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E. coli-RNA could be  de t ec t ed  on ly  if t he  nuclei  were n o t  
w a s h e d  before  t h e  t r a n s c r i p t i o n  assay.  Otherwise  hy-  
b r i d i z a t i o n  w i t h  E. coli-DNA was negligible,  as in  the  
con t ro l s  no t  t r e a t e d  w i t h  E. coli-DNA. This  resu l t  is 
c o n s i s t e n t  w i t h  a t r a n s c r i p t i o n  on t he  surface  of t he  
nucle i  or in t he  s u r r o u n d i n g  m ed i um .  Severa l  r epe t i t i ons  
gave  t he  same resul ts .  
The  con t ro l  e x p e r i m e n t s  p e r m i t  us  to  exc lude  t he  par -  
t i c i p a t i o n  of bac te r ia .  The  bac t e r i a l  D N A  was pur i f ied  in 
a CsC1 dens i t y  g rad ien t .  There fore  i t s  c o n t a m i n a t i o n  w i t h  
bac te r i a l  R N A - p o l y m e r a s e s  seems h igh ly  improbab le .  
A d d i t i o n a l l y  t he  t r a n s c r i p t i o n  e x p e r i m e n t s  were per-  
fo rmed  in the  presence  of r i f amycin ,  a p o t e n t  i n h i b i t o r  of 
b a c t e r i a l  1RNA-polymerases.  R i f a m y c i n  was w i t h o u t  a n y  
ef fec t  on t he  syn thes i s  of bac t e r i a l  R N A  (figure 2), t h u s  
i n d i c a t i n g  t h a t  on ly  t he  Petunia-RNA-polymerases were 
a t  work.  S imi lar  e x p e r i m e n t s  were pe r fo rmed  w i t h  Col 
E1-DNA. The  R N A  fo rmed  was hyb r id i zed  w i t h  single 

s t r a n d e d  Petunia-DNA and  Col E1-DNA TM. The  Petunia- 
D N A  was t r a n s c r i b e d  as before.  A t r a n s c r i p t i o n  of t he  
p lasmid  DNA,  however ,  could  no t  be  de tec ted .  
The  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  p l a n t  po lymerases  are 
capab le  of t r a n s c r i b i n g  bac te r i a l  l inear  DNA. In  t he  case 
of supercoi led DNA,  however ,  diff icul t ies  arise. There  are  
severa l  poss ibi l i t ies  to  a c c o u n t  for t he  above  resul t s :  
e i t he r  t he  p l a n t  1RNA-polymerases are  u n a b l e  to  re- 
cognize  the  i n i t i a t i on  si tes in t he  Col E1-DNA, or t he  dif-  
ferences are p a r t  of t he  c o n f o r m a t i o n  of D N A  (super- 
coiled, comple te  n a t i v e  Col E1-DNA - l inear,  cond i t iona l  
n a t i v e  E. coli-DNA). F u r t h e r  e x p e r i m e n t s  to  c lar i fy  these  
ques t ions  are in progress.  Anyway ,  p l a n t  nuclei  p r epa red  
f rom p ro top l a s t s  offer a s imple  s y s t e m  for t e s t i ng  t he  
eff icacy of p l a n t  1RNA-polymerases.  

12 W. Goebel and W. Schiess, Molec. gen. Genet. 138, 213 (1975). 
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Summary. Tokophrya in/usionum, a suc to r ian ,  is dep r ived  of a m o u t h  opening.  The  u p t a k e  of fe r r i t in  f rom the  m e d i u m  
is accompl i shed  t h r o u g h  pits,  i n v a g i n a t i o n s  of the  p l a s m a  m e m b r a n e  which  are p e r m a n e n t  s t ruc tu res .  F r o m  the  p i t s  
c o n t a i n i n g  ferr i t in ,  f l a t  vesicles are  p i nched  off t r a n s p o r t i n g  t he  fe r r i t in  to  t he  cy top lasm.  

