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S tud ies  on  a n u c l e a t e  cells h a v e  s h o w n  t h a t  in the  

absence  o f  a n u c l e u s  the re  is app rec i ab l e  p ro t e in  

syn thes i s  (1, 5 7). M o s t  o f  the  a n u c l e a t e  cells 

used  in these  s tudies  were  p r o d u c e d  by  ope ra t i ve  

r e m o v a l  of  the  nuc leus .  The re fo re ,  it s e emed  of  

in te res t  to s t udy  these  syn theses  in  a recessive 

m u t a n t  (am) of  s y n g e n  4 o f  Paramecium aurelia t h a t  

1 hour  in sterile lettuce infusion conta in ing  ei ther 
tri t iated cytidine and  uridine or a mixture  of  tri t iated 
amino  acids (10 /~c each of tyrosine, isoleucine, pro- 
line, histidine, valine, phenyla lanine ,  leucine, and  
lysine). A small  a m o u n t  of egg a l b u m i n  was 
added  to the  mix ture  to p romote  uptake.  Some 
presumpt ive  macronuc lea te  cells were inc luded 
in each sample  for comparison.  At the  end of 

T A B L E  I 

Grain Counts in Autoradiographs of Labeled Amacronucleate and Macronucleate P. aurelia 

G r a i n  counts  pe r  un i t  a r e a  above  backg round  

Cy t id ine -u r id ine  l abe l ing  
Amino  acid  l abe l ing  

K a p p a  M a c r o n u c l e u s  N o  R N a s e  R N a s e  Di f fe rence  

None  Presen t  533 -4- 46 38.7 4- 4 . 0  494 4- 46 237 4- 15 
Absen t  19.3 4- 2 .5  10.4 -4- 0 .9  9 .0  -4- 2 .7  73.9 4- 9 .6  
R a t i o  0.036 (/.269 0.018 0.312 

None  Presen t  241 4- 68 
Absen t  6 .5  -4- 0 . 8  
Ra t io  0.027 

Presen t  P resen t  2000* - -  - -  501 4- 52 
Absen t  39.9 ± 4 .3  - -  - -  109.3 4- 7 .6  
R a t i o  0 .020 - -  - -  0 .218 

* E s t i m a t e d  f rom samp l e  coun t s  on smal l  areas .  T h i s  is a m i n i m u m  es t ima t e  s ince the  n u m b e r  of  g ra ins  
was too h i gh  to c o u n t  very  a c c u r a t e l y  a n d  o v e r l a p p i n g  p r o b a b l y  occu r r ed .  

p r o d u c e s  a m a c r o n u c l e a t e  cells by  occas iona l  fail- 

u re  of  m a c r o n u c l e a r  d ivis ion a t  cytokines is  (3, 4). 

A d d e d  in te res t  is g iven  to the  p r o b l e m  because  

this  species  h a s  b e e n  used  ex tens ive ly  for s tudies  

of  cy top l a smi c  inhe r i t ance .  A c o m p a r i s o n  b e t w e e n  

p a r a m e c i a  c o n t a i n i n g  a n d  l ack ing  the  i n t r ace l l u l a r  

s y m b i o n t  k a p p a  was  i n c l u d e d  to see if s u c h  s y m -  

b ion t s  w o u l d  h a v e  a n y  m a r k e d  effect  on  the  ou t -  

come.  

M A T E R I A L S  A N D  M E T H O D S  

The  pa ramec ia  were cul tured in baked lettuce in- 
fusion with Aerobacter aerogene$ as the  food organism.  
Presumpt ive  amacronuclea tes  were selected on the  
basis of size and  shape f rom log phase  cultures, 
washed free of Aerobacter, and  incuba ted  for about  

the  incubat ion,  the  cells were washed thoroughly  
in lettuce infusion, dried on slides, and  fixed in 
e thanol :ace t ic  acid (3:1). Cells incubated  with 
the  nucleosides were extracted with ice-cold 5 
per cent  (w/v)  T C A  for 5 minutes ;  those incuba ted  
with amino  acids were extracted with 5 per cent  
T C A  either at 25 ° or 90°C for 5 minutes .  Some of the  
slides were digested with 1 m g / m l  r ibonuclease 
(RNase)  for 3 hours  at 25°C. The  slides were washed 
free of T C A  and  covered with K o d a k  NTB3 liquid 
emulsion.  Paramecia  labeled with tri t iated nucleo- 
sides were s tained with methyl  g r een -py ron in  after 
the  au torad iographs  were developed;  those labeled 
with tri t iated amino  acids were s tained by the  Feul-  

gen procedure before covering with film. The  auto-  

radiographs  were exposed before development  for a 

t ime judged  from test slides to be sufficient to produce 
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enough grains for convenient counting. All slides in a 
series were exposed for the same period. Grain counts 
were made over a unit area of cytoplasm as defined 
by a Whipple disk in the ocular. Twenty to 60 speci- 
mens of each group were counted. 

R E S U L T S  A N D  D I S C U S S I O N  

The  grain counts and  their  s tandard  errors are 
shown in Table  I. The  amacronuclea tes  incor- 
porated about  2 to 3 per  cent as much  label from 
the nucleosides as did the macronucleates,  and  
about  30 per  cent  as much  label from the amino 
acids. The  division at which the amacronucleates  
arose probably  preceded labeling by several 
hours. The  macronucleatcs  may  have been at any 
stage in the cell cycle. This  should not  have af- 
fected the comparison,  however,  since the counts 
per  un i t  area of label incorporated from nu-  
cleosidcs and amino acids do not  vary  greatly 
dur ing  the cell cycle in this species (2, u n p u b -  
lished). 

The  results show tha t  protein synthesis con- 
t inues in the absence of the macronuclcus  with 
very little concomitant  R N A  synthesis. This  
agrees with the finding tha t  protein synthesis oc- 
curs in other  anucleate cells (1, 4-6).  The  lowered 
rate of protein synthesis may  reflect the lack of 
product ion  of new messenger RNA, bu t  at  least 
some messenger remains active for several hours  
since some of the amacronucleates  must  have been 
produced at division several hours  before labeling. 

The  one point  in which the findings do not  
agree entirely wi th  some of the others is the ex- 
istence of a small bu t  statistically significant in- 
corporat ion of label from nucleosides in the 
amacronucleates.  Par t  of this incorporat ion re- 
mains after digestion with RNase;  and,  since the 
ratio between the amacronucleates  and  macro-  
nucleates is then nearly the same as with  amino 
acid labeling,  it may well be tha t  some small par t  
of the labeled nucleosides is diverted into protein 
synthesis. This  still leaves a statistically significant 

RNase-removable  incorporat ion,  however. This  

incorpora t ion  might  result from (a) R N A  synthesis 

in the micronuclei  which are present in most  or all 

amacronucleates ,  (b) end-addi t ion  to preexisting 

RNA,  (c) R N A  synthesis by  cytoplasmic D N A  

or cytoplasmic symbionts,  if e i ther  exists in kappa-  

free material ,  or (d) DNA- independen t  R N A  
synthesis. The  present experiments  provide no 
basis for choice among  these al ternatives bu t  show 
tha t  such macronucleus- independent  processes 
are not  responsible for more than  3 per  cent  of 
the total  R N A  synthesis. 

The  experiments  give no evidence for any  con- 
t r ibut ion to R N A  or prote in  synthesis by  kappa.  
This  is not  too surprising since kappa,  though  it 
persists, is no longer able to mult iply  or t ransform 
into so called B particles in amacronucleates  (4). 
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