microorganisms on the culture dish and for automatically lowering 

and raising a picking tool towards and away from the culture dish and for positioning 

a picking tool in a transfer position, respectively; 

30 - positioning said first picking tool in said picking tool holder of the 

positioning device; 

- by said positioning device positioning the first picking tool in the starting 

position above the obtained location of the selected colony of microorganisms on the 
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culture dish, automatically lowering the first picking tool towards the culture dish 

into contact with the microorganism to pick up a sample of said microorganism, 

automatically raising the first picking tool with said sample of the microorganism 

away from the culture dish to the transfer position; 

5 - providing a target plate holder for holding a target plate, said target plate 

having a plurality of depositing spots; 

- positioning a target plate in the target plate holder; 

- providing a transferring device for automatically transferring the picking 

tool from the transfer position of the positioning device to a position above one of the 

10 depositing spots of the target plate, and for lowering the picking tool such that the 

sample of the colony of microorganisms present on the picking tool comes into contact 

with the target plate, moving the picking tool in a plane parallel to the plane of the 

target plate such that the sample of the colony of microorganisms is deposited on the 

depositing spot, in particular covering at most approximately half of said one of the 

15 depositing spots of the target plate; and 

- raising said picking tool from the target plate. 

31. 	A method according to claim 13, wherein in case the processing 

instructions for a selected colony of microorganisms indicate to obtain a drop from 

said sample suspension and to transfer said drop onto said target plate, the method 

20 comprises the following automated steps: 

- providing a pipetting tool in said picking tool device and providing a 

positioning device with a pipetting tool holder for holding said pipetting tool, said 

positioning device being arranged for positioning said pipetting tool in a starting 

position above the suspension tube and for automatically lowering and raising the 

25 pipetting tool into and out of the suspension and for positioning the pipetting tool in a 

transfer position, respectively; 

- positioning said pipetting tool in said pipetting tool holder of the 

positioning device; 

- by said positioning device positioning the pipetting tool in the starting 

30 position above the suspension tube, lowering the pipetting tool into the suspension in 

said suspension tube, operating the pipetting tool to pick up an amount of suspension, 

raising the pipetting tool with said amount of suspension to the transfer position; said 
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pipetting tool comprising a pressurizable chamber closed by a controlled valve for 

containing the amount of suspension medium; 

- providing a target plate holder for holding a target plate, said target plate 

having a plurality of depositing spots; 

5 - positioning a target plate in the target plate holder; 

- providing a transferring device for automatically transferring the 

pipetting tool from the transfer position of the positioning device to a position above 

one of the depositing spots of the target plate, and for lowering the pippeting tool to a 

predefined distance above the target plate, pressurizing the chamber to a pressure in 

10 	a range of about 0.5 bar to 1.1 bar, and opening the valve for such a time that a drop 

of suspension with a volume in a range of about 0.5 to 3.0 p4 is deposited on the 

depositing spot, in particular covering at most approximately half of said one of the 

depositing spots of the target plate; and 

- raising said pipetting tool from the target plate. 

15 	32. A method according to claim 31, wherein the shape of the pipetting tool is 

such that depositing the drop of suspension on the target plate takes place in a splash 

free manner. 

33. A method according to claim 30, 31 or 32 , wherein the method comprises 

the step of providing an identifying mark on the target plate and optionally providing 

20 	an identifying mark on the depositing spots of said target plate, and the step of 

storing the identifying mark of said target plate and depositing spots together with 

the properties of the suspension with a link to the identity of the culture dish from 

which the selected colony of microorganisms was obtained in the memory of said 

central control computer. 

25 	34. A method for automatic preparing a suspension of a sample of 

microorganisms, said method comprises the steps of: 

- providing a stage for a culture dish comprising said microorganism; 

- positioning a culture dish comprising said microorganism on the stage; 

- providing a first picking tool and providing a positioning device with a 

30 	picking tool holder for holding a picking tool, said positioning device being arranged 

for positioning a picking tool in a starting position above the culture dish and for 

automatically lowering and raising a picking tool towards and away from the culture 

dish and for positioning a picking tool in a transfer position, respectively; 
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- positioning said first picking tool in said picking tool holder of the 

positioning device; 

- by said positioning device positioning the first picking tool in the starting 

position above the culture dish, automatically lowering the first picking tool towards 

5 	the culture dish into contact with the microorganism to pick up a sample of said 

microorganism, automatically raising the first picking tool with said sample of the 

microorganism away from the culture dish to the transfer position; 