Tokophrya, as all  Suctor ia ,  does  n o t  h a v e  a c y t o s t o m e  and  
i ts  feeding a p p a r a t u s  consis ts  of n u m e r o u s  tentac les ,  long 
s l ender  t u b e s  e x t e n d i n g  to t he  ou t s ide  of t he  b o d y  and  
also deep  in to  the  c y t o p l a s m  s-5. A t  the  d i s ta l  end, t he  
t e n t a c l e  t e r m i n a t e s  in to  a r o u n d e d  k n o b  covered  b y  t he  
p l a s m a  m e m b r a n e a ;  inside t he  c y t o p l a s m  t he  p r o x i m a l  
end  of t h e  t en t ac l e  r e m a i n s  open  5. Each  of t he  t en tac les  
is c apab l e  of c h a n g i n g  in to  a m o u t h  when  a l iv ing  ci l iate  
gets  a t t a c h e d  to t h e  k n o b  of one  or more  t en tac l e s  4. The  
a t t a c h m e n t  is fol lowed b y  t he  r u p t u r e  of t he  p l a s m a  
m e m b r a n e  of the  p r e y  wh ich  merges  w i t h  the  m e m b r a n e  
cove r ing  t h e  t e n t a c l e  and  t he  2 o rgan i sms  become  un i t ed  
b y  a c o n t i n u o u s  c o m m o n  m e m b r a n e  enve lop ing  p rey  a n d  
p r e d a t o r  6. I m m e d i a t e l y  t h e r e a f t e r  t he  c y t o p l a s m  of t he  
st i l l  l iv ing  p r e y  beg ins  to  s t r e a m  d o w n  t h r o u g h  the  a t -  
t a c h e d  t en t ac l e  in to  t he  p r e d a t o r  where  i t  become  enclosed 
i n to  food vacuoles  ~. I t  was a s s u m e d  t h a t  t h i s  way  of 
feeding suppl ies  t he  p r e d a t o r  w i t h  all  t h e  necessa ry  food 
a n d  t h a t  t he  m e d i u m  plays  a negl igible  role as a source of 
n u t r i e n t s .  However ,  obs e r va t i ons  ind ica t ed  t h a t  also t he  
m e d i u m  inf luences  t he  life span,  t he  r e p r o d u c t i o n  ra t e  and  
t h e  su rv iva l  of clones. A l t h o u g h  cu l tu res  of Tokophrya 
could  grow for some t ime  in a well  b a l a n c e d  inorganic  
m e d i u m ,  or even  in dis t i l led water ,  t he  cond i t ions  for 
longev i ty ,  mu l t i p l i c a t i on  and  d u r a t i o n  of clones i m p r o v e d  
g r ea t l y  in  a m e d i u m  c o n t a i n i n g  yeas t  ex t rac t .  A p p a r e n t l y  
for  n o r m a l  g r o w t h  Tokophrya needs  some s u p p l e m e n t s  
de r iv ing  f rom the  m e d i u m  in add i t i on  to  the  c y t o p l a s m  
of t he  prey.  A d i lu ted  yeas t  m e d i u m  has  been  rou t i ne ly  
used for t he  m a i n t e n a n c e  of cu l tu res  ~. The  m e c h a n i s m  b y  
w h i c h  n u t r i e n t s  a n d  p a r t i c u l a r l y  large molecules  en te r  
f rom the  m e d i u m  to  t he  b o d y  of Tokophrya was so far  
u n k n o w n  a n d  to  solve th i s  p r o b l e m  a t h o r o u g h  s t u d y  of 
s t r u c t u r e s  cover ing  t he  o r g a n i s m  a n d  e x p e r i m e n t s  w i t h  
t r ace r s  were necessary .  The  fol lowing is an  a c c o u n t  of 
s u c h  a s tudy .  

