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The m echanical an d  electrical param eters o f m icroelectrodes applied 
for electrophysiological investigation of cells are determ ined  b y  th e  differing 
requirem ents o f in tracellu lar connections used for various objects. The m ost 
im portan t requirem ent is th e  elim ination of destruction  which would interfere 
w ith  th e  norm al operation  of th e  cell (N a s t u k , 1963). In  order to  satisfy  th is 
requirem ent, th e  tip  d iam eter of th e  m icroelectrode should be w ith in  0.1 to  
1 [im (L a v a l l é e  e t ah , 1969). The problem s associated w ith  th e  extrem ely  
high resistance and  capacitance o f th e  low -diam eter tip  can be m inim ized b y  
using a  high in p u t im pedance, negative capacitance am plifier (S c h a n n e  
e t al., 1968; Véró , 1971).

F o r th e  p repara tion  o f glass m icroelectrodes, pullers w ith  horizontal 
or vertical arrangem ents are in  use ( D o n a l d s o n , 1958). Considering m erits 
an d  dem erits of these arrangem ents, a horizontal ty p e  puller has been deve­
loped in our In s titu te  which has a m ore straigh tfo rw ard  pulling force control 
as com pared to  th e  A l e x a n d e r — N a s t u k  ty p e  generally used (A l e x a n d e r  
an d  N a s t u k , 1953).

B y utilizing glass capillars w ith  diam eters o f 0.5 to  3 mm , th e  device 
is suitable for th e  p rep ara tio n  o f m icroelectrodes having suitable geom etrical 
dimensions an d  electrical param eters for in tracellu lar investigations. The 
pulling an d  heating  param eters a re  ad justab le  w ith in  wide ranges, so th e  
optim um  electrode shape an d  tip  d iam eter m ay be well su ited  for th e  d ifferent 
requirem ents. W ith  glass capillars o f unchanging diam eter an d  m ateria l, 
th e  s tab ility  o f pulling an d  heating param eters is high enough to  resu lt in 
a  high degree of reproducibility , b o th  in  electrode dim ensions an d  in  electrical 
properties (B a k e r  an d  Y o r k , 1971 ).

The operation  o f th e  electrode puller is shown b y  th e  circuit diagram  
given in Fig. 1 which also gives th e  operation phases. T he circuit is operated  
from  a 220 volts m ains supply. Switching on will generate 300 volts DC to  
supply th e  solenoid an d  re lay  currents. O perating th e  START bu tto n , th e  re lay  
R E L  will operate an d  close th e  solenoid circuit. Sim ultaneously, transform er 
T 2 is energized giving th e  heating  power. In  th e  f irs t phase, pulling force is 
F 1( and  th is is ad justab le  by  th e  P U L L  FO R CE CONTROL potentiom eter. As 
soon as th e  glass capillar reaches th e  plastic stage, i t  will be stre tched  by  th e  
pulling force F 1( and  a fte r reaching a  certain  length, th e  m icroswitch SW,



по

controlled b y  a  m ovable iron core, will sw itch th e  solenoid to  a  m axim um  
voltage. In  th is  phase, th e  m axim um  pulling force F 2 is established which has 
th e  effect to  te a r  th e  glass an d  th u s form  th e  su itab le electrode tip  d iam eter. 
T he s ta rtin g  o f th e  pulling phase w ith  pulling force F 2 is ad justab le  by  th e  
se tting  o f m icroswitch SW. 3 seconds a f te r  th e  sw itching on o f p ulling force 
F 2, pulling force an d  th e  heating  are bo th  sw itched off, th u s  term inating  one 
pulling period. A defin ite term ination  tim e is assured b y  th e  tim e constan t 
in th e  operating  circuit o f  re lay  R E L .

In  Fig. 1, th e  layou t o f th e  solenoid supplying th e  pulling force an d  the  
m ovable iron core w ith  bearings, an d  th e ir re la tion  to  th e  electronic circuit 
are illustra ted . The m ovable clam p fixing one end o f th e  glass capillar is 
m ounted  on th e  m ovable core axis; th e  o ther end is connected to  a  fixed clamp.

T he electrode puller ac tua lly  b u ilt is shown in Fig. 2. The solenoid 
supplying th e  pulling force, th e  m ovable iron core w ith  bearings a t  bo th  ends, 
an d  a  suitable profile a t  th e  iron core side for controlling th e  microswitch 
SW, are all m ounted  on th e  top  cover o f th e  cabinet. F ine ad ju stm en t of th e  
m icroswitch Sw along th e  iron core axis is possible, resulting  in  an  accurate 
sw itch-on tim e o f th e  pulling force F 2. T he tw o ends o f th e  glass capillar are 
held b y  th e  m ovable an d  fixed  clam ps shown in th e  Figure. The electrode is 
hea ted  b y  th e  heating filam ent a t  th e  m iddle p a r t o f th e  capillar. T he filam ent 
has a  w idth  of 4 m m  an d  a  thickness o f 0.2 mm, rolled from  K an th a l, w ith  a 
resistance o f 0.1 ohm  an d  a  m axim um  heating  power o f 40 w atts.

OPERATING PHASES 1 2 3 4 5 6 7 I
STAND-BY: m a in s  on,F< Dulling fo rc e  e n e rq iz e d w ith c la m D in a  of c a p i l l a r .

PULLING: F< p u ll in g  fo rc e  a n d  h e a t in a  s t a r t e d  b y  p u s h in g  STA RT b u t to n .

