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Fig. 1. Enzymatic degradation of blue starch polymer by crude 
~-amylase from porcine pancreas at various incubation periods. The 
crosses on the curve are averages of 2 determinations. 
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Fig, 2. Substrate concentration curve of blue starch polymer No. 290 
hydrolysed by a constant amount of crude ~-amylase from porcine 
pancreas. The crosses on the curve are averages of 2 determinations. 

changing the  pH.  The soluble blue s ta rch  p roduc t s  were 
separa ted  f rom the  insoluble blue subs t ra te  by  a brief 
cent r i fugat ion  and  the  opt ical  dens i ty  of t he  blue super-  
n a t a n t  was measured  at  620 nm.  The release of soluble 
blue s ta rch  spl i t  products ,  in respec t  to t ime  of hydrolysis ,  
is shown in Figure 1. The release of soluble blue s ta rch  
p roduc t s  was found to  be a l inear  func t ion  of enzyme 
concent ra t ion .  I t  was also observed  t h a t  t he  appearance  
of soluble blue s ta rch  p roduc t s  gives a Michael is-Menten 
curve t y p e  (Figure 2). 

This  is qui te  a s imple and  sensi t ive me thod  for ~-amylase 
de t e rmina t i on  which,  when  fur ther  s tandardized ,  could 
f ind a wide appl ica t ion  5. 

Zusammen/assung. Fiir  die B e s t i m m u n g  der  enzymat i -  
schen Akt iv i t i t t  der  e -Amylase  wurde  ein neues Subs t ra t  
synthe t i s ie r t .  Die Syn these  k a m  in der  H a u p t s a c h e  durch  
die F a r b s t o f f b i n d u n g  an wasserl6sliche St/irke und  die 

anschl iessende Ve rne t zung  sowie durch  den  Zusatz yon 
Diepoxid  zus tande.  
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C o n t r o l  o f  G l a s s  M i c r o e l e c t r o d e s  f o r  I n t r a c e l l u l a r  R e c o r d i n g s  

Since the  work  of LING and GERARD 1 m a n y  techniques  
to  prepare ,  fill and  s tock microelec t rodes  have  been 
developed.  The character is t ics  of recording electrodes m a y  
al ter  s ignif icant ly  electrophysiological  da t a  ~ and  so a 
careful cont ro l  of m e t h o d s  and  resul ts  is necessari ly the  
first  s tep  in th is  k ind of research.  In  the  p resen t  s t u d y  
a m e t h o d  of e m p t y i n g  and  examin ing  glass microelec- 
t rodes  under  t he  e lectron microscope is described.  The 
correla t ion be tween  ex te rna l  t ip  d iamete r  and electric 
res is tance is ana lyzed  and  2 electrode filling procedures  
are compared .  

Micropipe t tes  were p repa red  f rom K i m a x  46485, 0.7 
to  1.0 m m  capil lary tub ing  (wall th ickness  0.10-0.21 ram) 
using an  ALEXANDER-NASTUK puller 3, t he  pa rame te r s  
of hea t ing  and  pull ing force kep t  cons t an t  wi th in  the  
l imi ta t ions  of t he  machine .  The  microelectrodes  were  
m o u n t e d  on microscope glass slides and  filled e i ther  by  
boiling or by  a modif ica t ion  of TASAKI'S m e t h o d  4. The 

boil ing procedure  consis ted of two 15 min  per iods  of 
gent le  boiling in 3 M  KC1, separa ted  by  cooling in terval  
of 20 min.  TASAKfS m e t h o d  was simplif ied to  include 
the  following s teps :  (a) boil ing at  28-40~ in absolute  
e thanol  under  reduced  pressure  for 10 min ;  (b) cooling 
at  room t e m p e r a t u r e  for 10-20 min  unt i l  bubbles  dis- 
appear ;  (c) immers ion  in disti l led wa te r  for 5 min;  (d) im- 
mers ion in 3 M  KC1 for 20 min under  reduced  pressure  

