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Prophase-ltke Chromosome Condensation 
Induced by Actlnomycin D in the Slime Mold, 

P h y s a r u m  p o l y c e p h a t u m  1 

Since the discovery tha t  actinomycin D specifically 
inhibits, in vitro ~ and in vivo s, the DNA-dependent  forma- 
tion of RNA, this compound has been employed exten- 
sively for investigating the formation of messenger RNA 
and its role in cell growth and differentiation 4-x~, and in 
mitosis ~,~,s,11. During an investigation of differential 
sensitivities of macromolecular syntheses toward acti- 
nomycin D at  different times of the mitotic cycle in 
t~hysarum polycephalum, we found tha t  the drug caused 
morphological alterations of the nuclei which, in plasmodia 
that  were placed on the actinomycin during early and 
mid-interphase, were different from that  produced in 
plasmodia which were exposed to the drug at  a later 
period. The following report  deals with these morphologi- 
cal alterations. 

Plasmodia of the slime-mold, Physarum potycephalum, 
were prepared by allowing microplasmodia growing in 
agitated submersed culture x~ to coalesce on filter paper 
as described elsewhere x4,15. Such plasmodia, since their 
nuclei undergo mitosis in synchrony ~4, xs are comparable, 
for practical purl~oses, to giant multinucleated 'cells'. We 
shall apply in the following the term 'mitotic cycle' to 
that  period in the life cycle of a plasmodium which elapses 
from any stage of synchronous mitosis to the same stage 
of the next  mitosis. 

We emptoyed for the experiments plasmodia which had 
completed the second synchronous post-fusion mitosis. In 
such plasmodia, the completion of a full mitotic cycle re- 
quired approximately 12-14 h. At different times after 
the second synchronous post-fusion mitosis, sectors were 
removed, in duplicate, from the plasmodia. One of the 
sectors ( 'experimental sector') was placed on growth me- 
dium to which actinomycin D had been added, with 
ethanol (final concentration 2%) as carrier (see ~), to give 
a final concentration of 125 ~gm/ml. This comparat ively 
high concentration was found necessary, in preliminary 
experiments, to inhibit the incorporation of uracil-H s into 
RNA (see ~, and unpublished experiments) and to produce 
significant morphological alterations of the nuclei. The 
other sector ( 'control sector') was transferred to a culture 
dish containing growth medium of identical compo- 
sition as tha t  used for the experimental sector, and 
containing the same amount  of ethanol as above, but  
without actinomycin. The experimental sectors remained 
on. the actinomycin-medium until  their nuclei entered 
metaphase. In each experiment, one sector was left in 
the original culture dish. This sector was used to 
determine later, in retrospect, a t  which t ime in relation 
to the whole mitotic cycle the exposure of the experi- 
mental sectors to actinomycin had begun. The control 
sectors were used to determine, by comparison with the 
corresponding experimental  sectors, the effect of the drug 
upon the nuclear morphology and upon the onset of 
mitosis. Both these determinations could be made with 
precision and without  need for statisticM analysis, since 
it was previously established ~7 tha t  the nuclei of different 
plasmodial pieces which are removed simultaneously from 
one plasmodium and placed on different culture dishes 
containing growth media of identical composition, will 
undergo the next  following mitosis almost simulta- 
neously. They enter the next prophase within ± 10 
rain, when the sectors were removed at  the beginning of 
the intermitotic period, and, in pieces which were sepa- 
rated at  a more advanced stage of the intermitotic period, 
the degree of synchrony is even better. Hence, any diI- 

terence larger than 20 min between the experimental  
pieces and the control pieces with regard to the mor- 
phology of the nuclei or to the t iming and duration of 
mitosis was considered as a result of the addition of the 
actinomycin to one of them. In order to determine the 
stage of the mitot ic  cycle at  which a plasmodium, or a 
plasmodial sector, had arrived at any time prior to, or 
during an experiment, ethanol-fixed smear preparations, 
obtained from the plasmodial periphery, were examined, 
unstained, under phase-contrast. 

