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Fig. 2. Evolution de l'activit6 sp6cifique de ta succinocytochrome-c- 
r~ductase dans les h~misph~res c~r~braux du rat d u 15e jour de la 
gestation jusqu'~ 10 jours de vie. a) ~zM de cytochrome-e r6duit/min/g 
de tissu frais, b) ~xM de cytochrome-c r6duit /min/mgde prot6ines. 

POTTER 1~ a fair  l ' 6 tude  du  d 6 v e l o p p e m e n t  de la SCR 
et  de la COX sur  les h6misph6res  c6r6braux  du  r a t  
p a r t i r  du  19e jour  de la ges t a t ion  et  jusqu'5.  30 jours  de 
vie p o s t - p a r t u m .  Ces enzymes  p r 6 s e n t a i e n t  une  faible  
ac t iv i t~  jusqll '5. 10 jours  de vie, puts  a u g m e n t a i e n t  
ensu i te  para l l~ lement .  

Le fa i t  que les ac t iv i t6s  de la SCR et  de la COX du 
ce rveau  a u g m e n t e n t  ~ p a r t i r  du  55e jour  de ge s t a t i on  
chez le porc,  du  41e jour  chez le cobaye  et  5~ 10 jours  de 

vie p o s t - p a r t u m  chez le ra t ,  (dates  c o r r e s p o n d a n t  5. la 
m a t u r a t i o n  de l ' o rgane  pou r  les espbces collsid6r6es), 
a m i n e  GRE/;NGARD 11 ~ conclure  que l ' ac t iv i t6  des enzymes  
resp i ra to i res  est  li6e ~ la m a t u r a t i o n  fonctiol lnelle.  

L ' 6 tude  que nous  avons  effectu6e in v i t ro  sur  l ' 6vo lu t ion  
de la COX et  de la SCR nous  a condu i t  aux  c o n s t a t a t i o n s  
su ivan t e s :  La  COX, faible  chez le foetus,  s'61~ve 16gbre: 
m e n t  aprgs la naissance.  P a r  con t re  l ' ac t iv i t6  de la SCR 
est  tr~s 6Iev6e en t re  le 15e et  le 17e jour  de ]a ges ta t ion ,  
p6r iode qui, selon ALTMAN 12, cor respond  au m a x i m u m  de 
m u l t i p l i c a t i o n  des neurones  et  de syn thgse  prot6ique.  
L ' ex i s t ence  d ' u n e  ac t iv i t6  de la SCR d u r a n t  la vie 
foetale  laisse supposer  que  celle-ci n ' e s t  pas  s i m p l e m e n t  
li6e a v e c l a  m a t u r a t i o n  fonct ionnel le ,  ma t s  est  en  r a p p o r t  
avec  la mu l t i p l i c a t i on  cellulaire.  

Les r6su l ta t s  obtellUS i n d i q u e n t  une  d issoc ia t ion  en t re  
les ac t iv i t6s  de la COX et  de la SCR. Nous  aVOllS 6t6 
amell6s 5. faire deux  suppos i t ions :  soi t  la SCR exis te  sous 
deux  Iormes,  foetale  e t  adu l t e  ou b ien  ii exis te  une  
chail le r esp i ra to i re  foetale  poss6dan t  des propr i6 t6s  
diff6rentes.  Af in  d'61ucider ce problbme,  nous  envisa-  
geons de faire une  6rude app ron fond i e  de la SCR chez le 
r a t  d u r a n t  la vie foetale.  

