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e a c h  n u t r i e n t  regime.  Deta i l s  of t he  e x t r a c t i o n  p rocedu re  
h a v e  been  g iven  in a p rev ious  c o m m u n i c a t i o n  5. T o t a l  
ch lorophyl l ,  ch lo rophy l l  a a n d  ch lo rophy l l  b were de te r -  
m i n e d  b y  t he  m e t h o d  of V e r n o n  6. To ta l  p r o t o c h l o r o p h y l l  
(assuming  no conve r s ion  to chlorophyl l ) ,  and  t h e  a m o u n t  
of p r o t o c h l o r o p h y l l  t r a n s f o r m e d  to ch lo rophy l l  were 
e s t i m a t e d  b y  t h e  m e t h o d  o f  S m i t h  a n d  B e n i t e z 7  F r o m  
t h e  va lues  t h u s  ob ta ined ,  t he  r a t e s  of t r a n s f o r m a t i o n  of 
p r o t o c h l o r o p h y l l  to  ch lo rophy l l  were ca lcula ted .  
Results and discussion. Figure  1 shows t h e  t ime-course  of 
f o r m a t i o n  of p r o t o c h l o r o p h y l l  in seedlings g rown  Under 
p o t a s s i u m  def ic iency  a n d  full  n u t r i e n t  condi t ions .  D u r i n g  
t he  f i rs t  10 days  of s t a r v a t i o n ,  p o t a s s i u m  def ic iency d id  
n o t  af fec t  t he  c o n c e n t r a t i o n  of p r o t och l o r ophy l l  in t h e  
maize  seedlings.  B e y o n d  th i s  p o i n t  t he  def ic iency resu l t ed  
in a d ras t i c  decrease  in t he  c o n c e n t r a t i o n  of t o t a l  p ro to -  
ch lorophyl l .  A s imi la r  p a t t e r n  of effect  was  obse rved  for 
ch lo rophyl l s  a a n d  b. 
Seedl ings  m a i n t a i n e d  u n d e r  p o t a s s i u m  def ic iency showed 
in i t i a l  r a t e s  of conve r s ion  of p r o t o c h l o r o p h y l l  to  chloro-  
phy l l  t h a t  were a p p r o x i m a t e l y  e q u a l  to  t h e  r a t e s  r ecorded  

for con t ro l  seedl ings (figure 2). The  ra t e s  increased u n d e r  
b o t h  n u t r i e n t  regimes  d u r i n g  t he  f i rs t  10 days  of feeding 
w i t h  n u t r i e n t  so lu t ions  a n d  t h e r e a f t e r  decreased.  Th i s  
decrease  was more  p r o n o u n c e d  in t he  po t a s s ium-de f i c i en t  
seedl ings t h a n  in t he  con t ro l  seedlings.  
I t  c an  t h u s  be  conc luded  t h a t  t h e  decrease  in  ch lo rophy l l  
f o r m a t i o n  d u r i n g  p o t a s s i u m  def ic iency is due,  a t  leas t  in 
pa r t ,  to  a decreased  f o r m a t i o n  of p ro toch lo rophy l l  a n d  a 
decreased  r a t e  of t r a n s f o r m a t i o n  o f  p ro toch lo rophy l l  to  
ch lorophyl l .  Bogo rad  s sugges ted  t h a t  in p l a n t s  chlorosis  
is genera l ly  due  to  a b lock  in p o r p h y r i n  f o r m a t i o n  a t  a 
v e r y  ear ly  p o i n t  in t he  b i o s y n t h e t i c  cha in .  P o t a s s i u m  
def ic iency- induced  chlorosis  wou ld  seem to  be  due  to  a n  
a d d i t i o n a l  b lock  l a t e r  in t he  cha in .  

5 I.C. Onwueme and A. O. Lawanson, Planta, Berl. 110, 81 (1973). 
6 L.P.  Vernon, Analyt. Chem. 32, 1144 (1960). 
7 J . H . C .  Smith and A. Benitez, Plant Physiol. 29, 135 (1954). 
8 L. Bogorad, in: Plant Biochemistry, p. 753. Ed. J. Bonner and 
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Summary. Inc reased  R N A  synthes is ,  m a i n l y  m R N A ,  occurs  in T e t r a h y m e n a  v e r y  sho r t l y  before  t he  pa i r ing  which  
t akes  place a f te r  c o n j u g a t i o n  ha s  been  induced .  Specific i n h i b i t i o n  of m R N A  syn thes i s  b y  co rdycep in  delays  pai r ing.  

