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ABSTRACT 

The purpose of t h i s  s t udy  was t o  examine t h e  s i g n i f i c a n c e  of 

p o l y p l o i d i z a t i o n  a s  a  developmental mechanism i n  t h e  f a t  body c e l l s  of 

Sch i s toce rca  g r e g a r i a  du r ing  growth of t h e  l a s t  l a r v a l  i n s t a r  and a d u l t  

matura t ion  of female i n s e c t s .  Cytochemical de te rmina t ion  of DNA con ten t  

was done by microspec t rophotone t ry  of Feulgen- s t a i n e d  n u c l e i .  R e s u l t s  

showed t h a t  t h e  predominant p lo idy  c l a s s  of DNA i n  f a t  body t i s s u e  of 

l a t e  f o u r t h  i n s t a r  and f i f t h  i n s t a r  nymphs i s  t e t r a p l o i d  ( 4 ) .  Fa t  body 

t i s s u e  of t h e  n a t u r i n g  a d u l t  female was found t o  c o n t a i n  4C n u c l e i  as 

w e l l  a s  a n  i n c r e a s i n g  p ropor t i on  of o c t a p l o i d  (8C) n u c l e i .  DNA s y n t h e s i s  

i n  t h i s  t i s s u e  was a s s e s s e d  by 3~- thymid ine  incorpora t ion .  

Autoradiograns of squash  p r e p a r a t i o n s  i n d i c a t e d  t h a t  DNA s y n t h e s i s  

occurs  c y c l i c a l l y  i n  t h e  f a t  body o f &  g r e ~ a r i a  dur ing  growth of t h e  

f i f t h  i n s t a r  and ma tu ra t i on  of t h e  a d u l t  female. I n  t h e  absence of 

m i t o s i s  t h i s  DNA s y n t h e s i s  i s  presumably involved i n  e n d o n i t o t i c  cyc l e s .  

The i n f l u e n c e  of j u v e n i l e  hormone (JH) on f a t  body p lo idy  was 

i n v e s t i g a t e d  i n  precoc ious  a d u l t  5 grega r i a .  These i n s e c t s  were 

ob ta ined  by t r e a t i n g  second and t h i r d  i n s t a r  nymphs wi th  t h e  

a n t i - a l l a t a l  compound precocene,  and a r e  considered t o  be l a c k i n g  i n  

endogenous J H  which i s  e l a b o r a t e d  by t h e  corpus a l l a tum (CA). A f t e r  

t o p i c a l  a p p l i c a t i o n  of J H I I I  o r  j uven i l e  hormone analogue (JHA) ZR-512 

t o  precoc ious  a d u l t s  i t  was found t h a t  f a t  body n u c l e i  doubled t h e i r  DNA 

con ten t  i n  response  t o  exogenous J H  o r  JHA.  The r e s u l t s  of t h i s  s tudy  
* 

sugges t  t h a t  v i t e l l o g e n i n  s y n t h e s i s  by t h e  f a t  body c e l l s  i s  preceded by 

t h e  r e p l i c a t i o n  of t h e  DNA conten t .  
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GENERAL INTRODUCTION 

I n c r e a s e  i n  c e l l  s i z e  r a t h e r  than  c e l l  number i s  a  growth 

phenomenon w e l l  known i n  t h e  Insec ta .  This  phenomenon i n c l u d e s  somatic  

p o l y p l o i d i z a t i o n  which i s  achieved by endomitosis.  It i s  u s u a l l y  c e l l s  
\ 

t h a t  s y n t h e s i z e  t i s s u e - s p e c i f i c  p r o t e i n s  which undergo po lyp lo id i za t ion ,  

and t h e  f u n c t i o n  of t h i s  process  i s  thought  t o  be a  consequence of t h e  

s imultaneous need f o r  c e l l  growth and t i s s u e  f u n c t i o n  (Brodsky and 

Uryvaeva, 1977),  s o  t h a t  i n  t h e  competi t ion f o r  c e l l u l a r  r e sou rces  t h e  

m i t o t i c  c y c l e  i s  nod i f i ed .  A s  a  r e s u l t ,  t h e  p r o l i f e r a t i o n  of equ iva l en t  

c e l l s  i s  r ep laced  by r e p l i c a t i o n  of t h e  genome. Somatic p o l y p l o i d i z a t i o n  

o r  endopo lyp lo id i za t ion  has r e c e n t l y  been e x t e n s i v e l y  reviewed by Nag1 

(1978). 

Endomitosis i s  a  phenomenon o r i g i n a l l y  desc r ibed  by G e i t l e r  (1939) 

i n  somatic  n u c l e i  of G e r r i s  l a t e r a l i s  (He te rop te ra )  and r e f e r s  t o  

s t r u c t u r a l  changes of t h e  chromatin which resemble those  of m i t o s i s  but 

which occur  w i t h i n  t h e  nuc lear  membrane and wi thout  s p i n d l e  formation.  A 

d i s t i n c t i o n  has  a l s o  been made between two types  of observed endomitoses 

on t h e  b a s i s  of morphological changes of t h e  chromosomes dur ing  t h e  

endomito t ic  cyc l e .  The process  observed i n  p l a n t s  d i f f e r s  from t h a t  

seen  i n  t h e  i n s e c t s  i n  t h a t  t h e  former has  a  phase of temporary 

he terochromat ic  decondensation s i m i l a r  t o  e a r l y  prophase of t h e  m i t o t i c  

cycle .  



Endopolyplo id iza t ion  has  been impl ica ted  a s  p a r t  of  t h e  

d i f f e r e n t i a t i o n  process  (Kafatos ,  1972; Nagl, 1978). Nagl h a s  

sugges ted  t h a t  t h e  a b o l i t i o n  of mi to s i s  opens t h e  way f o r  cont inuous  and 

i n c r e a s i n g  RNA s y n t h e s i s  and t h e r e f o r e  an  i n c r e a s e d  p o t e n t i a l i t y  f o r  

p r o t e i n  s y n t h e s i s  i n  t h e  c e l l  . By q u a n t i t a t i v e  au torad iography  h e  h a s  

shown t h a t  t h e  c a p a c i t y  f o r  RNA syn thes i s  i s  h ighe r  i n  t h e  gap 1 phase 

of a  p o l y p l o i d  endomi to t ic  nucleus than i t  i s  i n  t h e  gap 2  phase of a 

d i p l o i d  n i t o t i c  nucleus.  E s s e n t i a l l y  t h e  break  i n  RNA s y n t h e s i s  

du r ing  m i t o s i s  i s  r e spons ib l e  f o r  t h e  i n v e r s e  r e l a t i o n s h i p  between 

c e l l  d i v i s i o n  and RNA product ion (Nagl, 1973). 

Kafa tos  (1972) s t u d i e d  t h e  cocoonase zymogen c e l l s  of s i l k  moths 

and found t h a t  t h e s e  s p e c i a l i s e d  c e l l s  undergo p o l y p l o i d i z a t i o n  i n  o r d e r  

t o  i n c r e a s e  t h e i r  s e c r e t o r y  p o t e n t i a l .  However, i n  h i s  model of t e rmina l  

c e l l  d i f f e r e n t i a t i o n  f o r  s p e c i f i c  p r o t e i n  s y n t h e s i s ,  p o l y p l o i d i z a t i o n  i s  

only one of  s e v e r a l  s t e p s  i n  t h e  development of such cells.  I n  c o n t r a s t  

t o  Nag l ' s  (1973) f i n d i n g s ,  Kafatos  r e p o r t s  t h a t  t e n p l a t e  m u l t i p l i c i t y  i s  

not  needed i f  t h e  nRNA f o r  a  s p e c i f i c  p r o t e i n  i s  unusua l ly  s t a b l e ,  which 

seems t o  be t h e  c a s e  f o r  cocoonase zynogen W A .  

Other  advantages  of endopolyploidy have been suggested.  It may be 

t h a t  endocycles  provide more immunity from d i s t u r b a n c e s  t h a t  would upse t  

m i t o t i c  a c t i v i t y  w i t h  i t s  nore  complex events .  Po lyplo idy  h a s  been 

found t o  p r o t e c t  c e l l s  from damage by r a d i a t i o n  (Wagenheim, 1976) and t o  

a l k y l a t i n g  mutagens ( Z u t s h i  and Kaul, 1975; Evans, 1976). It i s  a l s o  



p o s s i b l e  t h a t  t h e  coo rd ina t ion  of c e l l u l a r  a c t i v i t i e s  i s  more e a s i l y  

c o n t r o l l e d  i n  a  popu la t i on  of endopolyploid c e l l s  than  i t  i s  i n  a l a r g e r  

group of d i p l o i d  c e l l s .  

The method of  choice  f o r  a c c u r a t e  d e t e c t i o n  of endopo lyp lo id i za t i on  

i s  t h e  mic rospec t~opho tome t ry  of Feulgen-stained n u c l e i .  Th i s  technique  

invo lves  t h e  p a r t i a l  h y d r o l y s i s  of t i s s u e s  such t h a t  a ldehyde groups of 

DNA a r e  exposed f o r  subsequent  s t a i n i n g  w i t h  leucofuchs in  ( S c h i f f ' s  

r e a g e n t ) ( P e a r s e ,  1968). The s t a i n e d  n u c l e i  a r e  scanned i n  a 

microspectrophotometer  a t  t h e  a p p r o p r i a t e  wavelength t hus  o b t a i n i n g  

t o t a l  e x t i n c t i o n  neasurements on a n  a r b i t r a r y  s ca l e .  A method whereby 

t h e s e  neasurements  a r e  conver ted  t o  l o g  va lues  f a c i l i t a t e s  d e t e c t i o n  

of genome doubl ing  when such va lues  a r e  compared t o  a  hap lo id  s t anda rd  

(Mittwoch e t  a l . ,  1966). By examining s e v e r a l  i n s e c t  t i s s u e s  i n  t h i s  

manner Fox (1969) was a b l e  t o  denons t r a t e  t h a t  some i n s e c t s  have 

polyplo id  somat ic  t i s s u e s  which conform t o  members of a  doubl ing s e r i e s  

(Fox, 1969) ,  whereas t h e  t i s s u e s  of o t h e r  s p e c i e s  con ta in  i n t e r c l a s s  

va lues  of DNA (Fox, 1970). Such i n t e r c l a s s  DNA va lues  a r e  sugges ted  t o  

have i m p l i c a t i o n s  f o r  mechanisms of t i s s u e  d i f f e r e n t i a t i o n  i n  i n s e c t s .  

