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Fig. 2. Different forms of calcite concretions grown in vitro ( • 125). 
A), B) and C) calcite grown in gelatin gel system containing formal- 
dehyde; D) calcite grown in gelatin gel system in the absence of 
formaldehyde; E) individual cMcite crystals obtained with a 5-fold 
increase of calcium and carbonate iotas. 
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t h e  d a r k  a t  25 ~ for  30 days.  Calc ium c a r b o n a t e  o b t a i n e d  
f rom th i s  r eac t ion  was s epa ra t ed  f rom the  gel m e d i u m  
a n d  ident i f ied  phys ico -chemica l ly  as calci te  b y  i ts  solubil-  
i ty  in HC1, b y  IR- s p ee t ro s co p y  an d  b y  d i f f e ren t i a l  t h e r m a l  
analysis .  Compar i son  w i t h  k n o w n  calci te  c rys ta l s  pro- 
v ided  conf i rma t ion .  

The  microscopic  e x a m i n a t i o n  of calci te  in  polar ized  l igh t  
revea led  a n  e x t r a o r d i n a r y  a r c h i t e c t u r a l  bui ld up  of smal l  
d i sc re te  c rys ta l l i t es  of calcite.  F igure  2 shows t h e  t y p e  of 
concre t ions  o b t a i n e d  in t h e  gel sys tem.  A) an d  B) show 
' b a s k e t '  shaped,  an d  C) e l l ip t ica l  shaped  s t r u c t u r e s  
s imi la r  to  c e r t a i n  types  of coccol i ths  desc r ibed  in t he  
l i t e r a t u r e  7, w i t h  t h e  excep t ion  t h a t  these  fo rms  are  
larger  in  size ( ranging  f rom 100 to 400 ~m). If  fo rmalde-  
h y d e  was r emo v ed  f rom t h e  ge la t in  med i u m,  we o b t a i n e d  
forms s imi lar  to  some calcif ied t e s t s  r epo r t ed  i n  foramini -  
fera  species 7 (F igure  2, D). The  size of these  m i n e r a l  
depos i t s  p e r m i t t e d  de ta i led  s t u d y  of t h e  surface u n d e r  t he  
opt ica l  microscope an d  showed side b y  side agg rega t ion  of 
s ingle c rys ta l  uni ts .  I n  s epa ra t e  g r o w t h  ex p e r i men t s ,  
we s tud ied  t h e  effect  of h ighe r  c o n c e n t r a t i o n  of t he  
r eac t ing  ions. I t  was  found  t h a t ,  w h e n  t h e  c o n c e n t r a t i o n  
of b o t h  Calcium chlor ide  a n d  A m m o n i u m  c a r b o n a t e  was 
increased 5 t i m e s  to 50 m g / m l  for ca lc ium chlor ide  a n d  
32.5 m g / m l  for a m m o n i u m  ca rbona te ,  these  forms 
d i sappea red  comple te ly  an d  sepa ra te  depos i t s  of i nd iv idua l  
c rys ta l s  of calci te  were fo rmed  (Figure  2, E).  

W e  descr ibe  t h i s  f i nd ing  in v iew of ear l ier  repor t s  t h a t  
t h e  p r o d u c t i o n  of h igh ly  s t r u c t u r e d  calci te  b y  l iv ing  
organism7,  s m u s t  imp ly  some measures  of b iological  
control .  I n  v iew of these  in v i t r o  f indings ,  we feel t h a t  
t h e  f o r m a t i o n  of calci te  an d  i ts  concre t ions  in  n a t u r e  is no t  
d i rec t ly  con t ro l led  b y  t h e  cell. I t  is s imply  a chemica l  
e v e n t  d i c t a t e d  an d  governed  b y  b o t h  t h e  d i f fus ion 
k ine t ics  an d  t h e  e n v i r o n m e n t a l  condi t ions .  The  ge la t in  
s u b s t r a t e  descr ibed  in th i s  s t u d y  is h igh ly  i nvo lved  ill t h e  
calc i f icat ion process. I t  se rved  as a f avourab l e  organic  
m a t r i x  con t ro l l ing  nuc lea t ion ,  g rowth  a n d  o r i e n t a t i o n  of 
ca lc ium c a r b o n a t e  crystal l i tes .  The  p rope r  u n d e r s t a n d i n g  
of these  cond i t ions  will offer new poss ib i l i t ies  oi h o w a 
l iv ing  o rgan i sm m a n u f a c t u r e s  h a r d  s t r u c t u r e s  L 

