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S-100 pe r  g we t  wt.) 15-1B. As t h e  r a t i o  was va r i ed  b y  
c h a n g i n g  t he  S-100 c o n c e n t r a t i o n  in t he  tubes ,  a n  ex- 
p o n e n t i a l  g r a d i e n t  in  t h e  s t i m u l a t i n g  effect  on  t h e  
nucleolar  R N A  po lymerase  was observed .  On t he  con t ra ry ,  
t he  nuc leop lasmic  R N A  po lymerase  was n o t  even  
s t i m u l a t e d  b y  S-100, us ing  such  a c o n c e n t r a t i o n  as 200 
~.g/ml wh ich  is twice  as h i g h  as usua l ly  employed  (Figure  
2). O t h e r  p ro t e in s  a n d  s y n t h e t i c  po l ypep t i de s  were also 
t e s t ed  a t  t h e  c o n c e n t r a t i o n  of 100 [zg/ml for t he i r  poss ible  
effect  on  R N A  syn thes i s  in  i so la ted  b r a i n  nucle i  f rom 
11-day ch ick  embryos .  B o v i n e  s e rum a lbumin ,  o v a l b u m i n ,  
c y t o c h r o m e  C, p o l y - L - a s p a r t a t e  (M.W. 4,870), poly-L- 
g l u t a m a t e  (M.W. 19,700) h a d  no  s t i m u l a t i n g  effect. 
D i f fe ren t  resu l t s  were o b t a i n e d  b y  BONBY a n d  ROBERTS 
w i t h  a d i f fe rent  e x p e r i m e n t a l  sys tem~L 

F u r t h e r  d a t a  on  t he  select ive s t i m u l a t i n g  effect  of 
S-100 on  t he  nuc leo la r  R N A  po lymerase  are p r e sen t ed  in 
F igure  3. c~-Amanitin, a n  i n h i b i t o r  of t he  nuc leop lasmic  
R N A  polymerase ,  d id  no t  b lock  t h e  s t i m u l a t i n g  effect  of 
t he  S-100 on  t he  nuc leo la r  R N A  po lymerase  ac t iv i ty .  
A c t i n o m y c i n  D, t h a t  a t  low doses (0.1 ~.g/ml), p r i m a r i l y  
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Fig. 3. In vitro effect of cr and actinomycin D on RNA po- 
lymerase activities stimulated by S-100 protein. The activity of the 
nucleolar (A) and nucleoplasmie (B) RNA polymerase was determined 
in isolated brain nuclei from l l-day chick embryos as described in the 
Table. S-100, when present, was at 100 [• ~-Amanitin or actino- 
mycin D, when present, was at the same concentration both in the 
preincubation and reaction mixtures. I I no antibiotic; I'.'.'-'.'l 
~-amanitin (2 [xg/ml); ]////ill! actinomycin D (0.1 ~xg/ml); 
actinomyein D (1 ~xg/ml). The set of experiments without antibiotics 
([3) is the mean value of 6 experiments. The other symbols are each 
the mean value of 3 experiments. Maximal variability per set of 
samples: • 4.5%. 

i nh ib i t s  t he  nuc leo la r  R N A  polymerase ,  depresses  
p r o p o r t i o n a l l y  b o t h  t he  con t ro l  and  t he  S -100-s t imula ted  
nucleolar  R N A  synthes is ,  sugges t ing  t h a t  S-100 in  some 
way  an tagon izes  t he  i n h i b i t o r y  a c t i v i t y  of th i s  an t ib io t ic .  ~ 
On t he  o the r  hand ,  ne i t he r  a - a m a n i t i n  nor  a c t i n o m y c i n  D 
revea led  a n y  m a s k e d  effect  of t h e  S-100 on  t h e  nucleo-  
p l a smic  R N A  po lymerase .  As m i g h t  be  expected ,  a 
r e l a t ive ly  h i g h  c o n c e n t r a t i o n  of a c t i n o m y c i n  D (1 ~zg/ml) 
comple t e ly  i n h i b i t e d  t h e  nuc leo la r  and  t h e  nuc teop lasmic  
R N A  polymerases ,  i nc lud ing  t h e  s t i m u l a t i n g  effect  of 
S-100. 

