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The mechanical and electrical parameters of microelectrodes applied
for electrophysiological investigation of cells are determined by the differing
requirements of intracellular connections used for various objects. The most
important requirement is the elimination of destruction which would interfere
with the normal operation of the cell (NAsTUK, 1963). In order to satisfy this
requirement, the tip diameter of the microelectrode should be within 0.1 to
1 ym (LAVALLEE et al., 1969). The problems associated with the extremely
high resistance and capacitance of the low-diameter tip can be minimized by
using a high input impedance, negative capacitance amplifier (SCHANNE
et al.,, 1968; VERG, 1971).

For the preparation of glass microelectrodes, pullers with horizontal
or vertical arrangements are in use (DoNALDSON, 1958). Considering merits
and demerits of these arrangements, a horizontal type puller has been deve-
loped in our Institute which has a more straightforward pulling force control
as compared to the ALEXANDER —NASTUK type generally used (ALEXANDER
and NASTUK, 1953).

By utilizing glass capillars with diameters of 0.5 to 3 mm, the device
is suitable for the preparation of microelectrodes having suitable geometrical
dimensions and electrical parameters for intracellular investigations. The
pulling and heating parameters are adjustable within wide ranges, so the
optimum electrode shape and tip diameter may be well suited for the different
requirements. With glass capillars of unchanging diameter and material,
the stability of pulling and heating parameters is high enough to result in
a high degree of reproducibility, both in electrode dimensions and in electrical
properties (BAKER and YORK, 1971).

The operation of the electrode puller is shown by the circuit diagram
given in Fig. 1 which also gives the operation phases. The circuit is operated
from a 220 volts mains supply. Switching on will generate 300 volts DC to
supply the solenoid and relay currents. Operating the START button, the relay
REL will operate and close the solenoid circuit. Simultaneously, transformer
T, is energized giving the heating power. In the first phase, pulling force is
F,, and this is adjustable by the PULL FORCE CONTROL potentiometer. As
soon as the glass capillar reaches the plastic stage, it will be stretched by the
pulling force ¥, and after reaching a certain length, the microswitch SW,
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controlled by a movable iron core, will switch the solenoid to a maximum
voltage. In this phase, the maximum pulling force F 2is established which has
the effect to tear the glass and thus form the suitable electrode tip diameter.
The starting of the pulling phase with pulling force F2 is adjustable by the
setting of microswitch SW. 3 seconds after the switching on of pulling force
F 2, pulling force and the heating are both switched off, thus terminating one
pulling period. A definite termination time is assured by the time constant
in the operating circuit of relay REL.

In Fig. 1, the layout of the solenoid supplying the pulling force and the
movable iron core with bearings, and their relation to the electronic circuit
are illustrated. The movable clamp fixing one end of the glass capillar is
mounted on the movable core axis; the other end is connected to a fixed clamp.

The electrode puller actually built is shown in Fig. 2. The solenoid
supplying the pulling force, the movable iron core with bearings at both ends,
and a suitable profile at the iron core side for controlling the microswitch
SW, are all mounted on the top cover of the cabinet. Fine adjustment of the
microswitch Sw along the iron core axis is possible, resulting in an accurate
switch-on time of the pulling force F2 The two ends of the glass capillar are
held by the movable and fixed clamps shown in the Figure. The electrode is
heated by the heating filament at the middle part of the capillar. The filament
has a width of 4 mm and a thickness of 0.2 mm, rolled from Kanthal, with a
resistance of 0.1 ohm and a maximum heating power of 40 watts.
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Fig. 1. Circuit diagram and operating phases of the glass microelectrode puller.
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According to Fig. 2, the operation of the electrode puller has following
phases:

1 — The glass capillar is mounted between the movable and fixed
clamps and the mains is switched on. This brings the pulling force F, into
the stand-by stage.

2 — The starting time of the pulling force F, and the pulling and heating
parameters are adjusted. Operating the START button will start the pulling
of the electrode.

3 — After completion of the pulling procedure, another capillar may
be clamped in, bringing the puller into a fresh stand-be stage.

Fig. 3 shows the electronic circuit mounted on a printed circuit board.
This makes simple adjustment and easy control possible.

The resistance and tip potential of the manufactured electrodes, filled
with an electrolyte 3M KClI, is checked by a FET-input amplifier developed
in our Institute and used for intracellular connections (VERG, 1971). The
arrangement for resistance measurements is shown in Fig. 4a. The Wheatstone-
bridge at the amplifier input has a potentiometer calibrated in megohm values
and is suitable for measuring electrode resistances in the range of 1 to 50 meg-
ohms. An electrode with a resistance lower than 1 megohm usually pertains
to a tip diameter higher than 1 ym, which may cause destruction of the cell
membrane, and thus will not be suitable. An electrode of high tip potential
is equally unsuitable as it will polarize the cell when connected intracellularly,
and thus interfere with cell operation, or in extreme cases may even completely
prevent cell operation. The tip potential value is controlled as shown in Fig. 4b.
In high precision measurements, even a low or changing tip potential may
cause troubles. In this case, a special measuring bridge suitable for tip potential
compensation should be associated with the amplifier (K1ss et al., 1972) as

iron-core heating wire

fixed clamp

solenoid movable clam

bearing support

mains switch pull-force control

control lam, pull-force switch heating control (fine)

start knob heating control (coarse)

Fig. 2. Mechanical layout of the electrode puller
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Fig. 3. Printed circuit board arrangement of the electronic assembly

Fig. 4. Control of microelectrode resistance and tip potential: a) resistance measure-
ment, b) tip potential measurement, ¢) tip potential compensation
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shown in simplified form in Fig. 4c. Microelectrodes with stable tip potentials
not changing with time are to he preferred as the compensation adjustment
during operation is difficult and sometimes impossible. Stable tip potential
requires very low impurity in the glass material and in the solutions during
the whole electrode pulling process.

Summary

The puller is used to prepare microelectrodes suitable for intracellular
connection from glass capillars having diameters of 0.5 to 3 mm. The puller
has a horizontal arrangement, pulling and heating parameters are adjustable
within a wide range, so the electrode shape and tip diameter suitable for
diverse requirements are easily realizable. The stability of pulling and heating
parameters will result in a high degree of reproducibility of the electrical
and geometrical electrode data. Operation of the puller and relations between
electronic and mechanical parts are described in detail and shown by figures.
A bridge input electrometer amplifier is used for control of the most important
electrical parameters of the electrodes prepared.
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HORIZONTALIS HUZOKESZULEK UVEGMIKROELEKTRODAK
KESZITESEHEZ

Véré Mihaly

o0sszefoglalés
A készilékkel 0,5 mm-t6l 3 mm 4atmérdig terjedé Uvegkapillarisokbél intra-
celluléris elvezetésre alkalmas mikroelektrodak készitheték. Az elektrédahizé horizon-
talis elrendezésl, hazasi és f(itési paraméterei széles hatdrok kdzott valtoztathaték, igy
a kulonboz6 elvezetési kovetelményeknek megfeleld optiméalis elektroda forma és hegy-
atméré nagy biztonsdggal kialakithaté. A készilék hlzasi és izzitdsi paramétereinek
stabilitdsa biztositja az elektr6dak elektromos és geometriai adatainak nagyfokd repro-
dukélhatésagat. Az elektr6dahtzé miikodését, elektronikai és mechanikai részeinek
kapcsolatat, az 4bradk alapjan részletes leirads ismerteti. Az elkészilt elektrodak legfon-

tosabb elektromos paramétereinek ellendrzése méréhid bemenet( elektrométer erésitvel
térténik.
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