Tokophrya is covered  b y  3 u n i t  m e m b r a n e s  (figure 2, 
insert)  and  b e n e a t h  t h e m  lies t he  ep ip lasm,  a dense  
h o m o g e n e o u s  layer  a b o u t  70 n m  t h i c k  (figure 2). To t he  
outs ide  of t he  e x t e r n a l  m e m b r a n e  Tokophrya is s u r r o u n d e d  
b y  an  a m o r p h o u s  coa t  of low dens i t y  a b o u t  300 n m  th i ck  
(figures 1 and  2). I t  seemed the re fo re  t h a t  tile o rgan i sm 
is well  shie lded and  as if i so la ted  f rom the  s u r r o u n d i n g  
med ium.  A more  de ta i l ed  ana lys i s  disclosed howeve r  t he  
ex i s tance  of gaps  in some of t he  m e m b r a n e s  a n d  layers.  
On ly  the  e x t e r n a l  m e m b r a n e  is c o n t i n u o u s  a n d  a t  u n e v e n  
in t e rva l s  dips down  in to  the  c y t o p l a s m  (figures 1 and  2) 
fo rming  smal l  saccules,  so-called 'p i t s '  6, 8. The  p i t s  d i s rup t  
the  2 o the r  u n i t  m e m b r a n e s  a n d  t he  dense  ep ip lasm.  The  
p i t s  are a b o u t  390 n m  deep a n d  the i r  open ing  is ove r  
100 n m  in d i a m e t e r ;  t he  p a r t  of the  p i t  loca ted  in t h e  
c y t o p l a s m  is covered  b y  a single m e m b r a n e  (figure 2) and  
i t  is a b o u t  250 n m  wide, b u l b o u s  in shape  b u t  of ten  
i r regula r  fo rming  ou tpocke t ings .  
The  role and  func t ion  of the  p i t s  has  been  and  sti l l  is of 
g rea t  in te res t .  T h e y  are found  t h r o u g h o u t  the  S u b p h y l u m  
Ci l iophora  to wh ich  Suc tor ia  be long 9. E x p e r i m e n t s  w i t h  
t r ace r s  pe r fo rmed  on ciliates10 could n o t  give conclus ive  
resul t s  because  these  o rgan i sms  possess an  oral  c a v i t y  
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w h i c h  is a c t i v e  in  e n g u l f i n g  t h e  s u r r o u n d i n g  m e d i u m .  
T h e r e f o r e ,  t r a c e r s  c a n  r e a c h  t h e  c y t o p l a s m  t h r o u g h  t h e  
m o u t h  o p e n i n g .  To  f i n d  o u t  a b o u t  t h e  f u n c t i o n  of t h e  
p i t s  o n l y  o r g a n i s m s  d e p r i v e d  of  a c y t o s t o m e  c o u l d  be  
s u c c e s s f u l l y  u s e d .  S u c t o r i a  s e e m e d  t o  be  idea l  for  t h i s  
p u r p o s e .  T h e y  do  n o t  h a v e  a n  o ra l  c a v i t y  a n d  w h a t e v e r  
e n t e r s  t h e i r  c y t o p l a s m  f r o m  t h e  m e d i u m  h a s  t o  p a s s  
t h r o u g h  t h e  s h e a t h s  c o v e r i n g  t h e  b o d y .  T h e  m e m b r a n e s  
a r e  a p p a r e n t l y  n o t  a b a r r i e r  for  s m a l l  m o l e c u l e s  in  c i l i a t e s  
a c c o r d i n g  to  t h e  w o r k  on  Tetrahymena n. I t  h a s  to  be  
s t r e s s e d  t t l a t  c i l i a t e s  a r e  a l so  c o v e r e d  b y  3 m e m b r a n e s  
l ike  Tokophrya. T h e  p r o b l e m  b e c o m e s  h o w e v e r  c r u c i a l  in  
r e g a r d  t o  m a c r o m o l e c u l e s .  T h e  p i t s  s e e m e d  t o  be  t h e  
m o s t  l i ke ly  c h a n n e l s  for  t h e i r  u p t a k e .  
T o  c h e c k  o n  t h i s  a s s u m p t i o n  t h e  t r a c e r  f e r r i t i n  w a s  u sed .  
F e r r i t i n ,  a l a rge  m o l e c u l e  ( 7 -10  n m  in  d i a m e t e r )  of  g r e a t  

