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na r rower  cons t r i c t ion  in t h e  middle .  T h e y  m a y  be s imi la r  
to  t h e  t y p e  s h o w n  in F igure  lB .  I n  these  m i t o c h o n d r i a  
also, d iv is ion  of t h e  nucleoid  appea r s  to  be  inh ib i ted .  In-  
comple te  d iv i s ion  of t h e  nucleoid  in m i t o c h o n d r i a  t h a t  
h a d  a n a r r o w  cons t r i c t ion  in t h e  midd le  was n o t  found  
in u n t r e a t e d  p lasmodia .  

The  f ind ing  t h a t  the  m i t o c h o n d r i a  of P. polycephalum 
are r ich  in D N A  ~6,17 a n d  t h a t  t h e y  a p p e a r  to  h a v e  a 
regu la r  d iv i s ion  cycle i nvo lv ing  d iv is ion  of a nucleoid  
would sugges t  t h e  poss ib i l i ty  t h a t ,  du r ing  evolut ion ,  t h e y  
m i g h t  h a v e  r e t a i n e d  a c o m p a r a t i v e l y  h igh  level  of 
a u t o n o m y .  

The  above -desc r ibed  d iv is ion  s tages  were no t  cor re la ted  
w i th  a specific s tage  of t h e  mi to t i c  cycle of the  p lasmodia .  

Zusammen/assung. Die F o r m  der  Mi tochondr i en  und  
das  V e r h a l t e n  des Mi tochondr i en -Nuk leo ids  im Schleim- 
pilz Physarum polycephalum werden  d u r c h  B e h a n d l u n g  
m i t  A c t i n o m y c i n  C in e iner  Weise  modif iz ier t ,  die d a r a u f  
schl iessen lgsst,  dass  die Mi tochondr i en  e inen regelm~ts- 
sigen Te i lungszyk lus  durch laufen ,  der  m i t  der  Te i lung  des 
Nukleo ids  kor re l i e r t  ist. 

Fig. 4. Mitochondria from plasmodium treated with actinomycin. 
(A) Elongated mitochondrion showing delayed division of nucleoid. 
• 13,000. (B) Mitoehondrion with narrow constriction, probably 
similar to that in Figure lB. Nucl.eoid understained. • 17,400. 

E. GUTTES, S. GUTTES 
an d  R. u DEVI 

Deparlment o/Biology, Loyola University, Chicago 
(Illinois 60626, USA), 21 August 1968. 

Inactivation of Tissue-Specific Inhibitors by a Carcinogen (Diethylnitrosamine) 

The  de le t ion  of t issue-specif ic  g rowth - r egu la t i ng  pro- 
t e ins  b y  carc inogens  has  been  p o s t u l a t e d  to be of p r i m a r y  
i m p o r t a n c e  d u r i n g  carc inogenesis  1. Carc inogens  become  
b o u n d  to specific p ro te ins  (h-proteins)  ~-5, wh ich  are 
e l i m i n a t e d  du r ing  carc inogenes is  a,6,6. A d i rec t  inac t i -  
v a t i o n  of g rowth - r egu l a t i ng  fac tors  could indeed  lead to 
neoplas t ic  growth ,  p rov ided  t h a t  t he  de le t ion  becomes  
h e r e d i t a r y ;  a mode l  to  exp la in  such  h e r e d i t a r y  changes  
ha s  been  proposedV. Pur i f ied  f rac t ions  of h -p ro te ins  were 
s h o w n  to i nh ib i t  r eve r s ib ly  cell g r o w t h  in t i s sue-cu l tu re  s; 
h o w e v e r  i t  was  found  t h a t  l iver  a rg inase  is respons ib le  
for  m o s t  of t he  i n h i b i t i o n  9. 

S t a r t i n g  f r0m the  s t u d y  of w o u n d  hea l ing  in mouse  
skin,  BULLOUGH deve loped  t he  concep t  of t issue-specif ic  
mi tos is  i nh ib i to r s  ( 'chalones ' )  ac t ing  t o g e t h e r  w i t h  hor-  
mones ,  wh ich  are l ack ing  or r educed  in t n m o u r s  1~ 