I n s e c t  f a t  body i s  a  v e r s a t i l e  organ which has  been f u n c t i o n a l l y  

compared t o  v e r t e b r a t e  l i v e r  (Ki lby ,  1963). When a n  i n s e c t  i s  d i s s e c t e d  

t h e  f a t  body i s  g e n e r a l l y  t h e  n o s t  conspicuous t i s s u e .  I t  i s  a r ranged  

i n  l obes  o r  s h e e t s  i n  c o n t a c t  w i t h  t h e  o t h e r  i n t e r n a l  organs.  Fa t  body 

f u n c t i o n s  inc lude :  (1) glycogen s y n t h e s i s  and s to rage ;  ( 2 )  t r e h a l o s e  



b iosyn thes i s ;  ( 3 )  amino a c i d  metabolism; ( 4 )  l i p i d  s y n t h e s i s  and 

s to rage ;  (5) pigment s t o r a g e ;  and (6 )  u r i c  a c i d  s to rage .  Reac t ions  of 

t h e  c i t r i c  a c i d  cyc l e  and cytochrome system a l s o  occur i n  t h i s  t i s s u e .  

V i t e l l o g e n i c  p r o t e i n s  a r e  synthes ized  i n  t h e  mature female f a t  body of 

some s p e c i e s  (Engelmann, 1970,1979; Keeley, 1978; Wyatt e t  a l . ,  1978). 

The h i s t o c h e m i s t r y  of S, g r e g a r i a  f a t  body has  been f a m i l i a r  f o r  some 

t i m e  (Coupland, 1957; Odhiambo, 1967). 

Th i s  s tudy  was in tended  t o  i n v e s t i g a t e  t h e  r o l e  of p o l y p l o i d i z a t i o n  

i n  t h e  growth and development of f a t  body t i s s u e  from t h e  d e s e r t  l o c u s t .  

I n  Chapter  I we examined t h e  f a t  body of S. g r e n a r i a  f o r  

p o l y p l o i d i z a t i o n  dur ing  development and metamorphosis. The d e s e r t  

l o c u s t  i s  a  hemimetabolous i n s e c t  which passes  through f i v e  nymphal 

i n s t a r s  p r i o r  t o  t h e  imagina l  moult and t h e  average d u r a t i o n  of each  

s tadium i s  f i v e  t o  seven  days under our  r e a r i n g  condi t ions .  Beginning 

wi th  t h e  f o u r t h  i n s t a r ,  through t h e  f i f t h  and i n t o  t h e  maturing a d u l t  

s t a g e ,  we examined f a t  body nuc l e i  f o r  endopolyplo id iza t ion .  

The p re sen t  s t udy  looked a t  H-thymidine i nco rpo ra t i on  i n t o  f a t  

body c e l l s  concu r r en t ly  w i t h  t h e  examination of t h e i r  DNA conten t .  Thus 

DNA s y n t h e s i s  was determined au to rad iog raph ica l ly  and t h e  DNA con ten t  

a s s e s s e d  microspect rophotonet r ica l ly .  Th i s  i s  important  when de te rmin ing  

whether DNA s y n t h e t i c  a c t i v i t y  i s  involved i n  m i t o s i s  o r  i n  endocycles.  



Chapter  I1 of t h i s  s t udy  examines t h e  f a c t o r s  t h a t  a r e  r e s p o n s i b l e  

f o r  f u r t h e r  p o l y p l o i d i z a t i o n  s een  i n  t h e  f a t  body of a d u l t  females .  I n  

most i n s e c t s  t h e  corpus  a l l a t u m  (CA) i s  a c t i v a t e d  i n  t h e  a d u l t  t o  

produce j u v e n i l e  hormone (JH) which assumes a  gonadot rop ic  f u n c t i o n  

a f t e r  metamorphosis (Engelmann, 1970). The j u v e n i l e  hormone i s  neces sa ry  

f o r  t h e  s y n t h e s i s  of v i t e l l o g e n i c  p r o t e i n s  i n  t h e  f a t  body (Engelmann, 

1970,1979; Wyatt ,  1978; Keeley, 1978). T h i s  system i s  t h e r e f o r e  

conducive t o  s t u d y i n g  t h e  a c t i o n  of J H  on a  t a r g e t  t i s s u e .  

A methodologica l  mod i f i ca t i on  i n t roduced  i n  t h e  p r e s e n t  s t u d y  was 

t o  u s e  a  chemical ,  precocene,  t o  e l i m i n a t e  t h e  endogenous sou rce  of J H .  

T h i s  method of  chemica l  a l l a t ec tomy  h a s  s e v e r a l  advantages  ove r  s u r g i c a l  

removal of t h e  CA and t h e  precoc ious  a d u l t  i n s e c t s  produced by 

a p p l i c a t i o n  of p recocene  have every i n d i c a t i o n  of an  i r r e v e r s i b l y  

i n h i b i t e d  corpus  a l l a t u m  (Unnithan e t  a l . ,  1977,1979,1980; Pedersen ,  

1978). 
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CHAPTER I 

P o l y p l o i d i z a t i o n  During Development and Metamorphosis 

INTRODUCTION 

P o l y p l o i d i z a t i o n  i n  i n s e c t  somatic t i s s u e s  i s  a phenomenon which 

r e s u l t s  from endomi tos i s ,  a  modified m i t o t i c  p rocess  i nvo lv ing  t h e  

d u p l i c a t i o n  of chromosomes w i t h i n  a n  i n t a c t  nuc l ea r  membrane ( G e i t l e r ,  

1953). Po ly t eny ,  a  c l o s e l y  r e l a t e d  s i t u a t i o n  found i n  d i p t e r o u s  i n s e c t s ,  

i s  brought  abou t  by endoredupl ica t ion ,  a  p rocess  s i m i l a r  t o  endomi tos i s  

bu t  f o r  t h e  f a c t  t h a t  homologues remain p a i r e d  (Levan and Hauschka, 

1953). Po ly t eny  and endopolyplo id iza t ion  a r e  f u n c t i o n a l l y  s i m i l a r  i n  

t h a t  both phenomena a r e  probably r e l a t e d  t o  t h e  need f o r  producing a  

l a r g e  amount of  s e c r e t i o n  f o r  export .  But whereas po ly teny  has  been 

r a t h e r  e x t e n s i v e l y  s t u d i e d  due t o  i t s  a s s o c i a t e d  phenomenon of 

chromosome p u f f i n g  (Ashburner, 1970), endopolyploidy has  only r e c e n t l y  

been t h e  f o c u s  of i n v e s t i g a t i o n s  (Nagl, 1978). 

The q u a n t i t a t i v e  cytochemical t echnique  of a s say ing  DNA con ten t  by 

Feulgen microspectrophotometry has  been found f r u i t f u l  i n  s tudy ing  

endopolyploidy i n  t h e  mammalian l i v e r  (Geschwind e t  a l . ,  1958; 1960; 

Mahon e t  a l . ,  1979). Mittwoch e t  a l .  (1966) used Feulgen 

microspectrophotometry of honey bee l a r v a e  t o  demonstrate  a  c o n t r a s t  i n  

p lo idy  between d i v i d i n g  and non-dividing c e l l s .  Wigglesworth (1967) i n  
& 



a  s tudy  of Rhodnius f a t  body, has  sugges ted  t h a t  n u c l e a r  f u s i o n  might 

p lay  a  r o l e  i n  endopolyplo id iza t ion .  H e  sugges ted  t h a t  a  b a s i c  l e v e l  of 

endopolyploidy a r i s e s  i n i t i a l l y  by endomi tos i s  but  t h a t  spo rad i c  

p o l y p l o i d i z a t i o n  occu r s  subsequent ly  d u r i n g  v a r i o u s  c i rcumstances  such 

a s  s t a r v a t i o n .  H i s  s tudy  was l a r g e l y  based on chromosome counts  and h i s  

cy tophotomet r ic  r e s u l t s  were i nconc lus ive  because they  were based on t h e  

r e s u l t s  of measurements on only 20 n u c l e i .  Fox (1969) used 

d e n s i t o m e t r i c  technique  t o  desc r ibe  t h e  p a t t e r n  of DNA va lues  i n  two 

somat ic  t i s s u e s  of Dermestid b e e t l e s ,  a  p a t t e r n  t h a t  was found t o  be 

d i s con t inuous  and c o n s i s t e n t  w i th  a  doubl ing s e r i e s  of DNA va lues .  

Subsequent ly  Fox (1970) determined t h e  DNA con ten t  of va r ious  t i s s u e s  i n  

two s p e c i e s  of l o c u s t s ,  Locusta m i g r a t o r i a  and Sch i s toce rca  g r e g a r i a  of 

unknown age ,  and found t i s s u e  s p e c i f i c  DNA c o n t e n t s  w i th  peaks i n  t h e  

frequency d i s t r i b u t i o n s  t h a t  d id  no t  conform t o  a  doubl ing s e r i e s  (Fox, 

1970). Fox has  i n t e r p r e t e d  t h i s  l a t t e r  r e s u l t  t o  i n d i c a t e  a  d i f f e r e n t i a l  

r e p l i c a t i o n  of those  chronosome r eg ions  which a r e  a c t i v e  i n  p a r t i c u l a r  

t i s s u e s .  

The p re sen t  s tudy  was designed t o  examine t h e  DNA con ten t  of f a t  

body n u c l e i  du r ing  t h e  development and metamorphosis of & g r e g a r i a .  

