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Results. U n d e r  c o m p a r a b l e  condi t ions ,  t he  t u m o u r  
t i ssue  ex t r ac t s  h a d  lX/2 to 2 t i m e s  t he  p r o t e i n  c o n t e n t  of 
t he  n o r m a l  t i ssue  ex t rac t s .  The  disc e lec t rophore t i c  
ana lys i s  revea led  t he  dif ference to  be  m a i n l y  a q u a n t i t a -  
t i ve  one, m o s t l y  in t he  s u p e r n a t a n t s  a t  20,000 g (Figure 1). 
The  specific a c t i v i t y  of t he  t u r n o u t  t i ssue  isocitr ic  
dehydrogenase  was a b o u t  twice  t h a t  of t h e  n o r m a l  t issue.  
S imi lar  resu l t s  were also o b t a i n e d  in t he  disc e lec t ropho-  
re t ic  analysis .  The  isocitr ic  dehyd rogenase  h a d  a well  
def ined pI-I o p t i m u m  of 7.6, whi le  cons i s t en t ly  h igher  
a c t i v i t y  over  t he  p H  r ange  7.2-9.2 was o b t a i n e d  for t he  
t u r n o u t  t issue.  The  b u l k  of t he  isoci tr ic  dehyd rogenase  
ac t i v i t y  in b o t h  t he  t i ssues  was localized in the  superna -  
t a u t  a t  20,000 g. There  was a n  i m p o r t a n t  q u a l i t a t i v e  
dif ference be tween  t he  2 t i ssues  w i t h  respec t  to  t h e  
pe rox idase  isozymes (Figure 2.) This  was  f u r t h e r  con- 
f i rmed  b y  t he  p H  o p t i m a  for pe rox idase ;  be ing  5.2, 6.0 
and  7.2 for the  n o r m a l  t i ssue  a n d  5.2 a n d  6.4 for the  
t u m o u r  t issue. 

Discussion. The  h igher  isoci tr ic  dehyd rogenase  a c t i v i t y  
in t he  t u r n o u t  t i ssue  is qu i te  s igni f icant ,  as MAINI, 
SRIVASTAVA a n d  ]~AMAKRISHNAN 15 r epo r t ed  an  N A n  
(NADP)  g lycohydro lase  in t he  same  t issue.  

The  p r e sen t  i nves t i ga t i on  ha s  d e m o n s t r a t e d  q u a n t i t a -  
t i ve  (pro te in  and  -isocitr ic dehydrogenase )  as well  as 
q u a l i t a t i v e  (peroxidase)  differences  be t w een  t he  n o r m a l  
and  t h e  t u r n o u t  t i ssue  of Rumex acetosa m a i n t a i n e d  in 
vi t ro .  The  t u m o u r  specific cha rac te r i s t i c s  are found  to  be 
t r an s f e r r ed  to t he  successive subcu l tu re s  of t he  t i ssue  

indef in i te ly ,  and  can  be  exp la ined  b y  t he  in i t ia l  f ixa t ion  
of t he  i n f o r m a t i o n  of t he  double  s t r a n d e d  v i ra l  genome in 
t he  rep l i ca t ive  D N A  b y  t he  reverse  t r a n s c r i p t a s e  mecha-  
n i sm  ~ wh ich  is t r an s f e r r ed  to t he  d a u g h t e r  ceils v i a  t he  
d a u g h t e r  D N A  and  expressed  as p ro t e in  or i sozyme 
charac te r i s t i c s  even  in t h e  absence  of t he  or ig ina l  v i rus  4, ~, 
as obse rved  in t he  p r e sen t  inves t iga t ions .  