BREAKAGE: F t pu llin g  -fores a n d  h e a tin g  s w itc h e d  o n .  S t a r t i n g  t im e  o f .  FA i s  a d j u s t a b l e .

F IN IS H : F t  pu lling  f o r c e  a n d  h e a t in g  s w i tc h e d  off 3 s e c o n d s  a f te r  Fj, s w i t c h - o n  t im e

S w itc h  c o n d i t io n s  : ■  c lo s e d  n o r m a l  s w i tc h  S ’c lo s e d  s n a p  s w itc h  Q  o p e n  svyitch

F ig . 1. C ircu it d iag ram  an d  op era tin g  p h ases o f th e  glass m icroelectrode puller.
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According to  Fig. 2, th e  operation o f th e  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 into 
the stand-by stage.

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

3 — A fte r com pletion o f th e  pulling procedure, ano ther capillar m ay 
be clam ped in, bringing th e  puller in to  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 an d  tip  po ten tia l o f th e  m anufactu red  electrodes, filled 
w ith  an  electrolyte 3M KC1, is checked b y  a  F E T -in p u t am plifier developed 
in our In s titu te  and  used for in tracellu lar connections (Vékó , 1971). The 
arrangem ent for resistance m easurem ents is shown in Fig. 4a. The W heatstone- 
bridge a t  th e  am plifier in p u t has a po ten tiom eter calib rated  in  m egohm  values 
and  is suitable for m easuring electrode resistances in  th e  range o f 1 to  50 m eg­
ohms. An electrode w ith  a  resistance lower th a n  1 m egohm  usually  perta ins 
to  a  tip  d iam eter higher th an  1 цт, which m ay cause destruction  of th e  cell 
m em brane, and  thus will n o t be suitable. A n electrode o f high tip  p o ten tia l 
is equally unsu itab le as i t  will polarize th e  cell when connected in tracellu larly , 
an d  th u s in terfere w ith  cell operation, or in  extrem e cases m ay even com pletely 
p reven t cell operation. The tip  po ten tia l value is controlled as shown in Fig. 4b. 
In  high precision m easurem ents, even a  low or changing tip  po ten tia l m ay 
cause troubles. In  th is  case, a  special m easuring bridge suitable for t ip  po ten tia l 
com pensation should be associated w ith  th e  am plifier (K iss e t al., 1972) as

F ig . 2. M echanical la y o u t o f th e  e lec trode  pu lle r
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F ig . 3. P r in te d  c ircu it b o a rd  a rran g em en t o f  th e  elec tron ic  assem bly

F ig . 4. C ontro l o f m icroelectrode res istance  an d  t ip  p o ten tia l: a )  res is tance  m easu re ­
m en t, b)  t ip  p o te n tia l m easu rem en t, c)  t ip  p o te n tia l com pensation
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shown in sim plified form in Fig. 4c. M icroelectrodes w ith  stable tip  potentials 
no t changing w ith tim e are to  he preferred as the  com pensation ad justm en t 
during operation is difficult and  som etimes impossible. S table tip  po ten tial 
requires very  low im purity  in th e  glass m aterial and  in th e  solutions during 
the  whole electrode pulling process.

S u m m a ry

The puller is used to  prepare microelectrodes suitable for intracellular 
connection from  glass capillars having diam eters of 0.5 to  3 mm. The puller 
has a horizontal arrangem ent, pulling an d  heating param eters are ad justable 
w ithin a wide range, so th e  electrode shape an d  tip  d iam eter suitable for 
diverse requirem ents are easily realizable. The stab ility  of pulling and  heating 
param eters will result in a high degree of reproducibility  of the  electrical 
an d  geom etrical electrode data . O peration of th e  puller and  relations between 
electronic and  m echanical p a rts  are described in detail and  shown by  figures. 
A bridge inpu t electrom eter am plifier is used for control of th e  m ost im portan t 
electrical param eters of th e  electrodes prepared.
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H O R IZ O N T Á L IS  H Ú Z Ó K É S Z Ü L É K  Ü V E G M IK R O E L E K T R Ó D Á K
K É S Z ÍT É S É H E Z

Véró M ih á ly

ö s s z e fo g la lá s
A készülékkel 0,5 m m -tő l 3 m m  átm érő ig  te r jed ő  üvegkap illárisokbó l in tra - 

cellu láris elvezetésre a lkalm as m ik ro e lek tró d ák  kész íthe tők . Az e lek tródahúzó  horizon­
tá lis  e lrendezésű, húzási és fű tési p a ram é te re i széles h a tá ro k  k ö zö tt v á lto z ta th a tó k , így  
a  különböző elvezetési k öve te lm ényeknek  m egfelelő op tim ális  e lek tró d a  fo rm a és h eg y ­
á tm érő  nagy  b iz tonsággal k ia lak íth a tó . A  készü lék  húzási és izzítási p a ram éte re in ek  
s ta b ilitá sa  b iz to s ítja  az e lek tró d ák  elek trom os és geom etria i a d a ta in a k  nagyfokú  rep ro ­
d u k á lh a tó ság á t. Az e lek tródahúzó  m ű k ö d ésé t, e lek tro n ik a i és m echan ika i részeinek  
k ap cso la tá t, az á b rá k  a lap ján  részletes le írás ism erte ti. Az elkészü lt e lek tró d ák  legfon­
to sab b  elek trom os p a ram éte re in ek  ellenőrzése m érőh íd  b em en e tű  e lek tro m éte r erősítővel 
tö r tén ik .
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