- providing a suspension tube holder for holding a suspension tube; 

- positioning a suspension tube in the suspension tube holder; 

10 - providing an automatic suspension medium dispenser for automatically 

dispensing a suspension medium in a suspension tube held in the suspension tube 

holder; 

- by the automatic dispenser automatically supplying an initial amount of 

suspension medium into the suspension tube held in the suspension tube holder; 

15 - providing a transferring device for automatically transferring a picking 

tool from the transfer position of the positioning device to a position above a 

suspension tube held in the suspension tube holder, and for lowering and raising a 

picking tool into and away from a suspension medium contained in a suspension tube, 

and for positioning a picking tool in a waiting position above a suspension tube held in 

20 	the suspension tube holder, respectively; 

- by said transferring device automatically transferring said first picking 

tool with the sample of the microorganism from the transfer position of the 

positioning device to a position above the suspension tube held in the suspension tube 

holder, lowering said first picking tool with the sample of the microorganism into the 

25 	suspension medium contained in the suspension tube; by the transferring device 

oscillating the first picking tool in a linear vertical movement for a period of time 

while the first picking tool with the sample of said microorganism is submerged in the 

suspension medium; and after said period of time has elapsed raising the first picking 

tool away from the suspension medium contained in the suspension tube to the 

30 	waiting position; 

- providing a turbidity meter for performing measurements of the turbidity 

of a suspension medium contained in a suspension tube held in the suspension tube 

holder; 
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- at least after the period of time during which the picking tool is oscillated 

has elapsed measuring the turbidity of the suspension medium contained in the 

suspension tube held in the suspension tube holder by the turbidity meter and 

providing a final measurement value indicative of the measured turbidity; 

5 - providing a controller communicatively connected to the positioning 

device, the transferring device, the automatic suspension medium dispenser and the 

turbidity meter for automatically controlling the movement of the positioning device, 

the movement of the transferring device, the operation of the automatic suspension 

medium dispenser and the operation of the turbidity meter, respectively; 

10 - by said controller: 

a) determining whether the final measurement value is above a 

first threshold value previously stored in a memory of the controller, if yes perform 

step b); or whether the final measurement value is identical to or below the first 

threshold value and identical to or above a second threshold value previously stored 

15 in the memory of the controller, said first threshold value being equal to or greater 

than the second threshold value, if yes perform step c); or whether the final 

measurement value is below the second threshold value, if yes then perform step d); 

b) controlling the automatic suspension medium dispenser to 

supply an additional amount of suspension medium into the suspension tube; 

20 c) providing a signal that the suspension tube with the suspension 

can be removed from the suspension tube holder for further processing; or 

d) providing a further picking tool; positioning said further 

picking tool in said picking tool holder of the positioning device; by said positioning 

device positioning the further picking tool in the starting position above the culture 

25 dish, automatically lowering the further picking tool towards the culture dish into 

contact with the microorganism to pick up an additional sample of said 

microorganism, automatically raising the further picking tool with said sample of the 

microorganism away from the culture dish to the transfer position; by said 

transferring device automatically transferring said further picking tool with the 

30 additional sample of the microorganism from the transfer position of the positioning 

device to a position above the suspension tube held in the suspension tube holder, 

lowering said further picking tool with the additional sample of the microorganism 

into the suspension medium contained in the suspension tube; by the transferring 
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device oscillating the further picking tool in a linear vertical movement for a period of 

time while the further picking tool with the additional sample of said microorganism 

is submerged in the suspension medium; and after said period of time has elapsed 

raising the further picking tool away from the suspension medium contained in the 

5 suspension tube to the waiting position; at least after the period of time during which 

the further picking tool is oscillated has elapsed measuring the turbidity of the 

suspension medium contained in the suspension tube held in the suspension tube 

holder by the turbidity meter and providing an additional final measurement value 

indicative of the measured turbidity; and performing step a). 

10 35. A method for automatic preparing a suspension of a sample of 

microorganisms, said method comprises the steps of: 

automatically dispensing an initial amount of suspension medium in a 

suspension tube held in a suspension tube holder; 

automatically transferring a first picking tool with a sample of the 

15 microorganism in the suspension tube by submerging the picking tool in the 

suspension; 

oscillating the first picking tool in a linear vertical movement for a period 

of time; 

after the period of time during which the picking tool is oscillated has 

20 elapsed measuring the turbidity of the suspension medium contained in the 

suspension tube; 

depending on the measured turbidity either adding additional suspension 

medium into the suspension tube, or obtaining a further sample of said 

microorganism by said picking tool, which further sample is released in the 

25 suspension medium by vertically oscillating the picking tool, or providing an 

indication that the suspension is ready for further use. 