Although t h e  c y t o l o g i c a l  a s p e c t s  of i n s e c t  development have been 

e x t e n s i v e l y  s t u d i e d ,  no t  much work has  been done on t h e  nuc l ea r  a s p e c t s  

of d i f f e r e n t i a t i o n .  S ince  endopo lyp lo id i za t i on  has  been imp l i ca t ed  a s  a  

mechanism f o r  i n s e c t  t i s s u e  development (Nagl,  1978) ,  w e  f e l t  i t  u s e f u l  

t o  s t u d y  t h e  f a t  body wi th  r e s p e c t  t o  p o l y p l o i d i z a t i o n  dur ing  a  p a r t  of 



nymphal development and dur ing  matura t ion  of t h e  a d u l t  i n s e c t .  Moreover, 

w e  sought  t o  r e l a t e  t h e  po lyp lo id i za t i on  process  t o  DNA s y n t h e t i c  

a c t i v i t y  by ca ' r rying ou t  au torad iographic  s t u d i e s  of f a t  body t i s s u e .  

Using t h e s e  techniques  we were a b l e  t o  examine i n t r a n u c l e a r  e v e n t s  w i th  

r e s p e c t  t o  some developmental a s p e c t s  of t h i s  i n s e c t  t i s s u e .  



MATERIALS AND METHODS 

The l o c u s t s  were r a i s e d  on a d i e t  of whole wheat bran and f r e s h  
I 

g r a s s  and r e a r e d  under a l i g h t  regime of 16 hr .  photoperiod and 8 hr .  

s co tope r iod  a t  temperatures  of 35 and 31•‹c r e s p e c t i v e l y  and 60-70% 

r e l a t i v e  humidity. Only females of t h e  fo l lowing  age groups were used 

i n  t h i s  s tudy:  l a t e  f o u r t h  i n s t a r  nymphs one day be fo re  ecdys is ;  one-, 

t h r ee -  and five-day-old f i f t h  i n s t a r  nymphs; one-, th ree- ,  f ive- ,  and 

eight-day-old a d u l t s .  The ages were determined from t h e  time of 

ecdys is .  Three t o  f o u r  i n s e c t s  were used from each  age group f o r  t h e  

experiments  o u t l i n e d  below. 

DNA Syn thes i s  

The l o c u s t s  were i n j e c t e d  under C02 a n a e s t h e s i a  w i t h  l % C i  of 

methyl 3~ -thymidine (3.8 Ci/mmole, Amersham-Searle Corpora t ion ,  

Oakv i l l e ,  O n t a r i o )  through t h e  a r t h r o i d a l  membrane a t  t h e  base of t h e  

t h i r d  p a i r  of l e g s .  A f t e r  i n j e c t i o n  t h e  i n s e c t s  were r e tu rned  t o  t h e  

incuba to r  f o r  f o u r  hours. The p e r i v i s c e r a l  f a t  body from t h e  

me ta tho rac i c  segment was d i s s e c t e d  out  from t h e  above age groups,  

squashed on g e l a t i n i z e d  s l i d e s  and cover  s l i p s  removed by t h e  dry i c e  

technique.  A f t e r  a i r -dry ing  t h e  squashes were f i x e d  i n  e thano1:ace t ic  

a c i d  (3 : lv /v )  f o r  two hours a t  room temperature.  Following hydra t ion  

through a graded e t h a n o l  s e r i e s  t h e  s l i d e s  were placed i n  5% 

t r i c h l o r a c e t i c  a c i d  a t  4OC f o r  15 minutes and then  i n  0.1% 
* 

non-radioac t ive  thyn id ine  s o l u t i o n  f o r  2 0  minutes  t o  remove f r e e  

r a d i o a c t i v e  thynid ine .  The s l i d e s  were washed i n  t h r e e  success ive  



changes of d i s t i l l e d  wa te r ,  dehydrated,  a i r  d r i e d  and coa ted  w i t h  NTB-2 

nuc l ea r  emulsion (Eastman Kodak). One t o  two s e t s  of s l i d e s  from each  of 

t h e  age groups were t r e a t e d  w i t h  DNAse (Sigma Chemical) (Dietch,  1966) 

p r i o r  t o  c o a t i n g  w i t h  t h e  nuc l ea r  emulsion. A l l  s l i d e s  were exposed i n  

t h e  dark a t  4OC f o r  s i x  weeks. A f t e r  developi'ng they were s t a i n e d  w i t h  

methyl-green pyronin  (Pea r se ,  1968). A t  l e a s t  500 n u c l e i  pe r  age  group 

were examined f o r  t r i t i u m  l a b e l l i n g .  From t h e s e  t h e  percentage  of 

l a b e l l e d  n u c l e i  was c a l c u l a t e d  f o r  each  of t h e  age groups. 

DNA Content  

Squashes of  f a t  body which were f i x e d  a s  descr ibed  above w e r e  

hydrolysed i n  3.5N H C 1  a t  37OC (Fand, 1970). 20 minutes  was found t o  

be t h e  optimum t i n e  of  h y d r o l y s i s  f o r  f a t  body n u c l e i  t aken  from 

d i f f e r e n t  age groups . A f t e r  hyd ra t ion  t h e  squashes were s t a i n e d  i n  

S c h i f f ' s  r eagen t  (Bas i c  Fuchsin,  Har leco)  prepared accord ing  t o  De i t ch  

(1966),  dehydra ted  through e t h a n o l  s e r i e s ,  c l e a r e d  i n  xylene and mounted 

i n  o i l  of matching r e f r a c t i v e  index  (nD=1.56, C a r g i l l e ,  Cedar Grove, 

N.Y.). I n  a d d i t i o n ,  p i e c e s  of t e s t i s  from one-day-old a d u l t  males and 

b r a i n  from n a t u r e  f e n a l e s  were squashed on s l i d e s ,  f i x e d  and s t a i n e d  a s  

desc r ibed  f o r  t h e  f a t  body i n  o r d e r  t o  o b t a i n  r e f e r ence  hap lo id  and 

d i p l o i d  DNA s t a n d a r d s  r e spec t ive ly .  



Microspectrophotometry 

E x t i n c t i o n  measurements on 100 t o  150 Feulgen-stained n u c l e i  p e r  

age group  were t aken  a t  570nm us ing  t h e  Scanning Microscope Photometer 

(SMP, C a r l  Zeiss, Oberkochen, Germany)at l P m  i n t e r v a l s .  The SMP used 

i n  t h i s  s t u d y  was on l i n e  w i t h  a PDP-12 conputer  ( D i g i t a l  Equipment 

Corpora t ion ,  Maynard, Mass.). A l l  measurements were c a r r i e d  o u t  w i t h  

u l t r a f l u a r  o b j e c t i v e  (X100, N.A.1.25) and condenser  (N.A.0.8) l e n s e s  a t  

1 , p  s t e p s  a l o n g  t h e  X and Y axes. The d iameter  of t h e  scanning  a p e r t u r e  

was1-4rm. F i f t y  e a r l y  spermatid n u c l e i  from t e s t i s  squashes and 

neurona l  n u c l e i  from b r a i n  squashes were measured and t h e i r  r e s p e c t i v e  

averages  (1C and 2C) used t o  determine t h e  d i f f e r e n t  DNA p lo idy  c l a s s e s  

i n  t h e  f a t  body nuc l e i .  

The i n s t r u m e n t a t i o n  used i n  t h i s  s tudy  provides  u s  w i th  s e v e r a l  

parameters .  The SMP reads a pre-se lec ted  number of p o i n t s  over  a 

s t a i n e d  nuc l eus  and t h e  sum of t he se  read ings  i s  expressed  a s  t h e  t o t a l  

e x t i n c t i o n  of l i g h t  absorbed over  t h e  nuc l ea r  a r e a .  A d i g i t i z e d  image of 

such a scanned nuc leus  i s  shown i n  F igure  1. The mean e x t i n c t i o n  i s  t h e  

average  of t h e s e  va lues  i n  t h e  scanned inage.  Nuclear a r e a  i s  t h e  t o t a l  

number of p o i n t s  having a t r ansmi t t ance  between 5 and 95%. These 

parameters  a r e  provided by the  computer which is  i n t e r f a c e d  t o  t h e  SMP 

and c o o r d i n a t i o n  of t h e s e  components achieved by t h e  APAMOS (au tomat ic  

photomet r ic  a n a l y s i s  of microscopic o b j e c t s  by scanning)  programme. 

C 



* 
Figure 1 .  A. Digitized image of a Feulgen-stained f a t  body nucleus (B) 

showing extinction values (~100) a t  l/(cm intervals .  The sum t o t a l  of 

these values represents to ta l  extinction (DNA content),  the average of 

these is the  mean ext inct ion,  and the number of points represents the 

area in lp steps .  Scale i n  Fig. B i s  2 5 ~ .  





The DNA con ten t  was expressed a s  log2  of t h e  t o t a l  e x t i n c t i o n .  

This  f a c i l i t a t e d  g raph ic  p r e s e n t a t i o n  of t h e  d a t a  s i n c e  an  i n c r e a s e  i n  

one u n i t  on a  log2 s c a l e  r e p r e s e n t s  a complete d u p l i c a t i o n  of t h e  genome 

(Mittwoch e t .  a l . ,  1966; Fox, 1969). 

The c o r r e l a t i o n  between t h e  DNA content  and t h e  nuc lear  a r e a  was 

determined us ing  t h e  s t a t i s t i c a l  package f o r  t h e  s o c i a l  s c i ences  (SPSS) 

(Klecka e t  a l .  , 1975). 

M i t o t i c  Index 

A s  t h e  Feulgen s t a i n  can be used t o  d e t e c t  m i t o t i c  f i g u r e s  

(Fig.2A,B ), a l l  squash p repa ra t ions  were examined f o r  m i t o t i c  f i g u r e s .  