1 G. N. LING and R. W. GERARD, J. Cell; comp. Physiol. 34, 383 
(1949). 

2 I. TASAKI and I. SINGER, Ann. N.Y. Aead. Sei. Id8, 36 (1968). 
3 j .  T. ALEXANDER and W. L. NASTUK, Rev. Sci. Instr. 24, 528 

(1953). 
4 I. TASAKL E. H. POLLEY and F. ORREGO, J. Neurophysiol. 17, 

454 (1954). 
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at  a t e m p e r a t u r e  below 45 ~ Elec t rodes  were kep t  over-  
n igh t  in KC1 and the  procedures  were  r epea ted  when  
t h e y  were no t  p roper ly  filled. The DC res is tance  of the  
microelec t rodes  was de t e rmined  immed ia t e ly  af ter  filling, 
using an Am a tn i ek  preampl i f ie r  by  pass ing weak cur ren t  
pulse.  Each  electrode was t h e n  m o u n t e d  on a labelled 
slide and  p repared  for e lec t ronmicroscopy  as follows: 
(a) af ter  a profuse  r insing in t ap  water ,  the  slides were 
washed  a t  least  six t imes  in dist i l led wa te r  and kep t  over- 
n igh t  in a large volume of clean wa te r ;  (b) t he  nex t  d a y  
t h e y  were r insed in absolu te  alcohol and  boiled under  
reduced  pressure  for 2 per iods  of 7 min,  wi th  a 10 min  
in te rva l ;  (c) af ter  this,  t he  alcohol was r emoved  by  
reduced  pressure.  This l a t t e r  me thod  for e m p t y i n g  KC1- 
filled electrodes gave the  bes t  results.  Clean p ipe t t e s  were 
ob t a ined  and could t h e n  be n loun ted  for the  e lectron 
microscope.  Control  p ipe t t es  no t  s u b m i t t e d  to the  filling 
procedure  were separa ted  f rom every  b a t c h  and  kept  in 
dist i l led wa te r  for examina t ion  at  the  e lectron microscope.  

Figure  1 shows how microelect rode t ips  were mo u n t ed  
for microscope s tudy.  A small  square  w a s  cut  f rom the  
cen te r  of an e lectron microscope grid. The grid was then  
placed on a nar row str ip of cellulose adhes ive  tape  fas tened 
to a microscope slide so as to  form a spr ingy flexible 
mount ing .  A small  drop  of ara ld i te  was deposi ted  over  
one side of the  grid. The microelectrode,  suppor t ed  on a 
convenien t ly  shaped wood stick, was careful ly  lowered 
into t he  araldi te  droplet .  The t ip  was kep t  centered  in the  
open square.  After  po lymer iza t ion  of t he  araldi te  the  
e lect rode was broken close to the  grid edge and  the  grid 
was l i f ted caut iously  wi th  fine po in ted  tweezers.  The 
microelect rode was easily found under  the  electron micro- 
scope (Phillips EM-100) and  a cer ta in  length  could be 
examined  wi thou t  in terference of the  grid wires. H e a t  

d iss ipat ion is poor  and  consequent ly  the  beam in tens i ty  
mus t  be su i tab ly  controlled.  

Measuremen t s  were taken  for ex te rna l  t ip d i ame t e r  a t  
a magni f ica t ion  of • 28,000. The electron microscope  
magni f ica t ion  was checked by  compar i son  of measure-  
m e n t s  of t he  shank  of the  mic rop ipe t t e  wi th  those  ob- 
t a ined  a t  the  same site wi th  a l ight microscope.  

A typica l  good t ip  and final t ape r ing  are shown in 
Figure 2. 

F igure  3 shows t h a t  there  is good corre la t ion be tween  
ex te rna l  t ip  d i ame te r  and electrode DC resistance.  Some 
d iscrepancy  would  be expec ted  to  occur because the  
in te rna l  t ip  d i ame te r  (which canno t  be precisely measured  
under  the  e lec t ron microscope) is clearly the  i m p o r t a n t  
one as far as conduc t iv i ty  is concerned.  The obse rva t ion  
of Figure  3 also shows t h a t  the  DC res is tance  of elec- 
t rodes  filled by  boil ing is lower t h a n  t h a t  ob ta ined  wi th  
the  modif ied  TASAKI'S method .  