d e n s i t y ,  is  e a s y  to  i d e n t i f y  in  e l e c t r o n  m i c r o s c o p y .  C a t -  
i on i zed  f e r r i t i n  ( R e s e a r c h  D iv . ,  Miles  L a b . ,  K a n k a k e e ,  
I l l .  60901) p r e p a r e d  a c c o r d i n g  to  D a n o n  e t  al. 12 w a s  a d d e d  
to  c u l t u r e s  o f  Tokophrya s t a r v e d  for  2 4 - 4 8  h a n d  i n c u b a t e d  
a t  r o o m  t e m p e r a t u r e  for  1 16 h .  I n  s o m e  e x p e r i m e n t s  
t h e  o r g a n i s m s  were  e x p o s e d  to  0 . 1 - 0 . 5 %  t r y p s i n  p r i o r  t o  
i n c u b a t i o n  in  f e r r i t i n  to  f a c i l i t a t e  t h e  p e n e t r a t i o n  o f  
f e r r i t i n  t h r o u g h  t h e  e x t e r n a l  coa t .  T h e  c u l t u r e s  w e r e  
f i xed  a n d  p r o c e s s e d  for  e l e c t r o n  m i c r o s c o p y  as  d e s c r i b e d  
in p r e v i o u s  p a p e r s  5. 

11 L. Rasmussen, Carlsberg Res. Commun. dl, 144 (1976). 
12 D. Danon, L. Goldstein, Y. Marikovsky and E. Skutelsky, J.  

Ultrastruct. Res. 38, 500 (1972). 

Figures 1 and 2. Electron micrographs of untreated Tokophrya. Fig. 1. Low magnif/cation of a section of Tokophrya to show the coat (c) and 
the uneven distribution of the pits (arrows). Ma, macronucleus. • 8800. Fig. 2. Section through the periphery of Tokophrya to show the 3 
unit  membranes (m) covering the organism. A higher magnification of the 3 membranes (m) is seen in the insert at the upper right. The figure 
also shows a pit (arrow) surrounded ollly by the most external membrane;  the epiplasm (ep), a dense layer adjacent closely to the most internal 
of the 3 membranes;  and the coat (e) located at the outside of the cell. • 37,500; insert, • 60,000. 

Figures 3-6. Electron micrographs of Tokophrya treated with cationized ferritin. Fig. 3. Tokophrya incubated for 4 h in ferritin. In addition 
to the coat (e) the organism is surrounded by fringes (fr) visualized by ferritin. However, no ferritin is present in the coat (c) nor close to the 
outer membrane except for Olle small area indicated by f. Several pits (arrows) are distributed at random and in one of them (long arrow) 
ferritin can be detected. • 12,250. Fig. 4. Section through Tokophrya incubated in ferritin for 16 h. The coat (c) is slightly peppered with 
ferritin and along the outer membrane ferritin (f) is present only in some areas ; one of the 2 pits (long arrow) contains ferritin (f) ; fringes are 
seen at ft. • 37,500. 
Fig. 5. Electron micrograph of organism treated with 0.1% trypsin before incubation for 3 h in ferritin. Most of the vesicles in this pile of 
flat vesicles (pfv) contain ferritin (f). • 47,000. ~, 
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Fig. 6. Sect ion th rough  organism t rea ted  in  the same way  as in  figure 5. Closely adjacent  to the p i t  (p) is a f lat  vesicle wi th  a few grains of 
ferr i t in  (fvf). The vesicle looks l ike in the las t  s tage  of p inch ing  off from the pit .  2 other  f lat  vesicles (fv) are nea rby  the pit .  Ferr i t in  granules 
(f) are present  in  the  fringes (fr), in  the coat  (c) and  along the  outer  membrane .  The 3 un i t  membranes  are c lear ly  seen a t  m. • 63,000. 
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I n  all e x p e r i m e n t s  fe r r i t in  was  found  a r o u n d  Tokophrya 
in  long f r inges  (figures 3, 4 a n d  6) e x t e n d i n g  a b o v e  t he  
coat ,  a n d  also close to t h e  e x t e r n a l  m e m b r a n e  (figures 4 
a n d  6), as well  as in  t h e  p i t s  (figure 4) and  w h a t  is m o s t  
i m p o r t a n t  ins ide  the  o rgan i sm in f l a t  vesicles measu r ing  
370 • 40 n m  (figure 5). The  f la t  vesicles are  a s t r u c t u r e  
cha rac t e r i s t i c  of t h e  c y t o p l a s m  of Tokophrya. T h e y  are  
o f ten  a s sembled  in g roups  of 3-5  (figure 4) or pi led up  in 
s tacks  up  to  17 vesicles (figure 5). I n  p rev ious  paper s  
th i s  s t r u c t u r e  was refer red  to as a possible  p r i m i t i v e  
Golgi a p p a r a t u s  5. 
No fe r r i t in  was  ever  e n c o u n t e r e d  free in  t he  cy top lasm,  
or in  t he  ep ip lasm,  or b e t w e e n  t he  m e m b r a n e s  cover ing  
Tokophrya. The  t r ace r  was  p r e s en t  on ly  in t h e  f l a t t e n e d  
vesicles, s ca t t e r ed  t h r o u g h o u t  t h e  c y t o p l a s m  a n d  of ten  
nea r  t he  p i t s  (figure 6) or some t imes  v e r y  close to  t h e m  