I n  t h e  c a s e  of t h e  f o u r t h  i n s t a r ,  f a t  body squashes were made a t  24hr 

i n t e r v a l s  from day 1 t i l l  t h e  end of t h e  f o u r t h  i n s t a r ,  which took 

approximately f i v e  days under our r e a r i n g  condi t ions .  Two i n s e c t s  were 

used f o r  each time i n t e r v a l .  The feu lgen-s ta ined  squashes were scored  

f o r  t h e  m i t o t i c  f i g u r e s  on s l i d e s  where such f i g u r e s  were found. 
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RESULTS 

DNA S y n t h e s i s  

I n t e n s e  l a b e l l i n g  i s  seen  i n  some of t h e  i n d i v i d u a l  n u c l e i  i n  a l l  

of t h e  age groups s t u d i e d  (Fig.2C,D). S ince  t r ea tmen t  w i t h  DNA-ase 

removes ove r  90% of t h e  l a b e l ,  i t  i s  presumed t h a t  t h e s e  n u c l e i  a r e  

a c t i v e  i n  DNA s y n t h e s i s .  I t  i s  ev iden t  from t h e  d a t a  ob t a ined  (Fig.3) 

t h a t  DNA s y n t h e s i s  occurs  i n  a  c y c l i c  f a s h i o n  w i t h  peaks of s y n t h e t i c  

a c t i v i t y  i n  t h e  l a t e  f o u r t h  i n s t a r ,  f ive-day-old f i f t h  i n s t a r  l a r v a e  and 

five-day-old a d u l t s .  S ince  m i t o s i s  i s  no t  found a f t e r  t h e  t h i r d  day of 

t h e  f o u r t h  i n s t a r ,  i t  can be assumed t h a t  t h i s  DNA s y n t h e s i s  i s  involved 

i n  endomi to t ic  cyc l e s .  I n  t h e  f o u r t h  i n s t a r  m i t o t i c  f i g u r e s  were found 

on t h e  t h i r d  day and of t h e  2,348 n u c l e i  counted f o r  t h a t  per iod  t h e r e  

was a  m i t o t i c  i ndex  of 3.5%. 



Figure 2. A. Photomicrograph of Feulgen-stained fat body nuclei 

from a 3-day-old fourth instar 2. gregaria showing mitotic figures. 
Scale bar 3 0 ~ .  B. Same as (A) at higher magnification. Scale 3 0 ~ .  

C. Autoradiograms of fat body nuclei of fifth instar 5. gregaria after 
3 
H-thymidine incorporation. Scale 3 0 ~ .  D. Same as (C) at higher 

magnification. Note intense labelling of two nuclei. Scale 30pm. 





Figure 3. Histograms showing the percent frequency of labelled fat 

body nuclei after a four hour pulse of 'H-thymidine incorporation. 

The ages of the various groups are estimated in days from the day of 

previous ecdysis. 
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DNA Content 

The microspectrophotometry r e s u l t s  show t h a t  endopolyploidy i s  

involved i n  f a t  body t i s s u e  growth dur ing  t h e  development of & 

grega r i a .  By e s t a b l i s h i n g  a  re ference  d i p l o i d  va lue  from b r a i n  n u c l e i  

measurements t h e  his tograms i n  F igures  4 and 5 were obtained.  The 

d i s t r i b u t i o n  of t h e  va r ious  DNA c l a s s e s  i n  t h e  f a t  body n u c l e i  shows 

t h a t  t h e  f a t  body c e l l s  a r e  polyploid . I n  t he  f o u r t h  l a r v a l  i n s t a r  t h e  

major c l a s s  of DNA on t h e  l a s t  day i s  4C (Fig.4B). During t h e  growth of 

t h e  f i f t h  i n s t a r  t h e  major c l a s s  of DNA i s  4C (Fig.4C-E), and t h i s  

p lo idy  c l a s s  g r a d u a l l y  decreases  i n  frequency (90 t o  75%) w i t h  

corresponding i n c r e a s e s  i n  t h e  8C ( 8  t o  21%) (Fig.4) .  I n  t h e  a d u l t  

i n s e c t  t h e  major c l a s s e s  of DNA a r e  4C and 8C wi th  a  smal l  percentage  of 

16C n u c l e i  i n  t h e  eight-day-old a d u l t s  (Fig.5) .  Th i s  i nc reased  DNA 

content  i s  a s s o c i a t e d  w i t h  a  concomitant i n c r e a s e  i n  nuc lea r  a r e a  s i n c e  

a  l i n e a r  r e l a t i o n s h i p  between nuc lea r  a r e a  and t o t a l  e x t i n c t i o n  i s  

demonstrated (F ig .6) .  The c o r r e l a t i o n  c o e f f i c i e n t  i n  a l l  of t h e s e  c a s e s  

was found t o  be between 0.87 and 0 . 9 .  



* 
Figure  4. Frequency d i s t r i b u t i o n  of the  DNA con ten t  of Feulgen- 

s t a i n e d  b r a i n  n u c l e i  ( A ) ,  and f a t  body n u c l e i  from f o u r t h  and f i f t h  

i n s t a r  2. g r e a a r i a .  The numbers parenthes ized  i n  t he  legend r e p r e s e n t  

t h e  t o t a l  number of n u c l e i  measured f o r  each group. B. L a s t  day f o u r t h  

i n s t a r  (n=100). C. One-day-old f i f t h  i n s t a r  (n=100). D. Three-day- 

o l d  • ’ i f  t h  i n s t a r  (n=l5O). E. Five-day-old f i f t h  i n s t a r  (n=l5O). 



DNA CONTENT (LOG2 TOTAL EXTINCTION) 



* 
Figure  5. Frequency d i s t r i b u t i o n  of t he  DNA c o n t e n t  of Feulgen- 

s t a i n e d  f a t  body n u c l e i  i n  a d u l t  female 2. g r e g a r i a .  The numbers 

parenthes ized  i n  t he  legend r ep resen t  t h e  t o t a l  number of n u c l e i  

measured. A. One-day-old a d u l t  (n=150). B. Three-day-old a d u l t  

(n=150). C. Five-day-old adu l  t (n=l5O). D. Eight-day-old a d u l t  (n=l5O). 



DNA CONTENT (LOG2 TOTAL EXTINCTION) 
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DISCUSSION 

Although m i t o s i s  i s  involved i n  f a t  body growth du r ing  t h e  e a r l y  

f o u r t h  i n s t a r ,  i t  appears  t h a t  endomi tos i i  i s  t h e  major mechanism a s  

i n d i c a t e d  by t h e  predominance of t e t r a p l o i d  n u c l e i  and a  peak of DNA 

s y n t h e s i s  i n  t h e  l a t e  f o u r t h  i n s t a r  (Figs.3,4B). But du r ing  t h e  f i f t h  

nymphal i n s t a r  and t h e  maturat ion of t h e  a d u l t ,  i t  would appea r  t h a t  t h e  

DNA s y n t h e s i s  i s  involved only i n  endocycles s i n c e  no f u r t h e r  mi toses  

a r e  seen.  Moreover, t h e  gradua l  appearance of h i g h e r  p lo idy  c l a s s e s  i s  

i n d i c a t i v e  of endomitosis.  Th i s  r e s u l t  i s  a t  v a r i a n c e  w i t h  t h e  d a t a  of 

Fontana (1974) on an  a l b i n o  s t r a i n  of & g r e g a r i a ,  which sugges t  t h a t  

t h e  predominant DNA c l a s s  i n  t h e  f i f t h  i n s t a r  i s  4C, and t h a t  any 8C 

n u c l e i  a r e  probably  due t o  t h e  presence of oenocytes .  However, we f i n d  

t h a t  oenocytes  can be d i s t i ngu i shed  from l a r g e r  f a t  body c e l l s  i n  t h a t  

t h e  n u c l e i  of t h e  l a t t e r  have a r e a s  of condensed chromatin,  whereas t h e  

chromatin of oenocyte  nuc l e i  i s  more d i f f u s e .  Coupland (1957) has  shown 

t h a t  oenocytes  a r e  numerous i n  t h e  p e r i p h e r a l  f a t  body of j& g r e p a r i a ,  

whereas t hey  a r e  fewer i n  number i n  t h e  p e r i v i s c e r a l  f a t  body. Moreover, 

Fontana (1974) used t h e  Barr  and Stroud dens i tometer .  This  ins t rument  

has  a n  a n  upper  l i m i t  t o  t h e  nuc l ea r  a r e a  which can  be scanned s i n c e  i ts  

measuring g r i d  i s  l i m i t e d  a t  any one magn i f i ca t i on  r e s u l t i n g  i n  a  

measuring s i z e  b i a s .  The scanning microphotometer used i n  t h i s  s tudy ,  on 

t h e  o t h e r  hand, can  measure over  a  v a r i a b l e  a r ea .  Th i s  f e a t u r e  i s  

p a r t i c u l a r l y  u s e f u l  where n u c l e i  of h ighe r  p lo idy  va lues  a r e  found. The 

i n c r e a s e  i n  po lyplo idy  of f a t  body n u c l e i  i s  a l s o  accompanied by an  

i n c r e a s e  i n  n u c l e a r  a r e a  a s  shown i n  F igure  6. 
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Figure  6 .  Regression p l o t s  of a r e a  vs. t o t a l  e x t i n c t i o n ,  570nm., 

(DNA c o n t e n t ) ,  f o r  n u c l e i  from one-day-old f i f t h  i n s t a r  (A), th ree-  

day-old f i f t h  i n s t a r  (B) , f ive-day-old f i f t h  i n s t a r  (C) , one-day-old 

a d u l t  (D) , three-day-old a d u l t  (E) , and five-day-old a d u l t  (F) . 
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The d i s t r i b u t i o n  of t he  DNA c l a s s e s  shows a l s o  t h a t  i n  t h e  a d u l t  

l e v e l s  of p lo idy  a r e  h ighe r  than those  i n  t h e  nymphal i n s t a r s  (Fig.5).  

