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Detection of Juvenile-Hormone-Induced Gene Activity in the Colleterial Gland Nuclei of Periplaneta 
by *H-Actinomycin-D 'Staining' Technique 

Based  on  t he  o b s e r v a t i o n  t h a t  ecdysone  induced  puff  
f o r m a t i o n  in t h e  s a l iva ry  g land  ch r om os om es  of Chiro- 
nomus l a rvae  CLEVER a n d  KARLSON 1 p roposed  t h a t  
ecdysone  ac t s  d i r ec t ly  on  t he  genome so as to  i nduce  t he  
s y n t h e s i s  of messenger  R N A  (mRNA) .  KROEGER g has  
ques t i oned  t h e  v a l i d i t y  of t he  a b o v e  a s s u m p t i o n  since 
puffs  can  be  i nduced  b y  changes  in  e lec t ro ly tes .  H e  has  
f u r t h e r  sugges ted  t h a t  ecdysone  a n d  J u v e n i l e  h o r m o n e  
( JH)  do n o t  ac t  d i r ec t ly  on  t he  g e n o m e  b u t  i nd i r ec t ly  
t h r o u g h  changes  in t he  p e r m e a b i l i t y  of t he  nuc lea r  
m e m b r a n e  3. B y  e m p l o y i n g  i so la ted  s a l i va ry  g l and  chro-  
mosomes  of Chironomus tentans LEzzi a n d  GILBERT 4 
p r o v i d e d  f u r t h e r  ev idence  in  s u p p o r t  of t he  h y p o t h e s i s  
t h a t  insec t  h o r m o n e s  ac t  on  t he  genome v ia  changes  in t h e  
ionic compos i t i on  of t he  nuc leoplasm.  

The  a b o v e  m e n t i o n e d  s tud ies  emp loyed  t he  d i p t e r a n  
sa l iva ry  g lands  wh ich  possess p o l y t e n e  ch romosomes .  
These  g i a n t  c h r o m o s o m e s  p r ov i de  a n  exce l l en t  assay  
s y s t e m  for d e t e r m i n i n g  d i f fe ren t ia l  gene a c t i v a t i o n  d u r i n g  
m e t a m o r p h o s i s .  The  t echn iques  emp loyed  were e i the r  
cy to logica l  a n d / o r  a u t o r a d i o g r a p h i c  t e c h n i q u e s  a f te r  
i n c o r p o r a t i o n  of labe l led  precursors  of R N A  in to  specific 
regions of t h e  chromosomes .  T he  i n t e r p h a s e  nucle i  of 
o the r  t i ssues  w h i c h  do n o t  possess po ly t ene  ch r om os omes  
are no t  su i t ab l e  for s imi la r  s tudies .  Hence  t he  p r e sen t  
s t u d y  was u n d e r t a k e n  w i t h  a v iew to  f ind ing  ou t  w h e t h e r  
i t  was  poss ible  to  de t ec t  e n h a n c e d  genet ic  ac t iv i ty ,  if any,  
a f t e r  J H  t r e a t m e n t  in  t h e  col le ter ia l  g l and  nucle i  of 
Periplaneta americana, w h i c h  do no t  possess p o l y t e n e  
chromosomes ,  b y  us ing  t h e  cy t ochem i ca l  t e c h n i q u e  
' s t a in ing  ' b y  S -H-ac t inomyc in -D followed b y  au to rad io -  
g r a p h y  5. 

The  col le ter ia l  g l ands  of cockroaches  are i nvo lved  in  
t he  p r o d u c t i o n  of oo theca  ~. S tud ies  i nvo lv ing  decap i t a -  
t ion,  surgical  e x t i r p a t i o n  a n d  i m p l a n t a t i o n  of corpus  
a l l a t u m  (CA) h a v e  e s t ab l i shed  t h a t  t he  sec re to ry  a c t i v i t y  
of t h e  lef t  col le ter ia l  g l and  w h i c h  secretes  t h e  s t r u c t u r a l  
p r o t e i n  a n d  glucoside  is r egu la t ed  b y  t h e  corpus  a l l a t u m  
(juvenile)  h o r m o n e  7. A l t h o u g h  ZALOKAR s showed  t h a t  
corpus  a l l a t u m  s t i m u l a t e d  R N A  a n d  p r o t e i n  syn thes i s  in  
t he  col le ter ia l  g l ands  of Blatta germanica i t  is no t  e s tab l i sh -  
ed t h a t  t h i s  s t i m u l a t i o n  invo lves  p r io r  a c t i v a t i o n  of t he  
genes in  t h e  col le ter ia l  g l and  nuclei .  