as if in  t he  process  of p i n c h i n g  off (f igure 6) s t r ong ly  sug- 
ges t ing  t h a t  t h e y  der ive  f rom the  pits .  I t  is a s sumed  t h a t  
once a vesicle  becomes  d e t a c h e d  f rom t h e  p i t  i t  is ca r r i ed  
a w a y  and  if more  are p inched  off in succession t h e y  r e m a i n  
t o g e t h e r  fo rming  piles of vesicles. 
Since t h e  p i t s  are t h e  on ly  places on  the  surface  of 
Tohophrya covered  b y  a s ingle m e m b r a n e  t h e y  are t h e  
n a t u r a l  loci for t he  u p t a k e  of fe r r i t in  f rom t h e  m e d i u m .  
W h e n  t he  t r ace r  en t e r s  a p i t  i t  a p p a r e n t l y  induces  
p inocy tos i s  r e su l t ing  in t he  f o r m a t i o n  of t he  f l a t  vesicles. 
T h u s  t he  p i t s  in  c o n j u n c t i o n  w i t h  t he  f l a t  vesicles are  t h e  
vehic les  t r a n s p o r t i n g  fe r r i t in  a n d  p r o b a b l y  o t h e r  m a c r o -  
molecules  f rom the  m e d i u m  to t he  c y t o p l a s m  of Tokophrya. 
B o t h  s t r u c t u r e s  p e r f o r m  a n  i m p o r t a n t  func t ion  in Suctor ia ,  
o rgan i sms  dep r ived  of a n  oral  cav i ty .  

J u v e n i l e  h o r m o n e  i n  l a r v a l  d i a p a u s e  o f  t h e  c o d l i n g  m o t h ,  Laspeyresia pomonella L. 
( L e p i d o p t e r a e ,  T o r t r i c i d a e )  

R. Sieber  a n d  G. Benz  

Department o/Entomology, Swiss Federal Institute O/ Technology, ETH-Zentrum, 
CH-8092 Zi~rich (Switzerland), 3 August 1977 

Summary. W h e r e a s  in  las t  i n s t a r  l a rvae  of L. pomonella k e p t  u n d e r  l ong -day -cond i t i ons  (LD), the  J H - t i t e r  is t e m p o r a r i -  
ly  r educed  to  zero, i t  s t ays  r e l a t ive ly  h igh  in s h o r t - d a y - c o n d i t i o n e d  (SD) l a rvae  wh ich  e n t e r  d iapause .  App l i ca t ion  of 
JH or a j u v e n o i d  to  L D - l a r v a e  resu l t s  in  d iapause ,  if t he  t r e a t e d  insec ts  are k e p t  u n d e r  SD-condi t ions .  F r o m  these  
resu l t s  i t  is conc luded  t h a t  in  L. pomonella d iapause  is i n i t i a t ed  b y  a r e l a t ive ly  h i g h  t i t e r  of J H  d u r i n g  t he  l a s t  l a rva l  
ins ta r .  