Zusammen/assung. Es  werden  q u a n t i t a t i v e  u n d  qual i -  
t a t i v e  tumorspez i f i sche  Merkmale  von  Rumex aeetosa 
Geweben  h ins i ch t l i ch  P r o t e i n g e h a l t  u n d  E i g e n s c h a f t e n  
der  N A D P - a b h ~ n g i g e n  I s o c i t r a t d e h y d r o g e n a s e  u n d  der  
P e r o x y d a s - I s o e n z y m e  beschr ieben .  Das  W e i t e r b e s t e h e n  
dieser  Merkmale  in den  in v i t r o  k u l t i v i e r t e n  T u m o r e n  
n a c h  V e r s c h w i n d e n  des Er rege r -Vi rus  wi rd  auf  die Akt iv i -  
t h t  e iner  r eve r sen  T r a n s k r i p t a s e  zur i ickgefi ihr t .  
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Depolarization by Acetylcholine (ACH Activation 

I n  chol inergie  synapses ,  ace ty lcho l ine  (ACH) genera tes  
p o s t s y n a p t i c  depo la r i za t ion  b y  f i rs t  i o r m i n g  a complex  
w i th  i ts  specific recep tor  loca ted  a t  t he  p o s t s y n a p t i c  
m e m b r a n e .  D u r i n g  th i s  complex  f o r m a t i o n  th i s  specific 
recep tor  acquires  t he  ab i l i ty  to  i n i t i a t e  t he  processes  t h a t  
are needed  for t he  execu t ion  of p o s t s y n a p t i c  depolar iza-  
t ion.  The  p o s t s y n a p t i c  n ico t in ic  r ecep to r  is the  one invol-  
ved  in gene ra t ion  of fas t  b ioelec t r ic  processes  1-~, I n  in  
v i t ro  b iochemica l  expe r i m en t s  t h i s  n ico t in ic  recep tor  was  
ident i f ied  as t he  r egu la to ry  s u b u n i t  of t r i phospho inos i t i de  
p h o s p h o m o n o e s t e r a s e  (TPIPM)  5. On c o m b i n i n g  w i t h  
ACH, th i s  r egu la to ry  s u b u n i t  of T P I P M  ceases to  i n h i b i t  
t he  e n z y m a t i c  ac t i v i t y  of the  ca t a ly t i c  s u b u n i t  of T P I P M  
and  t r i phospho inos i t i d e  (TPI)  becomes  d e p h o s p h o r y l a t e d  
to d iphospho inos i t i de  (DPI) .  Th i s  process  in i t i a tes  
molecula r  r eac t ions  t h a t  con t ro l  t he  local  electr ic  f ields 
t owards  depolar iza t ion .  The  v a l i d i t y  of t he  a s s u m p t i o n  
t h a t  p a r t  of T P I P M  func t ions  as t he  specific n ico t in ic  
recep tor  of ACH a t  the  p o s t s y n a p t i c  m e m b r a n e  was here  
t e s t ed  in v ivo  e x p e r i m e n t s  

Methods. The  p o s t s y n a p t i c  bioelect r ic  processes  of t he  
super ior  cervical  gangl ion  of t he  rabbi tS ,  7 were recorded  
w i t h  glass microe lec t rodes  (0.5 ~m t i p  d iamete r ,  10 mega-  
o h m  t ip  res is tance,  filled w i t h  4 M  K ci t ra te) ,  on a dua l  
b e a m  oscilloscope us ing  a c a t hode  r a y  follower. Tile 
p r e s y n a p t i c  n e u r o n  was s t i m u l a t e d  b y  c o n s t a n t  vo l tage  
r ec t angu l a r  pulses ( f requency l / ra in)  t h r o u g h  p l a t i n u m  
wire electrodes.  A t  t imes  hype rpo la r i z ing  cu r r en t s  were 
g iven  t h r o u g h  t he  in t r ace l lu la r  microelect rodes .  I n t r a -  
p o s t s y n a p t i c  mic ro in jec t ions  were g iven  b y  c o m b i n i n g  
pressure  w i t h  ion tophores i s  (40 n A  for 3-30 msec)s.  The  
in jec ted  ACt t ,  no rep inephr ine ,  a n d  D- tubocura r ine  
(DMTC) were commerc ia l ly  ob ta ined ,  t h e  s u b u n i t s  of 
T P I P M  were p r e p a r e d  b y  t he  m e t h o d  descr ibed  b y  
TORDA 5. 1 U of t he  ca t a ly t i c  s u b u n i t  was  a r b i t r a r i l y  chosen  

