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T h e  D e v e l o p m e n t  o f  F o l l i c l e  C e l l s  i n  t h e  
Ovarioles of C a r a u s i u s  m o r o s u s  Br. 

(Orthoptera, Phasmidae) 

The  follicle cells s u r r o u n d i n g  t he  ovo id - shaped  growing 
oocytes  in  t he  pano is t i c  ovar io les  of s t ick  insec ts  undergo  
severa l  changeS d u r i n g  oocyte  g r o w t h  1-5. The  fol lowing 
desc r ip t ion  deals w i t h  the  d e v e l o p m e n t  of t yp i ca l  follicle 
cells of Carausius  morosus Br.,  wh ich  u l t i m a t e l y  secrete  
t h e  egg-shell .  The  cells a t  t he  a n t e r i o r  pole of the  oocyte  
b e h a v e  d i f ferent ly ,  due to t he  d e v e l o p m e n t  of the  oper-  
cu lum,  a n d  are no t  cons idered  here.  

A few f la t  follicle cells are found  s ca t t e r ed  a r o u n d  t h e  
ea r ly  growing  oocytes  (stage I ;  F igure  1). T h e y  m u l t i p l y  
b y  mi to t i c  d ivis ions  a n d  fo rm the  one- layered  follicle 
e p i t h e l i u m  wh ich  is comple te  before s tage I I ,  t h o u g h  cell 
mu l t i p l i c a t i on  con t inues  u n t i l  s tage V. Keep ing  pace w i t h  
t he  g r o w t h  of the  oocyte,  t he  e p i t h e l i u m  grows on ly  b y  
cell mu l t i p l i c a t i on  up  to s tage IV, b y  b o t h  cell mul t ip l ica -  
t i o n  and  increase  in cell size up  to s tage  V, and  on ly  b y  
increase  in cell size up  to  s tage  V I I I .  The  cells e longa te  
in  a d i r ec t ion  rad ia l  to  t he  oocyte  caus ing  t he  ep i the l i um 
to beCome th icker .  A t  f i rs t  t h e y  become  cubica l  (stage I I )  
owing to pressure  t h r o u g h  cell m u l t i p l i c a t i o n  a n d  t h e n  u p  
to s tage IV  c o l u m n a r  as a r e su l t  of nuc lea r  g rowth  due  to 
endomi tos i s .  These  po lyplo id  nucle i  t yp ica l ly  develop to 
a level  of p lo idy  a b o u t  e igh t  t i m e s  t h a t  of n o r m a l  somat i c  
cells (based on cons ide ra t ion  of nuc lea r  volumes) .  Cells in  
wh ich  end0mi tos i s  begins  no longer  show n o r m a l  mitosis .  
The  m u l t i p l y i n g  cells be tween  t he  c o l u m n a r  cells l eng then  
also a n d  m a y  become as long as the  la t te r .  T h e i r  mi toses  
are o f ten  deformed,  for t he  d i a m e t e r  of t he  d iv id ing  cells 
(up to 6 #) is too  smal l  for  t he  f o r m a t i o n  of a n o r m a l  
e q u a t o r i a l  p la te  w i t h  a d i a m e t e r  of 9 a. The  equa to r i a l  
p l a t e  and  also the  a n a p h a s e  a n d  t e lophase  f igures are t h e n  
obl ique  w i t h  respec t  to  the  sp indle  figure. (The o r i en t a t i o n  
of the  mi to t i c  sp ind les ,  v a r i a b l e  in  the  t h i n  ep i the l ium,  is 
n o r m a l l y  rad ia l  be tween  t he  c o l u m n a r  cells.) 