F e m a l e  cockroaches  (Periplaneta americana) c a r r y i n g  
oo thecae  were  col lected f rom t h e  co lony  a n d  a l l a t ec tom-  
ised as desc r ibed  b y  BODENSTEIN 9. The  oo thecae  were 
r e m o v e d  a n d  t h e  insec ts  were m a i n t a i n e d  on  dog  b iscu i t s  
a n d  w a t e r  a t  25~ If  no  oo theca  deve loped  w i t h i n  3 weeks 
a f t e r  t h e  opera t ion ,  a l l a t e c t o m y  was cons idered  as 
successful.  Those  t h a t  p roduced  oo thecae  were d iscarded.  
One group  of a l l a t ec tomised  cockroaches  were top ica l ly  
app l ied  w i t h  1 b~g of a J H  analogue,  trans, trans-N, N- 
die thyl -3 ,  7, l l - t r i m e t h y l - 1 0 ,  l l - e p o x y d o d e c a - 2 ,  6-dien- 
amide  in  1 bd of acetone.  A n o t h e r  g roup  of a l l a t ec tomized  
cockroaches  rece ived  1 bd of ace tone  alone.  These  served  
as controls .  24 h a f te r  t he  t r e a t m e n t  t he  lef t  col le ter ia l  
g l and  was d i ssec ted  o u t  f rom each  of t he  con t ro l  a n d  J H -  
t r e a t e d  insec ts  a n d  f ixed b y  freeze s u b s t i t u t i o n ,  e m b e d d e d  
in pa ra f f i n  a n d  sec t ioned  a t  5 ~zm th ickness .  Af te r  de- 
pa ra f f in i z ing  a n d  h y d r a t i o n  these  sect ions  were p laced  in 
a so lu t ion  of a I - I -ac t inomycimD (5btCi/ml, Sp. act .  8.4 
Ci/mM, Schwarz)  for 1 h. T h e y  were t h e n  t r a n s f e r r e d  to  a 
so lu t i on  of n o n - r a d i o a c t i v e  a c t i n o m y c i n - D  (20 b~g/ml) for  
1 h a n d  l a t e r  in  r u n n i n g  t a p  w a t e r  for 24 h. Au to rad io -  
g r a p h y  was  ca r r ied  ou t  w i t h  N T B - 2  nuc lea r  emul s ion  
( E a s t m a n  Kodak) .  T h e y  were deve loped  a f t e r  4 days  of 
exposure  in  t h e  dark .  Us ing  a squa red  g r a t i c u l e  t h e  n u m b e r  

of s i lver  gra ins  pe r  15 btm ~ of nuc lea r  a rea  was d e t e r m i n e d  
f rom 100 nuclei  for each  group.  The  m e a n s  of b o t h  t he  
g roups  were c o m p a r e d  us ing  ' t ' - t e s t  for s ignif icance.  

The  resul t s  o b t a i n e d  show t h a t  t h e  n u m b e r  of s i lver  
gra ins  pe r  15 ~zm ~ of n u c l e a r  a rea  in  t h e  J H - t r e a t e d  insec ts  
is 9-4-0.26, whereas  in  t h e  con t ro l s  i t  is 4:k0.17.  The  
dif ference be tween  t h e  two  is s t a t i s t i ca l ly  s ign i f ican t  
( P  < 0.001). The re  is suf f ic ient  ev idence  to  i nd i ca t e  t h a t  
t he  b i n d i n g  of a c t i n o m y c i n - D  to  c h r o m a t i n  is r e l a t ed  to  
t he  degree of gene ac t iv i ty .  BRACHET a n d  HULIN 1~ 
showed t h a t  d u r i n g  spe rma togenes i s  t he  b i n d i n g  of ac t ino-  
m y c i n - D  to c h r o m a t i n  w a s  p rogress ive ly  reduced  a n d  in 
t h e  ful ly d i f f e r en t i a t ed  s p e r m  t h e r e  was v e r y  l i t t l e  of 
b i n d i n g  b y  a c t i n o m y c i n - D .  These  resu l t s  on  s p e r m a t o -  
genesis  as well  as those  on  e m b r y o n i c  cells i nd i ca t e  t h a t  
once t h e  cell ha s  r e ached  i ts  f ina l  p h a s e  of d i f f e ren t i a t ion  
t h e  c h r o m a t i n  is ful ly repressed  in w h i c h  s t a t e  t he  capac i ty  
for a c t i n o m y c i n - D  b i n d i n g  is cons ide rab ly  r educed  as a 
resu l t  of m a s k i n g  of t h e  free s i tes  b y  c h r o m o s o m a l  pro- 
te ins .  Since t he  app l i c a t i on  of J H  increases  t he  n u m b e r  of 
free s i tes  on t h e  D N A  molecule,  as is ev idenced  b y  the  
increase  in t he  n u m b e r  of s i lver  g ra ins  on  t he  nuclei ,  i t  
appea r s  t h a t  t he  h o r m o n e  increases  t h e  a c t i v i t y  a t  t he  
t r a n s c r i p t i o n a l  level.  W h e t h e r  t h i s  increase  in a c t i v i t y  is 
due  to  d i rec t  ac t ion  of t h e  h o r m o n e  on  t h e  genome 1 or v ia  
ionic changes  in t h e  nuc l eop la sm 2 or b o t h  11 r e m a i n s  to  be  
es tab l i shed .  

Zusammen/assung. E s  wird  die gene t i sche  A k t i v i t g t  der  
Zel lkerne  in den  akzessor i schen  Dr i i sen  yon  Periplaneta 
americana d u r c h  J u v e n i l h o r m o n  geste iger t ,  e in Nachweis ,  
de r  m i t t e l s  A u t o r a d i o g r a p h i e  n a c h  <~Anf/irbung~ m i t  aH- 
A c t i n o m y z i n - D  e r b r a c h t  werden  konn t e .  
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