Our d a t a  of  t h e  maturing a d u l t  f a t  body show a n  i n c r e a s e  i n  t h e  number 

of 8C n u c l e i .  Tha t  t h i s  i nc rease  i n  p lo idy  i s  ach ieved  by endocycles  i n  

t h e  f a t  body n u c l e i  i s  suggested by t h e  presence  of DNA s y n t h e s i s  a s  

demonstrated by autoradiography (Fig.3) .  I n  - L. m i g r a t o r i a  t h i s  enhanced 

DNA s y n t h e s i s  and po lyp lo id i za t i on  i n  t h e  a d u l t  female f a t  body has  been 

a s s o c i a t e d  w i t h  v i t e l l o g e n i n  product ion and shown t o  be dependent on 

t h e  presence  of j uven i l e  hormone (Nai r  e t  a l . ,  i n  p r e p a r a t i o n ) .  Chapter 

I1 of t h i s  t h e s i s  examines t h e  r e l a t i o n s h i p  between p o l y p l o i d i z a t i o n  and 

J H  i n  S. g r e g a r i a .  

The appearance of nuc l e i  i n  t h e  4C - 8C i n t e r c l a s s  range needs t o  

be expla ined .  Fox has  suggested a  number of f a c t o r s  which may c o n t r i b u t e  

t o  t h i s  phenomenon: (1 )  DNA s y n t h e s i s  a t  t h e  t i n e  of f i x a t i o n  w i l l  

r e s u l t  i n  i n t e r m e d i a t e  values.  S i m i l a r l y ,  Rober t s  and Rober t s  (1972) 

have sugges ted  t h a t  i n t e r c l a s s  DNA va lues  found i n  l a r v a l  t i s s u e s  of 

T r i c h o l i o p r o c t i a  impat iens  a r e  due t o  c e l l s  t h a t  were f i x e d  wh i l e  i n  t h e  

process  of e n d o r e p l i c a t i o n .  ( 2 )  Nuclear f u s i o n  w i l l  i n f l u e n c e  t h e  

d i s t r i b u t i o n s  of  DNA c l a s s e s  but i t s  e f f e c t  w i l l  depend upon t h e  t r u e  

frequency of f u s i o n  and t h e  c l a s s e s  of n u c l e i  which undergo fu s ion .  From 

h i s  own d a t a  Fox (1970) concludes t h a t  nuc l ea r  f u s i o n  has  a  minimal 

i n f luence  on t h e  d i s t r i b u t i o n  of DNA c l a s s  va lues .  T h i s  would a g r e e  w i t h  

t h e  s t u d i e s  of n u c l e a r  fus ion  by Wigglesworth (1967) who determined t h e  

phenomenon t o  be  of spo rad i c  occurrence only.  Fox (1970) t h e r e f o r e  

sugges t s  t h a t  t h e  n o s t  reasonable  exp lana t ion  f o r  t h e  f i n d i n g  of 



i n t e r c l a s s  DNA va lues  i s  t h a t  "during t h e  d i f f e r e n t i a t i o n  of most of  

t h e  t i s s u e s  s t u d i e d  h e r e ,  each  round of  DNA r e p l i c a t i o n  c o n s i s t e n t l y  

exc ludes  a  p a r t  of  t h e  DNA from t h e  r e p l i c a t i o n  process".  H e  adds t h e  

evidence from Drosophi la  somatic  t i s s u e s  where t h e  he te rochromat in  i s  

more o r  l e s s  c o n s i s t e n t l y  unde r - r ep l i ca t ed  (Berendes and Keyl, 1967). 

There a r e  s e v e r a l  i n s t a n c e s  where unde r - r ep l i ca t i on  of t h e  genome i n  

p l a n t  and an imal  ce l ls  h a s  been noted  by cytophotometry and t h e s e  have 

been adequa te ly  reviewed by Nag1 (1978). I n  some c a s e s  buoyant d e n s i t y  

ana lyses  of  n u c l e a r  DNA have e s t a b l i s h e d  d i f f e r e n t i a l  r e p l i c a t i o n  of 

euchromatin and heterochromatin.  I f  r e p l i c a t i o n  of euchromatin and 

he te rochromat in  depends on t h e  t h r e s h o l d s  of molecules t h a t  i n i t i a t e  DNA 

s y n t h e s i s  ( ~ a r l o w ,  1972) one may expec t  t o  f i n d  i n t e rmed ia t e  c l a s s e s  of 

DNA i n  v a r i o u s  t i s s u e s  of an organism. What i s  needed i s  concu r r en t  

s t u d i e s  i nvo lv ing  cy tophotone t ry  and buoyant d e n s i t y  a n a l y s i s  of n u c l e a r  

DNA t o  s u b s t a n t i a t e  o r  d i sp rove  t h e  phenomenon of unde r - r ep l i ca t i on  of 

t h e  genome i n  l o c u s t s .  

A s t udy  on t h e  moult ing hormones of t h e  d e s e r t  l o c u s t  (Morgan e t  

a l . ,  1975) h a s  determined t h e  t i t res  of 20-hydroxyecdysone a t  d a i l y  

i n t e r v a l s  throughout  t h e  f i f t h  i n s t a r  and a d u l t .  The i r  r e s u l t s  show a 

maximum c o n c e n t r a t i o n  of t h i s  subs tance  on t h e  day of ecdys i s  and a  

v a r i a t i o n  i n  t h e  l e v e l s  du r ing  t h e  i n s t a r  and a d u l t  growth. Although t h e  

f i f t h  i n s t a r  l a s t e d  f o r  12 days under t h e i r  r e a r i n g  cond i t i ons  whi le  

ou r s  l a s t e d  f o r  7 days,  a  c y c l i c  v a r i a t i o n  i n  t h e  t i t r e  of t h i s  hormone 

dur ing  development might be ex t r apo la t ed .  The au tho r s  sugges t  t h a t  



moult ing hormones der ived  from p r o t h o r a c i c  g land  e x t r a c t s  cause  a  growth 

of epidermal  c e l l s  a s  determined by h i s t o l o g i c a l  examinat ion of  t h e  

c u t i c l e .  Such a n  i n c r e a s e  i n  epidermal  c e l l  s i z e  r a t h e r  t han  i n c r e a s e d  

c e l l  d i v i s i o n  i s  sugges t ive  of a  moult ing hormone-dependent DNA 

s y n t h e s i s  i n  t h i s  t i s s u e .  

Two s t u d i e s  on t h e  e f f e c t s  of 20-hydroxyecdysone i n  C a l l i p h o r a  

s t y g i a  l a r v a e  sugges t  t h a t  ecdysone s t i m u l a t e s  t h e  g e n e r a l  c a p a c i t y  of 

t h e  f a t  body f o r  p r o t e i n  s y n t h e s i s  (Neufeld e t  a l . ,  1968; Thomson e t  

a l . ,  1971). Moreover, t h e  t i m e  cou r se  f o r  ecdysone-stimulated p r o t e i n  

s y n t h e s i s  was i d e n t i c a l  i n  bo th  t h e  f a t  body and t h e  ep idermis  of t h e s e  

i n s e c t s .  The c y c l i c  v a r i a t i o n  i n  DNA s y n t h e s i s  observed i n  & g r e g a r i a  

f a t  body may be r e l a t e d  t o  t h e  a c t i o n  of ecdysone. The r o l e  of ecdysone 

and J H  dur ing  morphogenesis, and e s p e c i a l l y  t h e  i n t e r a c t i o n  of t h e s e  

hormones remains unc l ea r  ( W i l l i s ,  1974) and p re sen t  models of c o n t r o l  

a r e  n e c e s s a r i l y  vague (Kumaran, 1976). More s t u d i e s  a t  t h e  molecular  

l e v e l  a r e  needed t o  r e s o l v e  t h i s  d i f f i c u l t y .  



CONCLUSIONS 

Our r e s u l t s  i n d i c a t e  t h a t  DNA s y n t h e s i s  i s  t a k i n g  p l ace  i n  t h e  f a t  

body of .& p r e g a r i a  i n  a c y c l i c  manner du r ing  t h e  nymphal s t a g e s  

examined and i n  t h e  maturing adult  female. When t h i s  d a t a  i s  r e l a t e d  t o  

t h e  DNA c o n t e n t  of  f a t  body c e l l s  a s  determined by 

microspectrophotometry of Feulgen s t a i n e d  n u c l e i ,  i t  would appear  t h a t  

t h e  DNA s y n t h e t i c  a c t i v i t y  i s  involved i n  endocyles .  The predominant 

p lo idy  c l a s s  i s  4 C  throughout  development w i t h  a g radua l  i n c r e a s e  i n  t h e  

appearance of 8 C  nuc l e i .  I n t e r c l a s s  DNA v a l u e s  are a l s o  found and t h e i r  

p o s s i b l e  s i g n i f i c a n c e  d i scussed .  S ince  mi toses  a r e  no t  found beyond t h e  

f o u r t h  nymphal i n s t a r  i t  would seem t h a t  e n d o n i t o s i s  i s  t h e  major method 

of growth i n  t h e  f a t  body throughout t h e  f i f t h  i n s t a r  and du r ing  a d u l t  

matura t ion .  
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CHAPTER I1 

J u v e n i l e  Hormone-induced P o l y p l o i d i z a t i o n  i n  F a t  Body Cells 

INTRODUCTION 

V i t e l l o g e n e s i s  i s  a  major component of s e x u a l  ma tu ra t i on  i n  female  

i n s e c t s  and h a s  r e c e n t l y  been reviewed by Engelmann (1979). Research  on 

i n s e c t  v i t e l l o g e n i n  h a s  demonstrated t h e  involvement of c o n t r o l  

mechanisms s i m i l a r  t o  t h o s e  found i n  b i r d s  and amphibians,  s i n c e  i n  bo th  

i n s t a n c e s  y o l k  p r o t e i n s  a r e  produced o u t s i d e  t h e  ovary (Schwartz e t  a l . ,  

1976). I n  t h e  v e r t e b r a t e s  t h e s e  p r o t e i n s  a r e  syn thes i zed  i n  t h e  l i v e r  

under  t h e  r e g u l a t i o n  of e s t r a d i o l  and i n  i n s e c t s  a  corpus  a l l a t u m  (CA) 

hormone d i r e c t s  v i t e l l o g e n i n  s y n t h e s i s  i n  f a t  body. 