Compar ison of filled and contro l  p ipe t t es  f rom the  
same ba t ch  gives a clear indicat ion t h a t  the  modif ied  
TASAKI'S m e t h o d  employed  provides  a b e t t e r  p rese rva t ion  
of the  t ips.  

The Table shows the  means  and s t a n d a r d  devia t ions  
of the  ex te rna l  t ips  of control  and filled electrodes.  The 
differences be tween  the  2 groups are s ignif icant  in the  
boiling m e t h o d  and non-s ignif icant  in modif ied TASAKFS 
method .  

Microelectrodes  in the  range of 10-40 M,Q, cor responding  
to a t ip  d i ame te r  be tween  0.5 and 0.1 ~., were found useful 

Means and standard deviations of external tip dianleters 

Modified TASAKI'S Boiling procedure 
procednre 

Fig. I. Microelectrode mounting for electron microscopic observation. 

Control electrodes 178 ~_ 7.4 n m  187 ~_ 7.9 n m  

(N - 14) (m - 18) 

Filled electrodes 188 • 7.7 nm 320 i 170 nm 
( N  - 14) (N = 17) 

P vahles of comparisons between filled and control electrodes are 
statistically significat~t for those prepared by boiling procedure at 
the level of P % 0.0025 and nonsignificant for those prepared by 
modified TASAKI'S procedure (P%0.15). N, number of examined 
inieroelectrodes. 

Fig. 2. Microelectrodes as seen uhder the electron microscope in 
order to measure external tip diameter. Electrode prepared by 
TASAKI'S modified method. Calibration: 1 Ix. 
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Fig. 3. Relation between electrode external tip diameter and electric 
resistance. 0, electrodes filled by boiling procedure; �9 electrodes 
filled by modified TASAKI'S procedure. 
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for intracel lular  recording by  a n u m b e r  of authorsS-L 
Elec t rodes  wi th  res is tance  unde r  5 M D  have  very  wide 
t ips  and  axe no t  normal ly  used  for t h a t  purpose,  due to  
electrophysiological  evidence of cell damage.  

Elect rophysiological  proper t ies  of embryonic  chick 
hea r t  cells in vi t ro  were s tudied,  using electrodes p repa red  
as descr ibed here, and  i t  was verif ied t h a t  t h e y  caused 
no s ignif icant  damage  to  t he  cells s. 

The p resen t  f indings are in good ag reemen t  wi th  the  
no t ion  t h a t  avoiding hea t ing  unde r  40 ~ preserves  be t t e r  
the  electrodes dur ing t h e  filling procedure  *,9. However ,  
when  selection is made  according to  the  resistance,  t he  
boil ing m e t h o d  also yields adequa te  electrodes.  

I t  is concluded t h a t  the  usual  selection of microelec- 
t rodes  based on DC res is tance m e a s u r e m e n t s  gives reliable 
in fo rmat ion  abou t  adequacy  of the  recording device, 
regardless of the  filling procedure .  This  s t a t e m e n t  is no t  
l ikely to  be exac t  if geomet ry  and  wall  th ickness  of the  
t ips  are variable.  These factors,  however,  t end  to  be 
s imilar  when  manufac tu r ing  procedure  and  mater ia ls  are 
s tandard ized .  

