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bee in f lus s t  d a m i t  n i c h t  n u r  den  T r a n s p o r t  y o n  K + selbs t ,  
s o n d e r n  a u c h  i n d i r e k t  die d a m i t  g e k o p p e l t e n  R e a k t i o n e n ,  
den  P r o t o n e n t r a n s p o r t  u n d  die  P h o s p h o r y l i e r u n g  i m  
Lich t .  D u t c h  E r h 6 h u n g  des  p a s s i v e n  K + - E i n s t r o m e s  in  
G e g e n w a r t  v o n  D i n a c t i n  m u s s  wie  be s ch r i eben  be i  obl i-  
ga t e r  K o p p l u n g  des  P r o t o n e n o n f l u x e s  z u m  K + - E f f l u x  
u n d  de r  P h o s p h o r y l i e r u n g  z u m  e r s t e r en  in  A n w e s e n h e i t  
b e s t i m m t e r  K o n z e n t r a t i o n e n  v o n  D i n a c t i n  e ine S t i m u -  
l i e rung  de r  P h o s p h o r y l i e r u n g  d u t c h  K +, g le ichzei t ig  a b e r  
a u c h  e ine  R e d u k t i o n  des  m e s s b a r e n  P r o t onen f l u s s e s  d u t c h  
die V e r r i n g e r u n g  des  L a d u n g s g r a d i e n t e n  s i c h t b a r  werden .  
Die  B e e i n f l u s s u n g  de r  u n t e r s u c h t e n  p h o t o s y n t h e t i s c h e n  
R e a k t i o n e n  ware  d a n n  auf  e ine  V e r s c h i e b u n g  de r  IZ+- 
K o n z e n t r a t i o n  i n n e r h a l b  bzw. a u s s e r h a l b  de r  Chloro-  
p l a s t e n  zurf ickgef i ihr t .  Ande r se i t s  i s t  a u c h  eine d i r ek t e  
E i n w i r k u n g  auf  den  l i c h t a b h i t n g i g e n  I o n e n t r a n s p o r t  
s e lb s t  d e n k b a r .  N o c h  l iegen h e u t e  ke ine  U n t e r s u c h u n g e n  
vor ,  d ie  e indeu t ig  nachweisen ,  f iber  we lche  M e c h a n i s m e n  
die  e inze lnen  R e a k t i o n e n  s ich  gegense i t ig  bee in f lussen  
(vgl. a u c h  GREVILLEg). 

Summary .  T h e  m a c r o t e t r a l i d  a n t i b i o t i c  D i n a c t i n  un -  
couples  p h o s p h o r y l a t i o n  f rom e lec t ron  t r a n s p o r t  in  
i l l u m i n a t e d  ch lo rop la s t s  in  t h e  p re sence  of N a  + a t  lower  
c o n c e n t r a t i o n s  t h a n  in K +, whi l e  t h e  l i g h t - i n d u c e d  
p r o t o n  u p t a k e  is more  i n h i b i t e d  in  a m e d i u m  w i t h  K+ 
t h a n  w i t h  Na+. T h e  large  v o l u m e  changes  of who le  
ch lo rop l a s t s  in  t h e  l i gh t  a n d  a f t e r  a d d i t i o n  of D i n a c t i n  
are  pa ra l l e l  t o  t h e  a m o u n t  of K+ in  t h e  ch loroplas t s .  
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C o n t i n u o u s  N u c l e o l a r  D N A  S y n t h e s i s  af ter  I n h i b i t i o n  of  M i t o s i s  in  P h y s a r u m p o l y c e p h a l u m  1 