The  sexual  phase  in t he  c i l ia ted p r o t o z o a n  T e t r a h y m e n a  
is a n  induc ib le  d e v e l o p m e n t a l  process.  F o r m a t i o n  of a 
cell pa i r  b e t w e e n  2 m a t i n g - t y p e s  requi res  severa l  s t eps :  
1. D e p r i v a t i o n  of n u t r i e n t s .  2. A specific cell-cell i n t e r -  
ac t ion.  3. Fus ion  of cell surfaces  of b o t h  m a t i n g - t y p e s .  
The  a c t u a l  pa i r ing  is p receded  b y  a process  w h i c h  m a k e s  
possible  t he  cel lular  r ecogn i t ion  a n d  a t t a c h m e n t .  This  pro-  
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Fig. 1. RNA synthesis during costimulation and pair formation 
during the process of conjugation. After mixing starved cultures of 
mating types, 10 ~.Clml 8H-uridine was added at 1-h-intervals for 
10 rain. The radioactivity was determined by precipitation with 
cold 10 % TCA. Solid line: RNA synthesis during costimulation and 
pair formation of conjugating Tetrahymena. The curves were cal- 
culated and drawn relative to the straight control line. Dotted 
straight line: RNA synthesis in starved controls. Each starved 
mating type alone served as a control. The dotted line represents the 
calculated mean of both mating types. Left curve: nH-uridine in- 
qqr~oration into phenol-chloroform extracted RNA. Right curve: 
3H-uridine incorporation into entire Tetrahymena cells. 

cess invo lves  a t  leas t  2 m a j o r  s tages :  i n i t i a t i o n  a n d  co- 
s t i m u l a t i o n  2. I n i t i a t i o n  is i nduced  b y  s t a r v a t i o n  in buf -  
fers such  as 10 mlV[ Trig or 50 m M  Tric ine  for 2 or more  h 
( d e p e n d i n g  on t he  m a t i n g  t ypes  used a t  28-30~ a n d  is 
i n d e p e n d e n t  of t he  presence  of t he  c o m p l e m e n t a r y  m a t i n g -  
types  2,3. Af t e r  mix ing  m a t i n g  t ypes  w h i c h  were p rev i -  
ous ly  in i t i a t ed ,  t he re  is a lag per iod  of 45-60  min  u n t i l  
t he  f i rs t  pa i rs  of con juga t e s  are formed.  Obvious ly ,  there= 
fore, d u r i n g  t h i s  lag per iod  some form of c o m m u n i c a t i o n  
is needed  b e t w e e n  cells of c o m p l e m e n t a r y  m a t i n g  types  3, ,. 
Since t he  a f o r e m e n t i o n e d  processes  of in i t i a t ion ,  cost i -  
m u l a t i o n  a n d  fus ion occur  sequent ia l ly3 ,  i t  is possible  to  
examine  each  s tep  separa te ly .  I n  order  to  u n d e r s t a n d  
more  a b o u t  t h e  m a c r o m o l e c u l a r  even t s  d u r i n g  cos t imu-  
la t ion,  we h a v e  i n v e s t i g a t e d  t h e  p a t t e r n  of R N A  syn-  
thes is  in r e l a t ion  to th i s  pe r iod  of con juga t i on  in T e t r a -  
h y m e n a .  I n  add i t ion ,  t he  effect  of cordycepin ,  an  R N A  
syn thes i s  inh ib i to r ,  was e x a m i n e d  on R N A  syn thes i s  as 
well  as on  pa i r  fo rmat ion .  
Materials and methods. Cell cul tures .  T e t r a h y m e n a  pyr i -  
formis  m a t i n g  t ypes  W H  6 a n d  WH52 of syngen  I (ob- 
t a i n e d  f rom the  A m e r i c a n  Type  Cul tu re  Collection) were 
m a i n t a i n e d  s e p a r a t e l y  in  2% pro teose  p e p t o n e  (Difco) a t  
28 ~ Cells used in t he  e x p e r i m e n t s  were o b t a i n e d  b y  in-  
ocu la t ing  100 ml  of a m e d i u m  c o n t a i n i n g  0.5% proteose  
pep tone ,  0 .5% B a c t o  t r y p t o n e ,  0 .01% yeas t  ex t rac t ,  0 .1% 