Figure 1 shows nuclei of a plasmodial sector which was 
placed, at 6 h after mitosis, on growth medium containing 
actinomycin D for a total  of 2 h. Figure 2 shows nuclei of 
the control sector at  the same time, i.e. 8 h after mitosis. 
For  comparison, Figure 8 shows nuclei of a plasmodium 
which had been starved on non-nutrient  balanced sal~. 
solution is for more than 36 h. The nuclei of the actino- 
mycin-treated plasmodium are similar to those of the 
starved plasmodium and both differ from those of the 
control piece in nuclear and nucleolar size, and in the 
more coarse-granular appearance of the chromosomes in 
the former. 

Figure 3 shows the prophase of the same plasmodium 
as in Figure 1, 6 h and 25 rain later, and Figure 4 
shows the prophase of the control piece (same as in 
Figure 2), which began approximately 20 min prior to 
that  in the corresponding experimental  piece of Figure 3. 
For  comparison, Figure 7 shows the prophase of a plasmo- 
dium which was starved on non-nutrient balanced salt 
solution for approximately 36 h ls. The prophase of the 
actinomycin-plasmodium was morphologically similar to 
tha t  in the starved plasmodium, and both differed from 
tha t  in the growing control piece mainly in nucleolar and 
nuclear size, as before, and in the more central position 
of the nucleoli in the aetinomycin-treated and in the 
starved plasmodia as compared to the peripheral position 
of the large nucleoli in the control piece. 

The same result as in Figure 1 was obtained in all 
plasmodia which were placed on the actinomycin medium 
at  any t ime of the intermitotic period more than 5 h 
prior to the next  mitosis. Their nuclei entered prophase 
shortly (20-45 min)-after those of the controls did. 

A different picture was obtained when the plas- 
modia were placed on actinomycin at a t ime less than 
5 h prior to mitosis (Figure 5). The nuclei shown in Figure 
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5 are f rom a plasmodial  piece which had  been placed, a t  
31/2 h before mitosis, on ac t inomycin  D for a p p r o x i m a t e l y  
11/2 h. For  comparison,  Figure  6 shows nuclei of the  un-  
t r ea ted  control  piece a t  the  same time. The  morphologica l  
appearance  of the  ac t inomycin  nuclei  was similar to 
t h a t  in Figures  3 and  7, bo th  of which represen t  ' t rue '  
prophases.  This  ac t inomycin- induced  'p rophase '  las ted 
for a l i t t le  more t h a n  2 h, and  i t  was followed by  
metaphase  app rox ima te ly  10 min  af te r  the  controls  en-  
tered metaphase .  I n  the  un t r ea t ed  plasmodia ,  p rophase  
did no t  require  more  t h a n  a p p r o x i m a t e l y  15 rain preced-  
ing metaphase .  A 'prophase ' - l ike  condensa t ion  effect  of 
ac t inomycin  was found in 9 ou t  of 10 d i f ferent  p lasmodia  
which were placed on the  ac t inomyc in  m e d i u m  a t  a t i m e  
no t  more  t h a n  5 h, and  no t  less t h a n  2 h pr ior  to 
mitosis.  In  these  plasmodia ,  t he  ch romosome conden-  
sat ion began  be tween  11/4 and 2 h a f te r  t h e y  were  
placed on the  ac t inomycin  med ium,  and i t  lasted un t i l  a 
few minu tes  af ter  me taphase  began in the  controls .  Vv'hen 
placed on the  ac t inomycin  med ium less t han  2 h pr ior  to 
mitosis ,  b o t h  the  exper imenta l  and the  control  p lasmodia  
entered  prophase  app rox ima te ly  s imultaneously.  