of Triphosphoinositide Phosphomonoesterase) 

as t he  a m o u n t  of e n z y m e  t h a t  y ie lded 1 ng  inorganic  
P/rain. 1/2 u of t he  r egu la to ry  s u b u n i t  caused 50% inh ib i -  
t i on  if i n c u b a t e d  t oge the r  w i t h  1 U of t he  ca ta ly t i c  sub-  
uni t .  The  s u b u n i t s  were in jec ted  in increas ing  a m o u n t s  
u n t i l  b ioelec t r ic  changes  were observed.  Less t h a n  5 U 
a lways  sufficed. Spon t aneous  r ecovery  a lways  occurred  in 
less t h a n  30 rain.  

Results. N e a r - s y n a p t i c  n l ic ro in jec t ions  of t he  ca ta ly t i c  
s u b u n i t  gene ra t ed  p o s t s y n a p t i c  bioelect r ic  processes 
(Figure) t h a t  were c o m p a r a b l e  to  t he  effects of ACH 
(endogenous or exogenous) .  The  endogenous  ACH was 
released du r ing  p resynap t i c '  s t imu la t ion ,  t he  exogenous  
was de l ivered  b y  n e a r - s y n a p t i c  micro in jec t ions .  1. The  
re s t ing  m e m b r a n e  res i s tance  (aver. of 80 zE 1.8 mV) 
decreased in presence  of s u b t h r e s h o l d  a m o u n t s  of ACH Or 
ca t a ly t i c  subun i t .  I n  b o t h  ins t ances  t he  equ i l ib r ium 
(reversal) p o t e n t i a l  ave raged  - -7  mV.  P o s t s y n a p t i c  
E P S P  a n d  sp ik ing  did  resemble .  The  average  l a t ency  of 
EPS t?  was 2.8 • 1.2 msec. The  E P S P  reached  its s u m m i t  
(23 -4- 2.4 mV) in an  ave rage  of 4.4 ~z 1.3 msec. The  decay  
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a p p r o x i m a t e d  an  e x p o n e n t i a l  curve,  w i t h  a t i m e  c o n s t a n t  
a v e r a g i n g  14.3 • 1.8 msec.  Depo la r i za t ion  was  comple t e d  
in less t h a n  30 msec,  and  was  no t  fol lowed b y  an  af ter-  
po ten t ia l .  S u b t h r e s h o l d  s t i m u l i  gene ra t ed  E P S P  wi th  a 
h e i g h t  below 23 mV.  T h e  t h r e s h o l d  for spike  gene ra t i on  
ave rag ed  23 -4- 2.1 inV. T h e  sp ike  h e i g h t  ave raged  
100 ~ 2.6 mV,  t h e  o ve r shoo t  ave raged  13 mV.  P e a k  was  
reached  in 3 msec,  t h e  l e n g t h  ave r aged  6.1 -k 1.2 msec,  a nd  
was  followed b y  an  a f t e rpo t en t i a l  (average h e i g h t  of 5 mV).  
The  p o s t s y n a p t i c  effects  of s u b t h r e s h o l d  c o n c e n t r a t i o n s  
of A C H  an d  t h e  ca t a ly t i c  s u b u n i t  were addi t ive .  I n h i b i t i o n  
of T P I P M - a c t i v i t y  (e.g. b y  mic ro in j ec t ions  of t he  regul-  
a t o r y  su b u n i t )  decreased  t h e  p o s t s y n a p t i c  effect  of e i ther  
of t h e  2 agen ts .  Th i s  i nh ib i t i on  seemed  to resu l t  f rom a 
decreased  a c t i v i t y  of t he  n ico t in ic  receptor ,  s ince t he  
r e g u l a t o r y  s u b u n i t  did no t  s eem to  affect  the  effects  of 
hype rp o l a r i z i n g  ag en t s  (e.g. in t r ace l lu la r ly  de l ivered  
hype rp o l a r i z i n g  cur ren t ,  no rep inephr ine )  or m u s c a r i n i c  
recep tors  (B f ibers  lack t hem) .  
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Effect of various procedures on postsynaptic bioeleetric processes. 
Column I : Additive effects of subthreshold stimuli (catalytic subunit 
and presynaptic pulse). Row 1: Control: Postsynaptic response to 
presynaptie supramaximal pulse. Arrow: Gradual decrease of 
stimulus intensity. Rows 2 and 3 : Decrease of postsynaptic response. 
Full arrow: Near-synaptic injection of subthreshold amount of 
catalytic subunit. Row 4: Full postsynaptic depolarization. The 
additive effect suggests that the 2 types of stimuli had a cooperative 
effect on the same postsynaptie process, e.g. subthreshold amounts of 
catalytic subunit of TPIPM, together with the amount of activated 
TPIPI~{ through the endogenous acetylcholine (released by the pre- 
synaptic pulse) sufficed to evoke a spike.-  Column II: Postsynaptie 
depolarization generated by the catalytic subunit of TPIPM. Row 1 : 
Control (Same as Column 1, Row 1). Full arrow: Suspension of 
presynaptic stimuli, injection of catalytic subunit. Rows 2M: 
Increasing postsynaptie depolarization occurred (less than 5 U 
sufficed for full depolarization and spike formation). Column III: 
Inhibition by regulatory subunit of postsynaptic depolarization 
generated by the catalytic subunit of TPIPM. Row 1: Full ar- 
row: Depolarization by injected catalytic subunit. Double arrow: 
Injection of regulatory subunit of TPIPM. Row 2 and 3: Inhib- 
ition of postsynaptic depolarization. Dotted line: 30 min re- 
covery period. Full arrow: Injection of onIy the catalytic subunit 
of TPIPM. Row 4: Full postsynaptic depolarization, suggesting that 
the lack of response in rows 3 and 4 was not due to deterioration of 
the neuron. - Column IV: Inhibition by the regulatory subunit of 
postsynaptie depolarization generated by presynaptic supramaximal 
pulse. Row 1: Control (Same as Column I, Row 1). Double arrow: 
Injection of regulatory subunit of TPIPM. Rows 2 and 3: Inhibition 
of postsynaptic depolarization. Dotted line: 30 min recovery period. 
Row 4: Full postsynaptic depolarization. Column V: Effects of 
catalytic subunit and presynaptic pulse (endogenous acetylcholine) 
in curarized synapse on postsynaptic neuron. Row 1 : Control (Same 
as Column I, Row 1). Triple arrow: Onset of injections of n-tubo- 
curarine. Rows 2 and 3: Synaptie block. Full arrow: Injection of 
catalytic subunit of TPIPM. Row 4: Full postsynaptic depolariza- 
tion. (It seems that the catalytic subunit supplied to the postsynaptic 
membrane the factor that was not produced in the eurarized post- 
synaptic membrane (see text)). 