I n  t he  fol lowing e x p e r i m e n t s  we s tud ied  t he  effect  of 
l iver  s u p e r n a t a n t s  f rom a d u l t  r a t s  (1 :4  h o m o g e n a t e ;  
S a : 78,000 g; 2.5 h) c o n t a i n i n g  ca rc inogen -b ind ing  h-pro-  
t e ins  on  l iver  explan ts .  Desp i te  some d r a w b a c k s  ( t ime 
consumpt ion ,  n o n - u n i f o r m  size, d i f fus ion ra te ,  i n t e rna l  
necrosis)  these  exp l an t s  offer a b e t t e r  t e s t  s y s t e m  for 
p o t e n t i a l  l iver  specific subs t ances  t h a n  H e L a  or L-cellsS 
or  asci tes  cells n .  Some t i ssue  cu l tu re  cells a n d  k i d n e y  
e x p l a n t s  were used for compar i son .  D i e t h y l n i t r o s a m i n e  
(DENA)  was used as a fas t  r eac t ing  ca rc inogen  (10 m g / k g  
i.v.). S u p e r n a t a n t s  l i s ted  in e x p e r i m e n t s  1-3  in T a b l e  I I  
a n d  ill Tab le  I were pa r t i a l l y  pur i f ied  as sugges ted  b y  
BULLOUGH us ing  50--80% e t h a n o l  p rec ip i t a t e s  10. 

L ivers  f rom n e w - b o r n  r a t s  were cu t  in to  1 m m  pieces, 
i n c u b a t e d  as descr ibed  u n d e r  Tab le  I a n d  processed as 

descr ibed  e l sewhere lL  K i d n e y  exp l an t s  were s imi la r ly  
hand led .  Tissue  cu l tu re  cells were g rown as mono laye r s  
in  f lasks in  t h e i r  p roper  media ,  d i s t r i b u t e d  in to  rol ler  
t ubes  (2 .5 -3 .5 •  105 cel ls /ml a n d  tube)  a n d  i n c u b a t e d  
overn igh t .  T h e  m e d i u m  was  r e m o v e d  a n d  0.9 ml  TCM-199 
an d  0.1 ml  s u p e r n a t a n t  were added.  The  mono laye r s  were 
i n c u b a t e d  for 3 h, t h e n  1 b~C 3 H - t h y m i d i n e  was added.  
T h e  i n c o r p o r a t i o n  was s t o p p ed  a f t e r  1 or  2 h b y  cooling 
a n d  a d d i n g  0.1 m l  1 . 0 N N a O H .  Contro ls  w i t h o u t  cells 
were r u n  alongside.  T h e  mono laye r s  were b r o k e n  b y  
s t i r r ing  an d  u l t r a son ica t ing .  TCA-soluble  ma te r i a l  was  
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e x t r a c t e d  f ro m  fi l ter  p a p e r  d isks  as descr ibed  earl ier  ~a. 
Ad d i t i o n s  of s u p e r n a t a n t s  (as descr ibed above)  f rom 

n o r m a l  l iver s i gn i f i can t ly  inh ib i t ed  D N A  s y n t h e s i s  in 
l iver  e x p l a n t s  as m e a s u r e d  by  a H - t h y m i d i n e  incorpo-  
r a t i on  in to  TCA- inso lub le  ma t e r i a l  (Table I 13 a nd  
Tab le  I I B ) .  

H o w e v e r ,  n o t  on ly  l iver  e x p l a n t s  were i nh ib i t ed ;  kid- 
n e y  e x p l a n t s  a n d  t i s sue  cu l tu re  cells as W a l k e r - c a r c i n o m a  
(Figure),  H e L a  cells, a m e l a n o t i c  m e l a n o m a  a n d  L-cells 
were inh ib i t ed  as well. 

If  s u p e r n a t a n t s  f rom D E N A - t r e a t e d  r a t s  (4-6 h a f te r  
inject ion)  were used,  l iver  e x p l a n t s  a n d  t i s sue  cu l tu re  
ceils (as well as k i d n e y  exp lan t s )  b e h a v e d  di f ferent ly .  
Th e  inh ib i t i on  of t he  used  t i s sue  cu l tu re  cells was  m a i n -  
t a ined ,  or even  s l igh t ly  h ighe r  (Figure).  T h e  s a m e  was  
fo u n d  for the  k i d n e y  exp lan t s .  However ,  t he  depress ion  
of D N A  s y n t h e s i s  in l iver  e x p l a n t s  was  s ign i f i can t ly  
r educed  (Table I C, I I  C). 

L ive r  s u p e r n a t a n t s  o b v i o u s l y  con t a in  fac tors  which  
inh ib i t  D N A  s y n t h e s i s  in l iver  e x p l a n t s  a n d  wh ic h  can  
be i n a c t i v a t e d  b y  D E N A .  In  addi t ion ,  l iver  s u p e r n a t a n t s  
con t a in  s u b s t a n c e s  wh ich  depress  D N A  s y n t h e s i s  in 

Table I. Effects of liver supernatants on DNA synthesis of liv'er 
explants (experiment 1 of Table II) 

A B C 

Control Supernatant ~ Supernatant" 
(MAC1) normal liver DENA liver 

(6 h after injection) 