36. A method for automatic preparing a suspension of a sample of 

microorganisms according to claim 34 or 35, wherein the controller is arranged such 

that the step of measuring the turbidity of the suspension medium contained in the 

30 suspension tube held in the suspension tube holder by the turbidity meter is 

additionally performed during the period of time during which the picking tool is 

oscillated, wherein the turbidity meter is arranged for providing an on-line 
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measurement value indicative of the measured turbidity during the period of time 

during which the picking tool is oscillated to the controller. 

37. A method for automatic preparing a suspension of a sample of 

microorganisms according to claim 34 or 35, wherein if during oscillation the on-line 

5 measurement value of the turbidity is equal to or lower than the first threshold value 

and equal to or greater than the second threshold value the controller controls the 

movement of the transferring device such that the picking tool is raised to the waiting 

position, and the controller further provides a signal that the suspension tube with 

the suspension can be removed from the suspension tube holder for further 

10 processing. 

38. A method for automatic preparing a suspension of a sample of 

microorganisms according to claim 34,35 or 36, wherein the controller is arranged 

such as to control the turbidity meter that the step of measuring the turbidity of the 

suspension medium contained in the suspension tube held in the suspension tube 

15 holder by the turbidity meter is started before the picking tool is submerged in the 

suspension medium contained in the suspension tube. 

39. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 34 - 38, wherein the method 

further comprises the step of providing as suspension tube holder for holding a 

20 suspension tube a rotatable suspension tube holder for rotating a suspension tube 

held in the rotatable suspension tube holder, the step of arranging the controller such 

that it is communicatively connected to the rotatable suspension tube holder for 

controlling the rotation of the suspension tube holder, and the step of arranging the 

controller such that the suspension tube is rotated during measurement of the 

25 turbidity of the suspension medium contained in the suspension tube. 

40. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 34 - 39, wherein in step d) the first 

picking tool is provided as further picking tool; and in that positioning of said further 

picking tool in said picking tool holder of the positioning device is performed by the 

30 transferring device under control of the controller. 

41. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 34 - 40, wherein the additional 

amount of suspension medium is determined by the controller based on the initial 
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amount of suspension medium, the final measurement value and the value of the first 

and/or second threshold value. 

42. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 34 - 41, wherein the controller is 

5 arranged for controlling the automatic suspension medium dispenser such that the 

supplied initial amount is about 0,5 — 2 ml, preferably about 1 ml. 

43. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 34 - 42, wherein the controller is 

arranged for controlling the oscillation of the transferring device such that the picking 

10 tool oscillates at a frequency between about 5 Hz to about 120 Hz, preferably about 30 

Hz to about 90Hz, most preferably about 50 Hz. 

44. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 34 - 43, wherein the controller is 

arranged for controlling the oscillation of the transferring device such that the picking 

15 tool oscillates with an amplitude of about 0.5 mm to about 4 mm, preferably about 2 

mm to about 3 mm. 

45. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 34 - 44, wherein the controller is 

arranged for controlling the oscillation of the transferring device such that the period 

20 of time during which the picking tool oscillates is about 3 seconds to about 10 seconds, 

preferably about 6 seconds. 

46. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 34 - 45, wherein the method 

comprises the step of providing as suspension tube a suspension tube having a 

25 substantially circular cross-section having a diameter of about 6 to about 12 mm, 

preferably about 10 mm 

47. A method for automatic preparing a suspension of a sample of 

microorganisms according to any one of the claims 12, 34 - 46, wherein the method 

comprises providing an automatic culture dish positioning and removing device for 

30 automatically positioning and removing a culture dish comprising said microorganism 

on and from the stage, respectively, the step of arranging the controller such that it is 

communicatively connected to the automatic culture dish positioning and removing 

device for controlling the operation of the automatic culture dish positioning and 
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removing device, wherein the step of positioning a culture dish comprising said 

microorganism on the stage is performed automatically under control of the controller. 

