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Resting membrane potential measurements (frog) 
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Procedure No. of experiments Resting membrane potential ~ S.E. 

Control 100 -- 65 -t- 1.7 (critical potential -- 39 + 2.0) 
Ca2+-free 98 -- 36 • 1.9 
Cyclic AMP (1 • 10 6 M) 33 -- 59 ~ 2.3 
Cyclic AMP (injection) 33 -- 63 ~ 3.7 
Ca 2+ containing bathing solution 33 -- 66 q- 2.9 

P rev ious  researchers3  a s sumed  t h a t  cyclic A M P  
res tores  spike f o r m a t i o n  b y  increas ing  t he  release of 
ace ty lcho] ine  f rom t he  p r e s y n a p t i c  neurons .  I t  occurred,  
therefore ,  to  a sce r t a in  w h e t h e r  cyclic A M P  has  a n y  
d i rec t  effect  on t he  p o s t s y n a p t i c  neuron .  The  observed  
effects of cyclic A M P  on the  res t ing  p o t e n t i a l  of t he  
p o s t s y n a p t i c  n e u r o n  of the  bul l f rog  i m m e r s e d  in Ca2+-free 
b a t h i n g  so lu t ion  h a v e  been  s u m m a r i z e d  in the  Table.  The  
res t ing  m e m b r a n e  p o t e n t i a l  of the  neu rons  w i t h  n o r m a l  
Ca ~+ conten~ ave raged  - -65 mV. I m m e r s i o n  in to  Ca ~+- 
free b a t h i n g  fluid reduced  t he  res t ing  m e m b r a n e  po ten t i a l ,  
and  t h u s  increased t he  exc i t ab i l i t y  of t he  p o s t s y n a p t i c  
n e u r o n  a t  first.  W h e n  t he  res t ing  p o t e n t i a l  passed  t he  
cr i t ical  p o t e n t i a l  for spike f o r m a t i o n  (average of - -39 
mV), p o s t s y n a p t i c  sp ik ing  s topped.  Cyclic A M P  (by 
in t r ace l lu la r  micro in jec t ions ,  or added  to Ca2+-free 
b a t h i n g  fluid) g radua l ly  decreased the  res t ing  m e m b r a n e  
po ten t ia l .  Sp ik ing  recur red  as soon as - -39 m V  was reach-  
ed. These  resul t s  suggest  t h a t  cyclic A M P  res tores  t he  
exc i t ab i l i t y  of Ca ~+ depr ived  p o s t s y n a p t i c  n e u r o n  b y  a 
d i rec t  ac t ion  on the  p o s t s y n a p t i c  m e m b r a n e .  

I n  v i t ro  b iochemica l  e x p e r i m e n t s  conf i rmed  pre-  
v iously  r epo r t ed  resul t s  a b o u t  t he  increase  14, ls of Ca"+- 
b in d ing  a n d  l igand charge  b y  p h o s p h o r y l a t i o n  of di- 
phospho inos i t ide  to  t r i phos pho i nos i t i de  due  to  added  
d iphospho inos i t ide -k inase  (Figure 2)19. Also, cyclic A M P  
ac t i va t e s  d iphospho inos i t ide  kinaseS, l~, 20. B y  b ind ing  
to cyclic AMP, the  r egu la to ry  s u b u n i t  of d iphospho ino -  
s i t ide  k inase  releases the  ca ta ly t i c  s u b u n i t  to  p h o s p h o r y -  
la te  d iphospho inos i t i de  to  t r iphospho inos i t ide .  

Discussion. The  resul t s  suggest  t h a t  t h e  i n h i b i t i o n  of 
p o s t s y n a p t i c  sp ik ing  du r ing  d e p r i v a t i o n  of Ca ~+ is due 
to  r i s ing  t he  m e m b r a n e  res t ing  p o t e n t i a l  be tween  0 a n d  
- -39  inV. The  reversa l  of t h i s  i nh ib i t i on  m a y  resu l t  f rom 
h y p e r p o l a r i z a t i o n  due  to r e i m m er s i on  in to  Ca 2+ or to  
added  cyclic AMP. The  recur rence  of spike f o r m a t i o n  
m a y  also resu l t  f rom increased  p r e s y n a p t i c  release of 
ace ty lcho l ine  due  to cyclic A M P  3, 21-~4. 