Summary. The  evo lu t ion  of c y t o c h r o m e  c-oxidase  and  
succ inocy toch rome  c - reduc tase  specific ac t iv i t i e s  in  r a t  
b r a i n  before  a n d  a f t e r  b i r t h  ind ica tes  t h a t  enzymic  
d e v e l o p m e n t  could be  re la ted  n o t  on ly  to  f u n c t i o n a l  
m a t u r a t i o n  b u t  also to  t he  cel lular  mul t ip l i ca t ion .  
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Autoconjugates in Tetrahymena 
Studies  on  sexual  r e p r o d u c t i o n  and  t he  genet ics  of 

ci l iates d e m o n s t r a t e d  tile ex is tence  of selfers in  severa l  
species and  m a t i n g  types .  Some i n f o r m a t i o n  a n d  m u c h  
specu la t ion  on  TeXrahymena selfers ha s  been  f o r t h c o m i n g  
in r ecen t  years .  However ,  l i t t l e  is k n o w n  of t he  occur rence  
of selfers d u r i n g  n o r m a l  con juga t ion ,  or w h e t h e r  selfers 
occur  w i t h i n  one or b o t h  m a t i n g  t ypes  of a sexua l  re- 
p roduc t ion .  

Tr i ads  occur  in low pe rcen t age  d u r i n g  n o r m a l  conjuga-  
t ion.  Th i s  s t u d y  deals w i t h  selfers occur r ing  d u r i n g  con- 
j u g a t i o n  (e.g. au tocon juga tes )  a n d  t he  or igin of t r i ads  a n d  
the i r  connec t ion  w i t h  au tocon juga tes .  

3~aterials and methods. M a t i n g  types  I (WH6) a n d  I I I  
(WH52) of syngen  I (ob ta ined  f rom t he  A m e r i c a n  Type  
Cul tu re  Collection) of Tetrahymena pyri/ormis were 
g rown axen ica l ly  accord ing  to  t h e  m e t h o d  descr ibed  b y  
ELLIOTT a n d  HAYES 1 a t  25~ (-r I~ The  o rgan i sms  
were r e m o v e d  to s t a r v a t i o n  m e d i u m  b y  3 successive 
wash ings  followed b y  sho r t  cen t r i fuga t ions  (1600 R P M  

for 1-3 min).  The  s t a r v a t i o n  m e d i u m  was composed  of 
0.005 M t r ic ine  (Sigma) buffer ,  p H  7.4. Cell concen t r a t i ons  
in  s t a r v a t i o n  m e d i u m  were a d j u s t e d  to 100 K l e t t  un i t s  
(fi l ter 54). Cell coun t s  in  t he  cu l tu res  du r ing  e x p e r i m e n t s  
va r i ed  b e t w e e n  1 10.106 cells/ml.  The  e x p e r i m e n t s  were 
pe r fo rmed  a t  30 ~ 

The  m a t i n g  types  were mixed  i m m e d i a t e l y  a f t e r  t he  
b e g i n n i n g  of s t a rva t i on .  I n  each  e x p e r i m e n t  one m a t i n g  
t y p e  was grown w i t h  t r i t i a t e d  t h y m i d i n e .  2 0  tzC/ml of 
t h y m i d i n e - 6 - H  a (27 Ci /mmol,  A m e r s h a m ,  Eng land)  was 
added  2 days  before t he  cells were used in t he  expe r imen t s .  
A n o t h e r  po r t i on  of t he  same a m o u n t  of t r i a t e d  t h y m i d i n e  
was added  12 h before t he  e x p e r i m e n t s  s ta r ted .  Th i s  
t r e a t m e n t  caused all  t he  cells in t he  cu l tu re  to  be  label led  
s ign i f ican t ly  in  t he i r  macro l luc lea r  DNA.  

A. M. ELLIOTT and R. E. HAYES, BioL Bull 105, 269 (1953). 
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The  label led cuI ture  was washed  th r ee  t imes  before 
m i x i n g  w i t h  t he  second m a t i n g  type.  E a c h  wash  was 
followed b y  a shor t  cen t r i fuga t ion .  R a d i o a c t i v i t y  was 
assayed  by  r a d i o a u t o g r a p h y .  Drops  con ta in ing  cells were 
p laced on s u b b e d  slides, a i r  dried,  exposed to  Mcohol- 
acet ic  acid f ixa t ive  (3:1) for 10 rain,  e x t r a c t e d  for 5 m i n  
in ice cold 5~o TCA, r insed  for 5 m i n  in 70~o and  100~o 
alcohol  and  washed  for 1 m i n  in acetone.  The  slides were 
d ipped  in a wa t e r -d i l u t ed  (1:1) K 5 (Ilford) r ad ioau to -  
graphic  emuls ion,  dr ied and  s tored  in l igh t -proof  boxes  
for 5-10 days.  