Rdsumd. Une  m6thode  pour  vider  eL examiner  des 
micro6Iectrodes de verre  au microscope 6lectronique est  
d6crite.  On a t rouv6 une corr61ation en t re  le d iam6tre  

du b o u t  et  la r6sistance 61ectrique. Le d iam6t re  de l 'extr6-  
mit6 des 61ectrodes d6pend du proc6d6 de rempl i s sement  
et  les meil leurs r4sul ta ts  sont  ob tenus  pa r  la m6thode  de 
TASAKI modifi6e. 
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D 6 t e r m i n a t i o n  q u a n t i t a t i v e  de  la  r a d i o a c t i v i t 6  s u r  

Une m6thode  assez c o u r a m m e n t  employ6e pour  obten i r  
des donn6es quan t i t a t i ve s  en pax tan t  des sect ions auto-  
rad iographiques  faites sur l ' an imal  ent ier  consiste  dans  
la mesure  du noi rc issement  du fi lm par  un microdensi to-  
m6tre,  suivie d ' u n e  compaxaison avec un  s t anda rd  1 s. 

Dans  le cas oh une mesure  q u a n t i t a t i v e  plus pr6cise 
est  n6cessaire, il est  pr6f6rable de mesurer  la radioact ivi t6  
de la source m4me 4. Dans  des t r a v a u x  pr6c6dents,  d 'U~L- 
BERG par  exemple,  on cite l ' emplo i  du COlnpteur GM sans 
fen4tre  ou 5, fenStre mince  pour  la mesure  directe  des 
por t ions  coup6es en pax tan t  des sect ions autoradiogra-  
ph iques  5. 

Dans  ce t te  communica t ion ,  nous  d4sirons d6crire une 
m6thode  quan t i t a t i ve  de mesu le  de la radioact iv i t6  en 
p a r t a n t  des sect ions au to rad iograph iques  et  faire quelques  
consid6rat ions  sur les probl6mes qui y son t  li6s. 

Mdthode. On coupe les por t ions  des sect ions  autoradio-  
graphiques ,  don t  on veu t  faire la d6 te rmina t ion  quan t i t a -  
t ive,  avec un bis tour i  e t  5  ̀ l ' a ide  d ' un  binocula i re  st6- 
r6oscopique capable  d ' u n  ag rand i s semen t  5  ̀ 50 (Wild 
M5 48888). 

On in t rodu i t  les por t ions  coup6es dans  des flacons de 
scint i l la t ion et  on les solubilise avec de l ' h y d r o x y d e  de 
h y a m i n e  (1M dans  le m6thanol)  ou avec d ' au t res  pro- 
dui ts  a y a n t  la capacit6 de solubiliser les tissus, tels  que, 
pa r  exemple,  le <<Nuclear Chicago Solubiliser~> (NCS) 
(0,6N dans  le totu6ne). La  quan t i t6  de hyamine  ou de 
NCS capable  de solubiliser dans  un t e m p s  r e l a t ivemen t  
cour t  (quelques dizaines de minutes)  1 cm 2 de coupe d e  
l '6paisseur de 30 tx est  d ' env i ron  0,3 ml. 

Une  fois les por t ions  au to rad iograph iques  solubilis6es, 
on a joute  le l iquide sc int i l lant  (20 ml  de tolu6ne + P P O  + 
POP OP ) ,  on mesure  la radioact iv i t6  (appareil  Beck man  
LS-200 B) e% on corrige enf in  le <<quenching~ avec la 
m6thode  du s t anda rd  externe .  Dans  la Figure  1 on peu t  
observer  la d6pendance  de l 'efficacit6 du comptage  de la 

c o u p e s  a u t o r a d i o g r a p h i q u e s  

quan t i t6  d ' h y a m i n e  ajout6e, c'est-5`-dire de la surface de 
coupe 5  ̀solubiliser. 

Le ruban  adh6sif  t r a n s p a r e n t  employ6 c o m m e  suppor t  
des coupes, qui ne se solubilise pas, a une influence presque 
nulle sur  l 'efficacit6 du comptage  ell scint i l la t ion liquide. 
Si on a joute  dans  un flacon de scint i l la t ion c o n t e n a n t  un 
s t a n d a r d  d 'ac t iv i t6  connue  jusqu'5` 2 0 c m  a de ruban  
adh6sif  t r anspa ren t ,  on a des var ia t ions  de comptage  qui 
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Fig. 1. Efficacit4 de comptage en fonetion de la quantit6 d'hyamine 
ajout6e. 
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