1 Supported by Stiftung Volkswagenwerk, research grant No. 
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s o d i u m  ace t a t e  a n d  0.1% K 2 H P O  4 a t  p H  7.2. Af te r  2 days  
of g r o w t h  a t  28~ t he  ceils of each  m a t i n g  t y p e  were  re- 
m o v e d  and  u t i l ized  du r ing  t he i r  e x p o n e n t i a l  g r o w t h  
phase .  
Sh i f tdown.  Cells were c o n c e n t r a t e d  for sh i f t -down  b y  
c e n t r i f u g a t i o n  w i t h  a GLC-2 (Sorvall)  cen t r i fuge  a t  
1000 r p m  for 1-2  min.  E a c h  m a t i n g  t y p e  was w a s h e d  se- 
p a r a t e l y  3 t i m e s  in 0.05 M t r ic ine  buf fe r  (pH 7.2) a n d  re- 
s u s p e n d e d  to a c o n c e n t r a t i o n  of 4-5  • 105 cells/ml,  and  
m a i n t a i n e d  for  a b o u t  24 h u n d e r  s t a r va t i on .  
Con juga t ion .  T h e  m a t i n g  r eac t i on  was  induced  b y  mix ing  
1 ml  of a n  equa l  c o n c e n t r a t i o n  of each  m a t i n g  t y p e  in 15- 
ml  E r l e n m e y e r  f lasks  wh ich  were t h e n  i n c u b a t e d  a t  30 ~ 
in a w a t e r  b a t h .  Con j uga t i ng  o rgan i sms  were f ixed b y  
a d d i n g  g l u t a r a l d e h y d e  to  t h e m  (final c o n c e n t r a t i o n :  
1.5%).  Samples  were coun t ed  a t  1 -h- in te rva ls  w i t h  a Neu-  
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Fig. 2. Incorporation of 3H-uridine into RNA during eostimulation 
and pair formation of conjugating Tetrahymena. After phenol- 
chloroform extraction, mRNA was isolated on poly-U-sepharose 
columns, rRNA represents phenol-chloroform extracted RNA which 
could not be isolated on poly-U-sepharose. 
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Fig. 3. The effect of cordycepin on the rate of pair formation and 
RNA synthesis in conjugating Tetrahymena. Cordycepin was added 
at the initial mixing time of the mating types. The 2 upper lines 
represent the inhibitory effects of cordycepin on RNA synthesis as 
compared to a control without eordyeepin. The 2 lower lines re- 
present the inhibitory effects of cordycepin on pair formation, as 
compared to a control to which no cordycepin was added. The 
rate of pair formation during conjugation was determined analyzing 
a minimum of 400 cells per count. 

