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Further  work is now under progress in order to cor- 
relate the accumulation of excretory products in the 
kidney of snails under different diets and conditions of 
estivation and hibernation. 

prot6ique des aliments. Ce fait confirme que le fonctionne- 
ment du rein des mollusques et des vert6br6s est semblable. 
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Rdsumd. La composition de l 'urine du pulmon6 ter- 
restre Strophocheilus oblongus musculus, sp6cialement le 
taux de l'ur6e, est un reflet des diff6rences du contenu 
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Synchron iza t ion  of Mitos i s  in Physarum polycephalum by Coalescence  of P o s t m i t o t i c  and Premi to t i c  
P l a s m o d i a l  F r a g m e n t s  ~ 

In the coenocytic slime mold, Physarum polycephalum, 
the nuclei undergo mitosis in synchrony ~. When micro- 
plasmodia growing in agitated culture and representing 
all stages of the mitotic cycle a at random are allowed to 
coalesce on filter paper, the nuclei of the resulting surface 
plasmodia are mitotically synchronized 4 6. Postmitotic 
nuclei which become part, by plasmodial coalescence, of 
a predominantly premitotic plasmodium, enter the next 
mitosis along with the nuclei ot the latter 7. We report 
in the following on mitotic synchronization resulting 
from fusion between pre- and postmitotic plasmodia in 
such a ratio that  nuclei of both stages were present in 
approximately equal numbers in the resulting composite 
plasmodia. Of special interest to us were those combina- 
tions in which the premitotic plasmodia, at the time when 
coalescence was underway, were at a stage of the inter- 
mitotic period as close as possible to prophase. We 
employed for this purpose suspensions of plasmodial 
fragments which were freshly prepared from mitotically 
synchronized surface plasmodia. 

The organism was grown in form of microplasmodia 
in agitated culture s . Mitotically synchronized surface 
plasmodia were prepared as described previously% Cul- 
tures of microplasmodia from several flasks were pooled, 
redistributed, and returned to the shaker. One set of 
surface plasmodia was prepared immediately, and a 
second set was prepared 1, 2, and 4 h later, respectively, 
in different experiments. Both sets of plasmodia were 
made from 1-inl aliquots of identically prepared, con- 
centrated suspensions of microplasmodia s. Since the 
cultures were approaching the plateau of growth at the 
time of fusion, the increase in the number of micro- 
plasmodia during the intervals between preparing the 
2 sets of plasmodia was negligible. Immediately upon the 
first postfusion mitosis, the plasmodia were placed on 
fresh growth medium. The growth medium added to the 
first set of plasmodia contained thymidine-aH (5 ~c/ml; 
from Schwarz Bioresearch, Inc.). When the plasmodia 
of the first set had just completed the second postfusion 
mitosis (anaphase to late telophase), plasmodia from both 
sets were floated, along with the supporting filter paper, 
on balanced salt solution s and removed from the filter 
paper with the help of a spatula. 4 premitotic (each con- 
taining approximately N nuclei) and 2 postmitotic (each 
containing approximately 2N nuclei) plasmodia were 
pooled in 30 ml of balanced salt solution (in 500-ml Erlen- 
meyer flasks) and fragmented by vigorous shaking for 
15 min on an Eberbach alternating shaker (250 reciproca- 
tions/min, stroke length 4.5 cm). In order to have an 
estimate of the effect of fragmentation followed by fusion 
upon the beginning of mitosis, other premitotic and post- 
mitotic plasmodia were fragmented separately and the 

fragments were reunited by fusion. After fragmentation 
the pieces were concentrated by centrifugation at low 
speed and aliquots of the concentrated suspension were 
placed on filter paper (this procedure is referred to in the 
following as 'fusion'). Growth medium was added approxi- 
mately 2 h later. The actual proportions of postmitotic 
nuclei/premitotic nuclei in the mixed plasmodia were 
determined, after addition of growth medium, in auto- 
radiographs (Kodak AR-10 stripping film) prepared from 
ethanol-fixed smear preparations (incubation in the dark 
for 3 days). Under these conditions, the heavily labelled 
postmitotic nuclei of the first set of plasmodia were clearly 
distinguishable from the premitotic nuclei. 

Fragmentation of surface plasmodia caused inhibition 
of mitosis as seen in Figure 1. Only if the nuclei were 
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Fig. 1. Delay of mitosis  by  f r agmen ta t ion  of p lasmodia  at  different  
t imes  of mi to t i c  cycle. The f r agmen t s  of each p l a smod ium were 
al lowed to coalesce in 3 separa te  groups in different  Petr i  dishes. 
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a t  p rophase  a t  t he  t ime  of f r agmen ta t i on  they  proceeded  
th rough  mitosis  w i thou t  appreciable  delay. F r a g m e n t a t i o n  
a t  a t ime  more  t h a n  app rox ima te ly  1.0 h pr ior  to me ta -  
phase  resul ted  in de lay  of mitosis  of app rox ima te l y  4 h. 