The  above  in v i t ro  e x p e r i m e n t s  on i m m a t u r e  b r a i n  
nuclei  i nd i ca t e  t h a t  t he  S-100 p ro t e in  s t imu la t e s  t he  
nucleolar  R N A  po lymerase  ca t a lys ing  (p re - ) rRNA syn- 
thesis ,  a l t h o u g h  a poss ible  effect  on t h e  nuc leop lasmic  
R N A  polymerase ,  no t  d e t e c t a b l e  b y  t he  p rocedures  used, 
c a n n o t  be  comple t e ly  excluded.  Th i s  response  in i m m a t u r e  
b r a i n  occurs  a t  t i m e  w h e n  t he  endogenous  S-100 is no t  
ye t  a c c u m u l a t e d  in t he  deve lop ing  ch ick  brainlS-2~ The  
site(s) of ac t ion  of t h e  S-100 r ema ins  to  be e luc ida ted .  
F ina l ly ,  we c a n n o t  ye t  a t t r i b u t e  t he  s t i m u l a t i n g  effect  
of t h e  S-100 to  n e u r o n a l  a n d / o r  glial  nuclei  s ince our  
p r e p a r a t i o n s  inc lude  b o t h  of t h e m  2a. 

Riassunto.  U n a  p r o t e i n s  specif ica de1 s i s t ema  nervoso,  
c h i a m a t a  S-100, s t imola  la R N A  po l imerase  nucleolare  
in  nucle i  i sola t i  da  encefa lo  i m m a t u r o  di  polio (11 giorni  
di incubaz ione) .  L a  p r o t e i n s  n o n  h a  a lcun  ef fe t to  sulla 
R N A  po l imerase  nuc leop la smica  del medes imo  s i s t ema  
sper imenta le .  La  s t imolaz ione  del la  S-100 sul la  R N A  
po l imerase  nucleolare  ~ ~ - a m a n i t i n a  res i s t en te  ed ~ par-  
z i a lmen te  a n t a g o n i z z a t a  da l la  ac t inomic ina .  Ul te r ior i  
r icerche p o t r a n n o  ch ia r i re  il ruolo del la  p r o t e i n a  S-100 
sul la  espressione gene t ica  del s i s t ema  nervoso.  
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I n t e r c e l l u l a r  P a t h w a y s  in  t h e  H e a r t :  D i r e c t  E v i d e n c e  for  L o w  R e s i s t a n c e  C h a n n e l s  

A l t h o u g h  ind i r ec t  ev idence  1 suppor t s  the  v iew t h a t  
impul se  p r o p a g a t i o n  in t he  h e a r t  is m e d i a t e d  b y  local  

�9 c i rcui t  cu r r en t s  f lowing t h r o u g h  low res i s t ance  in terce l -  
lu lar  channels ,  o the r  ev idence  2 appea r s  to  c o n t r a d i c t  th i s  
hypo thes i s .  I n  th i s  repor t ,  b y  d e m o n s t r a t i n g  t h e  passage  
of ionized f luorescein  dye  f r o m  cell t o  cell, we p r e sen t  
d i rec t  ev idence  for t h e  ex is tence  of such  in te rce l lu la r  
p a t h w a y s ,  a n d  s u p p o r t  for  t he  fo rmer  view. 

Mater ials  and methods. R a b b i t s  a n d  ra t s  were p r e p a r e d  
b y  a s h a r p  b low on t he  neck  or b y  e the r  anes thes ia ,  
respect ive ly .  H e a r t s  were excised r ap i d l y  a n d  t he  fol- 
lowing t i ssues  d issec ted:  I n t e r a t r i a l  s e p t u m  and  r i g h t  

atrial appendage of the rabbit; left and right atrial 
appendage and papillary muscle of the rat. The tissue 
was placed in a chamber mounted on the stage of a Leitz 
Ortholux microscope which was perfused with a bath 
c o n t a i n i n g  t he  fol lowing ionic constituents in  m M  Na  + 
145; t~2+ 4.2; Ca 2+ 2.5; C1- 125.5; SO~ 2- 1.2; HCO 3- 27; 
a n d  dex t rose  5.6. The  b a t h  was  equ i l i b r a t ed  w i t h  95% 

1 S. W E I D M A N N ,  Frog. Brain Res. 31:275 (1969). 
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O 2- 5% CO~, c i rcu la ted  r ap id ly  t h r o u g h  t he  chamber ,  an d  
m a i n t a i n e d  a t  23~ for t he  r a t  and  32~ for t he  r a b b i t  
exper imen t s .  