b a u e r  H e m a c y t o m e t e r  and  the  p e r c e n t a g e  of c o n j u g a t i n g  
ceils was ca lcu la ted .  A m i n i m u m  of 400 cells were c o u n t e d  
in each  sample .  
Cell labell ing.  Cells were label led  w i t h  10 ~zC/ml of 3H- 
u r id ine  (specific a c t i v i t y  25 Ci /mmole,  A m e r s h a m ,  Eng-  
land).  R N A  syn thes i s  was  m e a s u r e d  b y  t he  i nco rpo ra t i on  
of ~ H-u r id ine  in to  whole  cells, fol lowing p rec ip i t a t i on  w i t h  
cold 10% TCA, or b y  t he  e x t r a c t i o n  of R N A  w i t h  phenol -  
ch lo ro fo rm as descr ibed  e lsewhere  5. 
F r a c t i o n a t i o n  of R N A  on poly- (U)-sepharose .  Samples  of 
p h e n o c h l o r o f o r m  e x t r a c t e d  R N A  were p u t  on  poly-(U)-  
sepharose  co lumns  a n d  f r a c t i o n a t e d  as descr ibed  else- 
where  5. The  r a d i o a c t i v i t y  of each  f rac t ion  was de ter -  
m i n e d  in t he  TCA p rec ip i t an t .  Cordycep in  (3' deoxy-  
adenosine)  (S igma Chemica l  Co.) was  m a d e  in to  a s tock  
Solution of 500 ~zg/ml in buffer .  
I n  p r e l i m i n a r y  dose to le rance  tests ,  a dose 0I co rdycep in  
as h i g h  as 100 ~zg/ml h a d  no effect  of t he  su rv iva l  or mor-  
pho logy  of the  o rgan i sms  even  a f t e r  48 h of t r e a t m e n t .  
Since c o n c e n t r a t i o n s  of 50 txg/ml and  100 lxg/ml y ie lded 
t h e  same effect, we chose to use t he  lower dose. E a c h  of 
t he  s t a r v e d  m a t i n g  t y p e  cul tures ,  t e s t ed  separa te ly ,  
se rved  as a control .  
Results.  R N A  syn thes i s  d u r i n g  t he  i n d u c t i o n  of con ju-  
ga t ion  in T e t r a h y m e n a .  W h e n  c o m p l e m e n t a r y  m a t i n g  
types  of s t a rved  T e t r a h y m e n a  were mixed  for t he  in- 
duc t ion  of con juga t ion ,  u n d e r  ou r  e x p e r i m e n t a l  condi-  
t ions ,  t h e r e  was  a lag pe r iod  of a b o u t  1.5 h un t i l  t h e  f i rs t  
con juga t i ng  pa i rs  were recorded.  W h e n  R N A  syn thes i s  
was  m e a s u r e d  f rom the  in i t ia l  m i x i n g  t i m e  of the  m a t i n g  
t ypes  for a per iod  of 4 -5  h the rea f t e r ,  a n  increase  in the  
r a t e  of R N A  syn thes i s  was  observed .  The  m a x i m a l  R N A  
syn thes i s  s t i m u l a t i o n  was  m e a s u r e d  a f t e r  1 -2  h f rom the  
in i t ia l  m i x i n g  t ime  (figures 1 a n d  2). A t  the  end  of th i s  
2-h-period,  the  f i rs t  c o n j u g a t i n g  pa i rs  could be observed .  
4-5  h a f t e r  t he  in i t ia l  m i x i n g  of t he  m a t i n g  types ,  t he  r a t e  
of c o n j u g a t i o n  r eached  5 0 - 6 0 %  of t h e  t o t a l  p o p u l a t i o n  
a n d  R N A  syn thes i s  decreased  to t h e  level  of the  con t ro l  
cu l tu res  (figure 1). The  t o t a l  a m o u n t  of RNA,  syn thes i zed  
d u r i n g  t he  f i rs t  6 h a f t e r  t he  in i t ia l  mix ing ,  was e x t r a c t e d  
a n d  f r a e t i o n a t e d  on po ly - (U) - sepharose  columns.  The  re- 
sul ts  showed  t h a t  t he  syn theses  of m R N A  a n d  r R N A  were 
b o t h  s t imu la t ed ,  p a r t i c u l a r l y  t h e  former .  The  resu l t  of 
these  e x p e r i m e n t s  are p l o t t e d  in f igure 2. 
The  i n h i b i t i o n  of R N A  syn thes i s  b y  cordycepin .  The  
above  resu l t s  sugges t  t h a t  R N A  syn thes i s  m i g h t  be  es- 
sen t i a l  for the  process  of c o n j u g a t i o n  and  especial ly  dur-  
ing t he  i n i t i a t i on  phase .  Therefore ,  t he  i n h i b i t i o n  of R N A  
syn thes i s  du r ing  t he  f i rs t  2 h f rom t h e  in i t i a l  mix ing  t ime  
of t he  m a t i n g - t y p e s  m i g h t  also i n h i b i t  or  de l ay  con juga-  
t ion.  In  order  to  i nves t i ga t e  th i s  po in t ,  a series of ex- 
p e r i m e n t s  was  p e r f o r m e d  to d e t e r m i n e  t h e  effect  of cor- 
dycepin ,  a R N A  syn thes i s  inh ib i to r ,  on  con juga t ion .  
F igure  3 d e m o n s t r a t e s  t he  effect  of 50 txg/ml co rdycep in  
on t he  c o n j u g a t i o n  and  R N A  syn thes i s  of T e t r a h y m e n a  
cu l tures  w h e n  t he  i n h i b i t o r  was  a d d e d  to  t h e  expe r imen-  
t a l  cu l tu res  a t  t he  m i x i n g  t ime  of t h e  m a t i n g  types .  W h e n  
t he  r a t e  of c o n j u g a t i o n  was de t e rmined ,  t he re  was a 1 h 
de lay  in t he  pa i r ing  process  of c o n j u g a t i o n  fol lowing t he  
co rdycep in  t r e a t m e n t .  4 h a f te r  a d d i n g  t h e  drug,  t he re  
was no  s ign i f ican t  di f ference b e t w e e n  co rdycep in - t r e a t ed  
and  n o n - t r e a t e d  cu l tu res  in  t he  a m o u n t  of R N A  syn-  
thesis .  R N A  syn thes i s  m e a s u r e m e n t s  fol lowing cordycep in  
t r e a t m e n t  revea led  a decrease  of 3 5 - 4 0 %  in 3H-ur id ine  
i nco rpo ra t i on  a f t e r  t he  f i rs t  h o u r  f rom t h e  in i t ia l  mix ing  
t i m e  (figure 3). Our  impress ion  was t h a t  a f t e r  3-4  h t he  
o rgan i sms  recovered  f rom the  effect  of t h e  drug,  a n d  s tep-  