Beginning w i t h  t h e  work of  Wigglesworth (1936) i n v e s t i g a t i o n s  have 

demonstrated t h a t  t h e  CA i s  necessary  f o r  oocyte  development i n  many 

i n s e c t s  ( reviewed i n  Highnam and H i l l ,  1977). Coles (1965) ,  i n  h i s  work 

w i th  Rhodnius s t u d i e d  t h e  e l e c t r o p h o r e t i c  p a t t e r n s  of henolymph p r o t e i n s  

and compared them t o  egg p r o t e i n s  thereby  demons t ra t ing  t h e  presence  of 

a d u l t  female  s p e c i f i c  p r o t e i n s  . The same a u t h o r  showed t h a t  

r a d i o a c t i v e l y  l a b e l l e d  amino a c i d s  f i r s t  appeared i n  t h e  p r o t e i n s  of t h e  

f a t  body and subsequen t ly  i n  t h e  henolymph of i n s e c t s .  S ince  t h a t  work a 

number of o t h e r  i n s e c t  s p e c i e s  have been shown t o  s y n t h e s i z e  p r o t e i n s  i n  

t h e  f a t  body which a r e  t h e n  t a k e n  up by t h e  developing oocy t e s  from t h e  

henolymph, hence t h e  t e rm  v i t e l l o g e n i n s  f o r  t h i s  p a r t i c u l a r  group of 



pro t e in s .  I n  t h e  d e s e r t  l o c u s t  Highnam e t  a l .  (1963) showed t h a t  J H  

s t i m u l a t e d  o v a r i a n  up take  of hemolymph p r o t e i n s  & v ~ o ,  and H i l l  (1965) 

demonstrated t h e  i n c o r p o r a t i o n  of 1 4 ~ - g l y c i n e  i n t o  t h e  p r o t e i n s  of S, 

g r e g a r i a  f a t  body du r ing  ova r i an  development. Dufour e t  a l .  (1970) 

showed t h a t  t h e  on togenes i s  of a  female s p e c i f i c  p r o t e i n  i n  & g r e g a r i a  

was c l o s e l y  r e l a t e d  t o  ova r i an  development. I n  Locus ta  m i g r a t o r i a  Chen 

e t  a l .  (1976) demonstrated a JH-controlled v i t e l l o g e n i n  s y n t h e s i s  i n  

female f a t  body which was dose responsive. Engelmann (1971) used 

vivo s t u d i e s  of a l l a t e c t o m i z e d  Leucophaea females  t o  demonstrate  a  - 
graded response  by t h e s e  i n s e c t s  t o  exogenous J H .  Following t h i s  

i n s i g h t  i n t o  endocr ine  c o n t r o l  over oocyte  development, t h e  f a t  body of 

female i n s e c t s  h a s  been a  system of choice  f o r  s t udy ing  t h e  a c t i o n  of J H  

a t  t h e  molecular  l e v e l  (Engelnann e t  a l . ,  1971; Koeppe e t  a l . ,  1976). 

S ince  knowledge of t h e  p ro t e in  product i s  u s e f u l  i n  s tudy ing  gene 

r e g u l a t i o n ,  b iochemica l  s t u d i e s  of Chen e t  a l .  (1978) focussed  on t h e  

p r o p e r t i e s  and p o s t - t r a n s l a t i o n a l  n o d i f i c a t i o n  of v i t e l l o g e n i n  i n  t h e  

f a t  body. V i t e l l i n  (yo lk  p r o t e i n )  and v i t e l l o g e n i n  (yo lk  p recu r so r  

p r o t e i n )  from Locus ta  mig ra to r i a  were i d e n t i f i e d  by SDS g e l  

e l e c t r o p h o r e s i s  and p u l s e  l a b e l l i n g  of t r i t i a t e d  amino a c i d s .  Analys i s  

of inmunospec i f ic  p roducts  suggested t h a t  t h e  l a r g e  i n i t i a l  po lypept ides  

may r e p r e s e n t  t h e  p roduc t s  of two s t r u c t u r a l  genes. These p roduc t s  a r e  

subsequent ly  s u b j e c t e d  t o  p r o t e o l y t i c  c leavage a s  w e l l  a s  d imer i za t i on  

and a d d i t i o n  of carbohydra te  and l i p i d  be fo re  s e c r e t i o n  from the '  f a t  

body c e l l s .  
* 



A fo l lowing  study sought  t o  i n v e s t i g a t e  t h e  r o l e  of J H  i n  

v i t e l l o g e n i n  syn thes i s  (Chen e t  a l . ,  1979). It was found t h a t  

v i t e l l o g e n i n  syn thes i s  a s  w e l l  a s  i n c r e a s e s  i n  RNA and DNA were 

prevented by al la tectomy.  Moreover, enhanced DNA s y n t h e s i s ,  a s  

determined biochemical ly ,  was found i n  t h e  f a t  body w i t h i n  24 hours  of 

t rea tment  w i t h  t h e  juveni le  hormone, J H I .  A s t e e p  dose-response curve  

f o r  t h e  i n d u c t i o n  of v i t e l l o g e n i n  s y n t h e s i s  a f t e r  t o p i c a l  a p p l i c a t i o n  of 

J H I  o r  t h e  analogue ZR-515 t o  a l l a t ec tomized  l o c u s t s  was demonstrated. 

C y t o l o g i c a l  examination of JH-stimulated female f a t  body r evea l ed  

cy toplasmic  changes which r e f l e c t  a conversion of  t h e  main r o l e  of f a t  

body from n u t r i e n t l s t o r a g e  t o  t h e  s y n t h e s i s  and s e c r e t i o n  of p r o t e i n  

(Couble e t  a l . ,  1979). Such changes inc luded  enlargement  and inc reased  

b a s o p h i l i a  of  t h e  nucleus,  diminished l i p i d  d r o p l e t s  and enhanced rough 

endoplasmic r e t i cu lum (RER) i n  t h e  cytoplasm. S ince  t h i s  work, t h e  

JH-induced DNA syn thes i s  has  been i n v e s t i g a t e d  cy topho tome t r i ca l l y  and 

r e l a t e d  t o  i nc reased  p lo idy  of t h e  f a t  body c e l l s  i n  & m i g r a t o r i a  (Nai r  

e t  a l . ,  i n  p repa ra t i on ) .  

The p r e s e n t  study was undertaken t o  de te rmine  whether t h e  f a t  body 

of t h e  p recoc ious  a d u l t s  of S. g r ega r i a  would respond t o  J H  by 

s y n t h e s i z i n g  DNA. Moreover, we have used a  modif ied form of a l l a t ec tomy  

by t r e a t i n g  nymphs with t h e  a n t i - a l l a t a l  compound precocene (Unnithan e t  

a l . ,  1980).  U l t r a s t r u c t u r a l  s t u d i e s  of i n s e c t s  t r e a t e d  w i t h  precocene 

demonstrate  a n  i r r e v e r s i b l e  degenera t ion  of t h e  CA,  t hus  e l i m i n a t i n g  t h e  

source  of endogenous JH. A s tudy  on t h e  precocene-induced metamorphosis 
* 



of - S. p r e g a r i a  e s t a b l i s h e d  t h a t  premature a d u l t  d i f f e r e n t i a t i o n  i s  

a p p a r e n t l y  due t o  t h e  degenerat ion of t h e  CA (Unnithan e t  a l . ,  1980). 

Moreover, examination of t h e  ova r i e s  r evea l ed  t h a t  most of t h e  t e rmina l  

oocytes  from precocious i n s e c t s  t r e a t e d  w i t h  a  J H  analogue had r e s t o r e d  

yo lk  d e p o s i t i o n  whereas te rmina l  oocytes  of u n t r e a t e d  precocious a d u l t s  

were a r r e s t e d  i n  t h e  p re -v i t e l l ogen ic  phase. Our s tudy  may t h e r e f o r e  

l i n k  t h e s e  obse rva t ions  t o  hornonal ly- inf luenced s y n t h e t i c  a c t i v i t y  i n  

t h e  f a t  body. 



MATERILS AND METHODS 

Chemical Allatectomy 

Second and t h i r d  i n s t a r  l a r v a e  of  S. g rega r i a  were t r e a t e d  wi th  - 
precocene by the  c o n t a c t  method (Unnithan e t  a l . ,  1980). Chemically 

2 
c l e a n  p e t r i  d i s h e s  were coated wi th  l5)g/cm of precocene I1 

(6,7-dimethoxy-2,2-dimethyl chromene) dissolved i n  ace tone ,  and an 

average of 12 i n s e c t s  were confined t o  these d i s h e s  f o r  24 hours .  At t he  

end of t he  t rea tment  per iod  the  i n s e c t s  were r e tu rned  t o  t h e i r  normal 

r e a r i n g  j a r s  i n  t he  incuba to r .  Within a  period of t e n  days precoc ious  

a d u l t s  emerged from the  t r e a t e d  group and were cha rac t e r i zed  by a  

d iminut ive  a d u l t  morphology. Four cohor t s  of precoc ious  a d u l t s  were 

obta ined  i n  t h i s  manner and t h e  experiments o u t l i n e d  below were 

repea ted  f o r  each cohor t ,  u s ing  only t h e  female i n s e c t s .  