Rdsumd. Des concr6t ions  de calci te  i d e n t i q u e s  ~ celles 
p rodu i t e s  p a r  des o rgan ismes  v i v a n t s  o n t  6t6 d6velopp4es  
dons  u n  gel de g61atine. La  m 6 t h o d e  d6cr i te  offre une  
ma t r i c e  o rgan ique  ad6qua t e  qui  p e r m e t  de contr61er la 
nucl6a t ion ,  la croissance et  l ' o r i e n t a t i o n  des c r i s t aux  de 
calci te  dons  ces s t ruc tu re s  organis6es.  
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Restorat ive  Effect of Cyclic AMP on the Bioelectric Processes  of Calc ium Deprived Ganglia 

I t  has  been  obse rved  t h a t  cyclic A M P  m a y  res tore  t h e  
exc i t ab i l i t y  of Ca2+-deprived ne rve  t i ssue  1-~. The  effects 
of cyclic A M P  on some bioelect r ic  processes of Ca ~+- 
dep r ived  gang l i a  of t he  cockroach  a n d  t he  frog h a v e  been  
a sce r t a ined  in t he  p re sen t  s t u d y  in  order  to  gain  some 
ins igh t  in to  the  m e c h a n i s m  of ac t ion  of cyclic AMP. The  
resul ts  seem to suggest  t h a t  one of t h e  molecula r  mech-  
an i sms  t h r o u g h  wh ich  cyclic A M P  m a y  res tore  t i ssue  
exc i t ab i l i ty  in genera t ion  of h y p e r p o l a r i z a t i o n  t h r o u g h  
p r o m o t i o n  of t r a n s m e m b r a n e  t r a n s p o r t  of Ca 2+. 

Methods. Bioelect r ic  processes h a v e  been  recorded 
f rom t h e  a b d o m i n a l  gangl ia  of t h e  cockroach  fol lowing 
t h e  m e t h o d s  of SPIRA et  al. ~ an d  t h e  p a r a v e r t e b r a l  
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s y m p a t h e t i c  chain of bullfrog following a combina t ion  5 
of prev ious ly  descr ibed m e t h o d s  s-s. The cockroach 
(Periplaneta americana) was p inned  down to  a waxed  
Pe t r i  dish. Two lateral  longi tudina l  incisions were made  
and the  dorsal  half  of the  an imal  ( together  wi th  t he  
intest ines)  was caut iously  removed,  leaving the  nerve  cord 
a t t a c h e d  to t he  ven t ra l  body  wall. The ganglion chain  wag 
freed and  was m o u n t e d  on wax  in a small  lucite chamber .  
F ine  copper -hook electrodes,  insula ted  except  a t  the  t ips,  
were inser ted  be tween  the  ganglia. Tile nerve  was s t imu-  
la ted  wi th  shor t  square  pulses (of 0.05 msec dura t ion)  
and  the  responses  were recorded by  the  aid of a Tek t ron ix  
561 t y p e  ca thode- ray  oscilloscope. The p repa ra t ion  was 
mois tened  wi th  the  ba th ing  solut ion descr ibed by  YAMA- 
SAKI and NARAHASHI 9, ei ther  con ta in ing  Ca 2+, or t he  Ca ~+ 
was s u b s t i t u t e d  by  Na+. Cyclic AMP was dissolved in the  
Ca2+-free ba th ing  solution.  (Method of in t racel lular  
recordings  was the  same as descr ibed for t he  frog.) 

The pa rave r t eb ra l  s y m p a t h e t i c  chain  of t he  bullfrog 
was suspended  in a luci te  chambe r  5 des igned by  RIKER s. 
The 6th r amus  communicans  (containing only B fibres) 
was s t imu la t ed  by  square  pulses  (of 0.05 msec durat ion)  
t h rough  fine copper -hook electrodes.  The 10th spinal  
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Fig. 1. Reversal of inhibition due to Ca 2+ deprivation by cyclic AMP 
(intracellular recording). A) Abdominal ganglion of cockroach 
(a representative record taken from 100 experiments). 1.Postsynaptie 
spike generated by presynaptic stimulation (controls). 2. Immersion 
in Ca~+-free bathing solution. 3. Immersion in cyclic AMP (1 x 10 -~ 
M) dissolved in Ca2+-frec bathing solution. B) 1. Same as A1-2. 
Same as A2-3. Immersion in Ca z+ containing bathing fluid. C) 
Sympathetic ganglion of frog (a representative record taken from 
120 experiments). 1, Same as 1A-2. Same as A2-3. Same as A3. 
D) 1. Same as C1-2. Same as C2-3. Same as B3. E) 1. Same as 
D1-2. Same as D2-3. Intracellular microinjection of cyclic AMP. 