5 A. Ron, O. Horovitz and I. Sarov, J. molec. Evol. 8, 137 (1976). 
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wise r ecovered  f rom i ts  i n h i b i t o r y  effect  on  R N A  syn-  
thesis .  I n  o rder  to  s t u d y  t h e  ' r ecovery '  pe r iod  more  
sys temat i ca l ly ,  we p e r f o r m e d  a d d i t i o n a l  e x p e r i m e n t s  in  
wh ich  co rdycep in  was  added  a t  d i f fe ren t  i n t e rva l s  a f t e r  
t h e  in i t ia l  m i x i n g  t i m e  of t he  m a t i n g - t y p e s .  
Resu l t s  showed  t h a t  t h e  t i m e  of app l i ca t i on  of co rdycep in  
d id  n o t  effect  t h e  l e n g t h  of t he  lag per iod,  w h i c h  r e m a i n e d  
1-1.5 h,  b u t  d id  effect  t h e  r a t e  of con juga t ion .  W h e n  
co rdycep in  was a d d e d  i m m e d i a t e l y  a f t e r  t he  in i t i a l  
m i x i n g  t i m e  of t h e  m a t i n g - t y p e s ,  or w i t h i n  1 h the rea f t e r ,  
t he re  was a s ign i f ican t  de lay  in t he  r a t e  of pa i r  fo rma t ion .  
The  a d d i t i o n  of t h e  d rug  l a t e r  t h a n  2 h f rom t he  in i t i a l  
m i x i n g  p o i n t  of t h e  m a t i n g - t y p e s  h a d  l i t t le  effect  on  t he  
r a t e  of pa i r  f o r m a t i o n  (figure 4). R N A  syn thes i s  in cells 
t r e a t e d  w i t h  co rdycep in  a t  t he  in i t ia l  m i x i n g  t ime  of t h e  
m a t i n g - t y p e s  decreased  b y  6 0 - 8 0 %  a f t e r  t h e  f i rs t  h. Ap-  
p l i ca t ion  of co rdycep in  a f t e r  2 -3  h f rom t h e  in i t ia l  m i x i n g  
p o i n t  of t he  m a t i n g - t y p e s  decreased  t he  level  of R N A  

5 0  �84 

% 

40 

30 

} 20 

o 
10 

i I I 

0 60 

..oControl 
I .. "~,,.M80 
[ p ~ . ~ 1 2 0  

! , Z  "<'''~ ..,,60 

,'d/ ~.--Y 
r 
l l . "  # 

m" 
i I I I I I I I 

120 180 240 500 min 
Time 

Fig. 4. The effect of cordycepin on pair formation in conjugating 
Tetrahymena. Cordycepin was added at i-h-intervals, as indicated 
by arrows. The consequent pair formation was drawn with the same 
lines as its representing arrow. 
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Fig. 5. The effect of eordycepin on RNA synthesis during 12 h of 
conjugation. The initial mixing time of the mating types is repre- 
sented by the '0' point. Corycepin was added at 1-h-intervals. The 
incorporation of 3H-uridine was measured by precipitation with 
cold 10% TCA. The inset represents the comparison of the effects 
of cordyeepin on mRNA and rRNA synthesis during 2 h from the 
initial mixing point of the mating types, mRNA and rRNA were 
determined as described in figure 2. 