Nuc lea r  D N A  s y n t h e s i s  in  P.  polycephalum follows 
i m m e d i a t e l y  u p o n  mitos is .  I n  m o s t  nuc le i  t h e  r ep l i ca t ion  
of t h e  e x t r a n u c l e o l a r  D N A  is c o m p l e t e d  w i t h i n  t h e  f i rs t  
3 h  of t h e  i n t e r m i t o t i c  pe r iod  (,-4), whe reas  r ep l i ca t ion  of 
t h e  nuc leo lus -assoc ia ted  DNA,  as d e t e r m i n e d  b y  exposu re  
to  s h o r t  pulses  of t h y m i d i n e - 3 H ,  occurs  t h r o u g h o u t  t h e  
r e m a i n i n g  a p p r o x i m a t e l y  6-7  h p r e c e d i n g  t h e  n e x t  mi to -  
sis 5. The  resu l t s  desc r ibed  in t h e  fo l lowing lend  s u p p o r t  
to  t h e  h y p o t h e s i s  t h a t  t h e  r ep l i ca t ion  of nucleolus-  
a ssoc ia ted  D N A  is a c o n t i n u o u s  process  w h i c h  m a y  go 
b e y o n d  t h e  level  of d u p l i c a t i o n  d u r i n g  t h e  i n t e r m i t o t i c  
pe r iod  6. 

Material and methods. Culture methods and experimental 
procedure. T h e  o r g a n i s m  was  g r o w n  in t h e  fo rm of micro-  
p l a s m o d i a  in  a g i t a t e d  c u l t u r e L  M i t o t i c a l l y  s y n c h r o n i z e d  
sur face  p l a s m o d i a  were  p r e p a r e d  as  desc r ibed  p r e v i o u s l y  s. 
A t  a s tage  j u s t  p r io r  to  or  d u r i n g  t h e  t i m e  a t  w h i c h  t he  
p rev ious ly  c e n t r a l  nuc leo lus  g r a d u a l l y  beg ins  to  m o v e  
t o w a r d  t h e  nuc l ea r  m e m b r a n e  in p r e p a r a t i o n  for  mi tos i s  
(hence fo r th  re fe r red  to  as t h e  ' a cen t r i c  s tage ' ) ,  p l a s m o d i a  
were  covered  w i t h  a c i rcu la r  piece of w e t  f i l te r  p a p e r  of 
a p p r o x i m a t e l y  t h e  s ame  size a n d  s h a p e  as t h e  p l a smod ia .  
Th i s  caused  t he  p l a s m o d i a  to  sp read  f rom u n d e r n e a t h  t he  
f i l te r  paper .  I f  t h e  b e g i n n i n g  of mi tos i s  was  i m m i n e n t  a t  
t h a t  t ime ,  a p h a s e  d i f fe rence  w i t h  r ega rd  to  t he  t i m e  of 
mi tos i s  deve loped  b e t w e e n  t h e  nuc le i  in  t h e  p e r i p h e r a l  
a reas  of t h e  p l a s m o d i a  w h i c h  h a d  s p r e a d  f r o m  u n d e r  t h e  
f i l te r  p a p e r  a n d  those  in t h e  covered  p a r t s  of t h e  p l a s m o d i a .  
I n  t h e  free a reas  of t h e  p l a s m o d i a  t h e  nuc le i  a d v a n c e d  
w i t h  a l m o s t  no  de l ay  t owa r d ,  or  t h r o u g h ,  mi tos is ,  whe reas  
mi tos i s  was  de l ayed  in  t h e  covered  areas.  W h i l e  t h e  
p l a s m o d i a  c o n t i n u e d  to  spread,  t h e  nucle i  f r om t h e  covered  
a reas  were carr ied,  b y  p r o t o p l a s m i c  s t r e a m i n g ,  i n to  t he  
more  a d v a n c e d ,  p e r i p h e r a l  areas.  As a resul t ,  t h e  peri-  
phera l ,  p o s t m i t o t i c  reg ions  c o n t a i n e d  a few nucle i  w h i c h  
were e i t h e r  in  t h e  acen t r i c  s tage  or  in  ea r ly  p r o p h a s e L  
T h e  n u m b e r  of these  nucle i  in  t h e  p o s t m i t o t i c  regions  
was  k e p t  s m a l l  b y  excis ing  t h e  cen t ra l ,  covered ,  p a r t s  as 
soon as a few, e i t h e r  a cen t r i c  or  e a r l y - p r o p h a s e  nuc le i  
were  f o u n d  a m o n g  t he  p o s t m i t o t i c  nuc le i  in  s m e a r  
p r e p a r a t i o n s .  