Microelect rodes  were filled w i t h  0.1 M sod ium fluo- 
rescein dye b y  boi l ing u n d e r  low pressure ;  res i s tances  
were genera l ly  20-30 Mohm.  The  electrodes  were f ixed 
coaxia l ly  to  a cy l indr ica l  u l t r ason ic  c rys ta l  wh ich  could 
be  exc i ted  to  v i b r a t e  ax ia l ly  a. Low a m p l i t u d e  v i b r a t i o n  
of t he  e lec t rode  (in the  order  of 50A) a t  20-40 k H z  caused  
the  dye to be  ejected f rom the  microe lec t rode  t ip  in to  t h e  
cell. A m i c r o m a n i p u l a t o r  was used to  a d v a n c e  t h e  
mic roe lec t rode-c rys ta l  c o m b i n a t i o n  un t i l  a n  in t r ace l lu l a r  
p o t e n t i a l  was regis tered.  The  c rys ta l  was t h e n  d r iven  for 
several  sec un t i l  dye could be  seen emerg ing  f rom the  t ip  
us ing  stereo mic roscopy  w i t h  m e r c u r y  v a p o r  i l lumina t ion .  
B o t h  t he  res t ing  p o t e n t i a l  a n d  ac t ion  p o t e n t i a l s  (in 
t i ssues  wh ich  n o r m a l l y  b e a t  spon taneous ly )  were mon i to -  
red t h r o u g h o u t  t he  per iod  of dye  in ject ion.  The  in jec t ion  
was cons idered  successful if t he  r e s t ing  p o t e n t i a l  decreased 
b y  less t h a n  10 m V  d u r i n g  dye  infusion.  W h e n  t he  cell 
appea red  re la t ive ly  br igh t ,  t he  e lec t rode  was w i thd rawn .  
The  s tage was t h e n  t r a n s l a t e d  such  t h a t  t he  cell could be  
obse rved  w i t h  a Lei tz  U l t r o p a k  inc iden t  f luorescence 
i l l u m i n a t i o n  sys t em w i t h  a 200 w a t t  m e r c u r y  v a p o r  lamp,  
Lei tz  t ( P 4 9 0  in te r fe rence  exc i t a t i on  fi l ter,  Lei tz  BIP510 
ba r r i e r  filter,  and  an  11 • U l t r o p a k  w a t e r  immers ion  
objec t ive .  Dif fus ion of dye was obse rved  e i the r  t h r o u g h  
the  b inocu la r  eyepiece or t h r o u g h  a v ideo  sys t em (COHU 
Model  2820 c a m e r a  f i t t ed  w i t h  a n  S I T  tube) .  Records  were 
t a k e n  p h o t o m i c r o g r a p h i c a l l y  or w i t h  a v ideo  t ape  re- 
corder.  

The  a m o u n t  of I lnorescein  in jec ted  in t r ace l lu l a r ly  could 
no t  be  d e t e r m i n e d  precise ly  4. However ,  f luorescein  dye  is 
b r i g h t e s t  in  c o n c e n t r a t i o n s  of severa l  h u n d r e d  mic romola r  
a n d  can  be  de tec ted  in c o n c e n t r a t i o n s  well  be low 0.1 [~M. 
I n  our  exper imen t s ,  dye in jec t ion  was t e r m i n a t e d  pr io r  
to  t h e  a t t a i n m e n t  of m a x i m u m  br igh tness .  T h u s  t h e  
m a x i m u m  in t race l Iu la r  concen t r a t ion ,  j u s t  a f te r  inj ection,  
was p r o b a b l y  in the  order  of 100 tzM or less. 

Results and discussion. A p h o t o m i c r o g r a p h  of a 
r e p r e s e n t a t i v e  o b s e rv a t i o n  t a k e n  1 mi n  a f te r  in j ec t ion  
in to  a r a t  v e n t r i c u l a r  cell is shown  in t h e  Figure.  The  dye  
is m o s t  c o n c e n t r a t e d  in  t h e  cell i n to  wh ich  i t  was  in jec ted ,  
an d  is d i s t i nc t ly  less c o n c e n t r a t e d  in l ong i tud ina l ly  
con t iguous  areas.  The  c o n c e n t r a t i o n  appea r s  to  fall off in  
a s tepwise  fashion,  i nd i ca t i ng  specific d i t fus ion bar r i e r s ;  
p r e sumab ly ,  b y  v i r t u e  of t h e i r  spa t i a l  d i s t r ibu t ion ,  these  
are t h e  i n t e r c a l a t e d  discs which  c o n s t i t u t e  t h e  in terce l lu-  
lar  boundar ies .  A l t h o u g h  t h e  dye  flows read i ly  f rom cell 
to  cell, i t  does n o t  flow in to  t h e  ex t race l lu la r  space  a t  
de t ec t ab l e  ra tes .  