syn thes i s  b y  40%.  The  a d d i t i o n  of co rdycep in  l a t e r  t h a n  
5 h a f t e r  t he  m i x i n g  t i m e  of t he  m a t i n g - t y p e s  decreased  
t he  R N A  syn thes i s  r a t e  on ly  b y  10% or less (figure 5). 
The  effect  of co rdycep in  on  m R N A  a n d  r R N A  s y n t h e s i s  
was  t e s t e d  b y  t h e  f r a c t i o n a t i o n  of such  R N A  on poly- (U)-  
sepharose .  As d e m o n s t r a t e d  in t h e  inse t  of f igure 5, t h e r e  
was a s l igh t  di f ference in t he  effect  of t h e  d rug  b e t w e e n  
m R N A  a n d  r R N A  syn thes i s  ; h o w e v e r  i ts  s t a t i s t i ca l  signif-  
icance  was n o t  tes ted .  
Discussion.  I n  t h i s  s t u d y  we d e m o n s t r a t e d  the  syn thes i s  
of inc reased  a m o u n t s  of m R N A  d u r i n g  con juga t i on  in 
T e t r a h y m e n a  (figure 2) b y  a m e t h o d  w h i c h  isolates poly-  
A f r a g m e n t s  5 of newly  syn thes i zed  R N A .  The  isola t ion  of 
p o l y - A - f r a g m e n t s  b y  a f f in i ty  c h r o m a t o g r a p h y  on  poly-  
U-sepha rose  ha s  a powerfu l  tool  for m R N A  iso la t ion  in 
euka ryo re s  6. 
W e  bel ieve  t h a t  m R N A  in i t i a t e s  specific p ro t e in  syn-  
thes is  d u r i n g  c o s t i m u l a t i o n  or pa i r  f o r m a t i o n  in c o n j u g a t -  
ing T e t r a h y m e n a .  I f  such  syn thes i s  is i n h i b i t e d  b y  cordy-  
cepin,  a de lay  in  pa i r  f o r m a t i o n  follows. However ,  if cor- 
dycep in  is a d d e d  fol lowing t he  c o m p l e t i o n  of th i s  m R N A  
synthes i s ,  pa i r  f o r m a t i o n  occurs  in t he  n o r m a l  f a sh ion  
(figure 4). F r i sch  e t  a13 h a v e  r ecen t l y  d e m o n s t r a t e d  t h e  
i n h i b i t i o n  of g lycopro te in  synthes is ,  t he  l a t t e r  p r o b a b l y  
essen t ia l  for con juga t ion ,  b y  t u n i c a m y c i n ,  d u r i n g  cost i-  
m u l a t i o n  a n d  pa i r  f o r m a t i o n  of T e t r a h y m e n a .  The  same  
inves t i ga to r s  h a v e  shown  the  presence  of specific p r o t e i n s  
occur r ing  d u r i n g  con juga t ion ,  b y  s lab-gel  e lec t rophore t i c  
c o m b i n e d  w i t h  r a d i o a u t o g r a p h i c  m e t h o d s  (personal  com-  
m u n i c a t i o n ,  A. Fr isch) .  The  l inear  sequence  of e v e n t s  
such  as specific m R N A  synthes i s ,  as r epo r t ed  here,  a n d  
specific p ro t e in  syn thes i s  d u r i n g  ear ly  s tages  of con juga -  
t i on  sugges t  a possible  l i n k a g e  b e t w e e n  such  s y n t h e t i c  
processes.  However ,  a c t u a l  c o n n e c t i o n  ha s  no t  been  de-  
m o n s t r a t e d .  
The  r e q u i r e m e n t  of p ro t e in  syn thes i s  for  cos t imu la t i on  in 
c o n j u g a t i n g  T e t r a h y m e n a  was  r epo r t ed  before  b y  P. J.  
]3runs a n d  R. E. Pa l e s t i ne  s. Ty le r  a n d  Wolfe ~ showed  
t h a t  A c t i n o m y c i n  D i n h i b i t e d  95% of R N A  syn thes i s  in  
T e t r a h y m e n a .  A s imi lar  i n h i b i t i o n  of p ro t e in  syn thes i s  
was  caused  b y  cyc lohex imide  1~ The  l a t t e r  also i n h i b i t e d  
comple t e ly  t he  c o n j u g a t i o n  process  in  T e t r a h y m e n a .  
H o w e v e r  A c t i n o m y c i n  D on ly  i n h i b i t e d  con juga t i on  if t h e  
d rug  was a d d e d  a t  t he  in i t i a l  mix ing  t i m e  of t he  m a t i n g  
t ypes  z0. B y  a d d i n g  t he  d rug  1 h a f te r  t h e  in i t ia l  m i x i n g  
t i m e  of t h e  m a t i n g  types ,  i t  d id  no t  b lock  f u r t h e r  con-  
juga t ion .  U p o n  these  resu l t s  Allewell  e t  al. suggested  ' t h a t  
in T e t r a h y m e n a  t h e r e  is a need  for R N A  syn thes i s  d u r i n g  
c o s t i m u l a t i o n  of con juga t ion  b u t  n o t  du r ing  pa i r  for- 
m a t i o n ' .  
Such  sugges ted  R N A  syn thes i s  indeed  ma te r i a l i zed  as de-  
m o n s t r a t e d  in t h i s  s tudy .  F igures  1 a n d  2 d e m o n s t r a t e  t he  
s t i m u l a t i o n  of R N A  syn thes i s  in  T e t r a h y m e n a  f rom t h e  
in i t i a l  m i x i n g  t ime  of t he  m a t i n g  t ypes  for  a pe r iod  of 
2-3  h.  I n  a n  a b s t r a c t  M c D o n a l d  n d e m o n s t r a t e d  con-  
t i n u o u s  R N A  syn thes i s  d u r i n g  t he  con juga t i on  of T e t r a -  
h y m e n a .  As we h a v e  n o t  b e e n  able  to  o b t a i n  f u r t h e r  in-  
f o r m a t i o n  concern ing  t h i s  i nves t iga t ion ,  we are u n a b l e  to  
exp la in  t he  d i s c r epancy  b e t w e e n  he r  resu l t s  and  ours.  I t  
is poss ible  t h a t  t h e  e x p l a n a t i o n  lies in t h e  d i f fe rent  t ech-  
n iques  employed .  To our  knowledge ,  i n f o r m a t i o n  on  R N A  

6 J .R .  Greenberg, J. cell. Biol. 54, 269 (1975). 
7 A. Frisch, H. Levkowitz and A. Loyter, Biochem. biophys. 

Res. Commun. 72, 138 (1976). 
8 P. J; Bruns and R. F. Palestine, Dev. Biol. d2, 75 (1975). 
9 L. Tyler and J. Wolfe, J. Protozool. 19, 119 (1972). 
10 N. M. Allewell, J. Oles and J. Wolfe, Exp. Cell Res. 97, 394 