R a d i o a u t o g r a p h s  were deve loped  in K o d a k  D-19 
deve loper  for 3 ruin a n d  f ixed for  a b o u t  5 rain.  Develop-  
m e n t  and  f ixa t ion  were done  a t  20~ Deve loped  slides 
were s t a ined  w i th  to lu id ine  b lue  (0.5% W/V)  for 1-5 sec. 

Results. In  some exper imen t s ,  mac ronuc l ea r  deoxyr ibo-  
nucleic acid (DNA) of m a t i n g  t y p e  WH52 was pre labe l led  
w i t h  t r i t i a t e d  t h y m i d i n e  and  la te r  mixed  w i t h  a n  equa l  
a m o u n t  of non- labe l led  "vVH 6 m a t i n g  type .  Conversely,  in 
o the r  exper imen t s ,  m a t i n g  t y p e  W H ,  was pre labe l led  
w i t h  t r i t i a t e d  t h y m i d i n e  and  la te r  mixed  w i t h  an  equa l  
a m o u n t  of non- labe l led  WH52 m a t i n g  type.  The  pre-  
label led s t r a in  was a lways  e x a m i n e d  b y  r a d i o a u t o g r a p h y  
and  in all the  e x p e r i m e n t s  100~o of t he  pre-Iabel led cels 
were found  to be  label led  in t h e i r  m a c r o n u c l e a r  DNA. 

T h o u s a n d s  of con juga tes  were e x a m i n e d  u n d e r  t h e  
microscope.  A b o u t  60 a u t o c o n j u g a t e s  were recorded  
(Figure) of which  b o t h  con juga te s  a lways  be longed  to 
m a t i n g  t y p e  W H h ~ .  No au tocon juga tes ,  of which  b o t h  
con juga te s  be longed  to  m a t i n g  t y p e  W H  6, were ever  
recorded.  

A p p r o x i m a t e l y  t he  same n u m b e r  of t r i ads  were s tud ied  
(Figure).  I n  all t h e  t r iads,  2 cells ou t  of 3 be longed  to  WH52 
m a t i n g  type.  Only  in one t r iad ,  d id  2 ceils be long  to 

W H  6 m a t i n g  type .  I n  a n o t h e r  single t r i ad  all 3 ceils 
be longed  to  m a t i n g  t y p e  WHh~. E a c h  of t h e  m a t i n g  t ypes  
cu l tu res  was m a i n t a i n e d  u n d e r  s t a r v a t i o n  sepa ra t e ly  for 
several  days  an d  e x a m i n e d  per iodica l ly  for sellers. 
Sellers were f r equen t ly  recorded  in m a t i n g  t y p e  WHh~. 
The i r  appea rance ,  however ,  va r ied  cons iderably .  Some- 
t imes  selfers appea red  5-6  h af te r  the  beg inn ing  of 
s t a r v a t i o n  an d  somet imes  a f te r  3-4  days  f rom t h e  beginn-  
ing of s t a rva t ion .  Somet imes  no selfers a t  all  could be  
found.  I n  m a t i n g  t y p e  W H  6 sellers were neve r  recorded.  

Discussion. ELLIOTT a n d  HAYES 1 isola ted 127 Tetra- 
hymens clones a t  "Woods Hole  (WH),  Massachuse t t s ,  
where  m a t i n g  t ypes  I, I I  a n d  I I I  (wH~, 14' ~), respect ively ,  
were es tabl i shed.  Only  3, ou t  of t h e  127 clones, t u r n e d  
ou t  to  be  selfersK Most  p robab ly ,  m a t i n g  types  I, I I  and  
I I I  d id  no t  con ta in  selfers. 