Cytological methods. F o r  d e t e r m i n a t i o n  of m i t o t i c  
s tages  10, e thano l - f i xed  s m e a r  p r e p a r a t i o n s  f rom sma l l  

e x p l a n t s  of t h e  p l a s m o d i a l  p e r i p h e r y  we re  in spec ted  u n d e r  
p h a s e  c o n t r a s t  1% F o r  a u t o r a d i o g r a p h y ,  p l a s m o d i a l  pieces 
c o n t a i n i n g  a sma l l  n u m b e r  of e i t h e r  a cen t r i c  or  ear ly-  
p r o p h a s e  nuc le i  were i n c u b a t e d  for  pe r iods  of 30 m i n  a t  
d i f f e ren t  t i m e s  d u r i n g  t h e  S pe r iod  fo l lowing mitos is ,  
w i t h  5 0 btc/ml of t h y m i d i n e - S H  f rom Schwarz  B ioResea rch ,  
Inc . ,  Orangeburg ,  New York ,  specif ic  a c t i v i t y  11.0 c/  
mmole .  S q u a s h  p r e p a r a t i o n s  11 were  p rocessed  for  au to -  
r a d i o g r a p h y  5. T h e  p r e p a r a t i o n s  were  i n c u b a t e d  in m e t a l  
des icca tors ,  u n d e r  n i t r o g e n  a t m o s p h e r e ,  for  pe r iods  of 
up  to  5 m o n t h s .  Con t ro l  sl ides were t r e a t e d  w i t h  D N A s e  5 
p r io r  to  a u t o r a d i o g r a p h y .  

Results. B o t h  acen t r i c  a n d  ea r l y -p rophase  nuc le i  
r e t a i n e d  t h e i r  morpho log ica l  a p p e a r a n c e  for  severa l  h o u r s  
before  t h e y  g r a d u a l l y  a s s u m e d  t he  morpho log ica l  a p p e a r -  
ance  of i n t e r p h a s e  nuclei .  F i g u r e  1 shows  a r e p r e s e n t a t i v e  
a u t o r a d i o g r a p h  of a n  acen t r i c  nuc l eus  in  a n  S -phase  
e n v i r o n m e n t ,  f r om a p l a s m o d i u m  w h i c h  was  i n c u b a t e d  
w i t h  t h y m i d i n e - 3 H  for 30 mill ,  b e g i n n i n g  a p p r o x i m a t e l y  
2 .5h  a f t e r  m e t a p h a s e  of t h e  a d v a n c e d  nuclei .  I n  t h e  
acen t r i c  nuc leus  on ly  t h e  nuc leo lus -assoc ia ted  D N A  is 
label led.  F igu re  2 shows a n  a u t o r a d i o g r a p h  of a n  ear ly-  
p r o p h a s e  nuc leus  s u r r o u n d e d  b y  h e a v i l y  labe l led  pos t -  
m i t o t i c  (= S phase)  nuclei .  Th i s  p l a s m o d i u m  was  i n c u b a t e d  
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for 30 rain, beginning 90 rain a f te r  me taphase  of the  
surrounding,  ear ly- in te rphase  nuclei.  As in the  acentr ic  
nucleus,  t he  nucleolus-associated D N A  of the  ear ly-  
prophase  nucleus is labelled,  whereas  t he  ex t ranuc leo la r  
D N A  remained  unlabelled.  I n  th in  areas of our  prepara-  
t ions there  were no gradual  t rans i t ions  wi th  regard to  the  
n u m b e r  of s i lver  grains be tween  the  overexposed,  heav i ly  
label led nuclei  and the  l ight ly  labelled, p remi to t i c  nuclei.  
No  label  was found af ter  t r e a t m e n t  w i th  D N A s e  pr ior  to  
au torad iography .  