nerve was used as the  p o s t s y n a p t i c  neuron.  Bioelectr ic  
processes were recorded t h ro u g h  int racel lu lar  glass 
microelec t rodes  (0.5 ~m t ip  d iameter ,  f rom 10 to  20 Mr2 
t ip  resistance),  filled wi th  3 M KC1. The ba th ing  fluid 5 
e i ther  conta ined  Ca ~+, or the  Ca 2+ was subs t i tu t ed  by  
Na+. Cyclic AMP (Sigma Chemical  Co.) was dissolved in 
Ca2+-free ba th ing  solution. In t racel lu lar  microinjec t ions  
were given by  the  combined  use of pressure  and 
electrophoresis  ~0. To measure  m e m b r a n e  poten t ia l s  pulses 
of cons t an t  cur ren t  were del ivered t h ro u g h  the  recording 
microelec t rode  f rom a br idge a r r a n g e m e n t  n,  n The elec- 
tr ic cons tan t s  of the  res t ing pos t synap t i c  m e m b r a n e  were 
measured  by  apply ing  depolar iz ing and hyperpola r iz ing  
square pulses of var ious  intensi t ies  t h ro u g h  the  in t ra -  
cellular recording electrodes.  5 • 10 -~~ A appl ied  cur ren t  
usually genera ted  depolar iz ing and hyperpolar iz ing  
po ten t i a l s  of a s imilar  magn i tude  and  t ime  course 5. The 
in t ens i ty  of p resynap t i c  s t imul i  t h a t  genera ted  a compar -  
able spike ampl i tude  for a t  least  5 rain when  appl ied 
wi th  1/see f requency  was ascer tained.  Thereaf ter ,  the  
p repara t ions  were immersed  into Ca2+-free ba th ing  fluid, 
changing the  fluid unt i l  the  above descr ibed in tens i ty  of 
p resynap t i c  s t imul i  failed to  elicit pos t synap t i c  spikes for 
several  minutes .  Thereafter ,  the  ba th ing  fluid was e i ther  
changed  to  one conta in ing  cyclic AMP in var ious  
concent ra t ions ,  or to  a fluid wi th  normal  Ca e+ content ,  or 
r emained  in the  Cae+-free b a t h i n g  fluid and  cyclic AMP 
was admin is te red  by  intracellular  microinject ions.  The 
effects of t he  above descr ibed p re synap t i c  s t imul i  on 
spike fo rmat ion  were t e s t ed  in the  various prepara t ions .  

The effects of cyclic AMP on the  ac t iv i ty  of diphos-  
phoinos i t ide  kinase 5,~a and on Ca 2+ t r a n s p o r t  14-n have  
also been s tudied  in v i t ro  ob ta in ing  essent ial ly  similar  
results  is, ~ 

Results.  Immers ion  into the  Ca2+-free ba th ing  fluid of- 
ten  increased for a few minu te s  t he  exc i tab i l i ty  of the  
pos t synap t i c  neuron bo th  in the  cockroach and in the  
frog. W i t h i n  a few minu te s  spike fo rmat ion  s topped.  
Re immers ion  of t he  two types  of ganglia into ei ther  a) 
Ca ~+ conta ining ba th ing  fluid, b) Ca~+-free ba th ing  fluid 
conta in ing  cyclic AMP in var ious  concentra t ions ,  or c) 
mtrace l lu la r  microin jec t ions  of cyclic A M P  in increasing 
concen t ra t ions  (s tar t ing wi th  1 nm) resul ted  in a gradual  
recovery  of spike fo rma t ion  (Figure 1). Cyclic AMP in 
concen t ra t ion  of 1 • 10 -~ (or -a) s ignif icant ly  decreased 
b o t h  the  la tency  of the  reversa l  by  Ca 2+ and  the  a m o u n t  
of Ca ~+ t h a t  was requi red  to  reverse the  inh ib i t ion  of 
spike format ion.  Immers ion  into a Ca~+-free b a t h i n g  fluid 
conta in ing  cyclic AMP in a m o u n t s  of 1 • 10 -s M sufficed 
to  reverse  t he  inhibi t ion.  
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Fig. 2. Effect of phosphorylation of diphosphoinositide to tri- 
phosphoinositide on ligand charge and on Binding of Ca e+. Ligand 
charge: increases about 25% at pH 7. Ca ~+ bindign: increases about 
70% at pH 7. 
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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 