The  a p p e a r a n c e  of selfers in  m a t i n g  t ype  I I I  (WH52) 
in our  e x p e r i m e n t s  could p e r h a p s  be  a resu l t  of cu l tu res  
r e t a ined  over  a longer  per iod of t ime,  as suggested  b y  
SONNEBORN 4. Th i s  specu la t ion  is doub t fu l  because  the  
m a t i n g  t ypes  of v a r i e t y  I were k e p t  in  our  l a b o r a t o r y  for 
on ly  a few mo n t h s .  However ,  these  m a t i n g  types  were 
n o t  e x a m i n e d  for selfers on  t he i r  arr ival .  The  t e n d e n c y  
to m a t e  w i t h i n  t h e  clone could also be  a sign of seni l i ty  as 
a consequence  of the  a p p e a r a n c e  of a m i c r o n u c l e a t e d  
cells, as sugges ted  b y  ELLIOTT 3. In  genera l  our  m a t i n g  
t ype  W H ~  cells c o n t a i n e d  t h e i r  micronuctei .  

The  m e t h o d  of ELLIOTT an d  HAYES 1 to  rule ou t  t h e  
poss ib i l i ty  of selfing (named au t o co n j u g a t e s  in th i s  s tudy)  
would poss ib ly  n o t  de tec t  t h e  smal l  n u m b e r  of au to-  
conjugates .  In  t h e i r  s t u d y  ELLIOTT an d  HAYES mixed  a 
smal l  n u m b e r  of cells (15-20) of one m a t i n g  t y p e  w i th  a 
g rea t  m a n y  (500 or more) of the  oppos i te  m a t i n g  type.  

The  m a i n  po in t  of th i s  s t u d y  was to d e m o n s t r a t e  t he  
rare  occurrence  of a u t o c o n j u g a t i o n  d u r i n g  sexual  re- 
p r o d u c t i o n  of these  organisms.  This  p h e n o m e n o n  was 
clear ly shown  w i t h  r a d i o a u t o g r a p h y .  Tr iads '  a p p e a r a n c e  
in the  con juga t ing  cul tures  is closely re la ted  to t he  
t e n d e n c y  of selfing of one m a t i n g  type .  I n  con t ro l  
ex p e r i men t s  of which  m a t i n g  types  I (WH6) a n d  I I  
(WHIr were used, h a r d l y  a n y  t r i a d s  seemed to appear .  
A fu r t h e r  s tep  m i g h t  p e r h a p s  d e m o n s t r a t e  t h a t  t he  
appea rance  of t r i ads  in  a co n j u g a t i n g  p o p u l a t i o n  of 
T e t r a h y m e n a  is a s ign of t h e  ex is tence  of sellers and  
a u t o c o n j u g a t e s  in  one or b o t h  of t h e  m a t i n g  types  s. 

Zusammen/assung. A u t o r a d i o g r a p h i s c h e  U n t e r s u c h u n g  
der  A u t o c o n j u g a t i o n  wXhrend der  n o r m a l e n  geschlecht -  
l ichen F o r t p f l a n z u n g  yon  Tetrahymena, wobei  einer  der  
be iden  P a a r u n g s t y p e n  m i t  3 H - T h y m i d i n  m a r k i e r t  wurde  
(Mark ie rung  al ler  Macronuclei) .  N a c h  Mischung  be ider  
P a a r u n g s t y p e n  f and  sich n e b e n  sexuel ler  Con juga t ion  
auch  A u t o c o n j u g a t i o n  y o n  Tetrahymena, s te ts  v o m  
P a a r u n g s t y p  WH~. 
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Radioautogram of conjugating Tetrahymena pyriJormis. Mating 
type III (WHh,) of variety I was prelabelled with tritiated thymidine 
during exponential growth. Before removed to starvation medium 
and mixed with mating-type I (WHB) (non-labelled), the radioactive 
medium was removed by three successive washings. 1. A triad 
consisting of 2 organisms belonging to WH~2 mating type and 
1 organism belonging to WH~ mating-type. 2. An autoconjugate. 
The 2 conjugates belong to mating-type WH~2. All other conjugates 
seen on the radioautogram are normal. The preparation was stained 
with 0.5% Toluidine Blue for 1 sec. • 650. 
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