T h e  cells f l a t t en  a f te r  s tage  V. However ,  cell g r o w t h  
goes on  u n t i l  s tage V I I I ,  p a r t i c u l a r l y  a f t e r  s tage  VI ,  a n d  
invo lves  a n  increase  of c y t o p l a s m  as t h e  nuc lea r  vo lume  
no longer  increases.  The  cell s h o r t e n i n g  causes,  t h r o u g h  
pressure ,  a coil ing of the  long nuclei  (Figure 2a), wh ich  
becomes  ev i d en t  j u s t  a f te r  s tage  VI .  L a t e r  nuc lea r  shape  
becomes  g r adua l l y  more  va r iab le ,  th i s  is pa r t i cu la r ly  ob-  
v ious  b e t w een  s tages  V I I  a n d  V I I I  (Figures 2b, c). These  
nucle i  m a y  a p p e a r  to  be in  ami tos i s  6 w h e n  observed  in  
sect ions  (Figure 2d), an d  DAIBER 1, MARSHALL 2 a n d  
CAPPE DE BAILLON 3'4 h a v e  r e m a r k e d  t h a t  amitos is  p rob-  
ab ly  occurs  in  t h e  follicle e p i t h e l i u m  of var ious  p h a s m i d  
species. In  s q u a s h  p r epa ra t i ons ,  however ,  these  cells c an  
c lear ly  be  seen n e v e r  to  c o n t a i n  more  t h a n  one nucleus  
a n d  t hus  ami tos i s  does n o t  occur  in  C. morosus.  Only  w h e n  
the  m a t u r e  egg h a s  le f t  t h e  follicle a n d  t h e  follicle epi- 
t h e l i u m  h as  s t a r t e d  to d e g e n e r a t e  do t h e  cons t r i c t ed  
nuclei  give rise to  smal ler  ones, wh ich  m a y  bes t  be con-  
s idered as nuc l ea r  f r a g m e n t a t i o n  e owing to degenera t ion .  
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Fig. 1. Diagram Showing the development and shape of follicle cells 
during 0ocyte growth, e - - e  Length of the follicle cell = thickness 
of the follicle epithelium, o--o Diameter of the follicle cell. 

= Nucleus. (For description of individual stages I-VIII  see text.) 

Fig. 2. Follicle cell nuclei as seen in squash preparations (a, b, c) and 
in section (d). x 710. 
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The f irs t  yolk granules  appear  when  the  follicle cells 
are abou t  45/~ long (stage I I I ) .  This p robab ly  means  t h a t  
t he  nucleus m u s t  have  a m i n i m u m  degree of po lyp lo idy  
before  the  cell is able to  s t a r t  its secre tory  act iv i ty .  I t  
m e a n s  also t h a t  the  ep i the l ium consists  of two types  of 
cells be tween  s tage I I I  and stage V, i.e. those  cells which  
con t inue  to divide  and  the  non-d iv id ing  polyploid cells 
which  secrete the  p roduc t s  used in yolk format ion.  The 
final  s tage of ac t iv i ty  is reached  wi th  m a t u r i t y  of the 
oocyte  when  the  shell  is secreted (stage VIII)7 .  

Zusammen/assung.  Es wird  die En twick lung  der  Fol-  
l ikelepithelzel len in den panois t i schen  Ovariolen yon  

Carausius morosus besch r i eben .  Die sekretor ische Zell- 
ak t iv i tg t  beginnt ,  wenn  die Zellkerne durch  die E n d o -  
mitose  polyploid  geworden sind.  Ami tosen  t r e t en  keine 
auf. 
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Inh ib i t i on  of the  Infect ive  Act iv i ty  of  P h a g e  f2 
and its  In fec t ious  R N A  by H i s t o n e  

Basic subs tances  affect  the  in fec t iv i ty  of viruses,  
P r o t a m i n e  inhibi ts  the  reproduc t ion  of Mengo wrus ,  
p robab ly  by  means  of b ind ing  onto  the  cell surface 
(COLTER, DAVIES, and  CAMPBELL1). Phage  T 2 is inhib i ted  
by  polylysin or s t r e p t o m y c i n  (SI-IALITIN, DANON, and 
KATCHALSKI 2, and COHEN3). Some R N A  phages  are in- 
h ib i ted  by  the  basic  an t ib io t ics  s t r ep tomyc in  or neomy c i n  
(BROCK 4, SCHINDL~R 5, BROWNSTE1N S, and SCHINDLER 7). 