48. A method for automatic preparing a suspension of a sample of 

microorganisms according to claim 47, wherein the controller is arranged such that a 

5 culture dish is allowed to be automatically removed from the stage by the automatic 

culture dish positioning and removing device only after the signal that the suspension 

tube with the suspension can be removed from the suspension tube holder for further 

processing has been provided. 

49. A method for automatic preparing a suspension of a sample of 

10 microorganisms according to any one of the claims 13, 34 - 48, wherein the method 

comprises providing an automatic suspension tube positioning and removing device 

for automatically positioning and removing a suspension tube in and from the 

suspension tube holder, respectively, the step of arranging the controller such that it 

is communicatively connected to the automatic suspension tube positioning and 

15 removing device for controlling the operation of the automatic suspension tube 

positioning and removing device, wherein the step of positioning a suspension tube in 

the suspension tube holder is performed automatically under control of the controller. 

50. A method for automatic preparing a suspension of a sample of 

microorganisms according to claim 49, wherein the controller is arranged such that a 

20 suspension tube holder is automatically removed from the suspension tube holder by 

the automatic suspension tube positioning and removing device only after the signal 

that the suspension tube with the suspension can be removed from the suspension 

tube holder for further processing has been provided. 

51. An apparatus for automatic preparation of a suspension of a sample of 

25 microorganisms for performing a method or a step of a method for automatic 

preparing a suspension of a sample of microorganisms according to any one of the 

claims 13 — 29 or 34 - 50, said apparatus comprising: 

- a stage for a culture dish comprising said microorganism; 

- a first and a further picking tool and a positioning device with a picking 

30 tool holder for holding a picking tool, said positioning device being arranged for 

positioning a picking tool in a starting position above the culture dish and for 

automatically lowering and raising a picking tool towards and away from the culture 

dish and for positioning a picking tool in a transfer position, respectively; 
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- a suspension tube holder for holding a suspension tube; 

- an automatic suspension medium dispenser for automatically dispensing 

a suspension medium in a suspension tube held in the suspension tube holder; 

- a transferring device for automatically transferring a picking tool from 

5 the transfer position of the positioning device to a position above a suspension tube 

held in the suspension tube holder, and for lowering and raising a picking tool into 

and away from a suspension medium contained in a suspension tube, and for 

positioning a picking tool in a waiting position above a suspension tube held in the 

suspension tube holder, respectively, said transferring device further being arranged 

10 for oscillating a picking tool in a linear vertical movement for a period of time; 

- a turbidity meter for performing measurements of the turbidity of a 

suspension medium contained in a suspension tube held in the suspension tube holder 

and for providing a final measurement value indicative of the measured turbidity; 

- a controller communicatively connected to the positioning device, the 

15 transferring device, the automatic suspension medium dispenser and the turbidity 

meter for automatically controlling the movement of the positioning device, the 

movement of the transferring device, the operation of the automatic suspension 

medium dispenser and the operation of the turbidity meter, respectively; 

- said controller being arranged for: 

20 a) determining whether the final measurement value is above a 

first threshold value previously stored in a memory of the controller, if yes said 

controller being arranged for performing step b); or whether the final measurement 

value is identical to or below the first threshold value and identical to or above a 

second threshold value previously stored in the memory of the controller, said first 

25 threshold value being equal to or greater than the second threshold value, if yes said 

controller being arranged for performing step c); or whether the final measurement 

value is below the second threshold value, if yes said controller being arranged for 

performing step d); 

b) controlling the automatic suspension medium dispenser to 

30 supply an additional amount of suspension medium into the suspension tube; 

c) providing a signal that the suspension tube with the suspension 

can be removed from the suspension tube holder for further processing; or 
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d) positioning said further picking tool in said picking tool holder 

of the positioning device; by said positioning device positioning the further picking 

tool in the starting position above the culture dish, automatically lowering the further 

picking tool towards the culture dish into contact with the microorganism to pick up 

5 an additional sample of said microorganism, automatically raising the further picking 

tool with said sample of the microorganism away from the culture dish to the transfer 

position; by said transferring device automatically transferring said further picking 

tool with the additional sample of the microorganism from the transfer position of the 

positioning device to a position above the suspension tube held in the suspension tube 

10 holder, lowering said further picking tool with the additional sample of the 

microorganism into the suspension medium contained in the suspension tube; by the 

transferring device oscillating the further picking tool in a linear vertical movement 

for a period of time while the further picking tool with the additional sample of said 

microorganism is submerged in the suspension medium; and after said period of time 

15 has elapsed raising the further picking tool away from the suspension medium 

contained in the suspension tube to the waiting position; at least after the period of 

time during which the further picking tool is oscillated has elapsed measuring the 

turbidity of the suspension medium contained in the suspension tube held in the 

suspension tube holder by the turbidity meter and providing an additional final 

20 measurement value indicative of the measured turbidity; and performing step a). 