(1976). 
1I B.B.  McDonald, Proc. 12th int. Cong. Genet., p. 140 (1968). 
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syn thes i s  d u r i n g  c o n j u g a t i o n  in o t h e r  ci l iates is on ly  
a v a i l a b l e  f rom t h e  de t a i l ed  s tud ies  b y  Supra  a n d  A m m e r -  
m a n n  w i t h  S t y l o n y c h i a  13,18 These  inves t iga to r s  m e a s u r e d  
t he  i n c o r p o r a t i o n  of R N A  precursors  in to  R N A  of con-  
j u g a t i n g  S t y l o n y c h i a  as well  as R N A  inh ib i t i on  b y  Ac- 
t i n o m y c i n  D. 
T h e y  conc luded  t h a t :  a) R N A  syn thes i s  du r ing  t he  f i rs t  
5 h a f t e r  pa i r  f o r m a t i o n  was s u b s t a n t i a l l y  lower in com- 
pa r i son  to  t h e i r  v e g e t a t i v e  s ta te ,  b) 1 h later ,  i.e. b e t w e e n  
5 -6  h since pa i r ing ,  t h e y  no t i ced  a m a r k e d  increase  in 
R N A  synthes is ,  c) 6 h since pa i r i ng  and  the rea f t e r ,  l i t t le ,  
if any,  R N A  syn thes i s  could  be  observed .  I n  a d d i t i o n  t he  
i n h i b i t i o n  of R N A  syn thes i s  b y  A c t i n o m y c i n  D d u r i n g  
5 -6  h since in i t ia l  pa i r ing ,  r e su l t ed  in t he  b lockage  of 
f u r t h e r  d e v e l o p m e n t a l  processes  in con juga t ion .  
In  t he  ci l ia tes  S t y l o n y c h i a  a n d  T e t r a h y m e n a ,  a s h o r t  
d u r a t i o n  of a b o u t  1 h of c r i t i ca l  m R N A  syn thes i s  seems 
to  govern  t he  c o n t i n u a t i o n  of sexua l  r ep roduc t ion .  How-  
ever  t h i s  cr i t ica l  m R N A  syn thes i s  in  b o t h  ci l iates occurs  
a t  d i f fe ren t  per iods  of t he  c o n j u g a t i o n  process.  I n  T e t r a -  
h y m e n a  such  m R N A  syn thes i s  occurs  d u r i n g  cos t imu-  
la t ion,  i.e. before  pa i r i ng ;  in  S t y l o n y c h i a  i t  occurs  a f t e r  
a b o u t  5 h pos tpa i r ing .  H o w e v e r  these  d i f fe ren t  t i m i n g s  of 
long ac t ing  m R N A s  do n o t  cause  a p r inc ip le  d i f ference in  
t h e i r  m o d e  of ac t ion .  
I n  S t y n l o n y c h i a  as well  as T e t r a h y m e n a ,  i t  seems t h a t  
t h e  ' sequence  of e v e n t s  d e p e n d e n t  u p o n  p re syn thes i zed  
messengers  include,  in  a s t r i c t  chronologica l  order ,  mei-  
osis of t he  micronuc leus ,  f o r m a t i o n  exchange ,  a n d  fer t i l -  

i za t ion  of t he  game t i c  nuclei ,  a n d  d i f f e r en t i a t i on  of t he  
new m a c r o n u c l e u s  f rom t h e  zygote '  18. 
As p rev ious ly  m e n t i o n e d ,  l i t t l e  has  been  p u b l i s h e d  on  
R N A  syn thes i s  in  o t h e r  c o n j u g a t i n g  cil iates.  Rao  14 a n d  
Berge r  is conc luded  t h a t  IZNA syn thes i s  occurs  con t in -  
uous ly  d u r i n g  t h e  course of "macronuclear  d e v e l o p m e n t  in  
c o n j u g a t i n g  E u p l o t e s  a n d  P a r a m e c i u m ,  respec t ive ly .  
H o w e v e r  Nobi l i  TM p r e s u m e d  t h a t  ' syn thes i s  of p r o b a b l y  
specific R N A  occurs  a n y  t i m e  sexua l ly  m a t u r e  p a r a m e c i a  
become  reac t ive ' .  The  fac t  t h a t  T e t r a h y m e n a  cells a p p e a r  
to  ove rcome  t h e  i n h i b i t o r y  e f f ec t s  of co rdycep in  a f t e r  
severa l  h o u r s  fol lowing e x p e r i m e n t a l  t r e a t m e n t  (figure 3) 
is mi r ro red  b y  t h e i r  r e ac t i on  to c e r t a i n  a n t i m i t o t i c  drugs.  
Such  a p h e n o m e n o n  was s h o w n  b y  W u n d e r l i c h  a n d  
P e y k  ~: whi le  t e s t i ng  the  effect  of colchicine a n d  colcemid 
on  v e g e t a t i v e  d iv i s ion  of T e t r a h y m e n a ,  a n d  b y  R o b e r t s  
a n d  Orias  TM b y  t e s t i ng  p r o t e i n  syn thes i s  inh ib i to r s .  
The  sys t ems  i n v o l v e d  in o v e r c o m i n g  such  i n h i b i t o r y  ef- 
fects  are as ye t  l i t t l e  unde r s tood .  P e r h a p s  T e t r a h y m e n a  
possesses a n  e n z y m e  s y s t e m  capab l e  of decompos i t i on  of 
these  drugs,  inc lud ing  cordycepin .  
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17 F. Wunderlich and D. Peyk, Exp. Cell Res. 57, 142 (1969). 
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Summary. I n f l u x  of leucocytes  in  t h e  v a g i n a  a t  m e t o e s t r u s  occurs  in  germfree  mice a n d  also in s ter i le  i s o t r a n s p l a n t s  
of v a g i n a l  t i ssue  in c o n v e n t i o n a l  mice. I n  c o n t r a s t  to  t he  s i t u a t i o n  in ra ts ,  b a c t e r i a  t h u s  do n o t  seem to  be  requ i red  
for  t he  p r o d u c t i o n  of p o s t o v u l a t o r y  l euco tac t i c  s t imul i  in  t he  vag ina .  