The  s t r iking morphologica l  s imi lar i ty  be tween  the  ad-  
vanced  ac t inomycin- induced  chromosome condensa t ion  
and t rue  prophase  poses an in teres t ing  problem.  The  fact  
t h a t  t he  ac t inomycin- induced  chromosome condensa t ion  

lasted unt i l  a f ter  the  t e rmina t i on  of prophase  in the  con- 
trols, does no t  necessari ly indicate  t h a t  i ts morphological  
s imi la r i ty  to t rue  prophase  is for tui tous.  ANDERSONlS'19 
has shown, years  ago, t h a t  prophase- l ike  chromosome con- 
densa t ion  can  be induced,  e.g: by  polyamines,  and i t  is 
possible t h a t  our  obse rva t ion  is re la ted  to his findings. 
However ,  we should like to  propose an  a l t e rna t ive  hy-  
pothesis,  namely ,  t h a t  t he  prophase- l ike  ch romosome  
condensa t ion  ob ta ined  by  ac t inomyc in  a t  la te  in te rphase  
m i g h t  be an  indi rec t  resul t  of  the  known inh ib i to ry  effect  
of  ac t inomyc in  upon  D N A , d e p e n d e n t  R N A  synthesis  ~,~. 
I t  has  been  repor t ed  tha t ,  in synchronized  cul tures  of 
Tetrahymena,  the  levels  of nucleoside t r iphospha tes  2°,~1, 
reduced  pyr id ine  nucleot ides  2~, and  A T P  aa rise sharp ly  
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Smear preparations of plasmodial explants, ethanol-fixed, unstained, phase-contrast; magnification x2900. Fig. 1. Nuclei of a mid- 
interphase plasmodium, after ~ h on actinomycin D. Fig. ~. Nuclei from the control sector at the same time. Fig. 8. Nuclei from the 
same plasmodium as in Figure 1, 6x/~ h later: Prophase. Fig. 4. Prophase-nuclei from the control sector. Fig. 5. Actinomycin- 
induced chromosome condensation. This plasmodium was placed on actinomycin for a period of 1 x/~ h, beginning at 3 ~/~ h prior to mitosis. 
Fig. 6. Nuclei from the control sector at the same time. Fig. 7. Prophase in a plasmodium that was starved for approximately 86 h. 

Fig. 8. Interphase-nuclei of a plasmodium that was starved more than 86 h. 
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Prior to  mitosis,  and the  impor tance  of the  ma in tenance  
of a cr i t ical  level  of A T P  in c leav ing  sea urchin  eggs for 
cont inued occurrence of  mitoses  has  been recen t ly  dem-  
ons t ra ted  24. Act inomycin ,  b y  inhib i t ing  energy-ut i l iz ing  
macromolecula r  syntheses,  might ,  a t  la te  in terphase,  in-  
duce p r e m a t u r e l y  a s i tua t ion  similar  to  t h a t  repor ted  for 
p remi to t ic  Tetrahymena. A compar i son  of t he  energy  
metabo l i sm in ac t inomyc in - t r ea t ed  p lasmodia  wi th  t h a t  
of p remi to t i c  p lasmodia  should be of in te res t  under  th is  
Point  of  v i ew ~. 

Zusammenfassung. Act inomyc in  D (125 vg/ml)  bewi rk t  
prophasear t ige  KernverAnderungen  in den P lasmodien  
des mi to t i sch  synchronen  Schleimpilzes Physarum poly- 

cephalum bei e twa  zweis t t indiger  E inwi rkung ,  im Zeit-  
r a u m  v o n  weniger  als e t w a  5 h vo r  Mitosebeginn.  
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Adaptation of the Guinea-pig  to Histamine .  
Sensit ivity of the Guinea-pig's  I leum to 

His tamine  and Acetylcholine ~ 

The  process of physiological  adap ta t i on  of an  organism 
develops on dif ferent  funct ionM levels  including nervous  
and humorM elements .  I n  consequence this  process mani -  
fests i tself by  changes in responsiveness  of the  respect ive  
effectors.  

