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1. INTRODUCTION

The measurement of flow-cytometric samples and the evalua-
tion of the results can be performed automatically within a
short time. Fast and automated sample preparation becomes,
therefore, of increasing interest.

The preparation of flow-cytometric samples of'ten consists
of the addition of a small quantity of dye or of calibration
particles followed by an incubation time for intracellular
dye accumulation (1). The addition of cytostatic drugs to
cell samples for pretherapeutic cytostatic drug assays in
cancer patients is a similar task (2). Indirect immunofluo-
rescence assays as used for automated cancer cell detection
(3) are more complicated to prepare since several incuba-
tions and cell washings by centrifugation are necessary
until the sample is ready for measurement in a flow-cytome-
ter. The goal of this study was to build a multi-purpose
biochemical work station with a low cost, programmable robot
arm and several tools which could accomplish such tasks.

2. DETAILED PRESENTATION

The sample recipients are microtiter plates with a variab-
le number of wells. Typically 96 well plates containing
150pl  cell suspension per well are used. This well size is
most appropriate for flow-cytometric work since flow-cytome-
ters measure sample volumes between 20 and 50pul  per minute.
Pipetting is accomplished by 5 pipettes equipped with remo-
vable plastic tips. 3 pipettes take sample volumes between 0
and .1ml, O and Tml and 0 and 5ml. 1 pipette simultaneously
takes 12 samples to cover one horizontal row and ] pipette
pipets 8 samples to fill one vertical row of a microtiter
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plate per pipetting step. The microtiter plates are trans-
ported with a plate grip which is a removable robot arm tool
similarly as the pipettes. The BIOROB work station also
contains several instruments (fig.1) such as a 5000rpm cen-
trifuge whith two bukets to simultaneously centrifuge two
microtiter plates and a microtiter plate photometer and
fluorimeter. Further instruments at present are a suction
device to empty discardable supernatants, a plate shaker, a
temperature controlled plate incubator, a pipet tip remover
and a reference point to control whether a pipet has
correctly taken a pipet tip from the pipet tip rack. The
robot arm (Cobra RS3, Sekuria, 6100 Darmstadt, FRG) has 6
motion axes and is controlled by a robot controller contai-
ning a Z80 microprocessor and a RS232C interface for commu-
nication. The tools and instruments are controlled by a tool
controller (Microcomputer K.Schedler, D-8980 Oberstdorf,
FRG) which also contains a Z80 microprocessor and an RS232C
interface. The tool controller operates the step motors of
the pipettes and of the plate grip but controls also the
power switches and timers for the centrifuge and the plate
shaker. It furthermore calculates the position of the cen-
trifuge bukets from an angular decoder mounted onto the
centrifuge axis, 1t energizes the magnet of the pipet tip
remover and it reads the closure of contact from the refe-
rence point when this point is touched by a pipet tip. It is
planned to include an analog-digital converter into the tool
controller to be able to read analog signals from instru-
ments such as pH-meters or conductivity meters. The robot
arm controller and the tool controller are both operated via
two RS232C interfaces by the BIOROB mainprogram which re-
sides in an 8 or 16bit personal computer. A Z80 based Formu-
la-1 computer with C/PM operating system or an IBM-XT or
IBM-AT computer under MS-DOS were so far used for this
purpose. The computer RS232C interface for the tool control-
ler can be multiplexed to permit direct data input and data
calculations by the computer from devices ssuch as balances
or photometers which are serially equipped with a RS232C
interface.

The BIOROB work station can be programmed with macro
instructions such as: "MOVE FROM TO, PIPET, CENTRIFUGE,
SHAKE, INCUBATE, PHOTOMETER". The macro instructions are
embedded in the programming language PASCAL (TURBO-PASCAL).
Non computer trained persons can write programs with the
macro instructions alone, programmers can call the macro
instructions within normal PASCAL-programs. All positions of
the robot arm, of the tools and of the instruments are
given in metric x, y, z-coordinates which facilitates pro-
gramming. Spatial positions which are difficult to predeter-
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mine e.g. due to static bending of the robot arm under load
can be precisely approached by teaching along the x, 1y, and
z-axis until the desired position is reached. Coordinates
outside the reach of the robot-arm or inside the robot arm,
inside tools, inside instruments or beneath the table are
not accepted as input. The BIOROB program system knows the
maximum excursion of all joints of the robot-arm and fur-
thermore the physical size of all tools, instruments and
microtiter plates. The program automatically calculates a
path around known obstacles when the robot-arm comes close
to such "forbidden zones".

Formula-1 PC
780, bukbyte RAM
2x312kbyte Floppy Disk

RS232C RS232C
robot tool
Cobra contrecller controller
RS3 780 Z80
titer pipet titer
plate| |Pipet| Itip centri-||plate photo-||pH
arip remover| | fuge shaker| |meter |[|meter]balance

Fig.1 Schematic representation of the BIOROB work station
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