DNA Content 

JHI I I  o r  an analogue (ZR-512) were appl ied t o p i c a l l y  t o  precocious 

a d u l t s  which ranged i n  age accord ing  t o  experimental  cohor t .  The hormone 

was d i s so lved  i n  ace tone  and app l i ed  i n  divided doses over  an i n t e r v a l  

of 24 hours .  Control  i n s e c t s  r ece ived  the so lven t  on ly .  D i f f e r e n t  

doses  were used f o r  d i f f e r e n t  exper imenta l  groups (Table I ) .  Three days 

a f t e r  t h e  a p p l i c a t i o n  of hormone the  l o c u s t s  were s a c r i f i c e d  and f a t  body 

processed a s  desc r ibed  i n  Chapter I. The f a t  bodies  of 1-day-old and 10- 

day-old normal female i n s e c t s  were a l s o  processed f o r  microspectrophot-  

ometry. . 



DNA Syn thes i s  

21-day-old female precocious a d u l t  i n s e c t s  were t r e a t e d  wi th  200 P 
of ZR-512 d iv ided  i n  two doses over a 24 hour per iod .  One day l a t e r  two 

i n s e c t s  were i n j e c t e d  wi th  10 C i  of 'H-thymidine ( s p e c i f i c  a c t i v i t y  5Ci/ P 
m o l )  and s a c r i f i c e d  fou r  hours  l a t e r .  This  t r i t i u m  l a b e l l i n g  was 

repea ted  i n  i n s e c t s  48 and 72 hours a f t e r  t he  l a s t  dose of ZR-512. 

Fa t  body was d i s s e c t e d  and processed f o r  s t a i n i n g  wi th  S c h i f f t s  r eagen t  

a f t e r  which t h e  s l i d e s  were coated wi th  NTB-2 nuc lea r  emulsion and 

s t o r e d  i n  t h e  dark  a t  4 ' ~  f o r  three weeks. A f t e r  development of the  

s l i d e s ,  the  pe rcen t  l a b e l l e d  nuc le i  was c a l c u l a t e d  f o r  each of t h e  

t h r e e  time i n t e r v a l s .  I n  a  second experiment t h e  female precocious 

a d u l t s  were t r e a t e d  wi th  a s i n g l e  dose of ZR-512 ( 2 0 P g )  followed by 

3 
l a b e l l i n g  a t  i n t e r v a l s  of 4h. ,  ah . ,  24h., 48h., and 72h. wi th  H- 

thymidine. 



TABLE I 

Treatment Schedule of Precoc ious  Adult  

S. g r e g a r i a  w i th  JH o r  JHA - 

Exp. # Treatment 

10-day-old c o n t r o l  precoc ious  a d u l t  

10-day-old Rx w i t h  ZR-512 (100+40)4g) 

10-day-old Rx w i t h  JHIII (100+4OPg) 

8-day-old c o n t r o l  precoc ious  a d u l t  

8-day-old Rx w i t h  ZR-512 (100+100fi) 

8-day-old Rx w i t h  ZR-512 (200+200p) 

3 .  - 30-day-old c o n t r o l  precoc ious  a d u l t  

30-day-old Rx w i t h  JHI I I  (100+40)g) 

45-day-old c o n t r o l  precocious a d u l t  

45-day-old Rx w i t h  ZR-512 (100+100p) 

Precoc ious  a d u l t s  i n  experiments  ill were obta ined  from 
t h e  t rea tment  of second i n s t a r  nymphs wi th  precocene. 
Precoc ious  a d u l t s  i n  t he  exper imenta l  groups 2 ,  3 ,  and 
4 were obta ined  from t h i r d  i n s t a r  nymphs t r e a t e d  wi th  
precocene. 

E k  is  an  abbrev ia t ion  f o r  t rea tment .  
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RESULTS 

I n  each experiment t h e r e  i s  an  i n c r e a s e  i n  t h e  DNA con ten t  of f a t  

body n u c l e i  fo l lowing  treatment of t h e  i n s e c t s  w i t h  J H I I I  o r  wi th  t h e  

analogue ZR-512 (Figs.  7 and 8 ) .  Th i s  i nc reased  DNA con ten t  i s  expressed 

i n  enhanced p lo idy  l eve l s ,  mostly i n  t h e  8C and 16C range. These r e s u l t s  

a r e  c o n t r a s t e d  w i t h  a  normal immature female (one day o l d )  and a  normal 

mature female ( t e n  day o ld )  i n  Fig.7 A and B. Fa t  body from t h e  former 

c o n t a i n s  most ly 4C nucle i  whereas by day t e n  of a d u l t  l i f e  t h e  l e v e l  of 

p lo idy  has  i n c r e a s e d  t o  inc lude  8C and 16C n u c l e i .  A cu r so ry  g lance  a t  

Fig. 9 shows t h a t  t h e  inc rease  i n  DNA content  i s  accompanied by a n  

i n c r e a s e  i n  n u c l e a r  s i ze .  

The l a r g e s t  i nc rease  i n  f a t  body p lo idy  was achieved i n  t r e a t e d  

i n s e c t s  ob ta ined  from the second i n s t a r  (Fig.  8 ) .  I n  comparing Fig. 8 B  

wi th  Fig. 7C i t  w i l l  be seen  t h a t  c o n t r o l  precocious a d u l t s  from t h e  

former group have f a t  body nuclear  p lo idy  l e v e l s  i n  t h e  8C and 16C range 

whereas t h i r d  i n s t a r  precocious a d u l t s  have most ly 4C nuc le i .  I n  Fig. 8A 

a  normal t h i r d  i n s t a r  nymphs i s  shown t o  have f a t  body n u c l e i  wi th  a  DNA 

con ten t  of 2C. It w i l l  a l s o  be noted t h a t  ZR-512 has  a  s t r o n g e r  

p o l y p l o i d i z a t i o n  e f f e c t  than  JHIII (Fig,8C,D) which may be a t t r i b u t e d  t o  

t h e  s lower  r a t e  of degradat ion of t h e  analogue. 



Figure  7 .  Frequency d i s t r i b u t i o n  of t o t a l  e x t i n c t i o n  ( log  base  2) 

of Feulgen-stained f a t  body n u c l e i  from 5. g r e g a r i a  females.  

A. One-day-old a d u l t .  B. Ten-day-old a d u l t .  C. Precocious a d u l t  

c o n t r o l .  D. Precocious a d u l t s  t r e a t e d  wi th  two doses  of JHIII 

(100+40fl). E. Precocious a d u l t s  t r e a t e d  wi th  two doses  of JHA, 

ZR-512 ( 1 0 0 + 1 0 0 ~ ) .  I?. Precocious a d u l t s  t r e a t e d  wi th  double t he  

dose of JHA (200+200pg). 



8C 16C 32C 6 4 C  
1 _ - - . L -  I I 

1 -d-old Adult 

I 1 I I I I 

PA Control 

DNA CONTENT (LOG2 

0 10-d-old Adult 

TOTAL EXT INCTION) 



Figure  8. Frequency d i s t r i b u t i o n s  of t o t a l  e x t i n c t i o n  ( l o g  base  2)  

of Feulgen-stained f a t  body n u c l e i  from 2. g r e g a r i a  t h i r d  i n s t a r  (A) 

and precoc ious  a d u l t  females.  B. Precocious a d u l t  from second i n s t a r .  

C. Precocious a d u l t  from second i n s t a r  t r e a t e d  wi th  two doses of J H I I I  

(100$40/g). D. Precocious a d u l t s  from second i n s t a r  t r e a t e d  wi th  two 

doses of JHA (100+40p) .  
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* 
F i g u r e  9. Feu lgen-s ta ined  f a t  body n u c l e i  of one-day-old (A) and 

ten-day-old (B)  a d u l t  female  - S. g r e g a r i a .  S c a l e  b a r s  30 m. P 





The autoradiography r e s u l t s  show t h a t  DNA s y n t h e s i s  i n  t h e  f a t  body 

' occurs  w i t h i n  t h e  f i r s t  24 hours following hormone treatment(Tab1e 11). 

The f i r s t  t r i a l  of t h i s  experiment showed t h a t  28% of n u c l e i  were 

l a b e l l e d  24 hours a f t e r  hormone t reatment .  A second experiment which 

inc luded  l a b e l l i n g  a f t e r  4 and 8 hours fo l lowing  hormone t rea tment  

revea led  t h a t  3~ - thymid ine  i s  incorpora ted  by 6% of t h e  f a t  body n u c l e i  

8 hours  a f t e r  t h e  a p p l i c a t i o n  of JHA. By 24 hours  t h i s  percentage has 

i n c r e a s e d  t o  52% and a f t e r  48 hours 19% of t h e  n u c l e i  a r e  l a b e l l e d .  The 

h ighe r  r a t e  of i nco rpora t ion  i n  t h e  second experiment can be a t t r i b u t e d  

t o  t h e  s i n g l e  dose of J H A  g iven  (200 g), whereas i n  t h e  f i r s t  experiment 

t h i s  dose was given i n  two a p p l i c a t i o n s  24 hours a p a r t .  
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TABLE I1 

Frequency of Label led  Nuclei i n  Fa t  Body of 2. g r e g a r i a  

Precoc ious  Adults Treated wi th  JHA 

Exp. # Time Af t e r  Hormone # Nuclei  % Nucle i  
Treatment Counted Label led  

I n  experiment I the  i n s e c t s  were t r e a t e d  wi th  two doses 
of ZR-512 (100+100/ug) which were given 24 hours  a p a r t .  

I n  experiment I1 t h e  i n s e c t s  received a  s i n g l e  dose of 
ZR-512 (200pg). 
3 
H-thymidine was i n j e c t e d  a f t e r  t h e  va r ious  time i n t e r v a l s  

i n d i c a t e d  fo l lowing  hormone t reatment .  



DISCUSSION 

The r e s u l t s  c l e a r l y  show a n  i n c r e a s e  i n  t h e  p o l y p l o i d i z a t i o n  of f a t  

body c e l l s  i n  response t o  t rea tment  wi th  JHIII o r  t h e  analogue ZR-512 

(F ig .7 ,8) .  T h i s  t r e n d  i s  suggested i n  t h e  normal matur ing female 

wherein t h e  CA i s  a c t i v a t e d  t o  produce J H  which a c t s  a s  a  gonadotropic  

hormone (Wyatt, 1972). 

