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tens ion  is close to t h a t  found on single tw i t ch  fibres of the  
frog 7 in t e t an i  where the  t endons  were held s imilar ly to  
the  p resen t  case. A be t t e r  f i t  could be expec ted  if the  in- 
f luence of shor ten ing  of the  fibre a t  the  ends  on the  
l eng th- tens ion  d iagram was avoided  s,s. 

A s teeper  fall in tens ion af ter  s t re tch ing  the  fibre be- 
yond  its op t ima l  l eng th  in the  crayf ish  a s compared  wi th  
the  frog can be ascribed to a lower A/I  quo t i en t  in the  
crayf ish  t h a n  in the  frog. The  over lap  be tween  the  th ick  
and  the  th in  f i l aments  is t hen  expec ted  to  cease a t  lower 
re la t ive ex tens ion  of the  fibre in the  crayf ish  t h a n  in the  
frog. 
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The length-tension diagram of 8 isolated muscle fibres of the crayfish 
(Astacus ]luviatilis). Hollow symbols: maximal tension developed 
during a potassium contracture (174 mM K, 7.8 mM C1), which was 
relaxed by reintroducing the crayfish saline (5.4 mM K, 250 mM C1). 
Symbols with crosses refer to fibres relaxed spontaneously. Full 
symbols: the resting tension about 10 min after slowly stretching the 
fibre. Both the active and passive tension are given in relative units 
taking the amplitude of contracture at 1.25 l 0 as 100%. The lines 
through the experimental points were drawn by eye. Upper hori- 
zontal scale: the length of fibres in fractions of the slack length 
(= 1.0). Lower horizontal scale : the sareomere length. The diagrams 
indicate the assumed degree of overlap between the thick and the 

thin filaments. 

As the  sarcomere  leng th  of crayf ish  muscle f ibres is 
five t imes  g rea te r  t h a n  t h a t  of t w i t ch  muscle fibres of the  
frog, one would  expec t  f rom the  sliding t h eo ry  of cont rac-  
t ion  (the o the r  factors  control l ing the  tens ion ~ being 
constant )  a five t imes  h igher  tens ion  in crayfish muscle 
fibres t h a n  in frog muscle fibres. The max ima l  tens ion  a t  
the  op t ima l  l eng th  is, however ,  only  abou t  twice (8.2 
kg /cm -s) as h igh  in t he  crayf ish as in the  frog (about  
4 kg /cm -s) 1,10. The exp lana t ion  follows f rom the  com- 
par i son  of t he  A/I  quo t i en t s  in these  fibres. The A/I  
quo t i en t  in the  crayf ish  (0.38) is hal f  t h a t  found s in the  
frog (0.76). I t  can  t h e n  be assumed t h a t  the  n u m b e r  of 
those  sites per  cm 3 where  the  tens ion is genera ted ,  is in 
crayf ish muscle  fibres also half  t h a t  p resen t  in frog fibres. 
A crayf ish  muscle  fibre should then  exer t  t ens ion  only  
2.5 t imes  g rea te r  t h a n  a frog fibre, which  is in good 
ag reemen t  w i th  the  measured  values  of max ima l  tens ion  
in crayf ish  muscle  fibres. 

Zusammen/assung. An isolierten Muskelfasern von 
Astacus /luviatilis wurde  mi t te l s  K a l i u m k o n t r a k t u r  die 
Spannung-Sarkomer lSmgenre la t ion  un te rsuch t .  Maximale  
F a s e r s p a n n u n g  wird bet  einer Sarkomerl / inge von  10,5 /~ 
entwickel t .  W e r d e n  Fase rn  zu ether  SarkomerlAnge yon  
16,5 # gedehnt ,  so ist die Spannung  n ich t  mehr  mess- 
bar. Diese Sarkomerl / inge ist e twas  gr6sser als diejenige 
(14.45/~), die aus der  LAnge der  dicken F i l amen te  (3.95/~) 
und der  op t ima len  L~Lnge hervorgeht .  
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Occurrence and M o r p h o l o g y  of a Fibrous  Body  
in the Mitochondria  of the S l ime  Mold 

Physarum polycephalum 1 

In  a previous paper  s we have  r epo r t ed  t h a t  the  mi to-  
chondr ia  of the  slime mold,  Physarum polycephalum, when  
incuba ted  wi th  t r i t i a t ed  t h y m i d i n e  (10 #c/ml) incorpora te  
th is  D N A  precursor  to such an e x t e n t  t h a t  an in tens ive  
au torad iographic  p ic ture  can be ob ta ined  by  convent iona l  
procedures .  In  a search for a s t ruc tu ra l  c o m p o n e n t  of the  
mi tochondr i a  t h a t  migh t  be re la ted  to th is  unusual ly  high 
up t ake  of a D N A  precursor ,  we found  t h a t  the  mi to-  
chondr ia  con ta in  a previous ly  u n k n o w n  fibrous body  of 
considerable  size. This  b o d y  was p re sen t  af ter  d i f ferent  
f ixat ions,  e.g. 2% osmic acid in g rowth  med ium s (pH 5), 
1% osmic acid in eollidine buffer  (pH 7.8), and Pa lade ' s  
f ixat ive.  The la t t e r  was employed  in ob ta in ing  the  follow- 
ing e lec t ronmicrographs .  