I n f l u x  of leucocytes  in to  t h e  v a g i n a l  ep i the l i um a n d  
l u m e n  is a we l lknown  cha rac t e r i s t i c  of t he  ea r ly  pos t -  
o v u l a t o r y  pe r iod  (metoes t rus)  in  sma l l  roden ts .  I n  ra ts ,  
t h i s  in f lux  appea r s  to  d e p e n d  on  t he  presence  of b a c t e r i a  
in  t h e  vag ina l  lumen3,  *. No d a t a  are  ava i l ab le  on  t he  
mic rob ia l - l eucocy t ic  r e l a t i ons h i p  a t  m e t o e s t r u s  in  t he  
o t h e r  roden t s .  However ,  t h e  occur rence  of a l eucocyt ic  
v a g i n a l  e x u d a t e  in  germfree  mice  ha s  been  r epo r t ed  a f t e r  
r e p e a t e d  in jec t ions  of p roges t e rone  5. Th i s  suggests  t h a t ,  
in mice,  leucocyt ic  in f lux  of t h e  v a g i n a  a t  m e t o e s t r u s  does 
n o t  d e p e n d  on  t he  p resence  of m i c r oo r gan i s m s  in  t h e  
v a g i n a  a n d  t h a t ,  thus, species d i f ferences  ex i s t  in  t h e  
m e c h a n i s m  u n d e r l y i n g  in f lux  of leucocytes  in to  t he  
v a g i n a l  e p i t h e l i u m  a f t e r  ovu la t ion .  T he  d a t a  on  mice,  
however ,  were o b t a i n e d  exc lus ive ly  a f t e r  in j ec t ion  of 
p roges te rone ,  a n d  n o t  d u r i n g  t he  n o r m a l  o v a r i a n  cycle. 
W e  the re fo re  e x a m i n e d  t h e  possible  r e l a t i onsh ip  b e t w e e n  
b a c t e r i a  a n d  leucocytes  w i t h  t he  same  m e t h o d s  as used 
in r a t s  8, 4. 
Materials and methods. E x p e r i m e n t  1. T he  n u m b e r s  of 
aerobic  a n d  f a c u l t a t i v e  a n a e r o b i c  b a c t e r i a  were de te r -  
m i n e d  in Swiss (9 animals)  a n d  ND, / I~i j  (8 animals)  cyclic 
mice.  Vag inas  w i t h  t he  ce rv ix  st i l l  a t t a c h e d  were r e m o v e d  
a n d  p laced  in bo t t l e s  w i t h  10 ml  sa l ine  a n d  3 g g lassbeads  
( ~ 3 ram) wh ich  were s ter i l ized before  use. T he  b a c t e r i a  

in  t he  v a g i n a s  were su spended  b y  s h a k i n g  t he  bo t t l e s  on  
a w h i r l m i x e r  for  2 min.  F r o m  the  suspens ions ,  1 : 10 dilu-  
t ion  series were m a d e  in n u t r i e n t  b ro th ,  w h i c h  were 
i n c u b a t e d  for  48 h a t  37~ The  s tages  of t he  o v a r i a n  
cycle, a t  w h i c h  t he  v a g i n a s  were ob t a ined ,  were approx i -  
m a t e d  b y  e x a m i n i n g  t h e  c o n t e n t s  of t h e  F a l l o p i a n  t u b e s  
microscopica l ly  (fresh oocy tes  w i t h  s u r r o u n d i n g  cumulus -  
cells: d a y  of o v u l a t i o n ;  old oocytes  w i t h o u t  s u r r o u n d i n g  
cumulus-ce l l s  : d a y  a f t e r  o v u l a t i o n  ; no  oocytes  b u t  c lear ly  
vis ible  co rpo ra  lu tea  in  t h e  ovar ies  : all  o the r  s tages  of t h e  
o v a r i a n  cycle). 
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