The h is tograms do not  f a l l  p r e c i s e l y  on t h e  expec ted  p lo idy  va lues  

(Figs .7 ,8) .  Nag1 (1978) sugges t s  t h a t  t h e  d i f f e r e n c e s  between t h e  

a c t u a l  va lues  neasured  and t h e  t h e o r e t i c a l  DNA c o n t e n t  of an endomi to t ic  

nuc l eus  a r e  e i t h e r  no t  s i g n i f i c a n t  o r  only weakly so. This  might be t h e  

exp re s s ion  of an a lmos t  completed S  phase o r  i t  may be i n t e r p r e t e d  a s  

t h e  r e s u l t  of a  s y s t e m a t i c  measurement e r r o r  due t o  t h e  a l t e r e d  t e x t u r e  

of t h e  chromatin.  

These d a t a  can be r e l a t e d  t o  a  prev ious  s tudy  by Unnithan e t  

a1.(1980)  which demonstrated t h a t  p recoc ious  a d u l t  female - S. g r e g a r i a  

would resume yolk  d e p o s i t i o n  a f t e r  t h e  a p p l i c a t i o n  of ZR-512. Whereas 

c o n t r o l  p recoc ious  a d u l t s  were shown t o  have a r r e s t e d  oogenesis  i n  t h e  

p r e v i t e l l o g e n i c  s t a g e ,  i n s e c t s  t r e a t e d  w i th  t h e  J H  analogue had 

s i g n i f i c a n t l y  l a r g e r  t e rmina l  oocytes  (1.8+0.2nm;4.7+1.lmm). S ince  our 

r e s u l t s  show t h a t  DNA s y n t h e s i s  occurs  w i t h i n  24 hours  of hornone 

t r e a t m e n t ,  i t  c a n  be concluded t h a t  DNA s y n t h e s i s  i n  t h e  f a t  body 

precedes v i t e l l o g e n e s i s  and yolk depos i t i on .  



Our d a t a  can a l s o  be compared t o  t h o s e  of Chen e t  a l .  (1979) who 

observed i n c r e a s e d  DNA s y n t h e s i s  i n  f a t  body n u c l e i  of L. m i ~ r a t o r i a  

w i t h i n  24 hours  of treatment w i t h  j u v e n i l e  hormone. Moreover, our  s tudy  

demons t ra tes  t h e  absence of mi toses  and t h e  presence  of po lyplo idy  

thereby  i n d i c a t i n g  t h a t  DNA s y n t h e s i s  i s  involved  i n  endocycles.  

S ince  we know tha t  t h e  s i g n i f i c a n t  p r o c e s s  occu r r ing  i n  mature 

female f a t  body of t h e  l o c u s t  i s  v i t e l l o g e n i n  s y n t h e s i s  (Engelmann, 

1979),  i t  remains t o  be e l u c i d a t e d  j u s t  what r o l e  p o l y p l o i d i z a t i o n  p lays  

i n  promoting t h i s  enhanced syn thes i s .  Na i r  e t  a l .  ( i n  p r e p a r a t i o n )  

sugges t  t h a t  t h e  JH-dependent s y n t h e s i s  of DNA and r e s u l t a n t  po lyplo idy  

i n  female f a t  body of & m i g r a t o r i a  p e r n i t s  a c c e l e r a t e d  product ion of 

mRNA f o r  v i t e l l o g e n i n  and poss ib ly  o t h e r  p r o t e i n s .  T h i s  would a g r e e  w i th  

t h e  sugges t ion  t h a t  po lyp lo id i za t i on  i s  a  mechanism whereby t h e  

s y n t h e s i s  of s p e c i a l i s e d  p r o t e i n s  is  enhanced (Brodsky and Uryvaeva, 

1977). The s tudy  of JH-controlled v i t e l l o g e n i n  s y n t h e s i s  i n &  

m i g r a t o r i a  f a t  body (Chen e t  a l . ,  1979) showed t h a t  hormonal i nduc t ion  

i n  v ivo  occur red  i n i t i a l l y  a f t e r  a  l a g  of some 48 hours  whereas a  second 

a p p l i c a t i o n  of hormone a f t e r  t e n  days renewed v i t e l l o g e n i n  s y n t h e s i s  

w i t h  very  l i t t l e  i n i t i a l  l ag .  I t  i s  t e n t a t i v e l y  suggested he re  t h a t  t h e  

e s t ab l i shmen t  of po lyplo id  f a t  body c e l l s  i s  r e s p o n s i b l e  f o r  t h e  i n i t i a l  

observed l a g  i n  v i t e l l o g e n i n  product ion.  The second response t o  hormone 

t r ea tmen t  may be  f a s t e r  due t o  t h e  presence  of s y n t h e t i c  machinery 

"primed" by po lyp lo id i za t i on .  



The l e v e l s  of p lo idy  observed i n  t h e  f a t  body nuc le i  of precocious 

a d u l t s  t h a t  emerged from the second i n s t a r  a r e  h ighe r  than  those  found 

i n  i n s e c t s  ob ta ined  from t h i r d  i n s t a r  (Fig.8BS7C). Th i s  may be due t o  

t h e  fo l lowing  reasons.  I n  e a r l y  i n s t a r s ,  up t o  t h e  end of t h e  f o u r t h ,  

t h e  f a t  body c e l l s  i nc rease  i n  number by mi tos i s .  Precocene t rea tment  of 

second i n s t a r s  induces degenerat ion of t h e i r  CA and i n  t h e  absence of J H  

t h e  f a t  body c e l l s  a s  we l l  a s  those of o t h e r  t i s s u e s  begin 

d i f f e r e n t i a t i o n  towards the  a d u l t  form. These c e l l s  compensate f o r  t h e  

r educ t ion  i n  t h e i r  number by i n c r e a s i n g  t h e i r  DNA content ,  t hus  

account ing  f o r  h ighe r  ploidy l e v e l s  i n  f a t  body from precocious a d u l t s  

t h a t  emerged from t h e  second i n s t a r .  

A model f o r  endocrine c o n t r o l l e d  v i t e l l o g e n i n  syn thes i s  and 

v i t e l l o g e n e s i s  has been proposed by Engelmann (1979) .  The CA e l a b o r a t e s  

, J H  which a c t s  on t h e  f a t  body genome t o  t r a n s c r i b e  mRNA f o r  

v i t e l l o g e n i n .  It i s  a l s o  pos tu l a t ed  t h a t  J H  a c t s  a t  a  cytoplasmic l e v e l  

t o  s t i m u l a t e  t h e  p r o l i f e r a t i o n  of RER. These two a c t i o n s  a r e  s y n e r g i s t i c  

i n  caus ing  a  n e t  i nc rease  i n  t h e  s y n t h e s i s  of v i t e l l o g e n i n  f o r  expor t  t o  

t h e  developing oocytes .  The node1 f u r t h e r  sugges ts  t h a t  J H  nay i n f l u e n c e  

t h e  a b i l i t y  of f o l l i c u l a r  ep i the l ium t o  inco rpora t e  t h e  v i t e l l o g e n i n .  

The r e s u l t s  of t h i s  s tudy  suggest t h a t  a n  a d d i t i o n a l  s t e p  may be 

i n s e r t e d  i n t o  t h i s  model. P r i o r  t o  t h e  t r a n s c r i p t i o n  of mRNA f o r  t h e  

v i t e l l o g e n i c  p r o t e i n  i t  appears  t h a t  t h e  f a t  body nuc le i  f i r s t  undergo 

p o l y p l o i d i z a t i o n ,  and t h i s  process  i s  d i r e c t l y  s t imu la t ed  by JH. 



Some broad i m p l i c a t i o n s  a r e  forthcoming from our  r e s u l t s .  S t u d i e s  

on gene r e g u l a t i o n  have h e r e t o f o r e  concen t r a t ed  on p roka ryo t i c  systems. 

I n s e c t  t i s s u e s  provide a  good t o o l  f o r  s t udy ing  t h e  r e g u l a t i o n  of 

euka ryo t i c  genomes, p a r t i c u l a r l y  t h e  system of v i t e l l o g e n i n  s y n t h e s i s  i n  

f a t  body. I n  l o c u s t s  e s p e c i a l l y ,  t h e  f i n d i n g  of JH-induced 

p o l y p l o i d i z a t i o n  of f a t  body c e l l s  sugges t s  t h e  i n t e r a c t i o n  of hormones 

w i t h  g e n e t i c  m a t e r i a l .  Moreover, t h e  phenomenon of unde r - r ep l i ca t i on  i n  

l o c u s t  f a t  body DNA i s  worth i n v e s t i g a t i n g  w i t h  r e s p e c t  t o  t h e  ontogeny 

of t i s s u e s .  Perhaps t h e  C-value paradox, which no te s  a  l a c k  of 

correspondence between evo lu t iona ry  complexity and genome s i z e ,  may 

e v e n t u a l l y  be r e so lved  by such s t u d i e s .  



CONCLUSIONS 

Endopolyplo id iza t ion  occurs  i n  t h e  f a t  body c e l l s  of a d u l t  female 

S. g r e g a r i a  du r ing  matura t ion  i n  response t o  j uven i l e  hormone. Th i s  h a s  - 

been demonstrated by t h e  a p p l i c a t i o n  of JHIII and t h e  analogue ZR-512  t o  

precoc ious  a d u l t  i n s e c t s .  I t  appears  t h a t  p o l y p l o i d i z a t i o n  precedes 

v i t e l l o g e n i n  s y n t h e s i s  i n  t h e  f a t  body of female - S. g r e g a r i a ,  and DNA 

s y n t h e s i s  occurs  i n  t h i s  t i s s u e  w i t h i n  24 hours  of J H  t rea tment .  
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