I n  con t ras t  to the  highly-label led,  overexposed  nuclei,  
t he  n u m b e r  of s i lver  grains  found ove r  t he  delayed,  
p remi to t i c  nuclei  in F igures  1 and 2 was qui te  low, 
and some nuclei  appeared  to be unlabelled.  I n  order  
to de te rmine  if the i r  n u m b e r  was wi th in  the  range 
t h a t  was s ta t i s t ica l ly  expected,  we ca lcula ted  the  
Poisson d i s t r ibu t ion  of the  gra in  counts  1~. An example  
is g iven  in F igure  3. I n  this  prepara t ion ,  7.8% of 
t he  nucle i  were premi to t ic ,  and  87.5% of al l  s i lver  
grains over  these  nuclei  were located above  the  
nucleol i  while  8.3% of t h e  s i lver  grains were  loca ted  
wi th in  a d is tance  of 2 ~m f rom the  nucleoli.  No gra in  
count  could be ob ta ined  f rom the  other,  overexposed  
nuclei .  The  Poisson d i s t r ibu t ion  for grain counts  ove r  the  
p remi to t i c  nuclei  shows t h a t  the  number  of nuclei  hav ing  
no s i lver  grains  (17 o u t  of 316) was wi th in  t he  range of  
s ta t i s t ica l  expecta t ion .  The  absence of s i lver  gra ins  over  
these  nuclei  therefore  does no t  indicate  t h a t  t h e y  d id  
no t  incorpora te  thymidine-SH.  

Discussion. W e  were unable  to  de te rmine  the  s tage of 
the  overexposed  nuclei  in the  autoradiographs .  However ,  
since the  p lasmodia  were in S phase a t  the  t ime  of f ixat ion,  
and  since there  was no gradual  t ransi t ion,  w i t h  regard  to  
t he  n u m b e r  of si lver grains, be tween  l ight ly- label led,  
p remi to t i c  nuclei  and the  nuclei  which were overexposed,  
we assume t h a t  the  overexposed  nuclei  were pos tmi to t i c  
nuclei.  We canno t  exclude the  possibi l i ty  t h a t  the  late  
incorpora t ion  of thymidine-SH into nucleolus-associated 
D N A  was a resul t  of a s low-down of D N A  synthes is  caused 
b y  the  m e t h o d  used for desynchroniza t ion .  However ,  we 
find this  unl ikely,  since the  p lasmodia  r emained  covered 
wi th  f i l ter  paper  for only a p p r o x i m a t e l y  30 min, dur ing  
which t i m e  the  de layed nuclei  were carried,  by  protoplas-  
mic s t reaming,  f rom the  covered,  p remi to t i c  par t s  in to  the  
more  advanced  ear ly- in terphase  e n v i r o n m e n t  of the  free 
areas of the  plasmodia .  Since t r ansp lan ta t ion  of G,-phase  
nuclei  into S-phase p lasmodia  does not  cause re in i t ia t ion  of 
D N A  repl ica t ion  in t he  ex t r ach romosomal  D N A  4 we assu- 
me  t h a t  t he  presence of some s i lver  grains  over  the  ex t ra -  
nucleolar  areas of p remi to t i c  nuclei  m i g h t  be due  to  
lack of resolution,  ra ther  t h a n  to ex t ranuc leo la r  label, in 
the  overexposed  preparat ions .  We  propose the  hypothes i s  
t h a t  the  incorpora t ion  of thymidine-SH into  the  nucleolar  
I ) N A  of the  delayed,  p remi to t i c  nuclei  is due to the  ex ten-  
sion of cont inuous  D N A  synthes is  beyond  the  level of  
dupl icat ion.  I t  is l ikely  t h a t  t he  nucleolus-associated 
D N A  in P.  polycephalum represents  r ibosomal  cistrons,  
as in o the r  organisms is, since a h e a v y  satel l i te  n,  1, has 

Fig. 1. Acentric nucleus in an S-phase plasmodium approximately 
3 h after metaphase. Incubated with thymidine-SH for 30 rain 
immediately preceding fixation. Squash preparation. With A) and 
without B) phase contrast. Magnification: × 2200. 

12 A. E. WAUGH, Elements o] Statistical Methods, McGraw-Hill, 
New York 1943, p. 218. 
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53, 737 (1965). 
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202a (1970). 