D M T C  blocked the  effects  of ACH,  no t  t hose  of the  
ca ta ly t i c  subun i t .  Th i s  di f ference p r o b a b l y  r e su l t ed  f rom 
the  fol lowing m e c h a n i s m :  P o s t y n a p t i c  depo la r iza t ion  
seems  to de pe nd  on a c t i v a t i o n  of t he  ca t a ly t i c  s u b u n i t  
du r ing  c omple x  f o r m a t i o n  of A C H  a n d  receptor .  Th i s  is 
p r e v e n t e d  because :  D M T C  ha s  a g rea te r  a f f in i ty  to  the  
c o m m o n  receptor  t h a n  ACH,  a nd  2. On  f o r m a t i o n  of a 
DMTC-recep to r  ( regula tory  subun i t )  complex ,  t he  ca ta -  
ly t ic  s u b u n i t  does no t  rega in  i ts  e n z y m a t i c  a c t i v i t y  5, 
p r o b a b l y  because  of t he  large size of D M T C  9. For  these  
r easons  A C H  c a n n o t  a c t i va t e  T P I P M .  On t h e  o the r  h a n d ,  
t he  in jec ted  c a t a ly t i c  s u b u n i t  supp l ies  to t he  curar ized  
s y n a p s e  the  process  t h a n  c a n n o t  be fo rme d  in presence  of 
DMTC, a nd  depo la r i za t ion  con t inues  to be possible.  