W h e n  l a rvae  of our  l a b o r a t o r y  s t r a in  of t he  codl ing m o t h ,  
Laspeyresia pomonella, are rea red  u n d e r  sho r t -day -con-  
d i t ions  (SD), i.e. w i t h  a p h o t o p h a s e  of less t h a n  14 h pe r  
day ,  t h e y  en t e r  d iapanse .  U n d e r  long-day-cond i t ions  (LD), 
i.e. w i t h  a p h o t o p h a s e  of more  t h a n  16 h pe r  day,  t he  
l a rvae  will p u p a t e  a n d  p roduce  adul ts .  In  severa l  species 
of Lep idop te ra ,  i t  h a s  been  d e m o n s t r a t e d  t h a t  l a rva l  
d i apause  is caused  b y  a h i g h  t i t e r  of juven i l e  h o r m o n e  
(JH) .  I n  these  cases a p p l i c a t i o n  of h i g h  c o n c e n t r a t i o n s  
of JH m i m e t i c a  n o t  on ly  induced  b u t  also m a i n t a i n e d  
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Fig. 1. Titer of JH in haemolymph (GU/ml) of pupating (O) and 
diapausing (0) L. #omonella at different times after last larval moult 
and spinning of cocoon (S). 

l a rva l  d iapause ,  even  u n d e r  LD-condi t ions~ ,  ~. Bes ides  
th i s  p r o v e d  m e c h a n i s m ,  d i apause  in o the r  species m i g h t  
be caused  b y  a lack of the  m o u l t i n g  hormone ,  as in  p u p a l  
d iapause ,  whic  h m a y  be  b r o k e n  b y  in jec t ion  of ecdysone  3, 4. 
The  ob jec t  of the  p r e s e n t  s t u d y  was to i nves t i ga t e  t h e  
r e l a t ionsh ip  be tween  J H  a n d  t he  d i apause  of t h e  codl ing  
mo th .  There fore  t h e  J H  t i t e r  d u r i n g  t he  las t  i n s t a r  of 
LD-  a n d  SD-cond i t i oned  l a rvae  as well  as in  d i a p a u s i n g  
insec ts  was  d e t e r m i n e d .  F u r t h e r m o r e  the  inf luence  of 
top ica l ly  app l ied  JH was s tud ied  in t he  las t  i n s t a r  of 
L D - c o n d i t i o n e d  l a rvae  k e p t  u n d e r  LD-  or  SD-cond i t ions  
a f t e r  t he  appl ica t ion .  
Material and methods. The  l a rvae  of t he  codl ing m o t h  
were r ea red  i n d i v i d u a l l y  a t  26~ Oil a s e m i s y n t h e t i c  
m e d i u m  in smal l  p las t ic  boxes~;  5 days  a f t e r  t h e  l a s t  
l a rva l  moul t ,  t h e  boxes  were opened  to  al low t h e  l a rvae  
to spin  t h e i r  cocoons.  U n d e r  LD-cond i t i ons  ( con t inuous  
l ight)  t he  l a rvae  p u p a t e d  2 -4  days  later .  SD cond i t ions  
r e su l t i ng  in 100% d i a p a u s i n g  l a rvae  were 10 h l igh t  to  
14 h dark .  
The  t i t e r  of J H  in t h e  h a e m o l y m p h  of t he  codl ing m o t h  
( ind ica ted  as Gal ler ia  un i t s  = GU) was d e t e r m i n e d  b y  a 
s l igh t ly  modi f ied  Ga l l e r i a -Wax  Tes t6 , : ;  100-200 ~xl 
h a e m o l y m p h  of 5-12 l a rvae  of a g iven  age were col lected 
a n d  e x t r a c t e d  b y  a 6 :1  m i x t u r e  of e t h y l a c e t a t e  a n d  
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