Fig. 2. Early-prophase nucleus in an S-phase plasmodium, 2 h after 
metaphase, Incubation with thymidineJH for 30 rain immediately 
preceding fixation. Squash preparation. With A) and without B) 
phase contrast. Magnification: × 3000. 



been  found  wh ich  i nco rp o r a t e s  t h y m i d i n e - a H  d u r i n g  G2 
p h a s e  a n d  w h i c h  hyb r id i ze s  w i t h  R N A  14. R e p l i c a t i o n  
b e y o n d  t he  level  of d u p l i c a t i o n ( =  a m p l i f i c a t i o n  15) of 
nuc leo la r  D N A  c i s t rons  cod ing  for  r i bosoma l  R N A  a~ h a s  
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Fig. 3. Poisson distribution of grain counts over premitotic nuclei 
in postmitotic plasmodia (same preparation as in :Figure 2). The 
following formula was used, P = N A,.e-Ali!. A, mean value of 
grain counts (=  3.35); i, number oi grains found (0, 1, 2, 3, etc.); 
P, probability of finding i grains over nuclei; N, actual nmnber 
of nuclei counted (316). 

b e e n  found  in oocytes  ~6. I t  wil l  be  of i n t e r e s t  to  s t u d y  
nuc leo la r  D N A  rep l i ca t ion  in nucle i  wh ich  were p r e v e n t e d  
f rom d iv id ing  b y  s imi la r  me thods ,  b u t  for  longer  per iods  
of t i m e  t h a n  i t  was  poss ib le  in  t he  p r e s e n t  e x p e r i m e n t s .  
Such  a n  i n v e s t i g a t i o n  is now in  progress.  

Zusammen/assung.  W i r d  bei  e i n e m  k i ins t l i ch  s y n c h r o -  
n e n  P l a s m o d i u m  des  M y x o l n y c e t e n  _Physarum polyce- 
phalum die Mi tose  p r o m i t o t i s c h e r  K e r n e  d u t c h  d e r e n  
V e r t a g e r u n g  in p o s t m i t o t i s c h e  (=S phase)  Zonen  des  
g le ichen  P t a s m o d i u m s  v e r h i n d e r t ,  so behXl t  d ie  nucleo-  
tgre D N S ,  i m  Gegensa t z  zu r  e x t r a n u k l e o l g r e n  D N S ,  
w e i t e r h i n  die  F/ ihigkei t ,  3 H - T h y m i d i n  e i n z u b a u e n .  E s  
wi rd  die  H y p o t h e s e  vorgesch lagen ,  dass  die  S y n t h e s e  de r  
nuk l eo lg r en  D N S  e i n e m  a n d e r e n  K o n t r o l h n e c h a n i s m u s  
u n t e r l i e g t  als die de r  ex t r anuk leo l / i r en  DNS.  
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I n h i b i t i o n  of  M o n o a m i n e  O x i d a s e  b y  3 - A m i n o - 2 - O x a z o l i d i n o n e  a n d  2 - H y d r o x y - E t h y l h y d r a z i n e  

3 -Amino-2 -oxazo l id inone  was recognized  in a mouse  
b e h a v i o r  screen  in these  l abo r a t o r i e s  as a c o m p o u n d  
h a v i n g  a c t i v i t y  l ike t h a t  of k n o w n  i n h i b i t o r s  of m o n o -  
a m i n e  ox idase  (MAO), a n d  f u r t h e r  s t u d y  s h o w e d  t h a t  
i t  h a d  d o p a - p o t e n t i a t i n g  a c t i v i t y  t yp i ca l  of M A 0  inh i -  
b i t o r s  in  mice.  W e  found  t h a t  t h e  c o m p o u n d  d id  n o t  
i n h i b i t  MAO in v i t r o  b u t  t h a t  b r a i n  h o m o g e n a t e s  f rom 
t r e a t e d  mice  showed  nea r ly  comple t e  i n h i b i t i o n  of MAO. 
3 -Amino-2 -oxazo l id inone  is a k n o w n  m e t a b o l i t e  of furazo-  
l i d o n e l ;  n e i t h e r  a g e n t  i n h i b i t s  MAO in v i t ro ,  b u t  b o t h  
cause  in v ivo  i n h i b i t i o n  l, 2 sugges ted  to  be  due  to  t h e i r  
conve r s ion  to  2 - h y d r o x y - e t h y l h y d r a z i n e  ( H E H )  1. W e  
descr ibe  he re  some comp ar i s ons  of 3 -amino-2-oxazo l id i -  
n o n e  a n d  H E H  as i n h i b i t o r s  of MAO. 