One of t he  molecu la r  m e c h a n i s m s  t h r o u g h  wh ich  cyclic 
A M P  m a y  genera te  m e m b r a n e  h y p e r p o l a r i z a t i o n  w i t h  
a sho r t  l a t ency  has  a l ready  been  ident i f ied  ~,1~ Cyclic 
A M P  m a y  use t he  r egu la to ry  s u b u n i t  of d iphospho inos i t i -  
de k inase  ~, ~3 as one of i ts  p o s t s y n a p t i c  receptors .  W h e n  

b o u n d  to  cyclic A M P  the  r egu la to ry  s u b u n i t  releases t he  
ca t a ly t i c  one to  p h o s p h o r y l a t e  d iphospho inos i t i de  to  
t r iphospho inos i t ide .  This  process resu l t s  in a q u a n t i t a -  
t i ve ly  p r e d e t e r m i n e d  increase  of m e m b r a n e - b o u n d  Ca ~+ 
and  l igand charge  5,1~, ls, s0. These  changes  suffice to  a l t e r  
the  m e m b r a n e  p o t e n t i a l  to  h y p e r p o l a r i z a t i o n  5, 25-~9 

Zusammen/assung.  Ca2+-Entzug h e m m t  die B i l dung  
yon  Spikes  in p o s t s y n a p t i s c h e n  Neuronen ,  v e r m u t l i c h  
d u r c h  A n d e r u n g  des Ruhepo t en t i a l s .  Die H e r n m u n g  wird  
au fgehoben  d u r c h  Zugabe  yon  zyk l i schem A M P  oder  
Ca 2+. Diese B e o b a c h t u n g  k 6 n n t e  d u r c h  H y p e r p o l a r i s a t i o n  
der  p o s t s y n a p t i s c h e n  M e m b r a n  und  Z u n a h m e  der  prae-  
s y n a p t i s c h e n  Aze ty l cho l in -F re i se t zung  eine Erkl /~rung 
f inden.  
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O n c o r n a v i r u s  R e l e a s e d  f r o m  L o n ~ - T e r m  C u l t u r e s  of  H u m a n  L e u k e m i c  Ce l l s  

Several  a t t e m p t s  h a v e  been  m a d e  to d e m o n s t r a t e  t he  
presence  of oncornav i ruses  in  h u m a n  leukemic  mater ia l s ,  
b o t h  morpholog ica l ly  1-3 and  b iochemica l ly  4,5, or b y  
c o m b i n a t i o n  of b o t h  m e t h o d s  6-8. A l t h o u g h  oncornav i ruses  
were revea led  in t h e  cu l tu res  tes ted ,  no  c o n t i n u o u s  cell 
l ines  were o b t a i n e d  b y  t he  au thors ,  excep t  of J96  cell 
line, t h a t ,  however ,  has  been  suspec ted  to  be c o n t a m i n a t e d  

w i t h  H e L a  cells u p roduc ing  Mason-Pf izer - l ike  v i rus  1~ 
Therefore ,  b a s i n g  on our  p rev ious  observa t ions2 ,  s, we 
a t t e m p t e d  to o b t a i n  cell sys tems  p e r m a n e n t l y  p roduc ing  
o n c o r n a v i r u s  t y p e  C f rom h u m a n  leukemic  cells11. 