Discussion and conclusions. These  in v ivo  e x p e r i m e n t s  
s u p p o r t  t he  b~ochemical  (in vi tro)  obse rve t ions  5 t h a t  t h e  
r e gu l a to ry  s u b u n i t  of T P I P M  is (one of) t he  specif ic 
n icot in ic  recep tor  (S) of ACH.  A c t i v a t i o n  b y  A C H  of 
T P I P M  seems  to be one of t h e  mo lecu la r  m e c h a n i s m s  
t h a t  m a y  couple  in t i m e  a n d  space  t he  f o r m a t i o n  of A CH -  
receptor  c o m p l e x  a nd  p o s t s y n a p t i c  depolar iza t ion .  On  
c o m b i n a t i o n  w i th  ACH,  th i s  r e g u l a t o r y  s u b u n i t  ceases to  
inh ib i t  t he  ca t a ly t i c  subun i t ,  a nd  T P I  is d e p h o s p h o r y l a t e d  
to D PI .  Since D P I  is a weaker  c he l a t i ng  a g e n t  t h a n  
TP110,11 t he  f o r m a t i o n  of D P I  concurs  w i th  some  loss of 
m e m b r a n e - b o u n d  Ca++. Th i s  loss modi f ies  t he  local 
electric fields t o w a r d s  depo la r iza t ion  12-14. A C H - g e n e r a t e d  
c o n f o r m a t i o n a l  c ha nge s  1, 4, a nd  ionophores i s  (e.g. pa s s ive  
N a  + a nd  K+ t r a n s p o r t  c a us ing  a c ha nge  of t he  s u m s  of t he  
equ i l i b r ium po t e n t i a l s  t ow a rds  depo la r iza t ion  1~) m a y  
coopera te  in gene ra t i on  of p o s t s y n a p t i c  depolar iza t ion .  
The  t i m e  fac tors  i nvo lved  s e e m to  m e e t  t h e  r e q u i r e m e n t s  
of f a s t  s y n a p t i c  t r a n s m i s s i o n .  T h e  sho r t e s t  m e a s u r e d  
de lay  in chemica l ly  t r a n s m i t t i n g  s y n a p s e s  was  0.2 msec.  
F o r m a t i o n  of t he  A CH - re c e p to r  c o m p l e x  is p rac t i ca l ly  
d i f fus ion- l imi ted ,  a nd  m a y  occur  in a f rac t ion  of 0.1 msec.  
Since a c t i v a t i o n  of t he  ca ta ly t i c  s u b u n i t  concurs  w i th  
f o r m a t i o n  of t he  A CH - re c e p to r  complex ,  i t  does no t  
requi re  t ime .  T h e  t u r n o v e r  r a t e  of T P I  m a y  be  as f a s t  
as 14/sec% 

Zusammen/assung. Azety lcho l in  s che in t  die pos t -  
s y n a p t i s c h e  Depo la r i s i e rung  d u r c h  A k t i v i e r u n g  v o n  
T P I P M  (Tr iphospho inos i t id  P h o s p h o m o n o e s t e r a s e )  her-  
be izuf i ih ren  u n d  der  spezif ische,  n iko t i na r t i ge  Azety l -  
cho l in -Rezep to r  s che in t  dabe i  die r egu la to r i sche  U n t e r -  
e inhe i t  yon  T P I P M  zu sein. Die V e r b i n d u n g  y o n  Azety l -  
chol in  m i t  T P I P M  se tz t  eine k a t a l y t i s c h e  U n t e r e i n h e i t  
fret, die T r i p h o s p h o i n o s i t i d  in D i p h o s p h o i n o s i t i d  u m -  
w a n d e l t  u n d  zur  Depo la r i s i e rung  fi ihrt .  
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