Guinea-pigs m a y  be adap ted  to h i s t amine ;  i t  is an open 
ques t ion  whe the r  this  process invo lves  the  bronchi  only, 
on which this  adap ta t i on  has been demons t r a t ed  z. W e  
t h o u g h t  i t  in te res t ing  to see whe the r  o ther  smoo th  muscle 
s t ructures  were  also involved ,  and  we therefore  s tudied  
the  guinea-pig  i leum, 

Methods. I so la ted  pieces of  i leum of 25 guinea-pigs,  
males and females,  300-450 g of body  weight  were used. 
Of these  animals ,  16 had  been adap ted  to  h i s tamine  (H) 
by  dai ly  in t raper i tonea l  inject ions beginning wi th  a dose of 
0.24 mg /kg  of h i s tamine  s, which  was raised eve ry  5 days  
by  0.03 m g  of H to  the  t e rmina l  adap ta t i on  dose of 0.42 
mg/kg.  This  took  6 to 8 weeks. Pro longa t ion  of tolerance 
t ime  of an  an ima l  in h i s t amine  aerosol 4 under  condi t ions  
previous ly  described~ served as a cr i ter ion of h i s tamine  
adapta t ion .  

I so la ted  flea of 9 non-adap ted  guinea-pigs were used as 
controls.  E v e r y  i so la ted  i leum was suspended in oxygen-  
a ted  Tyrod6 ' s  solut ion w i thou t  a t ropine,  according to 
Magnus 's  m e t h o d  as modif ied  by  MA*LINSKI and CZEKA- 
LI~SKI% The  t e m p e r a t u r e  of the  b a t h  was ma in ta ined  a t  
33°C. H i s t amine  and acety lchol ine  added to the  ba th  
were in con tac t  wi th  the  i leum for 10-15 sec before rinsing. 
Sens i t iv i ty  of isolated pieces of i leum to the  doses of 
0.0012, 0.0024, 0.0048, 0.0096, and 0.0192 ~zg of h i s tamine  
in 1 ml  of the  bath ,  and 0.005, 0.01, 0.02, 0.04, and 0.08 
gg of acetylchol ine  chloride v in 1 ml  of  the  bath,  was 
tested.  A pho toop t i c  m e t h o d  of regis t ra t ion  was em- 
ployed.  

H i s t aminase  ac t i v i t y  in h o m o g e n a t e d  i leum samples 
was de te rmined  by  the  me thod  described by  KAPELLER- 
ADLER s. 

Results. The  dose-response curves  of the  i leum of 
adap ted  and  cont ro l  guinea-pigs  to  H are  presen ted  in 
Figure  1. The  responsiveness of the  i leum to acetylchol ine 
is presented  in F igure  2. The  h i s taminase  ac t iv i t ies  were 
as Iollows: I l eum of 9 adap ted  guinea-pigs = 4.0, 5 = 0.98 

PU/0 .125 g fresh t issueK I l eum of 5 non-adap ted  guinea-  
pigs = 4.1, = 5  1.1 PU/O.125 g fresh tissue. 

Discussion. The  d a t a  p resen ted  revea l  a change  in 
h i s tamine  r eac t i v i t y  of i leal  smoo th  muscle f rom guinea-  
pigs adap ted  to  H.  The  change in  r e a c t i v i t y  is expressed 
by  a s ignif icant  decrease of con t rac t ion  he ight .  The  
change of H r eac t i v i t y  of t he  gu inea-p ig  i l eum is no t  
paral le led by  a s ignif icant  change  in acety lchol ine  sensi- 
t iv i ty ,  as shown in F igure  2. 
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Fig. 1. The points on the curves represent mean values with stand- 
ard deviations in cm of light beam deflection on administering 
histamine. The difference of mean values in two groups of the experi- 
ment on administering the dose of 0.0096 tzg of histamine is statis- 
tically significant, p = 0.001. In parentheses number of guinea-pigs 

used in the experiment are shown~ 
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