Materials and methods. Hepar in i zed  b lood samples  were 
t a k e n  f rom p a t i e n t s  w i t h  va r ious  fo rms  of leukemia .  Cell 
suspension,  6-7  mil l ion cel ls /ml was grown in m e d i u m  199 
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Fig. 1. Electron micrographs of particIes present in a primary leuko- 
cyte culture from a leukemic patient (A) and in human  embryo 
fibroblasts inoculated with the virus from the previously shown 
leukocyte cultures after at the first (B) and sixth (C) passages. 
bt = btm. 
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Fig. 2. Isolation of particles from culture medium of a primary 
leukocyte culture of a leukemic patient (A), from the culture of 
human embryo fibroblasts inoculated with the virus from the leuko- 
cyte culture (B) treated (1) and non-treated (2) with actinomycin D 
(0.5 btg/ml), and from the non-inoculated culture of human embryo 
fibroblasts (C). 

w i t h  10% b o v i n e  serum.  The  m e d i u m  was changed  every  
5-7 days.  U l t r a t h i n  sect ions  of the  cells were s tud ied  in a n  
e lec t ron  microscope.  One C-par t ic le  pos i t ive  l eukocy te  
cu l tu re  was selected for f u r t h e r  s tudy .  The  cu l tu re  m e d i u m  
f rom i t  was  clar i f ied a n d  added  (1:5) to  a m o n o l a y e r  of 
p r i m a r y  cu l tu re  of h u m a n  e m b r y o  f ib rob las t s  g rown in 
Eag le ' s  med ium.  R e i m p l a n t a t i o n  of h u m a n  e m b r y o  
f ib rob las t s  were m a d e  eve ry  5-7 days.  

The  fol lowing c r i te r ia  were used for r evea l ing  oncorna -  
v i rus  in t he  cu l tu re  t e s t ed :  e lec t ron  mic roscopy  of u l t r a -  
t h i n  sect ions  of t he  cells, t h e  presence  of par t ic les  w i t h  t he  
dens i t y  of 1.16 g/ml,  t h e  presence  of h igh  molecu la r  we igh t  
(60-70 S) R N A  a n d  reverse  t r a n s c r i p t a s e  in  the  par t ic les .  
The  t echn iques  of i so la t ion  of onco rnav i ruses  f rom t issue  
cul tures ,  a n d  of s t u d y  of t h e i r  b iophys ica l  and  b iochemica l  
proper t ies ,  are  descr ibed in de ta i l  e lsewhere 6. 

Results  and discussion. Figure  1 p re sen t s  e lec t ron  micro-  
g raphs  of v i rus  par t ic les  revea led  in p r i m a r y  leucocyte  
cu l tu re  f rom a l eukemic  p a t i e n t  a n d  in h u m a n  e m b r y o  
f i b r o b l a s t  cu l tu re  inocu la ted  w i t h  t h e  m a t e r i a l  f rom 
leukocytes .  I t  is seen t h a t  b o t h  t he  p r i m a r y  cu l tu re  a n d  
t he  seconda ry  cu l tu re  c o n t a i n  C- type  par t ic les  cha rac t e r -  
is t ic  for oncornav i ruses .  No such  par t ic les  were found  in 
con t ro l  cu l tu re  of h u m a n  e m b r y o  f ib rob la s t s  f rom the  
same source, no t  inocu la ted  w i t h  t he  m a t e r i a l  f rom leuke- 
mic  leucocytes .  

The  cu l tu re  of h u m a n  e m b r y o  f ib rob las t s  p r o d u c i n g  
C- type  par t ic les  was label led  w i t h  aH-ur idine ,  t he  v i rus  
was s e d i m e n t e d  f rom the  cu l tu re  m e d i u m  a n d  ana lyzed  
b y  equ i l ib r ium cen t r i f uga t i on  6 in sucrose dens i t y  g rad ien t s  
(Figure  2). I t  is seen t h a t  par t ic les  are re leased f rom the  
cells in to  cu l tu re  m e d i u m  b a n d  a t  t h e  dens i ty  of 1.16 g /ml  
(Figures 2A a n d  B). No par t ic les  of th i s  k ind  are p roduced  
b y  t he  cu l tu re  t r e a t e d  w i t h  a c t i n o m y c i n  D (Figure 2B) 
and  b y  t he  control ,  non - inocu l a t ed  cu l tu re  (Figure 2C). 