Figure  2A shows the  resul t  of an expe r imen t  in which  
the  p remi to t i c  p l a smodia  a t  the  t ime  of fusion were  a t  
a s tage of the  mi to t ic  cycle a l i t t le  more  t h a n  3 h pr ior  
to  mitosis.  The nuclei  of the  compos i te  p lasmodia  en te red  
mitosis  a t  a t ime  which  was  ha l t -way be tween  the  t imes  
a t  which the  nuclei began to divide in the  p remi to t i c  and  
pos tmi to t i c  cont ro l  f ragments .  

I f  the  p remi to t i c  p lasmodia  were a t  a s tage approx i -  
ma t e ly  I h before mitosis  a t  t he  t ime  of fusion (Figure 2B), 
division of the  nuclei  of the  composi te  p lasmodia  began  
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Fig. 2. Time of synchronous mitosis after coalescence of premitotie 
and postmitotie plasmodial fragments. 'Fusion' refers to the time 
when the fragments were placed on filter paper. Closed circles, mitosis 
of postmitotic, premitotie, and mixed fragments, respectively. Open 
circles, mitosis (M) of non-fragmented plasmodia from first and sec- 
ond batch. (A) At the time of fusion the premitotie fragments were 
at a stage of the mitotic cycle a little more than 3 h before mitosis. 
(B) At the time of fusion the premitotic fragments were at a stage 
approximately 1 h before mitosis. 

a t  a t ime  which was closer to  t h a t  of the  p remi to t i c  
cont ro l  f r agment s  t h a n  to  t h a t  of t he  pos tmi to t i c  frag- 
ments .  

Discussion. Fus ion  of p remi to t i c  w i th  pos tmi to t i c  
p lasmodia l  f r agment s  in such a p ropor t ion  t h a t  the  nuclei 
of bo th  stages are p resen t  in abou t  equal  amo u n t s  is 
equ iva len t  to  fusion of one uninuclea ted ,  p remi to t i c  cell 
wi th  another ,  also uninucleated,  pos tmi to t i c  ce l l  The 
resul t  in our expe r imen t s  was d e p e n d e n t  upon  how close 
to mitosis  the  p remi to t i c  pieces were a t  the  t ime of fusion. 
In  the  combina t ion  shown in Figure 2A the  leng th  of 
t ime  by  which the  p remi to t i c  nuclei were set  back, and  
the  pos tmi to t i c  nuclei  were  advanced ,  wi th  respect  to 
the  n e x t  mitosis,  was  in p ropor t ion  to  the  change in the  
a m o u n t  of cy top la sm per  nucleus. This  result  conf i rms 
the  f indings of previous expe r imen t s  using ei ther  asyn-  
chronous  suspensions  of large number s  of microplasmo-  
dia 4 or whole  p lasmodia  ~ and  suggests  tha t ,  under  a 
given set  of env i ronmen ta l  condit ions,  t he  processes which  
are direct ly  involved in mitosis  are no t  in i t ia ted  unless a 
m i n i m u m  a m o u n t  of cy top la sm is p resen t  per  nucleus. 
A similar  correla t ion has  also been  found  for A. proteus lo. 
The significance of th is  corre la t ion could be t h a t  an al tera-  
t ion  in energy  me tabo l i sm favorable  to  mi tos i sn ,  1~ is 
in i t ia ted  when  the  ra t io  b e t w een  ut i l izat ion and produc-  
t ion of chemica l ly  bound  energy  reaches  a crit ical value. 

The expe r imen t  in F igure  213 showed a d o m i n a n t  
effect  of the  p remi to t i c  f r agmen t s  w h e n  fusion took place 
a t  a t ime  app rox ima te ly  1 h pr ior  to mi tos is  of the  la t ter .  
I t  m i g h t  be s ignif icant  t h a t  th is  is t he  t ime  at  which the  
previous ly  cent ra l  nucleolus begins rap id ly  to increase 
in size and to  assume a s l ight ly  eccentr ic  posi t ion 5 in the  
p repa ra t ion  for mitosis.  The dominance  of the  premi to t ic  
f r agment s  was no t  s t rong enough  to suggest  the  presence  
of a t r igger ing mechan i sm.  I t  seems more  likely t h a t  
syn thes i s  of 'mi to t i c '  subs tances  was  unde rway  in the  
p remi to t i c  p lasmodia  a t  th is  s tage and t h a t  the  t ime  
be tween  fusion and  the  beginning  of the  nex t  mitosis  in 
t he  composi te  p l a smodia  was  reduced by  the  t ime needed  
to produce  the  subs tances  p resen t  a t  the  t ime  of fusion. 
This  suggest ion is suppor t ed  by  the  f inding la tha t ,  in 
P. polycephalum, the  in t e rmi to t i c  per iod following upon 
a mitosis  which was delayed by  i r rad ia t ion  wi th  UV-light ,  
is cons iderably  shor te r  t h a n  the  cor responding  per iod in 
un i r rad ia ted  contro l  halves.  

Zusammen/assung. Nach  Fus ion  yon  p romi to t i schen  
mi t  p o s t mi t o t i s ch en  F r a g m e n t e n  des Schleimpilzes Phy- 
sarum polycephalum (Zahlenverh~tltnis yon  pos tmi to t i -  
schen zu p romi to t i schen  Kernen :  1/1) te i l ten sich die 
Kerne  der  so herges te l l ten  P lasmodien  synchron.  
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