814 503 678 
759 401 796 
721 705 952 
609 576 807 
804 675 - 

Mean 741 572 808 
~o 100 77 118 

Liver explants prepared as described in the text were incubated 
for 2 h with supernatant preparations (10 rag). 2.5 [xC aH-thymidine 
was added and after 2 h the tubes were placed into ice, the explants 
washed with cold saline, homogenized with 0.5 ml 0.15~u MaC1 and 
aliquots placed on filter paper disks. TCA-solublc material was 
extracted as described earlier 12'is. The values given (counts/min �9 15 
protein; ~ <  0.05, F-distribution). ~ 50-80% ethanol precipitate. 

k i d n e y  e x p l a n t s  a n d  in t i s sue  c u l t u r e  cells, b u t  w h ich  
are no t  in f luenced  b y  t he  D E N A .  O b v i o u s l y  these  ' un -  
specific '  f ac to rs  are no t  ac t ing  on  l iver  exp lan t s ,  o ther -  
wise t he  i nh ib i to ry  ac t ion  of l iver  s u p e r n a t a n t s  on l iver  
e x p l a n t s  could no t  be ful ly  r e s to red  b y  the  D E N A  
t r e a t m e n t  (Table I C, I I  C). A poss ib le  i n a c t i v a t i o n  of 
a rg inase  by  D E N A  a ppe a r s  to  be i m p r o b a b l e  because  
of t he  u n c h a n g e d  effect  on t i s sue  cu l tu re  cells. I n  all 
e x p e r i m e n t s  us ing  e x t r a c t s  f r om l ivers  of a n i m a l s  w h ich  
h a d  been  in jec ted  w i th  DI?;NA 16 h pr ior  to killing, lost  
i nh ib i to ry  ab i l i ty  was  res tored  (Table  I I D ) .  Th i s  m i g h t  
ind ica te  t h a t  t he  g r o w t h - i n h i b i t i n g  fac tors  t e m p o r a r i l y  
i n a c t i v a t e d  by  D E N A  are r ap id ly  replaced.  

In  c o n t r a s t  to BULLOUGH'S f ind ings  ~~ in our  s y s t e m s  
no h o r m o n e s  were necessary .  Th i s  d i f ference  m i g h t  indi-  
ca te  t h a t  ' cha lones '  a c t ing  on D N A  s y n t h e s i s  a n d  
' cha lones '  a c t ing  on mi tos is ,  as s t ud i e d  by  BVLLOUGH ~~ 
reac t  d i f ferent ly .  

TERAYAMA a n d  SASAI)A found  a s imi lar ,  r educed  inhi-  
b i t ion  of c a r c inoge n - t r e a t e d  r a t  l iver  *4. However ,  t he  
use  of asc i tes  ceils m a k e s  these  s tud ie s  diff icul t  to com-  
pa re  w i th  our  resul ts .  I t  is obv ious ly  open  to d i scuss ion  if 
t he se  r educed  ' g r o w t h - r e g u l a t i n g '  c a p a c i t y  of carc inogen-  
t r e a t e d  l iver cells ha s  s o m e t h i n g  to  do w i th  carcino-  
genesis.  

3.10 4 

cpm/o.lm{ 

Z.IO 4 

WalKer carcinoma cells 
350000/mt 

Na-C[ NL D4 D8 DIB 

Effect of liver supernatants on DNA synthesis of Walker carcinoma 
ceils in vitro. Walker cells were incubated and processed as described 
in the text. Values given represent 1 tube (mean of 3 determinations). 
NL, normal liver; Da, 8, 16, DENA-treated liver 4, 8, 16 h after 
injection. 

Table II. Effect of liver supernatants oll DNA synthesis of liver 
explants (summary) 

A B C D 

Experiment Supernatant Supernatant Supernatant 
normal liver DENA liver DENA liver 

(4-6 h (16-24 h 
after injection) after injection) 

1 77 118 84 
2 75 107 87 
3 55 95 76 
4 77 103 62 
5 53 100 47 

Listed are different experiments similar to that given in Table I. 
Experiments 1-3 refer to ethanol fractions, 4-5 to non-purified 
supernatants (0.1 ml/tube). The values given are percentages of 
3H-thymidine incorporation without supernatants (NaCl-control). 

Zusammen/assung. Der  E i n b a u  v o n  T h y m i d i n  in Leber-  
e x p l a n t a t e  wird d u r c h  16sliche L e b e r p r o t e i n e  g e h e m m t .  
Diese H e m m u n g  ist  au fgehoben ,  w e n n  die P ro te ine  aus  
L e b e r n  k a r z i n o g e n b e h a n d e l t e r  Tiere  p r~pa r i e r t  w ur den .  
Dieser  E f f e k t  is t  o rganspez i f i sch .  
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