Af te r  5 to  15 min,  d e p e n d i n g  upon  t h e  specific t issue, 
t h e  dye  diffused suff ic ient ly  t h a t  i t  could  no  longer  be  
de tec ted  even  in t h e  p r i m a r y  cell. Resu l t s  were cons i s t en t  
in all t i ssues  s tudied,  excep t  in  severa l  ra re  cases (out  of 
severa l  h u n d r e d  inject ions)  in t h e  i n t e r a t r i a l  sep ta l  
p r e p a r a t i o n  in which  the  dye  did  no t  diffuse app rec i ab ly  
ou t  of t h e  cell in to  wh ich  i t  was  in jected.  I n  such  cases, 
t h e  dyed  cell could  be  v isua l ized  easi ly for  more  t h a n  
60 min  a f t e r  in j ec t ion  w i t h  on ly  a g r ad u a l  loss of b r i g h t -  
ness. 

T h e  f low of f luorescein  ions (MW 331, n e g a t i v e l y  
charged)  f rom cell to  cell i nd ica tes  t h a t  t he re  are prefer-  
en t ia l ly  low res i s t ance  channe l s  connec t ing  a d j a c e n t  
m a m m a l i a n  m y o c a r d i a l  cells. A l t h o u g h  these  channe l s  
h a v e  n o t  been  localized w i t h  ce r t a in ty ,  p r o b a b l e  si tes are 
the  h e x a g o n a l  t ubes  wh ich  a p p e a r  to  connec t  con t iguous  
cells a t  t i le nexa l  a reas  ~, 6 of t h e  i n t e r c a l a t e d  discs. 

Since f luorescein ions pass  freely t h r o u g h  in te rce l lu la r  
channels ,  i t  is l ikely t h a t  ions of cons ide rab ly  lower 
molecu la r  we igh t  (e.g. po ta s s ium)  wil l  also pass.  I n d i r e c t  
ev idence  for th i s  has  been  o b t a i n e d  b y  WEIDMANN7 who 
obse rved  t h e  d i f fus ion of K 42 a long  v e n t r i c u l a r  bundles .  
P r e s u m a b l y ,  t h e  K+ ions f lowed t h r o u g h  t h e  i n t e r c a l a t e d  
discs. More recent ly ,  C14-1abelled t e t r a e t h y l a m m o n i u m  
b r o m i d e  (TEA) h a s  also been  s h o w n  to  diffuse a long  
v e n t r i c u l a r  b u n d l e s  s. 

Thus  t h e  low res i s t ance  in te rce l lu la r  connec t ions  
needed  for an  impul se  to  p r o p a g a t e  f rom cell to  cell b y  
local c i rcui t  (ionic) cu r r en t s  a p p e a r  to  exist .  F u r t h e r m o r e ,  
i t  seems l ike ly  t h a t  m e t a b o l i t e s  whose  molecu la r  we igh t  is 
less t h a n  or equa l  to  t h a t  of I tnorescein  m a y  also pass  
read i ly  f rom cell to  cell. 

Zusammen/assung. In  e inzelne Zellen y o n  K a n i n c h e n -  
u n d  R a t t e n h e r z e n  wurde  N a t r i u m f l u o r e s z i n  inj iz ier t ,  
wobei  der  Fa rbs to f f  d i r ek t  y o n  Zelle zu Zelle d i f fundier te ,  
abe r  n i c h t  merk l i ch  auf  den  E x t r a z e l l u l / i r r a u m  t ibe r t r i t t .  
D a r a u s  wi rd  gefolgert ,  dass  zwischen den  Myocardze l l en  
V e rb i n d u n g s w eg e  exis t ieren,  y o n  wo aus  Imp u l s e  wei ter-  
gele i te t  we rden  k6nnen .  
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Photomicrograph taken 1 min after microinjection of sodium fluores- 
cein into a rat ventrieular cell. The dye diffuses readily from ceil to cell 
but does not diffuse into the extracellular space at detectable rates. 
Length reference 50 [xm. 
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