Different  effects following the  associat ion of h i s tone  
wi th  various anionic substances ,  essent ial ly  wi th  nucleic 
acids, are under  ex tens ive  inves t iga t ion  at  present .  I t  has  
been  shown t h a t  h is tone  inhib i t s  synthes is  of DNA-  
p r imed  RNA (HuANG and BONNER s, BARR and BUTLER ~, 
a n d  ALFREY, LITTAU, and MIRSKY 1~ and  the  syn thes i s  
of D N A  in vi t ro  (IXlN1LICA and  BILLEN n). His tone  in ter-  
acts  wi th  DNA, changing its the rmal  d e n a t u r a t i o n  profile 
(HUANG, BONNER, and  MURRAY 8, HNILICA a n d  BILLEN 11, 
and  HAHN 1~), and prec ip i ta tes  it  at  a h igher  h is tone:  D N A  
ratio.  I t  also prec ip i ta tes  R N A  (BUTLER and  JOHNS13). 
I t  was shown t h a t  h is tone  l iberates r ibosome-bound  fl- 
galactosidase (NE~INOV,~ and BUEGER~4). 

This  paper  describes the  effect of h i s tone  on the  repro-  
duc t ive  ac t iv i ty  of phage  f2 and the  in te rac t ion  wi th  in- 
fect ive f2 RNA.  

Material and methods. Bacter iophage  f2, E.  coli K 13 
and  general  t echn iques  were descr ibed earlier (ScmND- 
LER~). Infect ive  R N A  was isolated by  phenol  ex t r ac t ion  
(GIERER and SCHRAMM ~5), omi t t ing  the final  p rec ip i ta t ion  
wi th  e thanol ,  i t  con ta ined  l04 infect ive uni ts /ml .  The 
p repa ra t ion  of spheroplas t s  and  their  infect ion wi th  infec- 
t ious  R N A  was pe r fo rmed  according to  GUTHRIE and 
SINSHtglMER 16. His tone  was p repared  f rom calf t h y m u s  
b y  Dr. LIEBL. I t  was no t  f rac t ionated .  I t s  lysine : arginine 
ra t io  was 1:1.6 (analysis k indly  pe r fo rmed  by  Dr. 
NOVOTN~). P ro t amine  Hydrochlor ide  Spofa in solut ion 
was  used. 

Results. Inhib i t ion  of reproduct ion  of f 2 phage : Historic 
suppresses  r ep roduc t ion  of f 2 phage in E. coli K 13. Fol-  
lowing the  addi t ion  of various concen t ra t ions  of historic 
to  t he  phage-bac te r ia  sys t em at  the  t ime  of infection,  a 
cer ta in  drop in the  average yield of phage  f rom infected 
cells could be observed  (Table I). A similar effect  can be 
observed  af ter  t r e a t m e n t  w i t h  p ro tamine .  His tone ,  as a 
basic protein,  can b ind  wi th  the  phage part icle  by  electro-  
s ta t ic  forces and  thus  inhibi t  infect ion of the  hos t  cell. 
Moreover,  i t  can b ind  wi th  R N A  as well, inhib i t ing  i ts  

Table I. Inhibition of reproduction of f2 phage by histone during 90 
min incubation; inhibition by protamine during 5 rain pulse or 

90 miu incubation 

His- Phage-yield Pro- Phage-yield 
tone tamme 
/*g/inl pfu/inf, a Relative /~g/ml pfu/inf, cell Relative titre 

cell titre 
5rain 90min 5min 90min 
exp. exp. exp. exp. 

0 183 1.00 0 1220 1220 1.00 1.00 
20 70 0.38 10 623 520 0.52 0.42 
40 20 0.11 50 64 3 0,05 0.003 

100 9 0.05 100 1.5 - 0.001 - 
160 14 0.08 - - 

a 'pfu' means plaque forming unit. 

Histone or protamine was added to respective concentrations of 
E. coil K 13 (4.7 �9 10 ~ cells/ml) together with f2 (0.2 pfu/cell). After 
5 min infective centres were assayed (4.6 �9 10e/ml), after 90 rain 
chloroform was added and the phage was titrated. In one series of 
experiments with protamine, infected ceils were centrifuged in the 
fifth minute and resuspended in warm broth. Average yield of phage 
from an infected cell was expressed as pfu/infeetive centre. Neither 
protamine or historic exerts any inhibitory effect ofi'~owlng culture 
of E. coli K 13. 
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