MAO a c t i v i t y  was  a s sayed  b y  t h e  m e t h o d  of WURT~iAN 
a n d  AXEI-ROD 3 e x c e p t  t h a t  C l * - p h e n e t h y l a m i n e  ( 8 ×  
t 0 - ~ M )  was  used  as  s u b s t r a t e  in  p lace  of t r y p t a m i n e .  
Male a lb ino  mice  (16-20 g) o b t a i n e d  f r o m  a local  supp l i e r  
were  g iven  i.p. i n j ec t ions  of t h e  drugs.  T h e  mice  were  
t h e n  k i l led  b y  d e c a p i t a t i o n ,  a n d  t h e  o r g a n s  were  r a p i d l y  
r e m o v e d  a n d  f rozen  o n  d r y  ice. XNhole h o m o g e n a t e s  were  
used  for  t h e  a s s a y  of M A O  ac t iv i ty .  H o m o g e n a t e s  of 
t i s sues  f r o m  u n t r e a t e d  mice  were  used  for  in  v i t r o  s tud ie s  
w i t h  t h e  inh ib i to r s .  

T h e  T a b l e  shows t h a t  3 -amino-2 -oxazo l id inone  d id  no t  
i n h i b i t  MAO a c t i v i t y  in  v i t ro ,  whereas  H E H  i n h i b i t e d  
in a m a n n e r  t y p i c a l  of i r r evers ib le  inh ib i to r s ,  t h a t  is i t  
r equ i r ed  p r e i n c u b a t i o n  w i t h  e n z y m e  p r io r  to  s u b s t r a t e  
a d d i t i o n  for  m a x i m u m  inh ib i t i on .  

F igu re  1 shows  t h e  in  v ivo  i n h i b i t i o n  of MAO b y  these  
c o m p o u n d s .  M a x i m u m  i n h i b i t i o n  occur red  rap id ly ,  w i t h i n  
60 rnin or less, a f t e r  t he  c o m p o u n d s  were i n j ec t ed  in to  
mice.  The  onse t  of i n h i b i t i o n  b y  3-amino-2-oxazo l id inone ,  

w h i c h  a p p a r e n t l y  ac t s  indi rec t ly ,  was  as  r ap id  as  t h e  
onse t  of a c t i o n  of I t E H ,  w h i c h  c a n  ac t  d i rec t ly .  B o t h  
c o m p o u n d s  caused  g rea t e r  i n h i b i t i o n  of MAO in l iver  
t h a n  in b ra in ,  b u t  t h i s  d i f ference  was  more  p r o n o u n c e d  
w i t h  H E H .  

In vitro inhibition of MA0 

Inhibitor Concen- Inhibition (%) 
tration 
(M) No 30 rain 

preincu- preincu- 
bation bation 

Brain 
3-Amino-2- I0 -~ 4 0 
oxazolidinone 
2-Hydroxyethyl- 10 -s 96 99 
hydrazine 10 -4 61 99 

10 -5 22 98 
10 -G 3 47 
I0 -~ 0 2. 

Liver 
3-Amino-2- 10 -a 9 8 
oxazolidinone 
2-Hydroxyethyl- 10 -8 99 100 
hydrazine 10 -4 60 99 

10 --~ 14 96 
10 -~ 4 68 
10 -7 0 9 

Where indicated, enzynm and inhibitor were preincubated in buffer 
at 37 °C prior to addition of substrate. Control values, in nanomoles 
of substrate oxidized/min/g tissue were 34 and 32 for brain, respec- 
tively, without and with the 30 min preineubation and 609 and 600 
for liver, respectively, without and with the 30 min preincubation. 