R N A  was e x t r a c t e d  f rom par t ic les  w i t h  the  dens i t y  of 
1.16 g /ml  a n d  ana lyzed  b y  ve loc i ty  c e n t r i f u g a t i o n  6 in 
sucrose dens i t y  g rad ien ts .  F igure  3 shows t h a t  t h e  par t ic les  
con ta in  h igh  molecu la r  we igh t  (70S) R N A  t h a t  i s  char-  
ac te r i s t ic  for oncornav i ruses .  

The  cu l tu re  of h u m a n  diploid  ceils inocu la ted  w i t h  t he  
v i rus  f rom the  l eukocy te  cu l tu re  was assayed  for t he  
presence  of reverse  t r a n s c r i p t a s e  r eac t ion  associa ted  w i t h  
70S IRNA 12. I t  is seen f rom Figure  4 A  t h a t  s h o r t - t e r m  
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Fig. 3. Sedimentogram of 3H-labelled RNA extracted from particles 
with the density of 1.16 g/ml produced by the culture of human 
embryo fibrobIasts. The position of the marker 50S p82 labelled 
Sendai virus RNA is shown by the arrow. 
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Fig. 4. Sedimentogram of 70S RNA labelled with small fragnlents of 
newly synthesized DNA from the culture of human embryo fibro- 
blasts inoculated with the virus from the leukocyte culture (A) and of 
RNA from the non-inoculated culture (B). 

reac t ion  reveals  h i g h m o l e c u l a r  weights  R N A  labeled 
wi th  small  f r agmen t s  of newly  syngthes ized  D N A  in the  
culture,  while such s t ruc tures  are absen t  in non- inocu la ted  
h u m a n  diploid cells (Figure 4). 

Our da t a  no t  only  conf i rm previous  obse rva t ions  on 
presence  of C-part icles in leukemic leukocyte  cultures,  b u t  
also show the  poss ib i l i ty  of t r a n s m i t t i n g  the  virus  to  
h u m a n  diploid cells. This  opens the  way  for a b roader  
s t u d y  of the  virus,  because  the  h u m a n  diploid  ceils pro-  
v ide  a large-scale p roduc t ion  of the  virus  necessary  for 
immunologica l  and molecular-biological  studies.  

13 The D.I. Ivanovsky Institute of Virology, Gamaleya Street 76, 
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Latenc ie s  in a T h e r m o s e n s i t i v e  P a t h w a y  

In  mammals ,  mos t  skin 'wa rm '  receptors  and  some 
skin 'cold '  receptors  are inne rva ted  per iphera l ly  by  
unmye l ina t ed  C fibres 1 b u t  it  is no t  known  w h a t  types  
of f ibre are involved in the  cent ra l  pro jec t ions  f rom these  
receptors .  Some m e a s u r e m e n t s  have  been made  in t he  
ca t  of conduc t ion  velocit ies in a p a t h w a y  leading to  
tha lamic  cells which respond  to skin hea t ing  ~. The 
response  was conduc ted  p r e d o m i n a n t l y  by  A d fibres bu t  
the  p a t h w a y  in ques t ion  was no t  specifically the rmosen-  
si t ive because the  t ha l amic  cells r e sponded  to  b o t h  
the rma l  and mechanica l  s t imula t ion  of t he  skin. 

We  have  now measured  latencies  a t  uni ts  in the  e n t r y  
zone of the  dorsal  horn  and  the  re lay nucleus in the  
ven t robasa l  t ha l amus  in a specif ical ly the rmosens i t ive  

p a t h w a y  pro jec t ing  f rom the  sc ro tum to the  somatosen-  
sory cor tex of the  rat.  We used a r e f inement  8 of the  
m e t h o d  suggested by  MARTIN and 1V[ANNING 4 in which  
the  t he rma l  receptors  are s t imula ted  by  the  hea t  of a 
pho tograph ic  flash. Ra t s  were anaes the t i zed  w i t h  
ure thane .  A r ing-shaped  xenon  discharge  tube,  r a t ed  a t  
1 k J, was m o u n t e d  100 m m  from the  shaved  scrotal  skin. 
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r H. F. ~V~ARTIN and J. W. MA~I~O, Brain Res. 76, 524 (1969). 