52. An apparatus for the automatic preparation of a suspension of a sample of 

microorganisms according to claim 51, wherein the controller is arranged such that 

the step of measuring the turbidity of the suspension medium contained in the 

suspension tube held in the suspension tube holder by the turbidity meter is 

25 additionally performed during the period of time during which the picking tool is 

oscillated, wherein the turbidity meter is arranged for providing an on-line 

measurement value indicative of the measured turbidity during the period of time 

during which the picking tool is oscillated to the controller. 

53. An apparatus for the automatic preparation of a suspension of a sample of 

30 microorganisms according to claim 52, wherein the controller is arranged for 

controlling the movement of the transferring device such that a picking tool is raised 

to the waiting position if during oscillation the on-line measurement value of the 

turbidity is equal to or lower than the first threshold value and equal to or greater 
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than the second threshold value, and for providing a signal that the suspension tube 

with the suspension can be removed from the suspension tube holder for further 

processing. 

54. An apparatus for the automatic preparation of a suspension of a sample of 

5 microorganisms according to claim 52 or 53, wherein the controller is arranged for 

controlling the turbidity meter such that measuring the turbidity of the suspension 

medium contained in the suspension tube held in the suspension tube holder by the 

turbidity meter is started before the picking tool is submerged in the suspension 

medium contained in the suspension tube. 

10 55. A method for automatically depositing a sample of a colony of 

microorganisms on a depositing spot of a target plate for MALDI, wherein the method 

comprises the step of depositing the sample of the colony of microorganisms on the 

depositing spot such that the sample covers at most approximately half of said one of 

the depositing spots of the target plate. 

15 56. A method according to claim 55, wherein the sample of a colony of 

microorganisms is in the form of a suspension. 

57. A method according to claim 56, wherein the sample of the suspension is 

deposited on a depositing spot of the target plate in the form of a drop having a 

volume in a range of about 0.5 to 3.0 pl. 

20 58. A method for automatically depositing a drop of a suspension containing a 

sample of a colony of microorganisms on a depositing spot of a target plate for 

MALDI, wherein the method comprises the following automated steps: 

- providing a pipetting tool in a picking tool device and providing a 

positioning device with a pipetting tool holder for holding said pipetting tool, said 

25 positioning device being arranged for positioning said pipetting tool in a starting 

position above a suspension tube holding said suspension containing a sample of a 

colony of microorganisms, and for automatically lowering and raising the pipetting 

tool into and out of the suspension and for positioning the pipetting tool in a transfer 

position, respectively; 

30 - positioning said pipetting tool in said pipetting tool holder of the 

positioning device; 

- by said positioning device positioning the pipetting tool in the starting 

position above the suspension tube, lowering the pipetting tool into the suspension in 
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said suspension tube, operating the pipetting tool to pick up an amount of suspension, 

raising the pipetting tool with said amount of suspension to the transfer position; said 

pipetting tool comprising a pressurizable chamber closed by a controlled valve for 

containing the amount of suspension medium; 

5 - providing a target plate holder for holding the target plate, said target 

plate having a plurality of depositing spots; 

- positioning the target plate in the target plate holder; 

- providing a transferring device for automatically transferring the 

pipetting tool from the transfer position of the positioning device to a position above 

10 one of the depositing spots of the target plate, and for lowering the picking tool to a 

predefined distance above the target plate, pressurizing the chamber to a pressure in 

a range of about 0.5 bar to 1.1 bar, and opening the valve for such a time that a drop 

of suspension with a volume in a range of about 0.5 to 3.0 ill is deposited on said one 

of the depositing spots; and 

15 - raising said pipetting tool from the target plate. 

59. A method according to claim 58, wherein the shape of the pipetting tool is 

such that depositing the drop of suspension on the target plate takes place in a splash 

free manner. 

60. A method according to claim 58 or 59, wherein the method comprises 

20 pressurizing the chamber to such a pressure in a range of about 0.5 bar to 1.1 bar, and 

opening the valve for such a time that a drop of suspension with a volume in a range 

of about 0.5 to 3.0 ill is deposited on at most half said one of the depositing spots. 