Surface p lasmodia  were p repa red  f rom microplasmodia  
as descr ibed previous ly  4. Small  exp lan t s  f rom these  
p lasmodia  were fixed for 1 h in g lu ta ra ldehyde  (2%, 
phospha t e  buffer ,  p H  7.4) and  t h e n  placed,  for 2 h, in 
Pa lade ' s  f ixa t ive  (1% osmic acid in veronal  buffer,  p H  
7.4). The pieces were e m b e d d e d  in E p o n  according to  
LUFT 5. Silver sect ions were p repared  wi th  a Por te r -  
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Fig. 1. Section (thickness: 3 ~) through plasmodium showing mito- Fig. 3. Central body at  higher magnification. (Photogr. Dr. RICIIARD 
cllondria of various shapes. N - nuclei. Magnification x 2500. A. ELLIS). • 100,000. 

Fig. 2. Mitochondria with central bodies, x 28,400. Fig. 4. Longitudiiml section through rod-shaped mitochondrion 
Elongated central body. x 28,500. 
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Fig. 6. Similar as in Figure 5, somewhat thicker section, showing a 
thin connection between 2 central bodies. Inclusion body in upper 

right corner, x 28,500. 

Fig. 5. Longitudinal section through dumbbell-shaped mitochon- 
drion. Central body subdivided into two parts, x 28,500. 

B lum u l t ramicro tome,  s ta ined  wi th  lead ace ta te  according 
to BJORKMAN 6, and s tudied  wi th  an e lec t ronmicroscope  
EMU-3F .  Other  exp lan t s  f rom the  same p l a s m o d i u m  
were f ixed wi th  C h a m p y ' s  f ixat ive  and  sect ions were 
s ta ined  wi th  acid fuchsin  according to ALTMANN 7. F igure  1 
shows, in a sect ion s ta ined wi th  acid fuchsin,  mi tochon-  
dria  of d i f ferent  shapes,  va ry ing  f rom globular  bodies  to 
rod-like and  dumbbe l l - shaped  mi tochondr ia  which have  a 
l eng th  of a p p r o x i m a t e l y  twice the  d iamete r  of the  globu- 
lar bodies.  The e lec t ronmicrograph  in Figure  2 shows 
several  mi tochondr i a  hav ing  the  tubu la r  s t ruc tu re  t h a t  
has  been  descr ibed before s,9, and conta in ing  conspicuous 
cent ra l  bodies.  The cent ra l  body  is composed  of f ibers 
(Figure 3) which  ex t end  in to  the  tubu la r  region of the  
mi tochondr ia .  In  Figure  4, a rod-shaped  mi tochondr ion  
is seen conta in ing  a longi tudinal  cent ra l  body.  The d u m b -  
bel l -shaped mi tochondr i a  in Figures  5 and  6 con ta in  2 
cent ra l  bodies  each. The presence  of 2 cent ra l  bodies was 
found  to  be typ ica l  of dumbbe l l - shaped  mi tochondr ia .  

Assuming  t h a t  the  mi tochondr i a  in Physarum migh t  
mul t ip ly  by  division, as t h e y  do in o the r  organisms 10, i t  is 
t e m p t i n g  to  specula te  tha t ,  by  morphologica l  cri teria,  
the i r  cen t ra l  b o d y  behaves  as a 'nucleoid '  m igh t  be ex- 
pec ted  to  behave.  I t  is w o r t h  no t ing  t h a t  the  cent ra l  b o d y  
begins to  divide before the  division of the  mi tochondr ion  
is comple te  (Figures 5 and  6). Thus,  the  divis ion of the  
cent ra l  b o d y  does no t  appea r  to be a pass ive  resul t  of 
being p inched  in to  2 pieces by  the  d iv id ing  mi tochon-  
drion.  

A cent ra l  b o d y  has also been  descr ibed in D i d y mi u m 11, 
where  there  is s t rong evidence t h a t  i t  is composed  of 
D N A  fibers. I t  is no t  unl ikely t h a t  such a b o d y  is ubiqui-  
tous  for the  myxomyce t e s ,  for a similar s t ruc ture  ( 'zen- 
t ra le r  Bereich')  has  als0 been  found in Badhamia utricu- 
laris 12,1a. 

Zusammen]assung. Zu den  Mitochondr ien  des Schleim- 
pilzes Physarum polycephalum wird ein fibr6ser Zentral -  
k6rper  beschr ieben.  Zwischen seiner F o r m  und  der jenigen 
der  Mi tochondr ien  b e s t eh t  eine Korre la t ion :  In  den  
Tei lungss tadien  der  Mi tochondr ien  scheinen diese Zen- 
t ra lk6rper  ebenfal ls  auf die beiden Teile im Sinne einer  
Durchschn t i rung  aufgetei l t  zu werden.  
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